1 FLAVONO D COMPOUNDS AND USES THEREREOF CROSS- REFERENCE TO RELATED

APPLI CATI ONS The present application clains priority fromAustralian

Provi sional Patent Application No. 2005901214 filed on 11 March 2005, the
content of which is 5- incorporated herein by reference. FIELD OF THE

| NVENTI ON The present invention relates to novel conpounds, conpositions
containing these conpounds, nethods for their synthesis, and uses of these
conpounds. In particular, the present invention relates to flavonoid
conpounds, nethods of 10 synthesizing the fl avonoi d conpounds, conpositions
contai ning the fIavEﬁNﬂﬁmﬁﬁﬁﬁﬁuﬂaﬁﬂﬁﬂﬁﬁﬁﬂmﬁﬁﬁﬁEfﬂﬂﬁﬁgg use. BACKGROUND OF
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20 oxygen free radical species and peroxides, for example HzO,, .

Much. of this inflamwmatory response appears to be mediated by interleukins

- (IL8), a multifunctional subclass of cytokines. Leukocytes (white blood cells) also
appear to play a critical role in reperfusion injury. In addition to injuring endothelium
and neurons, leukocytes can obsfruct the microcireulation directly, This leukocyle

25 capillary plugging aleo may be the major mechanism of the "nho-reflow phenomenon.”

" Thus areas of parenchyma that are stll viable when blood flow retwms are not
reperfused adequately and ulﬁmately die. Myocardial ischaemia in pacticular causes
extensive capillary plugging, '

Ischaemia, and particularly reperfusion, tend fo promote an increased release of

30 ROSS from Ieukocyles which leads to fiwther tissue damape. One of the most
demaging types of fige radicals is superoxide anions which act to impair endothelial
function and the aciivity of niftic oxide (N(Q). This {urther worsems the capillary
plugging process because NO has been shown fo inhibit platelet aggregation and to
prevent Jeukocyte adherence to the endothelium,




2 The degree of tissue recovery achieved after ischaem a and reperfnsion
depends on the nature of the tissue and the severity of the danmage.

| schaemi a can be caused by a variety of conditions. For exanple, acute
incidents such as stroke, nyocardial infarction of nmechanical trauma, and
chronic conditions 5 such as atherosclerosis, peripheral vascul ar di sease
and di abetes can cause ischaenmia. Hypértension is another type of disorder
that can lead to ischaem a. Followi ng an acute incident such as a- heart
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Flavonoids are a very large and widespread group of plant derived compounds
which are thought to exhibit 4 number of biological effects including reducing plasma
levels of law density lipoproteins, inhibiting platelet aggregation, scavenging fres

_ radioals and reducing cell proliferation as well as modulating vascular tone.

25 A vast number of flavonoids have been identified and differ from one another in
the orientation of the hydroxylation or mefhylation, the position of the benzenoid
substituent, the degree of unsaturation and the types of substituents attached. The

- general three ring structure (A, B and C rings) of many flavonoids are based on the
structure of 2-phenyl-45-1-benzopyran-4-one.

30 Flovonoid basie sumclura




For exanple, the synthetic flavonoid, 3',4'-dihydroxy flavonol (D OHF) has
a hydroxyl group at the 3,3- and 4' positions and has been denonstrated to
reduce infarct and injury associated with myocardial ischaem a and
repertusion during in vitro studies (Shen Wang, G egory Dusting, Cive My
and Onen Woodman, British Journal of 5 Pharnmacol ogy (2004) 142, 443-452).
However, the pharmacokinetics of many ¥l avonoi ds has severely limted their
t herapeuti c useful ness. Synt heti c flavonoids tend to be highly lipid
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absent: an aharms.cokmehcs when compated to known flavonoids.
SUMMARY OF 'I‘P.[_E INVENTION

15 According to a first aspect, the present invention provides g pharmaceuﬁcaﬂy
and/ot veterinary composition comprising a pharmaceutically and/or veterinarily
acceptable carrier or diluent together with at least one compoﬁnd of the general
Formuta I; '

20 in which:
== denotes a single or double bond; and
R, R R, R, R are independently selected from H, OH or a group according
to Formula (Ia):

O—7~L—D~—E : da)

23 in which
 Qis oxygen;
L is a linker group which is covalently linked to the oxygen and D, if present, or
is covalenily linked to the oxygen and B, or is absent;




B is a solubilizing group; provided that at |east one of Rl, RZ, R3, R4, R5
is other than FI or OH 5 Preferably, Eis selected froman ester, a
carboxylic acid, sulfonie acid, phosphoric acid, phosphate ester,

sul famate, sulfonic ester, phosphanate,, phosphonate ester, sulphonate,
zwitterionic specie, amno acid, am no phosphonate, acyclic amne, «cyclic
am ne, quaternary ammoni um cation, pol%ethyl ene glycol, oligosaceharide or
dendrinmer. 10 In one preferred embodi ment, Eis a selected froman ester,
carboxylic acidp gﬂgg ashhat ,

pol yet hyl ene gl ycoI %E%P Qgccﬂggiggg H den 4|K£lrr£:anrt%Pr ef grtggig%fgo?s

sel ected from an es*i%‘?as acid or phosphate ester. 1In a

parti cul ar prefBrlsubl@ﬂmntrem E is group according to Forrmula (1b): O H
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cationic saﬂe ¥’ an armmoni um cationic salt. Preferably, Qis a substituted
or unsuB§titut el besprefeated yetbpdimenty Bais ot fedsetednfiood isnesstey, @Etiosylie pibsphat e

ester accorsditfdc b@d [Esphioneulia, phbehhate eder; pHvfhfnd difhol, ol g@Bockarie or
dendrimer. :
Preferably E is selected from an ester, carboxylic acid ot phosphate ester.
In a particular preferred embodiment, E is group according to Formula (Ib):
B )
15 —C-W—X

© wherein ‘
Wis O, NH, 8, O-, NH or §7; and
X is H, a mono- or divalent cationic salt, or an ammonium cationic salt.
Preferably, W is O and/or X is H. :
20 In another embodiment, E is an ester according to the Formula (Te):
I @ |
—C—Q—C~-W-X
wherelsn
Q is a substituied or unsubstituted alkylene, alkenylene, atkynylene, optionally
interrupied by one or more heferoatom(s);
25 Wis O, NH, 8, 0", NH", or §; and
' X is H, substituied or imsubstituted alicyl, alkylbenzyl, & mono- or divalent
cationic satt, or an ammoninm eationic salt.
Preferably, Qisa substituted or unsubstituted lower alkylene,
In another ambodimclr‘t, E is & phosphate ester according to the Formula (Id):

: .
‘ . -—r:' ~¥ RS (Id)
30 - YR




5 wherein Yis 0O, NH S, ONH, or S-; Zis 0 or and R6 and R7 are
i ndependently selected fromH, substituted or unsubstituted alkyl, 5 a
nono- or divalent cationic salt, or an amoniumcationic salt. Preferably Y
and Z are O |In another enbodinment, at |least one of Rt, Rz, R3, e and R$ is
phosphate ester according to the formula (le): O -P-OR6 (le) OR7 10
wherein R6 and R7 are independently sélected fromH a nono- or dival ent
cationic salt, or an amoniumcationic salt. In one enbodiment, L is
present and_se] ected from-CO, ester, phenol,. phosphonate ester,
car bamat e, "% FBonate or a Mannich base. In a nore preferred . enbodi nent,
Lis -CO 15 . Y QagiHeO .ébodident, D present and selected from
substituted or zmsIQH.iah@t ed al kyl ene, al kenyl ene, al kynyl ene, optionally
i nterrupted by 7 D h ( : | oal kyl or
JRBAR (el A0l e, Ao Ak BB N0,

het er ocycl oai k [ pr ererre I I'tuted or
unsubst i $ uB&WnR Ediekat catiopiciseth &F B AP RERARSRIRE $Y- one or nore
het emat on(s) . Mrefembbi jind Aatcd®er al kyl ene. 20 In another aspect, the
present invent 'm%n&ﬁ&v(%n@lﬁaﬁ?m@;fga%ﬁybfR%!wyr{ﬁw/aaa R9 € BdefiRieles@MPOSI ti on
an
X

conpri sing a-pharmceuti.ca or veterinarily acceptable carrier or
di | uent to@@f’ﬁag?gf\%%i 03{”51? ogg conpound of the general Formula Il: R
= dén

Rz OlY ,~ R3 O wherein 25 otes a single or doubl e bond; and R,
R2 and R3 are as specified abovePTHR/et anBfher aspect, the present
i nvention provides a pharnmaceuti dakfy and/or veterinary conposition

conprisifg a phyReaustigak? Yr-angdRhacha} Qbkaal o BCGOREAN! & divalent
' eationic salt, or an ammonium cationic saki.- ‘ o
In one embodiment, L is present and selected from -CO-, ester, phenol,
phaosphonate ester, carbamate, carbonate or a Mannich base. In 2 more preferred .
embodiment, L is -CO-.

15 . In angther entbodiment, D present and selected from substituted or unsubstituted
alkylene, alkenylene, alkynylene, optionatly interrupted by one or more heteroatom(s),
aryl, heteroaryl, eycleaikyl or heterocycloalkyl. -

In a preferred smbodiment, D is a substituted or vnsubstituted allylene,
optionally interrupted by one or more heteroatom(s). Preferably, a lower alkylene.

20 In znather aspect, the present invenfion provides a pharmaceutically and/ot
veterinary composition comprising a ph}drmaceuﬁcaily and/or veterinarily acceptable
carrier or diluent together with at least one cclampound of the general Formula I1:

R .

wherein
25 == denotes a single or double bond; and
r!, R? émd R? are as specified above. ‘ :
In yet another aspect, the present invention provides a pharmaceutically and/or
veterinary composition comj)ﬂsing a pharmaceutically and/ot veterinarily acceptable
carrier or diluent together with at least one compound of the general Formaila ITX:




carrier or diluent together with at | east one conpound of the general
Formula U: 6 OHOH OR3 0 wherein R3 is specified above. In yet,
anot her aspect, the present invention provides a pharmaceutically and/or 5
veterinary conposition conprising a pharmaceutically and/or veterinarily
acceptable «carrier or diluent together with at | east one conmpound of the
general Fornmula TV 01-1 OH O~ o-FQ B x OO0 0 wherein Qis substituted
or unsubstituted al kyl ene, optionally interrupted by one or 10 nore
heteroatom(s) X is H a nono- or divaghgnt cationic salt, or an amoni um
cationic salt. Preferably Qis subst tut or unsubstituted | ower
al kyl ene, optionally interrupted by~0n nore heteroaton(s). |n another
aspect, the present inventign pgoviQ a conpound selected fromthe 15
group 3-(Benzyl oxyear bonylpbuts l" oxy) i avonda 3- Hydr oxyfl avone 3-
hem adi paat e; 4' - (Benzyl ox bef yI oxyoar bonyl but yl car bonyl oxy) f| avone;
4' - | dydr oxyfl avone 3-hem adi paffe; i R 4' Di benzyl oxy- 3-
(benzyl oxycar bonyl but yl ear bonyl gxy) f I avone; 3',4'-D hydroxyfl avone
3- hem adi pat e; L qs-ig&%yébwcar bonyl but yl car bonyl oxy) fl avonc; Fl avone
3, 4' - bi s(hen adi pa eft; ) '
3,7-Di - (benzyl oxycar bonyl but yl car bonyl oxy) fl avonc; 3, 7- b hydr oxyf| avone
3, 7- bi s(hem adinpat. m)oﬂleﬂ'asptﬁyﬂueqxgseﬂ ibkfedtion priovideom phB8mgermtieally ang/oant nouni um
§StH§<r1Ir 045f véat one O Msitén otk so m sal t y%@«%ﬁ b ﬁagbpt)?é%

xyfiaw [ iy
present inventi %r‘ijﬁ ?ng?ﬂgalgigrvgﬁb% ﬁ??%Wyf%&%?ﬁ%‘%%n@%an nary
conposi tion conprising a pharnaceut] caI | y and/or veterinarily acceptable
carrier or diluent together with e¥81 one conpound selected fromthe
group , : _

v
OO
(8 O
wherein )
Q is substituted or unsubstituted allcylerie, optionally interrupted by one or
10 ~ more hetervatorn(s)

X is H, a mono- or divalent cationic salt, or an smmeonium cationic salt.
Preferably Q is substituted or ynsubstituted lower alkylene, optionally
interrupted by one or more heteroatomg(s).
In another asperct, the present invention provides a compound selected from the
15 group 3-(Benzyloxycarbonylbutyloarbonyloxy)flavone; 3-Hydroxyflavone 3-
hemiadipate; 4’-(Benzyloxy)-?:-(bcnzyloxycarbonylbutylcarbonyloxy)ﬂavone, 4=
Hydroxyflavone 3-hemiadipate; 3°,4°-Dibenzyloxy-3-
(benzyloxycarhonylbutylearbonyloxy)flavone; 3’,4’—.D1hydroxyﬂavone 3-hemiadipate;
3,4 -Di~(benzyloxycarbonylbutylcarbonyloxy)flavone; Flavone 3,4°-bis(themiadipate);
20 3,7-Di-{benzyloxycarbonylbuiylcarbonyloxy)flavone; 3,7-Dihydroxyflavone 3,7-
‘bisthemiadipate); 4-Hydroxy-3-Hydroxyflavone-3-quaternary ammounium ester; 4'-
(Benzyloxy)-3 -(dlbenzyluxyphospheryloxy)ﬂavone and 3-Hydmxyﬂavone—3—
phosphste disodivm salt.
In another aspect, the present mvcn’non provides a phmnaccuﬁcaﬂy and/or
25 veletinary composition comprising a pharmaceutically and/or veterinarily acceptable
carrier or dilnent together with at least one compound selested from the group




7 conprising 3-(Benzyl oxycar bonyl butyl car bonyl oxy) fl avone;
3- Hydr oxyfl avone 3- hem adi pat e;
- (Benzyl oxy) - 3- (benzyl oxycar bonyl but yl car bonyl oxy) fl avone; 4'-
Hydr oxyfl avone 3-hem adi pate; 3',4' D benzyi oxy- 3-
(benzyl oxycar bonyl but yl car bonyl ox)r)fl avone; 3',4'-D hydroxyflavone 3 5
hem adi pat e; 3, 4' - Di - (benzyl oxycar bonylkbut yl car bonyl oxy) fl avone; fl avone
3,4' - bis(hem adi pate); 3,7-Di-(benzyl oxycar bonyl but yl c&onyl oxy) f | avone;
3- (Di benzyl oxyphosphoryl oxy) f | avone; Di_hydr oxyfl avone
3, 7- bi s( hemmmmkﬁﬁmlww &@W@ﬁ'ﬂ%@?‘ﬁbﬂ?ﬂnﬁﬁéﬁi@ﬁhﬂﬂ%‘?%ar y ammouni um

ester; Fav fPai-elox- B Qahaitexysabbnylhuiylcarbonyloxy)flavone; 4'-
3 gﬁ 1S gﬁ

-(Benzyl QS P 41 avone or.3 10 Hydroxyfl avone
3- phos phat ?fﬂ%%ﬁaﬁﬁ*%e% Dl

art t he_present invention
provi des a @?EY’-" gPopyiRwadsrHoRg Ox%7w=%r%§’aﬁ5ﬁi§°"é(ﬂﬂl‘f°§§ dse(s) in a subject
associ atiedhmiablphﬂaﬁ Mﬁéaimeﬁoxyﬁ:arbemdbumarbomw)ﬂalvm, 8paneed’( ROS), the
net hod - gon‘g{s i cf) @;ﬂD§_ I f ﬁ@;émngmwﬁav@ﬁ at | east oneh
conpound s il e, re \Ofy. Suc
t r eat ment fq 05?\?108%%?%??\6 57612@%%8%"8’%@ ‘?Elsgheﬁu ¥ Jt he subj ect
is sufferi ﬁ@ﬁ%ﬁd@ﬁ@@ﬁh@%ﬁ'@éﬁ?@ﬁl@@ﬁ“ﬂn@m Flagwg-ﬁir@gﬁp %f an acute
or chroni cdﬁ@mdmtsmm (]Bénzgomerwhag,ﬂo;@@bmhm}aky)ﬂEMc@hﬁon| c condition is
sel ect e a% %gﬁ%gﬁeﬂ-pﬁ%ﬁgé Y di sease pul nonary wvascul ar

di sease, erosj’s, "artery sease gon estlve heart di sease,
coronary di seas® tpf’e@?%‘ﬁé@&%%?&?ﬁ?’&ﬁ”"&ﬂ%@“ GO RV M Eensi on,

m gr ai ne, bnd#m‘ueahngmdiaeaeﬂﬁ@ﬁmmmhjmaqsqmmmmmm ofwedctivst i nal  vascul ar

di sease. Ilgxﬁm&@m@g} RHethdd@pReihe. condition is selected from

stroke, nyocardl rcegjf&vb e @lﬂ{:@jﬂg Eac%%o&gds% é&@@af L@m crush
sr IR Re" F

injury or surgery. I's'vascul ar surgery. More
preferably, thefrolsbly es Wéé’r%ﬁe‘il gfsh’é]é %E‘Wé"s%t“ﬂéﬂ%ﬂ%’lﬂoﬂl“&nspl ant
surgery. | ischacpds Maehmicrabivh datisnigjadt is stierinppiownith and/oarbgbufiastdircniady t o t he
subj ect beggéﬁsm@%%mgy{éh%g&%ﬁgggery I n anot her aspect, the present
I nvention provi es a. t qb reventi.n 30 del f%%?rfg_ t he onset of and/or
sl owi ng the pr e Uﬁq’@fe&fb‘f & Famdition s AR “Yreart di sease
in a subj egerelammwulm mgeaaﬁalmﬂmosmrvawglaamsase,@ﬂmoademmmrmﬁseaﬁe | east one
conpoungly s peeiiivethedb@ise, cdrBna¥P Bisdhst, PetifiRfal 6REEE disdalts dREGSENT I nvention
provi des ayfls %{eaﬁaeugﬂfg@mgy%/or chpgnge&&aeae&weﬁu:g]%W%%eeﬁ&%%ﬂh' ng and/ or

treatlng a sease S assoc

_vaseular disease.
In another embodiment, the acute condition is selected from stroke, myocardial
infarction, mechanical teawna resulting from crush injury or surgery. Preferably the
25 surgery is vascular sutgery. Mpte preferably, the vascular surgery is heart bypass
and/or transplant surgery.
"Ina partmular embodiment, the compoumd is administered to the subject before
" and/or during the surgery.
In anather aspect, the present invention provides a method of preventing,
30 delaying the onset of and/or slowing the pmgressmn of atherosclerosxs and/or coronary
heart disease in a sub_] ect comgrising
administering au effective amount of at least one compound specified above.
In yet a further aspect, the present invention provides a therapeutic and/or '
- prophylactic method of preventing and/or treating a disease(s) in a subjest associated
35 with the presence of reactive oxidative species (ROS), the method comprising:
administering an effective amount of at leasi one compound specified above,




35 with the presence of reactive oxidative species (ROS), the method
conprising. admnistering an effective anount of at |east one conpound
specified above. 8 1In yet a further aspect, the present invention provides
a nethod of preventing and/or at |east aneliorating the danage to a subject
caused by isehaem a and/or reperfusion injury, the nethod conprising

adm ni stering an effective anount of &t |east one conpound specified above-
5 In yet a further aspect, the present invention provides a nethod of

preventing and/or at least apelioratin darra ect .caused by the
adni ni st rat i on¥et &W@S@dﬁe@e?& Jges F’i@r 88“?5%‘6?*’ Vepiie
co- adni ni samﬂmraigeasoamelmnh}ngﬁadmnﬁgatmbjaﬁ@aﬁeébag@hﬁeﬂ%ﬂﬁl or) administering

an effecti rﬁgﬁg%u&fm@hm%&m@mﬂ onmpound specified 10 above.
Preferably éu i mgtaﬁgﬂafx%g? %éﬁtggatgxgg?%e'c&%gn ?Ls?@c?ﬁ%d' Bm%gent In a

particul ar, enbuu I'cancer agent
Preferalfl y t hewﬁmﬁmq&ﬁpnegenawmwwﬁa 10§ PUTEEDAL i ves. | n

parti cul araﬁfﬂﬂ@ﬂbé@&h&mﬁtﬂ@cﬁﬂﬁgmuﬂdubjé‘otaﬂmbmbﬁﬂnelaeﬁmmdmfat opically, 15
subcut aneays &?Egg‘;ﬂg HnXﬁod@E:Ep@ﬂ&&%%‘a%nmétéﬁnﬁg% atlgdcal and/ or

|ntravenous er aspec e present Invention provides for the
use of a corrpoé?nd 3 m@ﬁ@lﬁaﬁ tfmé"bove for the preparation of a medicanent.
I n anot her fur tiher adsipistering theffyotiesenmunt of s iebioms: peopduwd gpegificdnpound of the
generaljgFormul a |: gigpeR? RS O/ ~ 123 Ito ' O 20 wherein: = denotes a

From it °E;f8‘r’b§w5$r§@5fbﬁﬁm?%ﬁuﬂg N G D T A e
wherein: 0 is &kyguHeular embodiment, the therapeutic agent s an anticancer agent. _
Preferably the anticancer agent is anthracyeling and its derivatives.
Ta particutar embodiments, the contpound is administered orally, topicalty,
15  subcutancous, paventerally, intramusenlar, intra-arterial and/or intravenously.
In another aspect, the present invention provides for the use of a compound as
specified above for the prepéraﬁon of a2 medicament.
In another further aspect, the present invention provides a compound of the

= (D

general Formula 1;

20
whereit: .
= denotes a single or dunble bond; and
RL RE R RY R¥are independently selected from H, OH or a group according -

" to Formula (Ta):

25 , . O—L—D~—E - (ay

wharein:

0 is oxygen;
- Lis a linker group which Is uovalently linked to the oxygen and D, if preseni, or
is cowlanﬂy linked to the oxygen and E, or is absent;




Lis a linker group which is covalently |inked to the oxygen and D, if
present, or is covalently linked to the oxygen and E, or is absent; 9 D
is a spacer group having a chain | ength equivalent to about 1 to 20 carbon
atons, or is absent; and E is a solubilizing group; provided that at |east
one of Rl, Rz, R3, R4, RS is other than Hor OH 5 with the proviso that

t he conpound is not ;tlavone, 3'-hydraxy-, acetate; Flavone, 4'-hydroxy-,
acetate; Flavone, 3-hydroxy-, acetate; (:Kk)-41-Acetoxytlavanone;

Fl avanone, 3,4'_7-tzi hydroxy- cetate: 4H

3, 7- bi s( acet yl oRyj 2 B5° %‘?‘Wé’&%%%%fbﬁ?gtheq‘(lﬁéq%&%%}q i?IEB-Q-‘“‘fI%QEnzopyran
4-one, 7-(&pawyporghsent; il (acetyl oxy)phenyl] 2, 3-di hydro-, (f);
(+)-4",7-D acetgwﬁmmmg %S, 38)-3,7 10 Di hydroxy(l avanone di acet at e;

Fl avanone, d aLe; A%ARO0 hydr o :
di a\éet ate Fi av%rggﬁée&i{h%(%leés%&%ﬁ% k o?f%de }t&&%%}]# ge%%b y auxz one
3, 7- bi s(Acet y| owi} the rpavise.thy ﬁgqﬂo guidnyetyla ZD%EW-:&C% JYaRes) -
Fl'avone, 3 %hyﬁmﬁmemyFlavdﬂeﬁB}Bij— abdtane papA 1 -Roetbxglidvtinexy -, di acet at e;
Flavone, 3 pfsnahdRecy @i gdrgigﬁcﬁaé B, 4F1L 12 ﬁ.mz -4 7 bIAELAN)-

triacetate ayo ir r| cetate

4H 1- 13enzg§y$%¥1&éﬂa(ﬁ¥§nﬁ?( Tof 8 'I= Y ”ﬁ?y @rrau IRSC 18&’9)% nyl] -

F avone, 3 (%tYhW)ﬁhhmd}&ﬁsﬂthQW(ébéﬂa’t éﬁnmmﬂemone{zwso-m ri hydr oxy-,
t ri acet a0 e DiksdrdxyfiBemoopfiacetatd FoRerone, 3 4'-dih ydroxy-; d1acetate, Flavanong, 3',4'-

7-(acetylo 3 %&5 0 iﬂgﬁmﬁ ; __Fl avanone,
3, El 7 %II’I h Fho%x dl%f%tgf:% XAB éii.) ('g] d%‘:%atg ‘?-ﬁ 5‘&7}1 °%% i acet at e,
trans- (t) 3 -isEptiioniGdydianboryehmyl- B—dihyc’{ro- (2R-trsms)-; Flavone, 3,3'-

3,7-bis(ac dﬁyﬂmxya, dmse{taaﬁlb:oaé,escbﬂwmw-pEnmseydté,—lﬁ;iavﬁu@tsmdmﬁﬁ)oﬁye,t r aaeet at e;

41 I-Benzem&uas.e - e, 3,8,74n Y B6a0 Sl Figvdnd, R 849&5Ly| 0XY) pheny! ] -
g \;, g:g ace R?ﬁ Zlalfl%&apy;fgs'(’lé:%g{zy %Eﬂiﬁ@ﬁ‘s(%@wmﬂ trans-;

Fl avanone, "Sm g = Ty Rrh e ess Flavanane; 36 etalydronyd, tisteBendidpyr an- 4- one,
b( 1- oxopr Bp%mwrﬂﬂ#pdmnzbtacetyléﬁcs»]@mw-ﬁrs@ﬁﬂﬁboxﬁphéﬂ?ﬂfnd d:hyﬂn069~ - phenyl - 4H1
- benzopyra [ c
0X0- 2- B%enm& gﬂe’:gscieg%mydrra gﬂ [zta% Fﬂ mﬁ’ge’nze’nee'li;ékydlfmf@' ’acl Emte frems-
4- oxo- 2 ?:é 11 TJZ"EE rf/ 5(9% - idnsambieoprhsarl: Bustin,
4- 0X0- 2 Q)h@frwmﬁielﬂﬂehﬁmpm-ﬂ-om S,Se&B(ecetyIBeydwiﬂeiane(htatylw)@mja}.phenyI
4- 0x0- 2- phepydikyiih- meempyaﬁn “Fend yeélh% BF}% g acid,
g-(setr

4-[ 3- - -2-yl] phenyl
oL 131 Cchathonyiinsh nouil L S0l 2 A
di et hox yfﬁﬁefgﬁsﬁrﬁaGﬁrhﬁw%ﬁxﬂ-é-&neﬁdl—ax@rqmwh%gbwhn?@pw}mem ]

? di et hyinethgb{ €oxo-RiphapyhdHr Chaatpdranc-¢X dhek; Propancic acid, 2,2-dimeth %I— 4-
?ne
P

4- oxgs 4&012 QML PBsa2optharR O e, eacelE Amd %@& oD
it ok

o,
[(
o,
4-

2- phenyl -

nPOXx FI avone,
- Pestep Bénzenepropanoic aci uxo-zy pheny1~4 ~I~benzopyran-3-yl

. ester; Benzeneacetic acid, a-phenyl-, 4-axo-2—pheny1-4H-l—ben7opyran—3 vl ester;
Phosphorothioiq acid, ¢-[4-[3-[(dicthoxyphosphinothioyl)oxy}-4-oxe-4H-1-
- benzopyran-2-yl]phenyl] 0,0-disthyl ester; Phosphorothioic asid, o-[3-[3-

30 [(diethoxyphosphinothioyl)oxy]-4-oxo-4H-1-benzopyran-2-yljphenyl] o, o-disthyl
ester; Phosphorie acid, disthyl 4-(4-ox0-4H-1-benzopyran-2-yl)phenyl sster; 4H-1-
Benzopyran-4-one, 2-phenyl-3-(phosphonooxy)~; Flavone, 3-hydroxy-, dikydra gen
phosphate diammonium salt; 4H-1-Benzopyran-4-one, 2;pheny1~3—(pﬁnsphonuexy)u,
magnesinm salt (1:1), pentehydrate; 4H-1-Benzopyran-4-one, 2-[3-hydroxy-4-

35 (phosphonooxy)phenyl}-; 3'4-dihydroxyflavone4'-phosphate; 3 4dihydroxyflavone-




phosphat e di amm oni um salt; 4H 1- Benzopyran-4-one,

2- phenyl - 3- (phosphonooxy) -, magnesiumsalt (1:1), pentahydrate;

4H 1- Benzopyr an- 4j one, 2-[ 3-hydroxy-4 35 (phosphonooxy) phenyl] -

3', 4" -di hydroxyftavone-41-phosphate; 3',4'-di hydroxy#l avone j |10

41- 0- D- gl ucopyr anosi de sodium salt; 31,

4' - di hydr oxyfl avone-4-p-D-ri bofl uranos¢ de sodiumsalt; and

phar maceut i caI |y and/ or vet eri narily accept able salts or sol vat es t hereof
Preferably, R2, R3, R4 r ifie anot her
aspect, thé MWWW@WP i'lmﬁfFl ¥ e ’%ﬁ% ?ﬁ?a“dﬁgg’#ati the gener al
Formula (| sdiuiRkall '~ t R3 O V\/nerei n = denotes a single or doubl e bond,;
and 1? R1, th i) h&a&gﬁaﬁ@ aﬁ@,@%&érgﬂngt&@é@wm sy ori&ﬁﬁhié@theﬁﬁf)egt tlhe
present inventi S 9 acc e general Formula
(ITT): O4d OH %r%pg&h% gl’n@Rg g'g peca%spgcégwgoe{ée 15 In yet a further
aspect, fhe prdnemthiramsat ﬂ@mrﬁmmm%o@mwﬁvammpawrﬁ@s% €t he general
Fornul a (| @nerdDios@hila O 0-n--Q T-O X O O O wherein Qis substituted or

unsubstituted al kyl ene, optionally ingerrupted by one or nore 20
het eroat om(s) 11 :

(T
wherein
== denotes a single or double bond; and
10 . R', R? and R? are as specified above.
In yet another aspect, the present invention provides a compomd according to
the general Forpmula (1V): '
(m
wherein R? is specified above.
15 In yet a further aspect, the present invention provides a compound according to
the general Formula (IV):
v)

wherein -
Q is substituted or unsubstituied alkylene, optionally interrupted by one or more
20 heterostom(s) ’




X is H a nono- or divalent cationic salt, or an ammoniumcationic salt.
Preferably, Qis substituted or unsubstituted |lower alicylene, optionally
interrupted by one or nore heteroaton(s). Tn another aspect, the present

i nvention provides a conpound according to the 5 general Formula V: a | g3
O wherein 123 and R5 are specified above. In another aspect, the present

i nvention provides a nmethod for synthesizing conpounds as specified above.
10 According to yet another aspect, the present i nvention provides
conpounds of eneral Fornul a: R R O ~' & R R4 0. in which: denotes
a single or do F%ﬁqﬁﬁﬁﬁw”ﬁﬁ@yﬂmﬁfﬁﬂ¢wﬂs ﬁlare

i ndependent | y skrefecabtygl Ofis mme@tmmutedjpw@kylmsmvﬂbut ed al koxy,

nyl oxy, est8gsy ﬂ@g}&oﬁs}{e@mm%ﬁers phosphate esters and a-
eﬁ.‘he

acyl oxyal i cy r oV R R5is
other than H or %E ﬁ?ﬁ%ﬂﬂ’?ﬁ?‘?V'Ogg%eap?ogﬁognds%ﬁ% 3m§trgglgl vat es

t her eof , 52&3WdfF@rralﬂaV at least R3 is selected fromsubstituted or
unsubstituted esters, carbonate est et hers, phosphate esters and

a- acyl oxyal kyl et hers. e gt one of Rl, RZ, R3, RAor Rs is

selected from 1) phosp general forymula -O-P-Y R4 Y R7 12

wherein 'Y is 0, NH 8, O, 5' ;. ZisOorS;and each of R6 and R7 are
i ndependent |y -sel ected from SGbstift ut®d or unsubstituted alkyl, H a nono-
or divalent cationic salt, or an @moni um cationic salt;

wherem R and R® are specified above. .
In amother aspect, the present inveniion provides a method for synthesizing
compounds as specified abave.
- 10 According to yet another aspect, the present invention prowdes compounds of
- general Formula:

Rl
Rz

in which:
" == denotes a single or double bond; and
15 R, R R?, B%, R’ which are independently selected from K, OH, substituted or
unsubstituted alkoxy, aryloxy, esters, carbonate esters, ethers, phosphate esters and o-
acyloxyalkyl ethers provided that at least one of B!, B2, %, R*, R® is other than H or
OH; , , : _. '
and phatmacentically ascaptable salts or solvates thereof,
20 Preferably at least R® iz selocted from substituted or unsubstituted esters,
carbonate esters, ethers, phosphate esters and g-acyloxyalkyl ethers,
Preferably at least one of Rl, Rz, R, R* or R® is-selected from:
D phosphate having the general formuta

] 6
‘—O—?":’YR
YR




51i1) ester having the general fornula 0 11 8 --OC-R where RS is a
substituted or unsubstituted | ower alkyl, |ower alkylalkoxy; iii) ester
having the general fornula OO0 11 11 -Oc-Qc-WX 10 where Qis a
substituted or unsubstituted | ower al kyl ene, |ower al kenyl, and al kynyl; W
is 0, NH S 0, NH, or S; and Xis Id, substituted or unsubstituted

al kyl , al kyl benzyl, a nono- or divaleldg cationic salt, or an ammonium
cationic salt, 15 and pharmaceutically acceptable salts or sol vates thereof
In particul ar enpodi nent e.jlpvention, Y and Z are both O In one
enbodi nent , theng qsﬁg'feﬁtg #Hpnr i*des conpounds of general Fornul a:
RLRR Of /' IZ?OQSQ&Ml n whi ch: denot es. a single or double bond; and
R, R2 or R3 vxhé&la oBRE ah&lﬁéﬁl%ﬁﬂcﬁ@&ﬂdéﬂﬁﬁbﬁ&ﬁﬁdﬁéxﬁ@ﬁbsﬂmtﬁﬁr wmsihedititedt ed or

unsubst | tut X £t , hana: et hers, phosphate
esters and a adfﬁ%%?a%cx}lﬁ&ﬁa&s %ngorgﬂ t1a{[ﬁact%ﬁ§e%§dtl one of R, Rz or
R3 i s ot Aeddt hatf ﬁQFDb‘E’ar maceutically acceptable salts or

sol vat es t hereof. ,Preferably at | east pone of R, RZ or R3 is selected
from 13 i) phosphate having the geger@IR{orrrula z -OFYR6 y R7

where R is a substituted or tnsubstituted lower slkyl, lower alkylalkoxy;
ifi)  ester having the general formula

10 where Q is a substituted or unsubstitnied low;ver alkylene, lower alkenyl, and
alkynyl;
Wis O, NH, 8, O, NH, or 57 and
X is H, substitated or unsubstitated alkyl, alkylbenzyl, & mono- or divalent
cationic salt, or an ammonium cationic salt,
15 and pharmaceutically acceptable salis or solvates thereof.
In particular embodiments of the invention, ¥ and Z are botk O.
In one smbodiment, the present invention provides compounds of general
Formula:

20  inwhich:
== denotss a single or double bond; and
R R? or R® which am independently selected from ¥, OH, substituted or
unsubstituted alkoxy, aryloxy, esters, carbonate esters, ethers, phosphate esters and a-
acyloxyalkyl ethers pravided that at least one of R', R? or R® is other than H or OH; .
25 and pha:madeutically acceptable salts or solvates thereof,
Preferably at least one of R, R® or R is selected from:



wherein Yis 0, NH S. O, NR or S; ZsOorS;and 5 each of R6 and R? are
i ndependently sel ected from substituted or unsubstituted alkyl, H a nono-

or divalent cationic salt, or an anmoniumcationic salt; ii) ester having
the general formula ci $ -OCR where e is a substituted or unsubstituted
| ower al kyl, |ower alkylalkoxy; 10 iii) ester having the general forrmula O

O n u where Qis a substituted or ungybstituted | ower al kyl ene, | ower

al kenyl ene, al kenyl ene, optionally interrupted by one or nore
heteroatonm(s); Ws O,NH ,S O ,NH",or S;and 15 X is H substituted or
unsubstit ubled ®hRsphate kavips Bemeaaral feriho- or divalent cationic salt, or an
anmoni um cationi ¢ salt; and phan uaceutically acceptable salts or sol vates
thereof. Preferably RisHorOH 20 Rzis Hor O4 and R2 is selected from
14 000 -OP-OH, -OP-ONab OP-O7THFYRox 0 Na+ O NFI4 OO0 OH!OOR O
O I n anot her enbodi nent, the present immention provides a conpound of
general Fornmula: Ox OH 0O 5 in which RO is substituted or unsubstituted

al koxy, aryl oxywhef$d ®1is QCREDSNGt R1eske:, et her,
Zis 0 or S; and
5 each of RS and R’ are independently selected from substituted or unsubstituted
“alkyl, H, 2 mono- or divalent cationic salt, or an ammonivm cationic salt;
il)  ester having the general formula )

0
Y] g
~—Q=-C-R

, where R? is 2 substituted or unsubstituted lower alkyl, lower alkylalkoxy;
-10 ili)  ester having the general formula

where Q-is a substitded or unsubstituted lower slkylene, lower alkenylens,
alkynylene, optionally interrupted by one or more heteroatom(s);
Wis O, NH, 5, O, NH, or 8" and .
15 X is H, substituted or unsubstituted alkyl, alkylbenzyl, a mono- or divalent
cationic salt, or an ammonium cationic salf;
and phermizceutically acceptable salts or solvates thereof,
Preferably '
R'is H or OH;
20 R?isH or OK; and
R? is selected from




OOu n or agroup according to formula -OCGUCOH where Uis substituted
or unsubstituted al kyl ene, optionally interrupted by one or nore
het eroaton(s). In another enbodi nent, the present invention provides a
conmpound of general 10 Fornmula: OHOR O0- -(cx OHO O O where n is an
integer from2 to 6, preferably nis 4. The fornul ae given herein are
intended to extend to all possible gepgretric and optical isoners as well
as racemc nixtures thereof. 15 In another aspect, the present invention
provi des net hods for synth izing cogpounds in aqyordance with Formula 1,
Formul a. 11, Fornmula |11 or ormul a IVu n(gghet}eln R3, R4, R5, Re6, Rl,
R8, R5, .V. Q W X Y, Z0 ‘F@He’ Iﬁaea’nlng ve, or a
pharnaceutlcally accept abl d§alt or “yates ther&ﬁhﬂlS I n anot her aspect,
the present invention provides a pharnaceutlcal and/or a veterinary
conposition conprising a pharmaceutically and/or veterinarily acceptable
carrier or diluent together with & |east one conpound @n accordance with
Formula I, -Fornmula II, _Egrnula | ll_ or Facrla LV, erkin R, RZ, R3, RR
R5, R6. R7, Rs, Rs, U Q O, 'n havi§ t € sarfe n@Hni ng as above,
or a pharnaceutlcally accep able salt or solyates thereof. According to
anot her, aspect of the present invention, there is provided a nethod of
preventi ng and/gr @é?émalﬁéﬁﬁlmyg@@n@ﬂwgﬁmﬁ ifhsd SHbbREL o @isad DY the
admi ni stratj on of herapéeuti'c agent, the net% conpri sing
co- adnlnlsP@PPWE toa 10 subject: i) a therapeutic agent; and ii) an
effective anount of at |east one conpound Tn accordance with Fornmula |
Formula. Il, Fornula M Fornula |V, or Fermil&H/, wherein Rt, RZ, R3, R4,
Z, ave the sane neani ng. as above,
X9 r solvates thereof. In yet a

R$, R6, R7, R3,"R8, U Q W X Y,
or a pharmaceutically 15 accepran
further aspect, the present i {i onljprovi des a method of preventing
and/or treating a disease(s) a%f atedRW th the presence of reactive
oxi dative species O

5 inwhich
R® is substituted or unsubstitited alkoxy, aryloxy, esier, carbonaie ester, ether,
0 O

or a group according to formula ~—0-C—-U—€~0H where U is substituted or
unsubstituted alkylene, optionally interrupted by one or more heteroatom(s).
In another embodiment, the present invention provides a compound of general
10  Formula:

OH -

‘ O—H-—(CHZ);—H—OI{'
o) o 0 '
where n is an integer frora 2 to 6, preferably nis 4.
The formulae given herein are intended to exiend to all possible geometric and
optical isomers as well as racemic mivhures thereof. :

15 In another aspect, the presemt invention provides. tnethods for gynthesizing
compounds in accordance with Formwula I, Formula II, Formula Il or Fermula IV,
wherein RY, RZ, R2, R4, R%, RS, R, K%, RS, U, Q, W, X, 'Y, Z, n have the same meanmg :
as above; or a pharmaceutcally acceptable salt or solvates thersof.



(RGS), the method conprising adm nistering an effective anmount of at | east
one conpound in accordance with Formula I, Fornmula I, Formula II1l ,
Formula 1V, or 20 Forrmula V, wherein R, R2, R3, R R5, R6, R7, e, R8, (7,
Q W X Y, Z it have the sane neaning as above, or a pharnaceutically
acceptable salt or solvates thereof. In yet a further enbodi nent, the
present invention provides a nethod ofs preventing and/or treating* a

di sease(s) associated with the presence of reactive oxidative species
(ROCS), the method conprising adm nistering an effective amount_of 25 at

| east one conpolnahaitir sersot damPwswit tiiverdemhatoNides ardermgcsulioel ap¥etndil a 111 or

' rI:or rru![ ﬁ I V,vetéﬁﬁrﬁ leBenpbsitionZeomigAisinfRd, pHatmadktically and:; v%;maﬁiy @ceiwblé( YI t Z it
ave the ! Cat ?ggg,% @}Jdgﬁé salt or
sol vat es ther eo&emy%%gg%‘e?%ﬁl QE[)j GO E:a‘?ﬁr %aé el’vm Il be a
person at FPrERlsE Fmyisly ﬁ@@‘%%é’ﬁé\eﬁmﬁl ua’ t may be

a per son3wwg, X,sY,@,mhewtthqw@Oneesm@fmabmg, qrgqﬂlmamadbf@pe t@si on as a
result of apvach&esr chronic condition. In yet a further aspect, the

present inventi .ovi des, a net ventin and/ or..at | e
amel orat g 1 RS 00d S f Sp s Hondhnd &Pl s 5EA5h
reper f usi om Rfﬁ@ﬂm wedox @hyedst ismyliowtamidemasd ) tanulied ceaubade banBaNt of at

| east one aﬂﬁﬁﬁswm aha ehdrgeidiv Quai0He tmeHodadonieidt @RRNGARREMNED &N

accor dapge %g_ Formula 1, 35 Formula Il, Formula II1l or Fornula IV,

wher ein , 54 R5 R6, , R8, R, U Q 16 W X y' Z, n have

t he sane neani n’é a & BHRPHE egenb alth o1 maceut i cal | y acceptable salt or

sol vat es t hereof). Rreffesivhpporiief gblead phd wimpguayt ionscorénde pithfleandanpound at
! e?sz part Eall’drh&uﬁﬂ,lﬂahﬁ%la m,mbrﬁﬁfaqvpbﬁﬁcﬁﬁﬁm v, whasia iR yr: o Uit &) ¥F, a?ueous
sol uti on, L8 I r C n ention
have at Iegﬁéﬁé%h%fY an%a%%fg%/% \L' sgua%s |'lténgr%ﬁm51fl£°§era ?’y the in
Vi vo enﬁn@”’*@?@%&%’f@%ﬁb@%ﬂ‘ﬁﬁéﬁt is an ionisable group at physiol ogi cal
pH. BRI EF DESCRuRE Oifu€ler REEcDRRVYMEE: hOcrfbgweeides ial hethéd af pevériag synt het i ¢

schene for aﬁ@’@rﬁéﬁ% s%ks%as@.{ ?Lgsstamé@wﬁl'tﬁe/ méopt:bqema&;&aa é%sié(%} sg' t4,

g?%ydrgg;; I?%é %W@Bﬁ%ﬁ@ dtnﬁ{%é’ilﬁ’g‘é; Eé{%; ﬁ'f"gfm tsc%eept GATE198F i ¢ schene
for the syﬁ?lhé@ﬁﬂé iy frcRrdmpel mfﬂmbhels le!@a He fFosude it atRempes)[Wica t he
succi ni 20 afdmnaYhehayin RSRErR? B grt, ®°4RT, IRE UBY, (RIG SWiRevSENk ek e SCheme
for the sy @Wﬁbﬁlm%fas iﬁé%déroﬂ}ﬁfa}n?a\é%ﬁally accepiable salt or solvates thereof
In yet a further embodiment, the present invention provides a method of
preventing and/or treating a diseass(s) associated with the ‘presence of reactive
oxidative species (ROS), the method comprising administering an effective amount of
25 at least vne compound in zccordance with Formula 1, Formula I, Formula I or
Fonmula IV, wheretn R', R%, R%, R, R%, RS, R%, R%, R%, U, Q, W, X, Y, Z, n have the
same meaning as above, or a phermaceulically acceptable salt or solvates thereof,
Typically the subject in need of such treatment will be a person at risk of
. developing iscliaemia. Altemnatively, the subject may be a person who is currently
" 30. suffering ischaemia and/or reperfusion as a result of an scute or chronic coudition.
Ip yet a further aspect, the present invention provides a2 method of preventing
and/or at least ameliorating the damage to a subjest caused by ischaemia and/or
reperfusion, the method comprising adminisiering an effective arhount of at least one
compotnd an effective amount of at least one compound in accordance with Formula I,
35 Tormula IT, Formule IIT or Formula IV, wherein R, R%, R, R, R°, RS, R™, RE, R, U, Q,




3-hem adi pate (19) via adipic acid nonobenzyl ester. Figure 5 illustrates
the synthetic schene for the synthesis of 3',4'-

di hydr oxyfl avone-3-hem adip ate (21). 20 -Figure 6 illustrates the effects
of vehicle (dH20), Fl avone-3-hem adi pate (19) (F31A), in the presence and
absence of butyryl cholinesterase (BuCHE, 1000 UL) and DIOIF (10'4 M on
the | evel of superoxide anions generatiéd in rat aorta in the presence

of NADPH expressed as a percentage of control. Figure 7 illustrates the

eff-ects of igle (,d1120), 3' 4. droxfla te(21)
( DI OHF3HA, ‘§1/’e§ ’?1\; é‘ f R W%r%%ehé? oA BRI %‘"’r‘i%%é‘:"rﬁ%%l%%rhs?

chol i nestersag@feegﬁaﬂﬂé 1000 U/L) and Di OL1F (10'4 M on the |evel of
super oxi de ani befer@ﬂjﬂﬂie&bl&ﬁﬁlﬂmlﬂg pevlup dendem thevoldpeunal ¢ angertially Sy

expressed a543, Bl%féPﬁIbﬁg ?mﬂfgssofﬁgﬁérgé%ueoﬂ Qufifo %n‘éﬂ%ll atfy es the

concentratl on rgs urv B&ﬁ nce 30 vehicle or
3", 41-d Rydroxy SO Sepirab fop oy cast ey o PRETRRe

presence andeaxiidesbetitoéntBUCHE, conpared to DiA -1 F in endotheliumintact

aortic rings i sRisRkad thd MMAA lelzymkhGeARPk RBIHILRAS IPEE 1RERIE 285 &S a
per cent age %E“E i.;nifial response to Ca2+ (3x10 3 M observed before
W ﬁ%%&#r!‘la‘frm

treat nent Figure 9 illustrates the effects of vehicle
(8H20), FI mpmmmmnmto 10" 4 M in the presence

phosphat se (1000 U and D10l I E 0 4 W he 17 of su erOX| de
ani ons ner at e%‘ﬁ“ﬁe Hﬂusﬁ%ﬁ © syptiat é‘? fic Bﬁgl%%( ®-as a

per cent age Jophasphete disodivmy glir(8)- 10 i | | ustr at es- the concentration response -
curves to Ca2+ Figurbhez plRseiae tholsyudbiic| Rhafe f foavanesguphnsphay@-( F3P, 103$
Mto i04 Mg Jﬂlﬁfc;)%ﬁa‘mng-%%%gp %gl bsence S of phosphatase (P, 1000 U'L) in

endot hel i umn I'sol ated fromrats. The contractions are

[
expressed as a mg eatg} Fﬁﬁéﬁheﬁ’icts?@lmrf@%%ﬁﬁﬁh%ﬁ oEa- e vens-3 V)
observed%éﬂmmsucpmaIEMMa/ﬁmmcmhﬂ\mﬁen&npmmme Figure 11 illustrates

the direct rel e QR 10' 4
Lhe FISL?( Bheme:mgase 2hif8Chedhe ¥ ﬁ@lb%eheﬁf%i L éler&st'OOOU/L ikl :@&v&%ﬁg M.

Di QHE3H3A (13117 di "‘“’ agi‘“%??qé’i?tac P B o cred vessels. D O 1FaHA
(10"44 plus . 100513*“!1e BU CliEstrpies ah%mm@aliechh@tm ofer vl c amdhresison 3'A'-r at
aorta pr ecaiﬂiyr&m:@ﬂdvm—takhaﬁ&daﬁtqgne 12(a) H I ustrat es the dose-dependent

decreasaggi n VA D OHF3HA
in anaeg'? hﬁ%h%gg 1 @Q Cﬂ g%ﬁﬁ %ﬁvé%eg g%g%ﬁa% g&aent
decr ease | ersr‘i"'”r‘?? sence 0 butyryl choli esterase {(BuCHI, 1000 U
DiOHF (10"Jr M) on the level of superoxide anions generated in rat aorta In the presence
of NADPH expressed as a percentage of conirol.
Figure 7 illustrates the effects of Vehicle (dI1z0Q), 3'4'-dihydroxyflavone-3-

25 hemiadipate (21) (DIOHF3HA, 10 M - 10-* M) in the presence and absence of butyryl
cholinesterase (BuCHE, 1000 /L) and DiOHF (10¥ M) on the level of superoxide
anions genetated in rat aorta in the presence of NADPH expressed as a percentage of
control. _

, Figure 8 illustrates the concentration response curves fo Ca®* in the presence of

30 wvehicle or 3'4“dihydroxyfavone-3-hemiadipate (21) (DIOHF3HA, 10™ M), in the
presence and absence of BuCHE, compared to DIiOHF jn endothelium intact aortic
tings isolated from rats. The contractions are expressed as a percentage of the initial
response to Ca™" (3x107 M) observed before treatment with DIOHF3HA.

Figure 9 illustrates the effects of vehicle (dI,0), Flavone-3-phosphate (F3P,

35 10®* Mto 10 M) in the presence phosphatase (1000 UfL) and DiOHF (10™ M) on the

-




response to DSOHF3HA. Figure 13 illustrates the decrease in MAP (nm Hg)

I ndi cating vasodilatation in response to ACh in anaesthetised rats,

dil ator response to ACh was enhanced by Si) mn pre-treatnent with 3 ng/kg
D OHF3HA. A increase in MAP (mm Hg) indicating 20 vasoconstriction in
response to PE in anaesthetised rats, constrictor responses to RE were

di m ni shed by 30 min pre-treatnent of B ng/kg D OHF314A. Figure 14
illustrates the concent ration response curves to PE generated in the

presence of n QHE3HA wi t h, and wi t ho EuCHE F in rat
aortic ri n]ega BS @g%wcvﬁ:slg%erﬁdemg dt ﬁ%ﬂ&m& opear ed
to inhibit er?@efcz@ageé%fp?@ﬂ% to PEin a concentratlon dependent nanner.
Maxi num Cont r ac Figure l(lm.ﬁs&ﬁil&hh% dvibdnbation rfpdhseCiurd id CRH GiifigHAestcAM 1011

30 DO—IFBHAQJ‘Q&{@M‘J@ i'OM* o T IKASn 5|IIust s_the effect
of onospatgscl BT ertbianalohie oMt st by

aortic ri ng@M‘mbw e sxpressil asﬁf}&rdﬁ&iagﬂ(&flﬁeﬁuﬂaﬁmﬂwmt@a-ﬁmmﬁw

appear 10 bituabiesiad vbitshenaASRIAL 256 gaafene however 18 'relaxant
responses to A Wer qqe ed ce of F3P.wi t h phosphat ase
at both concentr |%§é ﬂ%%age Bﬁe%dﬁﬁ?%ﬁf?ﬁq,f‘f?%”ﬂeﬂ ‘&Eﬁ%o Prmax
Control 7. é&*ﬂ?ﬂ@&l@@sm5%5§mt(&§é\@ommmum BﬁIME)Avelﬁwe ADQOTHEP 10' SM-P
7.800. 0601 0BAHE-3Rd 1 DIOGHPIZA7 00D k& hoF kbt Conl G 'ﬂrédéﬁﬁéc@éde%eésag

dose- dependsipfrrd ear o F3P and, DICHF in
anaest het i seﬂ ratﬁg Gigﬁzpldélg&d;%[grﬁqqiﬂg? r %t esﬁgﬁc%eﬁggneva&'é Bige Fecr ease
in HR (beats ’f?f Hisgeted e to F3P and DI CHF in anaesthetised rats.

Figure 17 il us¥igared?(felsedeo tharjosategéndamiaticsrémk ial AP gamnelppyand
nyocar di al indiedting Cdsodil@ftion'ih iporR@REDIOHMA nggraﬁggsmgﬁgggrﬁg Di OHF 8 2 o/ kg,

[ : ;étzegrlgr iugflif%umnn%%@ oS & d%se-de&: dentrrgec bse 'l HR ( eats/mmr)miixkg n-4)
nse to 10HE,

Figure 13 ﬂlusixates the decteass in MAP (mm Hg) indmatr:ug vasodﬂatatmn in
response to ACh in anaesthetised rats, dilator response to ACh was enhanced by 30 min
pre-treatment with 3 mg/kg DiQOHF3HA. A increase in MAP {mm Hpg) indicating

20 vasoconsiriction in response to PE in anaesthetised rats, constrictor responses to PE
were diminished by 30 min pre-treatment of 3 mg/kg DICHFILA,

Figure 14 illustrates the concentration rcspbnse eurves t0 PE generated in the
presence of control, DIOHF3HA with and without BuCHE and DiOHF in rat aorlic
rings. DIOHFIHA in the presence of BuCHE and DiOHF both appeared 1o Inhibit the

25 response to PE in a conventration dependent manner.

Mazinmm Contraction
(percent 3 mM Ca*")
Conirgl 10141
DiOHF3HA 10°M 1011
30 DIOHF3HA 10"M +BuCHE 3546
DIOHF 107M 18+2

Figare 15 ijllustrates the offect of phosphatase(l 000U/L) and flavone-3-
phosphate, (F3P) (10°M-10*M) with phos.phsrtase on concentration response curves to
ACR in endothelium intact aortic rings from rats (@=5). The  relaxant

35 response to ACh did not appear to be effected by the phosphatase alone, however




15 sheep. ARILV% = area at risk expressed as a percentage of total |eft
ventricular volune. ISIAR% = infarct size expressed as a percentage of the
area of nyocardiumat risic. " indicates significant difference in infarct
si ze between Control and Adipate (6.6 ng/kg' )-treated aninmals. Figure 18
illustrates the latency to touch (A & C) and renove (B & D) a 20 stinulus
on the controlateral forelinb corrpare’dg with the ipsilateral forelinb
assessed 24, 48, and 72 hours after ET-1-induced stroke and treatnment with

vehicle (A 1%';_; onls%! Qﬂf@ﬂ"&vefejeﬁhéﬁwd Jeohe BredenboBmPRaP Witkighesphataseoder at e

stroke rats R us thes t he etffecéﬁlof sdeI ayed administration of
Di OHF3HA (340 ﬂ‘?FQ BGrHeDs w5F VAR Eepar TSP S ea in cort ex (A and
striatum (B) in nild to noderate 2BEG®roke rat S=wDel i nifions . As used
herein, the terggatrall Kyl " includes branehed or uri@dséhohed hydrocarbon

chains, such a B%E h,l éﬁ@%ecyn pgg@%dmlso prl@gw n- butyl, sec-butyl,

i so-butyl, ter net h r&% These groups can be
substituted or F38 19H»‘§db%t| tuted wit A38HE0G m)ré hctional groups which
are attached casmuofM#®» such chai ﬁi§§&&;ﬁﬂ:h as, ¥Wgdtoxyl, brono, fluoro,

cliloro, iodo, g{@hgaﬁaoﬂm“gtgl fe &4ARE en@éﬂgﬂegtgaﬁs mqm;:og;ﬁﬁlug), maryl,

heteroaryl, carb a kenyl, nitro, amno, al koxyl

al.k
am do, ‘and’PIRRE TP é%taggﬁfﬁl% ?SﬂbePa‘%? #5such as trifl yor onet hyl, 3-
hydr oxyHexyl , Zigee bty Blusistes fdp‘t‘?di“-’é@ﬂﬁiﬁl decgarpe R y Bt gt miPafobut yl  and
the like. &fponite R30RAA DIOME i adaedtiekised gl udes a |inear or branched chain

of I to6 carb 49 Bt e b SRR AEENeR Sode Badhvahent alkyl as
Cefined abooe. ra's? Busralhe ufa e ply g@é
17 i b Lk (el e

1- br ono- 3- mddDOHALA (P61 tugligeromsl 4.6 Gl @@@H@@)g@@@@;@pﬁh@hsed
net hyl einyhigae, AR/iivepel Bich angisk! eptanyl #ne peﬁant@eow{meieﬁtﬁhﬁﬂm&i hyl ene,

1rrethy|tr| t h tri Iene
1- et hyl et hqu %gﬂgﬁ?’h I’f‘gch '%eﬁ:@’rngée({r} rPeef%enﬁg B%‘?w&a E#%g‘}'{mf] &rrret hyl ene,
2 et hyl t eﬂ?%wﬂdﬁ@éﬁf@miimfﬁ’éﬁwcﬁé@ @fé&%@?ﬁ@ﬁ@m@ﬂw PTG et hyl ene
and hexaneimiepnesahaihdle | ike. The term "allcenyl” incl udes br anched or
unbranched hydrg g,%qgn Sthe G201 'ﬂ&'@ﬂc&@{)@&@@)@&%ﬁ@#@@ £ ajbpn doubl e
bonds. e ferm C nc ran dr ocar bon
chai ns Qo?ﬂ‘%\‘fl}‘ﬁ ﬁ@Xt&l t?ﬁglr }@Eg“gﬁh —F@'}fg #Wﬁﬁ‘ﬁ% ﬁsmsa‘{

24, 43, a:nd 72 howrs after ET-1-induced stroke and treatment with vehicle (A & B) or

DIOHF3HA (15 mg/kg/day) (C & D) in mild to moderate siroke rats.

- Figure 19 illusirates the effect of delayed adminisiration of DiOHF3HA (15

mg/kg/day) or vehicle on infaret area in cortex (A) and siriatmmn (B) in mild to moderat&

25 siroke rats.

Deﬁmﬁons

_ - As used herein, the term "alky, " inclndes branched or unbranched hydrocarbon
chains, such as, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl,
tertbutyl, octa-decyl and 2-methylpentyl. These groups can be substituted .or
30 unsubstituted with one or more functional groups which are attached commonly to such
: chains, such as, hydroxyl, bromo, fluoro, ¢hloro, iodo, mercapto or thio, cyano,
a.Hs:ylthio, heterocyclyl, aryl, heteroaryl, carboxyl catbalkoyl, alkyl, alkenyl, nitra,
amino, alkoxyl, amido, and the like to form alkyl groups such as trifluotomethyl, 3~
hydroxyhexyl, 2-carboxypropyl, 2~fluoroethyl, carboxymethyl, cyanobutyl and the like.




15 By "aryl" is neant an aromati c earboeyclic group having a single ring
(e;g9., phenyl), multiple rings (e.g., biphenyl), or multiple condensed
rings in which at least one is aromatic, (e.g.,

|, 2,3, 4-tctrahydronapht hyl, napbthyl), which is optionally nmono-, di-, or
tri-substituted. The aryl groups herein are uusubstituted or, as specified,
substituted in one or nore substitutalbfe positions with various groups. 20
As used herein, the term' cycloalkyl refers to saturated carbocyctic

radi cal s havi ree, to twely rb ato

nonocycl i c, or pSF%c m:he m’ ﬁg%§§t ? sucﬁyra cals

i ncl ude cyé&lFEropyl , cyclobutyl, cyclopentyl cyelohexyl and cyeloheptyl.
The cycle al kyI'I'.lgfmps dileleain refes mnsm&%ié::ttwﬂ]adl @I deimed Dpecisicleds

substi t ut eq, I t 0 L t groups. For
25 exanp &eﬂﬂ’ceﬁﬁl'cyclH ﬁﬁgé déﬂ%@ﬁkﬁz@ %%k&ﬁ&é% dléj{??ltabﬂt%d with Cl-C6

al kyl , Roxy; ﬁmr oxy1 rBVS%éhy%Fﬂ"?” hygien -
mono( G - C6 CBrEReHAGH QH(CHCHE) ainkihylafiykos, Cimabyledekerpropylene,C8-al kyx' yl
Cl - CA5 hal 9«1 rew: Qm@fe gal |101ﬁ¥1¥;y1tn@éﬂt @iecl - $BncRlykivk hﬁth?%ze 3.

nmono( Cr - C6 a C6)1al kyl. 30

Ik I
The term"ar ﬂ}ﬂanM}y% s a')itgu &ﬁﬁn gépé e| h é LS a%é or aryl as

def i ned amﬁe%%%hbd%“ef or r%ymathﬂwthﬂﬁ%pu o%rgqethyttﬁt%tw term
"al koxy‘10| nethidiesamdiiylenewné heismeRyleae aldayd likeThe term " | ower al koxy

radi cal s* t her ergpYerheraTRRY iongrlaly BaALuANG: haBaghed WLkRAS.ETGURS Of | to
6 carbon atoms, ‘such al_Itb Xy. hoxy. %{opoxy | SOpr opoxy, but oxy,

i sobut exy, gxg@niggtogg&rmorgg erte B‘tﬂ e yl oxy, isopentyl oxy, hexyl oxy
and i sohoxyl oxyTher &wms "aligayl* Theludes Pringkaddor unbrémbd%shﬁrpcmnlechmﬂﬁkage

- (O NR- (‘ehesiging offe bSmbiy 36006 Barb@ wilekiphds. The terra "am no” indicates an
ot 2“2 H e M ol e A G
" car bonat eP ?‘t’fb liiple g (ef o biptonhis of BIHPIS EATKgHiE 805 oV gisleass 0) 10- .
The term " phobphomgicgeegs tl S 3. 4-tetdhyciadnaphtiiy). dipbthlyBrwhiticia obtionslly excacH, d"
i ndi cates dfy o} Gilmbshibfed Tk Sy, E&eﬂ ark NAEOALIGE o Q) 2pEindhe term.
_g\poigggg' Sutfiilaba ih B G638 st F;ttuejgpot,am i vatiBhs o SPhamat &7 Tndi cates
As used herein, the term “eycloaltkyl” refers to saturated carbooyclic radicals
having three to twelve carbon atoms, The cy¢loalky! can be monoeyclic, or a polyeyclic
fused systemt, Examples of such radicals include eyclopropyl, cyclobutyl, eyclopentyl,
cyclobexyl and cycloheptyl. The cycloalkyl groups herein are unsubstituted or, as
specified, substitated in one or more substifutable positions with various groups. For
25 example, such cycloalkyl groups may be optionally substitnied with Ci-Cs alkyl, Ci-Cs
alkoxy, halogen, hydroxy, cysno, nitro, amine, mono(Ci-Cgalicylamino, di(Cl;
Cealkylamine, C)-Cg alkenyl, C;-Cs alkymyl, Ci1~Cs haloalkyl, Cy-Cs haloalkoxy,
amino(Ci-Caalkyl, mono(C-Cglalkylamina(C,-Cglalkyl or di(Ci-Celalkylamino(C;-
Cealkyl.
30 The term "acyl" includes an -C(O)R group, wherem Riis alkyl or aryl as defined
above, such as formyl, acetyl, propionyl, or butyryl, :
The term "alkoxy™ includes ~OR-, wherein R is alkyl. The term "lower alkoxy
radicals" there may be mentioned linear and branched alkoxy groups of | to 6 carbon
atoms, such as methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy,
35 tert-buioxy, pentyloxy, isopentyloxy, hexyloxy and isohexyloxy groups.




The term "phosphate ester” indicates -OP(O(OR)2- 15 The term "sui famate"
indicates -Ar-NHSO3 . The term "sulfonic esters” indicates -S(0Oz-OR The
term "sul fonate" indicates -S(0)20-. The term "phosphonate ester"” indicates
RP(O(OR 2. The term "carboxylic acid" indicates -C(O CH 20 The

term sul fonie acid" indicates - S(O) The ter m " phosphoric acid"
indicates -P(O (A 3)z The term phomat e" indicates -Ar-NRPQg . . The
term "car bamate" i ndi cates NHC(O)O The hydrocarbon chai ns can be

optional |y i ntaprupt Qehidy Qe ibie linkdigehe( G0 (pirerinthriyfloedent , t he

| i nker grou%hré[?y be any of a nunber of such nol ecul es known in the area
descri bed®h As is clear fromthe above | Py dr?eﬁg cer group
1) may be abseHhe e "qmino'aindisatey ERRmine GRAERe scrl at’ the
l'inker greupl.may be absent. 30 DFSCRILPTION OF: TI M EMSODAYI ENTS The present
i nventign provjgles f1ayg &g}lvd,ﬁﬁ%ya@@ggs dihe G Stdbappts indicatémt ni ng
flavonoi d derivati ves, nmet hods of "using sane. The presence of reactive
oxi dat i vecﬁ%m es (ROS) inliving tissue has been shown to be associ ated
wi th nmany ‘di sdFldesn Toartandintngicatme P oxi dati ve species can 35.contain

bot h nitrogen. mwe='%1mys(m@en atons. Sonme exanples of ROS 21

nol ecul es i ncl n I e radicals such as OH=, D', NO,
and RQOO . ﬂe%?#fﬁl §jthspecl s are ?é@ns during normal netabolic
activittf, but ihﬁ‘éﬁ?ﬁ ishraregy n -be el evated under conditions

of oxidative sﬁmmhﬂﬁmaﬁc@dndimqsm(&iﬂ&ﬁl c inflammtion, infections and

ot her di seasesypdreMamnh %@bﬁcﬁhﬁ&eﬂa@xﬁm{ esult of naturall y occurring
processes such s ox e a}% LM f-I ammat ory processes. For.

exanpl e, when nerg ner gy, free radicals are
created as a C&E@@@leﬁ’@&’b@?‘?eﬁ@ @gfﬁc@r Bhe” mitochondria. Exercise
can i ngsease t ' ey tiutfaakel ndeseadirdHSOAS can environnental stimuli such

as ionizing ragiabloR e ulR0USLEYe -SEH.CRKPOSUr e, cosmic rays, and 10
medi cal X-rays enV| nt. a% t OX @ﬁ?ﬁ’ altered atnospheric conditions (e.g.
hypoxia and hype %’ffg"md? i trogen oxide (primarily from

aut onmobi | e exh'ﬁh@ﬁm;m"mﬂw&l@pﬁaﬁﬁt@éiﬂmcﬁﬁe-‘ﬁgsﬁ( MOF1r essors such as cigarette
snoki ng and exers@iy Ccathdxoh®dcid" indicates -C(OYOH.

20 The term 'sulfonic acid” indicates -S(0),OH.
‘ The term "phosphonic acid” indicates -P(O)OH).
The term "phosphamate” indicates -Atv-NHPO,".
The term “carbamate” indicates -NHC{OYO-,
The hydrocarbon cheins can be optionally interrupted by one or more
25 Theteroatoms,
When present, the linker group may be any of a number of such wolecules
known in the area described herein.
As is clear from the above description, the spacer group D may be absent. It is
algo clear from the above description that the linker group may be absent.

30 DESCRIPTION OF THE EMBODIMENTS

The present invention provides flavonold dexivatives and compositions

containing flavonoid derivatives, and msthods of nsing same. '

The presence of reactive oxidative species (ROS) in Jiving tissue has been

shown to be associated with many disorders in animals. Reactive oxidative specjes can

35 contain both nitrogen and oxygen, or only oxygen atoms. Some examples of ROSB




consunption are also known to affect levels of free radicals. Radical
species may conbine to form other nore damagi ng or toxic species such as
peroxynitrite ONOO-, a 15 product of superoxide and nitric oxide radical
reaction. Another source of ROS species is sonme therapeutic agents, such as
anti-cancer drugs. Anthracycline derivatives are highly useful anti-cancer
agents in the treatment of neopl astiz di seases such as acute |eukemi a,

mal i gnant | ynphoma, etc- However, an undesirable feature of their

adm ni strati on_can be oxidative damage tqQ tissue, wWhi¢ an lead to

car di onyop’&f’lﬁ?ﬂ%’élmlﬁg%§1P51P%Ohé'ﬁp¥=affe§irf“ﬂ?ﬁgs. S"‘Ieiieﬁsm's ﬁcgq(gf’ a’f‘%got Yer apeut i ¢
agent can Maey effothesc apeiest ve ewel dprmstmophalc mstpbeliq wetivitya bt gl ur e

( fCJf ) g Thi &hcé:@ﬁg% t@evefs ﬁiﬁﬁ% ézéwfe]gwfaa&i é‘on@ﬂﬁ:ﬂiﬂ of eRMativendulesst éb@d{diated

ef fectiveness .and. i.t. woul. d he. usefu 0 .devel op an appropriate

co- adni ni s'fvﬁif’li'%ﬁ‘cr“@fg?%ﬂ' .ﬁoq’ﬁﬁ%&}oﬁs 8‘?%;%{0‘%%?8%? the present invention,
there i $ provi déanyaRQBtnderuss arethe seailicpit nateralin aroiEing Poessss sutherS or at i ng
damage to gxygebhRehohaysalintyminkery RosdssissFoaddaplepivhan dolie ngpeytic agent,

t he net hod,_c .Sl - KU r .0 %HW& Tl ; utic
agent ; ancczlimi_ %‘*ﬁ,e&%@%“’?@% g%nﬂa%&%% ataci{?%fsqt 'o_gf%:%l} oogﬁaﬁo?%&gjg@ordance
wi t h For mprgochongria.  Exepisgpap Morease dpeigyels of e Fadsia FPURAEFE N R, R2,
R3, R4, RGstnR] si¥h, ad éynizi, raliationQ(frot Mdusity, Bun mxprente. téwnis asps, mehni ng as
abozfﬁ, 1] ﬁecﬁ@zﬁr%ﬁ&%};‘,téﬁﬁéﬂtﬂm&@ ‘f&%ﬁs@@it&ed %_ﬁ%ﬁspﬁkfﬂc%ht Hﬁbﬁﬁ%&tg‘?%&ﬁ@:ﬁ%_ I'n

anot her aspec e present invention.prqyi.des. a.nme L preventing

ol o ot RS krpSBal GBEend TEHch BBl AhiEy 2 pOR! M08l D LN

conpri si ngtham@asics: difepiyleasiresmors Mishatse igAEHY | Spokingctnd) GReHivE L HEehst t he
conposi t i oronedmptive iveVadsmt kipwn MV dffect Ruvels asfpleet radjprtef Radibll yepédivg mayposi ti on
s fornul atgtahdMiGofn aﬂa&sxﬁsr@%n_a%{ﬁgeoﬁ%@% é&@%&mﬁgfbﬁ@aﬁw bRRicsal |y

applied to the.skin. The ¢ psitjon,, ontain e nts and
noi st ur]rsgel?rg&“"ltﬁ WS?UFT@FH%?% ","“‘#ﬁ%‘i‘{‘ﬁé‘?&‘ﬁ %i'nvention provides a method of
preventing and/eother ¢yweastiit?F Reeciss fsewots thérmprydic pgents fuched doii-mgneanpar ent

Wi Nkl i NG grags. OnAOEackElR@deftghtiofs arb hiphB\v@ahil Ab dhintesidents ik theanatltar aspect,

e AR ket BHOL hibdf ol RbsSS LR

di sease or ) e val vi oXxI dat1ve nge, rrsing adnm histering a
t her apeut | TP é@%@i@@egﬁ%@ms“&m%b@ Hyq dasnae 1o oS, PhiIFR A on.
Pr ef er difl ylgad te catiimegyepaiior i swrititer heart\fallwen ditexpreehiey e e magpentic sel ect ed
from 10 tHGnOLQUReRARS oalsh Mh AlveoPRER of QRBLkvE WSRARRrRYM! ofical
di sorders, fesa;tld%eoﬁtl s%qﬁmpsuﬁc agents can limit their effectiveness and it would be useful
io develop an appropriate co-administration regime.
Thus in one aspect of the present invention, there is provided a method of
: .25 preventing and/or at least ameliorating damage to a subject caused by the
administration of a therapeutic ageni, the method comprising co-administering to a
subject: : '
) atherapeutic agent; and
i) an effective amount of at least one compound in accordance with Formula.
30 1, Formula I, Formula I or Formula IV, wherein RY, B2 B2 R, R%, RS, R7, R:, RS, U,
Q, W, X, Y, Z, n have the smne meaning as above, or a pharmaceutivally acceptable
salt or solvates thereof. '

In snother aspect, the present invention provides a method of preventing and/or

at Jeast ameljorating UV damage to the skin of a subject, comprising administering a

35 therapeutically effective amount of the composition of the invention. ‘With this aspect,
preferably the composition is formulated into 2 sunscresn, The composition may be




di sorders, ischaem a-reperfusion injury, diabetic conplications, septic
shock, hepatitis, atherosclerosis, Al zheiner's disease and conplications
arising fromIRV or Hepatitis, including Hepatitis B. In another aspect,
the present invention provides a 15 In a particul ar enbodi nent, the subject
Is an animal. The aninmal may be selected fromthe group consisting of
humans, non-human primates, cattle, h@tses, pigs, sheep, goats, dogs,
cats, - birds, chickens or other poultry, ducks, geese, pheasants turkeys,

quai | s, gur ea S bbi,t s ers, rats and m ¢ aspects of
the invent i'GH Gaugh%’ Hﬁ‘ia"B By kit f%nfﬁ?‘ﬂp‘ﬁgﬂ"f‘v?ﬁvﬁo 03,85 dift hi st ered
si mul taneoumlqtﬂrisgepar ately or sequentially with the one or nore

t herapeuti c agemtdnbther AAbE, U6 sénﬂﬁbﬂﬂ%n%rmlaﬁﬁémmﬂdﬂ@ @/ofDr e

ther apeut | GG bs), agorgg.%%n&agr%cﬁgs b3 NRRRE 45K VB LBl lr 2CCOT di NG

to the pre ventron ¢ as separate. agents at th
same or di PRYFEHERTHE% or they can be forrrul ated 25 as a single
conposi ti on conjurdnsihagaspedththe prepau vsotiokreevidadi wethed obiaetings sibjécey or gani ¢

SUbSL 1 at 5 fing 8ld:8ad Ui iadk iloling aﬁa&m Qﬁxla%@%nct . O%Sﬁmgﬁ%ﬁ%;?of these

bi onol ecul \‘/‘?‘ﬁ etl n}mgg E%lu nor

contribute %apg‘* Y 8YSFUST AR g 5?13‘? gtono é%"eB%"é% noted that certain
organ systens a?l'éfembbfﬁ@p@w ergisprdes invelving exidative donssgds pejestegtfrass or

ni trosatmveheagm&prmﬁﬁsmghﬁseaneérgm&iséaeﬂsnem il SlEseRletsD lagtoligmalagage are

t he pul non S )

(exhibits ?ﬁ% %e&%% ﬂeﬁg vm}ty gﬂb% %L%h?ower’ %g{/ASPOé%geﬁgﬁ%ogenous
ant i oxi dant8f oSt HEs S ?Hﬁ%"“t Fﬁaf gelgrte

circul ator @o@ym@m@vm4 mto fluctuating oxygen and ni tr| c OXi de | evel s)

and reproduct |manam§;t@§@1,(ﬂagpregeﬁdqu¢ghﬁéﬂ§ﬁﬁdw ense netabolic activity of

sperm cgll s). Lg-Toll} t h

product ﬁgn of %gﬁ&'ﬁ?ﬁg@ | s&%e%n% Su% ?Su %“%m f%%?maqg;e%y g 7 al

i nf ar ct i on SFCIFABIm Hheaapun sonpising °§Hﬁlﬁm§s’f‘°&' W(PF%FPSH# &‘)W migH gery.
Some f or s shdep.s poas rdpes ualks, drdl edifdkelzy@asteropoutita nBioka ceses ph@gems,
necessari | hﬁ@gscfudlss%m%@s'mﬂg Bt%ﬁt@ﬂé%@@n@hée‘ ssue. Typically one or
nmore flavonoi derlvatlves cor Ign%o the pres |g¥ ntiqQn are

admi ni st ered t ot HESSHBF%E PT elFB‘?“@" § §pe &ﬁﬁ‘?‘iﬁ@%@uﬁ“@ TEYRE T ¢

di sor deR8 Adpinkiereh sieitaneenslys repaaioiip of reehuetislly oiticéhg ongevelrvascul ar
di sease, atiheposiigeag)s, artery disease including coronary di sease,

peri pher al vascwhé]:{ Qrﬁcﬁ (ddaghHgd such as
di abet es), er t eln%i%ﬁ g érn)na ybﬂ&g%ﬁ?@%%ogeﬂﬁ&éﬁgr oni agen%@@%n:ﬁ i ve
ai rways di @ more Havonoid cnvanve(s) accordmg to the preseni invention can be

adnnmstered as separate-agents at the same or different times or they can be formulated
25 s a single composition comprising both compounds. ,
Free radicals react with key organic substrates in cells such as lipids, proteins,
and DNA. Oxidation of these biomolecules can damsge them, disturbing normal
functions and may contribute to a variety of disease states. It has been noted that
certain organ systems are predisposed to greater levels of oxidative siress or pitrosative
30 stress. Those organ systems most susceptible to damage are the pulmonsry system
(exposed to high levels of oxygen), the brain (exhibits intense metabolic activity yet
has lower levels of endogenous. antioxidants), the eye {constantly exposed to damaging
UV light), cireulatory system (victim to flucmating oxygen snd nitric axide levels) and
reproductive systems (at risk from the intense metabolic activity of sperm cells).
35 Examples of relevant acute disorders causing the production of ROS include
ischaemia reperfiision, stroke, myovardial infarction or mechanjcal trauma, such as a




enphysema, neurol ogi cal disorders, auto-immune disorders, diabetic
conplications, 10 septic and hypovol em ¢ shock, burns, hepatitis, and
conplications arising from hepatitis and H V- Another chronic disorder may
be chosen fromthe conplications resulting fromadm nistration of
hyperbari c or hi gh oxygen tension atnospheres, often applied to assist
breathing particularly in a prematurezd nfant human, including retinal or
ot her eye danmge. .Subjects at risk of relevant chronic disorders may be

di agnosed by 15 anal ysis of synptons, diagnostic testing, enzynptic

mar ker s, ocmﬁytmemenhwnﬁe&ﬁ%ngqgunspﬂ@ﬁ%ﬁfwwﬁl&éh@#ﬁbﬂﬁﬁ%6¥§ﬂﬁg&@ion

Pr edi prSLEﬂré%!yh@qegaﬁfﬂ gﬁs@ﬁéﬁa&mﬁi SQNGGdFusivbl Of tisse TEfDidelly ainb o€ knoty hslt roke
may al so I dentJj f.i netic testl ylactic
appl 1 cat i oo dariive e ARG ol il RNk ABUARIATI e aicg"y; I

Dr ug- i nducbefogiasdprErisgdWesHo R OS eg drug i nduced congestive heart

di sease,520 |f QHumicli die@8a@s Omagi dor demsend sfratr tiee gpoupr iigkluding stanoke, t he

CONPOSi t i 0Be A6 G isARO Vi SsoRFRC LAY Vit Mchidgiee corbflprdische stroke
occurs as a pro ¥%@ t|§$to Lecu&g the risk q%,élroggsoE%yr%%nc§, or
within tweP cHlgy S BrGURPE APRaEOTFHonr S5°BF S5t SKEPSE Uance. An
exanpl e of hprerRG®N, nyolwaeryp dutpottagional cleoreli ehgmclive | geRaBndseMtere a 25
def } ci ency e.;gﬁ}ﬁﬁk@@%eiﬁ%aa@ dpdersD fau-ihRde ISl didbeiin 2o@plicatiens] i-SS ue
per f usi . X 0.l 8C u .1 S g { . ty of the
damage g@pﬁ%@fdgﬁoﬁggﬁgﬂmﬁﬁE%%%]g?ﬁ?ﬁ%g&?hé %#Egﬁg |sa°éb?§%%g%§%ioxygen
and whet hepersgiey aat BIY epasthg Simmic fisogsn mah by cReFFR fort B¢ omPlrdioRdier ui o
event. At hesakihg foe aioinistation of haederid anbigh wiydvntitreiopressespheren e | on may
{Je _ 30I ?d WbﬁﬂﬁlﬁF‘Ha%ﬁtst\ﬂr@atﬁng‘bﬁ?@&ﬂm@fin@'pfréﬁﬁﬂfnféﬁ s @tﬁn, hﬁ@ﬁdi@g(@ﬂfﬁl 8r - Ny
opically, grally, su ane nt ranuscul ar. ntra- rial and/ or
intravenougzg?ﬁ%ﬁ%%%%ﬁggggﬁ%ﬁggggo%ﬁéwggéggﬁF‘#ﬁ%%%ﬁ%%%gébgg?ﬁg%y#Iavonoid
conpoundd FSRErRympionEofitgnogtiq testing, engymatip mapkprs, gr Jy geprliciedge &
synt hesi zi ignifyclpetaiRpoctigesitiddl Prédepbatadd isesrtdh adtiautiadrded sudhl &2 \keqbdi d
phosphat e’ VAl | ced. ' o) i :
deprotecti g%{ogént &é%?{?cﬂéfraggg%gﬁgt dg?%x bi%\gfgﬂ -gi@?ﬁﬁhﬁg{bg{p&i_ﬂ%di um sal t
(5) 5 W t hPIoRREpsiepiegiies gf Pae or e Hpysngid e & SHER S
3- hydr oxy| Pewgpinducd distrdspsdae ® RIDS ogliwgnisiabed doggastivvireart fisegsdr oxyf | avone (1)
u nﬂf [ weng phoslﬂhtﬂe)dis‘éhéeqji mdjésioﬂb?’ib foRt8 of Hsbid Jﬂ:ﬁ@,htﬁ@ Ebih%osiﬁo;:]t described
, i i sopr . phor am n roedl ate e was directly
oxi di sed bfoov[%f%ﬁﬁg%?%%e?taenf’%%ﬁi%?%Ie%n%ggf ) i%taspr - _ﬁg&w% TediEe ‘
_ e risk of stroke occurrence, or within twelve houts (preferably within four hours) of
stroke occusnce. ' '
‘ An example of an RQS involved pathological condition is ischaemia where 8 -
25 deficiency of blood flow ta part of & body results in inadequats tissue perfision with
~ oxygen. Ischa¢mma causes tissue damage, the severity of the damage depending on the
length of time the tissue is deprived of oxygen and whether adequate reperfusion of
oxygen oceurs after the ischaemic event.
At least one compound in sccordance with the presemt invention may be
30 adoynistered via 2 mumber of different routes, for examiple, iopically, orally,
- subcutaneous, intramusculat, intra-arterially and/or intavenously.

Vvt

Compound Syuthesis

The present invention provides flavonoid compounds accurdi.ﬁg to Formula 1, 11,
1T or IV, V and methods of synthesizing such compounds.




correspondi ng protected phosphate. The phosphate ester was purified by
flash 10 chronmat ography followed by recrystallization, yield 45% The
phosphat e ester underwent hydrogenolysis in ethanol w th palladi um
hydroxi de to formthe phosphate, which was i mediately converted to its
disodiumsalt by addition of a slight excess of 0.1 M sodi um hydroxi de
solution. Deprotectioii. by hydrogenalysis provided a pure sanple of
3- hydr oxyf | avone- 3- phosphate di sodiumsalt 15 in a 73%yvyield. The

correspondin i mir%.pi .salt was produced by ion exchange chromatography
using a dg% ?%S%Dnoe ﬁéﬁlﬁ%ol um (DEAF) of (5). 3" 4

- D kydroryft' ayone: 3- phosphat £ .6 di sodi u lt,) . ( s And deat] gal
procedure was a}\élr?ﬁ?né’%ﬁp%ggﬁg%rd%fl Flgegls‘{g@ natr%éjg?@c%f btt"heé slal%m{(%r Pfﬁé}gfr?%xyf | avone
anal ogue akpoteoiion syntheliqumateg?. Thus 3', 4' - di benzyl oxy- 3- hydr oxyf | avone (6)

under went jg&ﬂ@. LV Bl DR sire BB PP NN- di benzyl oxyphosphoranm dite in
the presence o etrazole to form the

3', 4' - disbenzy| SRtk ficeoncane-FBgyph b syetupproach oche pindhesis ebi-bydrpxpflavensiich was
gxi gi ngb%gsqﬁeaﬁ?g}dﬁ]ﬁ b igrsﬁéﬁﬁzt @QEI 5 BadR (@ inelerwent phosphitylaﬁonh t
', 4' - di benzyl oxy- one- 3-p at'e | . e . These two

Steps pr odtibdTrE 306 P S P P O A o B noddibaiart

recryst al | hosphatsn waT héiregiio spidited &yt erchlgraraPrarele i5e FEEBA Wy dFogenol ysi s
i n et hanol coweigandipg| pra@tisdn ghosphiatl MMich ehabpldte egier was purified by flash

3", 3 -dishygr - - %ﬂ&@ : < Y was converted to the
corresggnd‘:%ﬁog %%@é&%—‘%fb?vgﬁib?? 7@ )yhe\gﬂgg%'-tl ayone- 3:t?hoa§9é§ate 30

di sodi um sal t (#9)PhaBsPhglE P ofrdet YAPEENPE e -E&P? vt S *BFPl avonoi ds
3- Hvdr oxvflvewedire-8 fdverthephosphate, whichSyas Supadigichyoppveaiod ratsslidivmssalici nat e

( f15) was pgyoam%aa MEH« AGeds QfONIEM QAT BFdroRidE bilmanh. | Dephitguios b§. React :c on
of succi ni.¢ .an A ! _ . sence o
4-di net hy }:gﬁf Oﬁsggﬂlsﬁgﬂeh?ﬁﬁﬁg%%gg%%-lh |Tn7§1}@km%i%g%b[og g'tﬁgitl gﬁ’gpgpa%oduced t he
sueci nil® deiad3¥ofdBenzyl ester (13) as white crystalline flakes in 77%

yi el d. This pr @hectethsgundininidéanandrdurd e sally avhsy eprovised obgpl ienl  exchnge

{1 avons. 3. Tanbdaty Tk 1oy R o (. | ow or brown of | ¢ hat
sol i di fi edt.dpBHvdrosyiarens-3-nhosprals @ g §8i 4060, 10 produced. The
deproecton Ot RSN C ) AGIRREL U SO SARIED e
alar géfi‘lﬂ trihydroxyflavone analogue as shown in Figurs 2.
Thus 3°,4’-dibenzyloxy-3-hydroxyflavone (6) underwent phosphitylation by
diisopropyl N,N-dibenzyloxyphosphoramidite in the presence of 1H-tetrazole to form
_the 3',4'-dibenzyloxy-flavone-3-phosphite dibenzyloxy ester (7), which was oxidized by
mCPBA to fhe protected phosphate ester, 3',4-dibenzyloxy-flavone-3-phosphate
25 dibenzyloxy ester (8) . Thess two steps produced the desired compound in a 40% yield
after recrystallisation,
The phosphate ester was then subjected to hydrogenolysis in ethanol with
patladium to-form the desired 3'.3'-dihydroxyl-flavone-3-phosphate (9) which was
converted to the corresponding disodium sali, 3',4'-dihydroxyl-flavone-3-phosphate
30 disodium salt (10) by addition 0f NaOEL
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scal e reaction was undertaken to yield the required 3-hydroxyflavone-3

hem succinate (15). 15 3-Hvdroxv avone-3-hem adi pate (19)

3- Hydr oxyfl avone-3 hem adi pate (19) was synthesized following a simlar
procedure to that discussed above for the hem succinate, as shown in Figure
4. Adi pic acid nonobenzyl ester (17) was produced from adi pic acid_ and
benzyl al cohol in the presence of p-JsOH to yield the desired product as a
colourless oil in 20 34%yield. The protected adipic acid then underwent a
DCC coupl i wi th 3- hydroxyflavone (1) to formflavone- 3-hem adi pate
nDnobenzyIEg??@F“ﬁ%“ﬁ“?@??ﬁﬂF%@%mn gumin-59%yield. Hydrogenation of this
conpound in the presence of Pd(CH)2 catal yst, using a THE-based sol vent
system (9: E i) Hid aC|d) 25 resulted in hydrogenol ysis of

t he rmnobenzyl est formn ; avone hem ad e as I | oy solid in
89%yield 3 43 -HWE&@ ZyRayRns-f- %W?att’e( )a‘éﬁspfﬁ? “E‘sz&‘ac"% wt’%r t he
synt hesi s @ﬁﬂlﬁédéihguﬂeyﬁrﬁwﬁbmv@m%iﬁw ahbydﬁddl(ﬂataed(bzﬂz)yl alsohql I(lstrated in

Figure 5z @rm Aichfbromedtine

?'1?)63%!3?\% u‘ééldg%% fla%/(fgﬁoi‘éig”@gféérﬁﬁg a%g’lmltﬁa“ ré) eSte;VI" ester as

a brown guiridldh Bémgraieriefl gue protliva ehchpledyig ﬁd@’é\?ﬂw@lﬁoﬁ 6him smal |
scal e (100t&0lfledtgge ¢F DCECRdMIMADOlhthiyg Favarepheaiin@ninke tﬁmﬁbdmwlr &tr0 gi ve

the 3,4 - qctjyag kb1 (NG S Bt B on s B YiotA€bop Lo

rrp05| t| ons Met ho he corrpoun invention can
f ormul at!8d F¥ ariety of carriers and delivery systens. The anount of
t he therapeuti c’Ihn)rdsplSPmﬁ@D tfe thed mnobinayle dsigndot ism cberpamestiosding

cong e tnt rat lheﬁmu&&epmsgem:d b8 Wﬁmhtﬁ)ﬂ*acﬂﬁ\ﬂaﬂ%oﬁeh@@tﬁ@ﬂ; a tat«@rcl i ni cal
conaltion eCctl.S
conpound |(r%£at1%1&gc 3 wabrﬁut k%n ﬁ%ﬁad%tl%ecqﬂheym %&%&ﬂ% na}? etnﬁsucc ropr| ate

preparatio AlBont ai ni ng the 10 appropriate concentration of the therapeutic

conpounds asdisebRinent 3Gcaimitie @p) formul ation adm ni stered, depending
upon clinical experience with the patient in uestlon or W|th simlar

patijents. Furthe yilaspas-prhemiadipatan(iGk wasch zpth Tolewing ramsinailar on.
Exanpl es | pedopdie toobatshcused shove for HGkaltubeindd, ks shdbTR Flgari s, enol I ients,

preservatives, ﬁ&tﬁﬂ' elctdzﬁhﬁob@ﬂzqu ester (17) was prodnced from adipic acid and benzyl
. aleohol in the presence of p-TsOH to ywld the desired product as a colourless oil in
20 34% yield.

The protected adipic acid then underwemt a DCC coupling with 3-
‘bydroxyflavone (1) to form flavone-3-hemiadipate monobenzyl ester as a yellow/brown
gum in 59% yield. Hydrogenation of this compound in the presence of PA(CH),
catalyst, using a THF-based solvent system (9:1 THF:EIOH -+ 0.05% acetic acid)
25 resulted in hydrogenolysis of the monobenzyl ester forming flavene-3~hennad1pate as

a yellow solid in 89% yield.

34 dilydroxyflavone-3-hemiadipate (21

The schome for the synthesis of 3',4'-dihydroxyflavone-3- hemiadipate (21} is

illustrated in Figure 5. Following the methodology established above, 3,4°-

30 dibenzyloxy-3-hydroxyflavone (6) and adipic acid manbenzyl ester (17 underwent a

DCC coupling to produce the hemiadipate monobenzyl ester as a brown gum in 59%
yield,




15 anti oxi dants. Any pharmacol ogi cally acceptable buffer nmay be used, e.g.,
Tris or phosphate buffers. Effective anounts of diluents, additives and
exci pients are those anounts which are effective to obtain a
pharmaceutically acceptable fornmulation in terns of solubility, biological
activity, etc. Thus, a. conposition of the invention includes a therapeutic
conmpound which 20 can be fornulated 2#6th conventional, pharnmaceutically
accept abl e, vehicles for topi cal, ., oral or parenteral adm ni strati on,

Formul ations c¢ aI ) anmount s of ts such buffers
and preservat i veSIqe H’élntP(t ﬁ?’cﬁ"gegglﬁﬂﬁl% fy® \g@lle g AN aj} %t ability.
| V Admi ui stineethlyrio 2empisiorcinrisd bowts toEive e 34 eljeheadadipaist ered to
bot h human(zneh $9% #8ld. subj ects. The conpounds of this invention may be
adm ni stered in conpositions wherein the active conpound is intimately
adm xed wi TH on€ompesitbves anddMéthedsgr edi ents and optionally including one or
nore additional active ingredients. The conpounds may be 30 used in any
conposi tson Knoyie comipbdi@s ef Gkd ink@ioh Rat hefoamblafealin @ dafddy Sf_éﬁqﬁér@@nd o humans

and ani nal t thr ough a
proper routﬁe gﬁg g%{etalgggﬁtogf&%ggg?gg%ﬁ%?m l[r"m)&’%““‘ a‘%gm Peﬁgéf Ction can
be admi ni sFEPRY Fﬁ?ﬁ‘&%‘?@ﬁéﬂ dgperdeat ap ther yehicle @lﬂ?@l‘}?éﬂ%@%t 4 ‘ﬁtDF'-"&}Tuscul ar
and the |ikenditRa ofFbe potiadt, telnsidv effevat hainthe aitdbility of dhé dompouiall Uh dhaini t
dosage for fesms;ﬁﬁmpertmg eutaﬁrpﬁpmﬂ%nm @{hesg&sbfb%ae n&@@oﬁﬁni%%ﬁ@' vedd' n
an ague e eto er ar ona vourin enfs an
preservg(?J v‘%gﬁr&cf gﬂ% E&O\%‘Ath éﬁ b‘? §°‘BP%"B§ 35’% Fri%‘ ;

hydr o- al coFRﬂnP@h aéﬂlm%qr nésesndizgh upere clipied wmmemﬂwé@tpﬁ@wsusuch as
sugar S andu&ﬁm:bram‘rm;mﬂagﬂﬁéiﬂ with an aromatic flavouring agent.

Sus pens ions c arj:‘uﬁﬁerﬂfof@ %ﬁﬁﬁmﬁ“c%b@ %M&%ﬁ&em 114 _’. cmu&}_& an% of a

suspendi ng_a the Ii

!n.
fragacan vic
The synt hef go E1'{‘?;??/3 T rf’gléuﬁ’é}g F%EWSSWWSM ?t%]?ﬁh??ﬁﬁla%ﬂ so be
f or nul al®dantioiidans.apny iphampcolgsinally, atf@@ptaléxdmﬂae maptla usekat, ofds peduci ng
agent s sucﬂmaﬁha&t btfers) RiFREV 2bSintA 6 £ HilenRC bk P TAY REipRnt %Qélﬁio&g agent

10 such as,sadys taﬁeba@ém,é% oBR R BE L ENTRLLERS Lor parent eral use

are appar ent to t ractitioner I nary
t her apeut | EPBHH5 oMreanshadiity$%r aqueous sol ution in a concentration

of from about IThug aamnosmaﬁ) oﬂgiemngeﬂbbnéncﬂm achdrypevtid orapor@@RiHEH i on i S
from abppit cahettotnRfh D4 k- cHverdRRM! pROmARAALA1y GREERG! FhlRAShehew 1 my/ n
oral or parenteral administration, Formulations can also include small amounts of
adjuvants such as buffers and preservatives to mainitain isotonicity, physiological and
pH stability.

v Administiaiion

25 The compounds of the invention may be administered to both humian and animal
suhbjects, :

The compounds of this invention may be administered in compasitions wherein
the active compound is iniimately admived with one or more juert ingredients and
optionally inclnding one or more additional active ingredicnts. The compounds may be

30 uged in any composition known to those skilled in the art for administration to humeans
and animals.

The composition of the invention may be administered through a proper rotte
according to the dosage form. For example, the injection can be administered
infravenous, intra-arterial, subcutaneons, intramusontar and the like.




13 may be necessary in sone cases depending on,the solubility and potency
of the conpound selected for use. The fornulation, which is sterile, is
suitable for various parenteral routes including intra-dermal,
intra-articular, intranuscular, intravascular, intravenous, inhalation and
subcut aneous. Cbnp05|t|ons accordlng to the present I nvention may .be
fornulated into 20 sunscreens, skin @are conpositions, enollient of

nmoi sturizers. Slow or extended-rel ease delivery systens, including any of a

nunber of = bi opg k%f&?&&%iﬁﬂtr?&o%%ﬂ?ér 5 g&%ﬁ&’%@ﬁﬂ%&%ﬁ&ﬁé ElBbe progarcd.

enpl oyi ngl | posores dendnner s,
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cont i nuous amnatio figvdueingnagaily a6l plsdrimivepidubing syprappam ettxir 2bpSpied 5 ow
rel ease sygliges -a?daﬁélicc(é%] kol %ﬁwie%thogmﬁle rsw&%ﬂs g&%m al nic,

oral, el el e e LA s B e

MY or a

nut raceut i @b anRawcouxerkjrlewith e H§ of & ewsbending gegrotldacwapalndiepibmy be

f or mul at ledmcmymemﬂésaoahd HeChkASTIR: eafadk, lRENGE a@ePotiEBhof &R ASsdf U: t t
juice, alc S re axun
and . Anti o%%gllzla,nt 1%34[#% ?c i%rngg%}avono cfh&mg%%enves %ﬂﬁ%lfgf%éa}( veh| cle,

f1 avone- 3- FROAHIH GBI %"’](‘fé e@ﬂ@@%%‘"&ﬁﬁﬂﬂi Tad o 4 rew%a&% | evel of
super oxilde swhise psligemerbisefitei n rat aorta in the presence of NADPI ware

determ ned and gypRiessad Horl HohRhe to of the 2S
fl avone- 3- h%m zﬁ% o roidla %IC%E%/e noﬁgfa?ﬂgct ohfm tﬂg%&@ %%?gf

ar,
producti on at ar kﬂfitda"%@pﬁ‘r tﬁ%‘f@“%%?“}‘%‘? t?rpé?%’é‘&edt‘%ﬂ‘fs “hf’ﬁé“ effects
of vehicl eacw@%eoeoﬂ@ﬁlamlﬁétte abqut 3p9g/miln Mcrxefmceﬂmhecmmeence of
butyryl chislfroresbar 49 do ERUGEHRL &Oﬁﬁuﬂ'n&hrg)mr@nc&@n&;g bdtow 10mg/nd¥) on the
| evel ofs sgﬁfr@x,heggss |]Bna%n%eg£5@§i - th@%ro}ut%ﬂ#‘ a%:ﬁ'%oﬁén@f%?%ﬁ of NADPH
expressed as’ a e e 0 n% Ls | stra Bsénce of the
est er ase tﬁ"é?%"“ﬁ% eg%t@ag’ﬁ uﬁeé'ﬁa& Q’F"F“&%‘?‘moﬁ’ és &Epier BTty fydWEoron. The
presence obareri¢ral foutss tiefudine hgraedtrmala Ingrrgidauiar abntemustepenteatastuldyj bi tory
ef fect of faravppe:; BhakeiH AdisiRduGmedddi S 1S consistent with the hem adl pate
group being re v 0 1 formthefr.ee hydr.ox
3- hydr ox flaverbr%e?}gsfjﬁess%gcm% HE el PG = é&&ué’f‘?‘gﬁ{eﬁ cI usi on
of ' bot h? h@?%ﬁ@ﬁﬁﬂﬁéﬁﬁﬁaﬁlﬁ%eewqb%ﬂta oigigtigrase conpares favourably to
the activity ofSlidl GHRx(sBlisteledieh Velbvaxy sfrdtﬁ)spﬁhﬁﬂﬁdmgaxaﬁﬁdﬂod n@fbdrnot he

super oxi debz@ﬁtﬁ;nﬁ&b@ﬁolﬁ@&l% Eak), %%e % loaked Lo ?:hgrﬁss' bl e
reduction &ehve Car di ﬁ:r &%&%ﬂe cien e ers c be uti edgwgglcgheocompasmunsr adical's.
_ descnbcd herem to provide a contintious or fong term source of therapeutic compound.
25 Buch slow release systems are applicable 1o formulations for t0p1cal opkihalmic, oral,
and parenteral vse,
The syniheiic flavonoid compound(s) of the present invention may also be
formulated as a nuirapharmaceutical or a nuiraceutical. For example, the synthetic
flavonoid compotmd(s) may be formulated into a food, such as & cereal, beverages such
30 as fmit juice, aleoholic drinks, bread, ete, for oral consumption.

V ° Vasorclaxant and Antivxidant Activity of Flavonoid Derivatives

The effects of veldole, flavone-3-hemiadipate (1078 to 10™ M) and DiQHF (10
M) on'the Jevel of superoxide anions generated in rat aorta in the presence of NADPH
were determined and expressed as a perceniage of control. The presence of the




15 The concentration response curves to Caz+ in the presence of vehicle or

i ncreasing concentrations of flavone-3-hem adi pate (15) (F3HA, 10 M- 10-4
M in endotheliumintact aortic rings isolated fromrats was determ ned.

At the lower concentrations (10"$ to 10 M, the flavone-34heni adi pate did
not effect Ca2+ contraction of the aortic ring. At the higher |evel

tested, 10-4 K the flavone-3 20 henm a@d$pate has sone inhibitory effect,

nost Iikely due to the presence of an esterase in the aortic tissue of the

134, The, gk Atk o W B RO e et

super oxi dec%l‘?ﬁe@iﬁfgmngenerat ed inrat aorta in the presence of NADPH
expressed as a pehceftrage of Figmatg,othe dfeciEhel seljele,oXiadseckiadntipad i on

remai ned c ]gl{—@ ydi ed,
thus Di 5@:2&1\’:5% %:% ég%%s%bfe%rﬂg hog&%%?g%@nd}@% er)ﬁii)§£l to Figure
7, the e fgd PEF"& 1 of AP PRI RBTF PR mﬁ%@ﬁ?’dﬂi 21)
( Di' OHF3HA, of DTAORY expirkasgd dsne péresnprge oF mwrcémjﬂh:bmm&ndhe bbstaymf the
chol i nest era&eRsd Borelapbdars ARG etk HNHe f&apér@mé p&ﬁuo%"dﬂer[ﬁé( fl8erRb | bpns
gener at ed 'ﬂ }{n%er ao rgv%altsa I&n%an%r 2 &ﬁ% denf f I\@PP G ro%sgg\ﬂ:

li fed ot co n 3 u3| ng

per cent age_o0 control ieifws ri's e Te
DI OHF (10" Zeqgrdipgte; Hadq fs gensisipnt with drsohepiatipale Sie8r byjes evmaved i Yired® aorta in
t he pr ed@éndenocthe FEDRexrdes stide eﬁshﬁirqﬂﬂrrﬂmmh@g'@hwiuppmﬁﬁidmcbf supfigxidd so s hown.

e by 32%‘#‘19‘2“‘12"?’0“‘941“’%% SRoRNaHRRaO 105 hd SR SERRRIST.
e 1 SRR A b <%ﬁ@e%vfw Al

3", 4" -di hymmi@;mdeawrréh@wmwmmm( ) beeDligHEG/A, PRSiblelRd@tivg in 10- 4 M)
in endot hehw@&ﬂ&ﬂa;;ﬁﬁﬁﬁdaﬁbﬂﬁtﬁﬁaﬂaﬁ&'ﬁﬂﬁ%faﬂﬁﬂlbrat5 The contractions

ar.e expfessed a L, n t 0-3 M
observe(ﬁjgbeforgﬁmt ?cg% %ﬁ%ﬁg&g { 8%?%&%%&8 %ﬁ %’aé% sl i ght
Ca2+ i nhi b?’t"ﬁf’?ﬂ%ﬂlﬁaﬁm&?ﬁ ﬁ"‘ﬁ%‘?"ﬁﬁ%ﬂd@#ﬁ‘e ki By HueM 68 t he
presence ofndptirinsintach sertic vingh ésdaied ifom Tats wwsuktamim:ﬁm A’athe Bweni ng to
Figure 8, tmeﬁm@wtﬂm OO e SPONES HMENESH & 40 & sgpee Of

Yﬁgl C:orGegrence S db%“%&%@&ﬁ%ﬁ%&fg@ ﬁﬁﬁ éESt Jlél é?sg‘B ﬁa"é’ﬁﬁgt hel | urr:

i ntact #br isedadipate has somslinfibitery effiel nenstlitely dusiiothemasene of treestamase imct i ons
are expresﬁedoﬂmﬂesm@fﬁemﬁtage of 10 the initial response to Ca2+ (3x10-3 M

ortaiy eoncscly PN Mk 0L R B0 71 .0
o the ot BeD Tl e'f f”f%&%’rﬁ PP tores! ofyproNkl aons
generated in rat aorte in the presence of NADPH expressed as a percentage of control.
25 The superoxide copcentration remained comstant throughout the DIOHF3HA
concentration range studied, thus DIOHF3HA, had no effect on superoxide generation.
Refeming to Figure 7, the effecis of vehicle, 3'4'-dihydroxyflavone-3- .
hemiadipate (21 (DIOHF3HA, 10" M - 10 M) in the presence and absence of butyryl
cholinesterase (BuCHE, 1000 T/L} on the level of superoxide anions generated in rat
30 aorta in the presence of NADPH expressed as a percentage of comirol is illustrated. For
compatison the results ﬁsing DiOHF (10 M) on the level of superoxXide anions
generated In rat aorta in the presence of NADPH expressed as a percentage of control
-are also shown, The presence of the ¢holinesterase revealed a concentration dependent
inhibition, of superoxide levels.

a5 The concentration response curves to Ca>* in the presence of vehicle or
increasing concentrations of 3'4'-dibydroxyflavone-3-hemiadipate (21) (DIOHF3HA,




1 M in the presence phosphatase (1000 UL) and DDOHF (10 .. ]vi) on the
| evel of superoxide anions generated in rat aorta in the presence of NADPH
expressed as a 15 percentage of control. The presence of the

fl avone- 3- phosphat e caused a concentrati on dependent decrease in the |evels
of superoxide. This effect is contrary to previous studies that have shown
that the presence of the 3',4'-di hydragyl group in the Bring is

determi native in decreasi ng the | evel s of superoxi de. The concent rati on

response curyes 2+ | resence .of v
concentr at %ﬁ%‘bi"ﬁ% B‘H%Q? r{% %a%fﬁgml %})ﬁ Fé\]ﬂengo hel i um
i nt act aorRraoexprem}éas89&@#@6&%#1@%&@1@%@36@@& WFHEd Mgkt 2%Ros phat e

caused * pakehien mm bidirpef IibeFsHACippEar: Rduse digho Gy Asiibitny adtionhe
Cutves. COREN M Rl oS8l 8 'obsiifly y e e fd Y Sestibe Jf@sme@aeagg Il QbrtibeSponse

curves to € présence vehicle or i'lavone-3-phosphate (F3P, 10
M 104 M 5i ﬁw%qﬁ@fﬁ}ﬁé%tence and absence of 25 phosphatage (P, 1000 U'L) in
endot hel i um i nt’amhu@mds Figoxer& ﬂ@&ommntﬂioadespommcmarbstm% "Sih Gwrpreseigs of

CONt Tact ! 0Nl Cot XN BBt Ak AP RR AR ﬁ) tﬁs@mm alosr eppanee (o Cazs

3x10-3
gfx phos%mﬁg@é‘,@ ‘Hast??éﬂﬁ ué-?rfld% ggm ugtgctagg{g presence

f1 avone- 3- pingsjshlated. ﬁo‘ﬁl@tq iﬁdblﬁimt@n The onntlra@ﬁwsfﬁ%msqdﬁ’é aPSICFRWNRY
non- | i mirhi AR RXMIREDEnseI0 CBY BhES M) dharbtdvebel whaleer wali DE)HFSHA

3- Benzvl oxvear Pe% g%ﬁﬁ@ﬁ%&g%& @K&% &d e m]:ﬁin etfec%??ﬁ

3- Hyd fl | 0 193

5 ENQ?BgXBr/TTTD?;/ a %Itﬂgf Dt lrg‘l"él" "’3’(9’1 Y s addgd

to a sol utliotdMpin 1ac|@pasmca@hulsphma@t[émwﬂéﬁnéﬂ)l@m]{@@ i) . ﬂ?@b‘fﬁhﬁﬂ ) in

fll ehl or omethansxifd Aniod- m&%&ﬁ%ﬂ%ﬁ%ew@sesﬁce o QUA TUPH Rk prdeed fas raoomt
enper a m xture

vvarsrp sti ﬁlged"’e?%?mﬁ‘?)&rﬁ()ﬁm ﬁ%ﬁ gﬁff%‘? thW?]%wm% %ﬁ]%g% cta{ls%d %gﬁlé(fhé%*?g m xture

was filter adpendere decteaseningthe dvelsrfrsapeeriting Eﬂfr ?ﬁ%a W“Wa@ HPraious

chr omat ogr apiaies (Hab haaPshvalit:: s prabntend)het DAYydikydiotsherowp etz gihg Bst er as a
yel | ow gu@a&%ﬁu\%mﬁ&@aw@tﬁé@xﬁsm ér&fidé"’as recrystalli zed from

Et OAc/ petrole Irits to Ive - 6C._ "H NWVR
(399. 7 Mz, CDOP cgnopigion. sengse (“Hﬁ"eﬁ éﬁd&éﬁféﬂe ‘33‘1t icls O 6 g g,
2H, coe@ﬂzyncr@as&'s concentrations osﬂm:le—wospmﬂm 105207 M)mmdot@imnh) 7.20
- 7 .28, 7.8t acftid Bng? Bolaldd A Wi’ detetmined. )E’lavone-E-phosphate cansed
partial jnhibition of the cal¢ium-induced contraction at the highest concentration.
Referring to Figure 10, the concentration response curvés to Ca™ in the presence
of vehicle or flavone-3-phosphate (F3P, 107 M- 10* M) in the presence and absence of
25 phosphatase (P, 1000 U/L) in endothelium intact aortic rings isolated from rats is
shown. The contractions are expressed as a perceniage of the initial response to Ca?*
(3x10™ M) observed before treatment with flavone-3-phosphate. The presence of
phosphatase markedly enhanced the inhibitory sffecis of flavone-3~-phosphate.
The invention is illustrated by the following non-limiting examples.
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15 7.34 (dd, 1H, J5,6 = 8.0 Hz, J6,7 = 7.6 Hz, H6); 7.46 (d, 1H, J7,s = 8.0
Hz, H8); 7.62 (ddd, 1H, J5,7 = 1.6 Hz, J6,7 = 7.6 Hz, J7,3 = 8.0 Hz, H7);
7.73 - 7.77 (m 211,1--12', 6'); 8.16 (dd, IN, J% = 1.6 Hz, H5). 13C NMWR
(100.5 MHz, CDC13) S 25.29 (2C, COCH2CH2); 34.62, 34.91 (2C, CeCH?);
67.30 (1C, CHaPh); 119,21, 124.68, 126.29, 127.17, 129.29, 129.40, 129.63,
129.75, 131.05, 132.36, 134.72, 135.3%, 20 137.03, 156.71, 157.45 (20C,
Ar); 171.54, 173.27, 174.16 (3C, CEO. Anal. Found: C, 73.54; H, 5.27;
C42H36C8 r%&g%fﬁwggm@ﬁenﬁh@s%% FIRMS (ESP) mz 479. 1469, C28H24NaC6
fM+ Naj ' requires 479.1471. 3-Hvdroxyj8avone 3-hem adi pate ~ | t0l OXH
O025 A n} 51 bonéll but yl car bonyl oxy) fl avone (312 ng,
0.7 mmel )=—aad~rdf 19, 4 ~T TTIF_ EtOH + 0. 05% acetic acid (15
m) was treated with H2 for 5 h. H@ewcrude product was filtered (Celite),
the filtrate was concentrated and d residue was purified by flash
chromat ogr aphy (10-25% Et o'@ toluene ¢ 1% acetic acid) to give the
hem adi pate as a |ight yel I'dw 5¢ \é})@}l\}qk 89% . A srral | portion was
crystallized from Et OAc/ petrol egm splirits; np @Bn118- 121 'C; 'H NWR (399.7
MHz, 'CDCI3) S 1.66 - 1.83 (m 4H, CH%CHZCOZ) 2.38 (t, J = 6.8 Hz, 211,
CHZCOZ) 2.63 6H1Yd50x§:ﬂﬁro&elfﬂ1052§1, Owﬁ%)) dizya'ltﬂle@ﬂdﬂb&diimiddﬂ} ®3¢.8.0 Hz,
J6,7 5 895’33%}{10 Ga}ad 47d;ﬂa 0&%300362 m:éﬂjms?acﬁﬂdwﬂ IH J7,s
8.4 Hz HISJ? f O:%;dnzé LD ({%5 6 = 8. 4 Hz,
H7) 7.81 “%8 o4t 3 é S i ”31%“’%“’”“?“’6“ 9 3577 -
1.6 Fa 1159L an@@qwm(r&ws arrmdzmdml%;oosz emperature fo5 39 hy Water GOaEHRCHR) ;
34. 57 (2C. wisGAGHPn ﬂiﬂ:&%ﬂtanﬂﬁﬂchﬁ@wai&ﬁmﬂ&or WPFin2 fhen die291 4ther AQB1F6, 131. 04,
732. 40, 13& 7&&&3&\@&?@%&5@&% @Qﬂ@é% c%ﬁ&ate%Z&d g&lﬁeh%lﬁéh% 179. 36

(3C, C= Anal é e1 urres 68. 85; H
4 95% RPN H5'S pzyl 86 Beyl9¥o 1001) .

( Benzvl m(jﬁ 1’5—% BX5). ﬂmmmtmm BOAGpetobbna spiEfstoOBn O ~ ~
i ~OBn divk Hedburfebdpoane € ehuorPdey k) (3684318, ccrfs mepl y.7sas added
to a SOl Ut &P leiC,CHL), 2.31 ¢, 1 = 6.8 Hz, 2H, CO,CH); 2.5 (1, I = 6.8 Hz, 24,
CO;CHy); 5.02 (s, 2H, CH:Ph); 7.20 — 7.28, 7.39 — 7.45 (2m, H, PhCH,, HY, 4, 5"
15 7.34 (dd, 1H, Js6 = 8.0 Hz, Jg7 = 7.6 Hz, H6); 7.46 (d, 1H, J;3 = 8.0 Hz, HB); 7.62
(ddd, 1H, J5 7= 1.6 Hz, Jo7 = 7.6 Hz, J13 = 8.0 Hz, H7); 7.73 — 7.77 (w1, 2H, H2’, 6°);
8.16 {dd, 1H, T;7 = 1.6 Hz, H5). PC NMR (100.5 MHz, CDCly) & 2529 (2C,
CO;CHCHp); 34,62, 34.91 (2C, CO,CH), 6730 (1C, CHsPh); 11921, 124.68,
126.29, 127.17, 129.29, 129.40, 129.63, 129.75, 131.05, 132.36, 13472, 135.06,
20 137.03, 156.71, 157.45 (20C, Ar); 171.54, 173.27, 174.16 (3C, C=0). Anal. Found: C,
73.54; H, 5.27; CyHzeOp requires C, 73.67; H, 5.30%. HRMS (BSI) m/z 479.1469,
CosHz4Na06 [M + Na]” requires 479,1471. .
. S=Hydroxyflavone 3-hemiadipare

25 A mixture of 3-(benzyloxycarbonylbutylcarbonyloxy)flavene (312 mg, 0.7
mmal) and PA(OH); (49.4 mg) in 9:1 THRELOH + 0.05% acetic acid (15 mL) was
treated with Hp for 5 h. The crude product was filtered (Celite), the filtraie was
concentrated znd the residue was purified by flash chromatography (10-25% EtQAc in



benzyl oxy- 3- hydr oxyfl avone (1.00 g, 2.90 mmol ), adipic acid nonobenzyl

ester (1.30 g, 5.50 mpl) and DVAP (354 ng, 2.89 mmol) in dichloronethane

(110 niL) and the mxture was stirred at rt overnight, The reaction

m xture was then concentrated and the residue dissolved in ethyl acetate.

The organi ¢ phase was washed with water (x 3), 1 M 20 HC (x 3), sat NaHCGO3

(x 3), brine (x 3), dried (MgJSO™) angiConcentrated. The residue was

purified by flash chromatography (50% Et OAc/petrol) to give the benzyl

ester as brovvn oil,. which was cr stallzedfrom OAc/petroI to give a

col our | esdOBg; 4 L {osste Fﬁﬁ}d) Breye th %‘3 ipgte a9 g hgHRYE AbE3) S

1. 77- 1. 83 8fWy). AHymaliHpetiarp pwas 2rvsllized  fr@® EIOAc/etiolddm sﬁﬁi%C@)g =21%7¢ (t, 2H, J

;”6 5J¢z 1&@@11&&5&@9}(@3@1@09554%)«153&5@&& Ez%b%%ﬁ ﬁ)hjm ; gg (7d,46
S

(m 1IH ?ﬂ‘“%b 6323 %@szd Q%%%Qﬁ%goi 75‘2(5 lﬂﬁr%" 7= 8.5 H,

H7) , 7585'3(9;1H§H® 1473 7.53 g By, 4153 754Yd, 181, 35 ¢ 8.4 B HYs7.80= 8 Hz,

H5); 13C Kide, m,zav—wﬂz,da@%:a)oaz,zmg &«m)m)gss@fm(& GACH2CR) , 6. 2,

70. 1 (2C, gGhidihhsr 1% ,1 ;Ig_ 13 @13135%2@4 128. 1,

128. 2, 12@5 7%88(: é?’ > 156.1,

161. 1 (A P44 Op¢ ) HQ?(% leﬁﬁﬁd |1%§33 221, 1760,

1730, 164629 i760297ﬁ5©371 041463408%119, riBi;lOA‘rﬁ@lM EFL6M (BC, AF);6771.44, 5. 29,

83_|SH80?(7 NERE, 199,36, (384 CZ2). hhnalSraiie B%s.5b, HMIS100{h 2008 uRe e adi pat e
0,

(benzytsg’g5 34(9%&2}%{@)? o%nhgsélﬁﬂ% gﬁﬁbﬁ%o&xw foﬂvd?ﬂémFﬁoo ny,

o 711 mmP§9 Ak Pd(C]—l)Z (56 ng) in TIIP (10 nL), ethanol (1.2 nL) 5 and

AcCOH ( 1004 pHEzehze:s)-3-¢ 2 HEN QR bRIAshd fOr 18 h. The reaction

m xture was then flltered (Oellte) andéﬁe pad washed with THE. The

filtrate was concentrated resi due was purified by flash

chr omat ogr aphy (70% THE/ t g AcOH) and the resultant solid
recrystallised from THE pg afford thezacid as a colourless solid

(150 ng, 55%; np 177-180C="% I:[%jo%rb%éLd6 DMSO) 8 10 1.56-1.66 (m
4H, CH CH2), 2.25 (t, 2H, J = 4&. , ) OB2 64 (t, 214, j - 7.0 Hz
CH2CO), 6.96 (app, d, 2H, J ~ 8.5 H?, H2',6'), 7.52 (t, 1H, 16,7 =i ¢
7.5 Hzlx H7), . Ethylene dichloride (EDC) (843 mg, 4.40 mmol) was added to a solution of 4>-
' benzyloxy-3-hydroxyflavone (1.00 g, 2.90 mﬁml), adipic acid monobenzyl cster (1.30
g, 5.30 mmol) and DMAFP (354 mg, 2.89 mmol) in dichloromethane (110 miL) and the
mixture was stirred at rt overnight. The reaction mixturs was then concentrated and the
residue dissolved in ethyl acetate. The organic-phase was washed with water (*3),1M
20 HCL( 3), sat NatiCO, (= 3), brine (x 3), dried (MgS04) and concentrated. The residue
- was purified by flash chrometography (50% EtOAc/petrol) 1o give the benzyl ester as a
brown oil, which was crystallized from EtOAc/pe&ol to give a coloutless solid (900
mg, 55%); mp 93 °C; 'H NMR (500 MHz, CDCl:} § 1.77-1.83 (m, 4H, CHA(CH), 2.42
{t. 2H, J="7.5 Hz, CH;CO), 2.67 (t, 2H, J = 6.5 Hz, CHCO), 5.13 (s, 2H, CH,Ph), 5.15
25 (s, 2H, CHzPh), 7.09 (d, 1H, J:5 = 8.5 Hz, H8), 7.35 (app. 4, 2H, I = 8.5 Hz, H2°,6"),
7.40-7.46 (m, 11H, 2 % Ph, K6}, 7.69 (ddd, 1H, Js7=1.5, Jg7 = 7.0, Jo5 = 8.5 Hz, H?),
7.85 (app. 4, 2H, J = 8.5 Hz, H3",5"), 8.25 (d, 1H, J;5 = 8 Hz, H5); *C NMR (125
MEz, CDCl) 5.24.2 (x 2), 336, 33.8 (4C, CHy), 66.2,'70.1 (2C, CHaPh), 115.0, 117.9,
122.4,7123.5, 125.0, 126.0, 127.4, 128.1, 1282, 128.5, 128.7, 130.0, 133.0, 1337,
30 1359, 136.2, 155.5, 156.1, 161.1 (A1), 1704, 172. O 173.0 (3C, C=0); IR {thin film)
- 2937, 1760, 1730, 1646, 1602, 1507, 1468, 899 cm™; Anal. Found C, 74.67; H, 5.29,
CasH3007 requires C, 74.72; H, 5.37%.




7.80 (app. d, 2H, J= 7,5 Hz, H3' ,5'), 7.78 (m 1H, H8), 7.85 (t, 1H 15,6 =
J6,1= 7.5 Hz, 116), 8.06 (d, 1H, J$,6 = 8.0 Hz, H5); 13C NWR (125 Mz,
d6-DVSO) 6 23.8, 23,9, 32.9, 33.3 (4G CH2), 115.9, 118.5, 119.7, 122.7,
125.0, 125.6, 130.1, 131.9, 134.5, 15 154.9, 155.8 160.6 (Ar), 170.4 170.9,
174.3 (3C, C=0); IR 3257, 2944, 2869, 1765, 1706, 1595, 854 cmi; HRMS
(ESI) mz 383.1123, C2,H 92 (M + FI-3% requires 383.1131. 3,4
Di benzvl oxv- 3-tbgnzvl oxvcur bor eyl but vl car bonvl oxv}flavone OBn . O OBO O
O 1~ oen #4 rgQlbehine 3cheatadbaronobenzyl ester (1.91 g, 5.04 mmol) fol |l owed
by EDC hydrochloride (0.764 g, 3.98 rqﬁgl) and DVAP (0.324 g, 2.65 mol)
were added to a stirring solution , 4' - di benzyl oxyfl avonol (1.21 g,
2.68 mmol) in dry dichl orgs 1Nge )0 m_) and the resultant m xture was
stirred at roomtenperatur undgr N2 for 3 4t The reaction m xture was
concentrat ed under reduced™ g gre and rkksuspended in ethyl acetate
(100 nL). The suspension was tken wdshed wth®hter (3 x 50 nilL), 1M HCl
(3 x 50 nL), saturated NaHCO3 (3 x .50 nl) and brine (3 x 50 nL). The
organi c extraet masdwer ofedhy Wﬁloﬂ)ﬂt@&%ﬂoxﬁ@ﬂﬁﬁp}t I'b&f}ﬁﬁﬂj&bﬁﬂaﬁy)r educed
pressure fa08e L8 bb@p&&ﬁ@ eun1spirits
to vyi eléd mri] CT%%E ﬂi@j el g)?lk.lffégé)g gog/ % Er111%')880/() np =
84- 85 e Z"B((’Q §mﬁ/l?-1ﬁ rOgeg % %i(#}“&ﬁ“" 238 (t,
OH, J= 6.WasHhen figrabyCeliz) gad wwmhed@@(:@ff Hemuqtswagwmmeu) 5:20 (s,
§H49CI(-|HPh§nd the 2elid(8sidklas SIrARA by fﬂaﬁ@&h&ﬂ?ﬁphy 6V§THF@01€€11E’ZH 1948) ; J7 26 -
m r =
A 2 He, Aot a’?'ﬁ‘é%‘“ )S"I?%“fg'g%;’éﬁz‘i B fidFpettol o é‘%?%‘ they %‘”‘1‘} iy, |
13C COR‘HVF!ef(Sl L e, E55EE3P 472484565 (HAMBY 093 6ER)de-MSEDS 34, 93 (2C,
CHZCI)ZI)O 1.85¢1.80 (m,7AFL SIELCER), R5((R QH, CH12¢ k), CHﬂ(ZD)?ZM lt;LBHBIl= 70119:,06, 123. 76,
123. 84, cﬁgpsgé ﬁa 19, 2/ 27= $2, 11128250, 3488 %zzf—ﬁ) 129. 64,

129. 73, 8 f ;‘%%j’gg 128 817 152. 64,
275 RatSy Tt ] A d R o oo

156. 53, 15
C, 75.39:74y 8 lﬁemm@déz,wqﬂ.e@ma%m ds-nMspm%sm (ESI') 'z

6912303, xz@zamcgq; KEED] 1500 018.851169] 128981253, 145.6Di3nyidriexy} 134 one
3- hemiadipaibe ) 63% 1806 (Ar), 170.4 170.9, 174.3 (3C, C=0); IR 3257, 2944, 2869, 1765,
1706, 1595, 854 em™; HRMS (EST) m/z 383.1123, CuHiwOy [M + HI™ requires
- 383.1131. '
3,4 ~Dibenzyloxy-3-(benzyloxvearbonylbutvlcarbonyvloxyflavone

20 Adipic acid monobenzyl ester (1.91 g, 5.04 mumol) followed by EDC
hydrochloride (0.764 g, 3.98 mmol) and DMAP (0.324 g, 2.65 mmol) were added to a
stizing  solution of 3°,4°-dibenzyloxyflavonol (1.21 g 2.68 mmol) in dry
dichloromethane (100 ml) and the resultant mixture was stired &t room temperature
under N for 3 h. The reaction mixture was concentrated under reduced pressure and

25 resuspended in ethyl acetate {100 mL). The suspension was then washed with water {3
¥ 50 mL), IM HCI (3 x 50 mL), saturated NaHCOs (3 * 50 yul.) and brine (3 % 50 mL).
The organic extract was dried {Mg80q), fltered, concentrated. under reduced pressire
and the yellow residue crystallized from EtOAc/ petroleum spirits to yield the benzyl




Il { OHOOxOH OO0 A mxture of
3',4' -di benzyl oxy- 3-(benzyl oxycar bonyl but yl car bonyl oxy) fl avone 15 (2.12 g,
3.16 nmmol) and Pd(OH)2 (107 ng) in 9:1 THF: Et OH contai ni ng 0. 05% acetic
acid (50.0 nL) was treated with H2 under high pressure for 5 h. The
reaction mxture was filtered (Celite) and concentrated to give a dark
green solid. The green residue was pi#tified by flash chromatography (30 -
90% TEF/toluene + 1 % acetic¢ acid) followed by crystallization from

THE geE rol B8 %g;dlfysyéﬂgwyéoigg gg%tﬁﬁyﬁn&ﬁgﬁ? E b&%@% br own .
oo (o aEptdci- 18 Bl 2.38 (o208 A8 Sl BERCOR 288 QR 2o 11 1
6.8 Hz, osmm); 56078 zmmeh), 330 (H2H, QPS5 2445:, PH, CHEER)( Hol, BHIHJ2- , 6~
2.0 Hz, J., % 272613;6,9)(1:: ToHL &y 16, 57 22 Y1 deér 11LéJ572=1).3}1§\/R2 (d, -M

£8H7)85°Js@4 w S T . e B Gl L 2, 9.0

(100. 5
MHz, d6- DMSHR 095- l‘gblza 65CE) 5(%5@3 @QH@HZ@EK)%LSEEP\% 34;94 8¢, CHLO)CcH2CR) ;
116.59, 11§7.31,710197989 (1Q1 CHMIPh)1224.96,11324, 13,061 26355, 11284,084.6833. 32,

136. 04, 14 6 6 7 C, 9 7 179. 95
(3C, - C-O) hb 1%5&2 %qajﬁs 1%536 éggl—? hi%% %%‘in %%3’3 73119132e§3%§3’68 85; H,
4.95 % Eé?r79 3%73 30\5‘85 cé%%rﬁé@%i(wmai?r 4l 7249389, 1001.
34 3. 41(1 DiB(lﬁehElylm&*ﬁboAuﬂbﬁumﬁ 03170 SRy HOXYY; fCaedieetsQuirss (OBA430 O O OBn
0 Et hyl enedi £4vh otrte gééf)léfzgsm@ml TIRIN20VF8: AREE deduefoPtzaki on of 3, 4" -
di hydroxy|§ vq e, ), adi pic acid nouobenzyl ester (3,86
g, 7,88 ” EEpd-fargadipgte 3 94 mmol ) .in dichloromethane (30 ni)
and the mi'xture stirred at it for 5 @H The reaction m xture was then
concentrated and the resi-due i il in ethyl acetate. The organi c phase
washed with water (x 3), 1 & Ff 3y, "OHs at C)NaHCCB (x 3), brine (x 3),
dried (MgSO4) and concentr akeds JhHe. resi due s purified by flash

chr omat ogr aphy (50% Et QAel pétrol t ongi e dHester as a 10 col ourl ess
oil, which was crystallized from EtQ&c/petrol to affard a colourless solid

(850 Mg, 629 ; AMpichRCor I DYERePAOR MiFenafildsldbot By Badofifod Mavsild 2 X

13 (2.12 g, 3.16 mmol) and PAOH), (107 tg) in 9:1 THF:EtOH containing 0.05% acetic '
acid (30.0 mL) was wreated with H; under high pressure for 5 h. The reaction mixture
was filtered (Celit) and concentrated to give a dark green solid. The grecﬁ residue was
purified by flash chromatography (30 — 20% THF/tolusne + 1% acetic acid) followed
by crystallization from TI-]FfpetIoléum spirits io yleld the pure hemiadipate as a pale

20 brown solid (0.70 g, 56%); mp = 194-197°C; 'H NMR (399.8 MEz, CDCls); 5 1.44 —

1.62 (m, 4H, CHoCH): 2.10 (&, 2H, § = 6.8 Hz, CHCQO); 2.44 (1, 2H, T = 6.8 Hz,
- CHRCO); 6.73 (4, 1H, Iy e = 8.4 Hz, H5%); 7.00 (dd, 15, Iz = 2.0 He, J5 5 = 8.4 Hz,
HE™); 7,16 ~ 7.22 (m, 2H, HE, 2°); 7.32 (4, 1H, Jrg = 8.0 Hz, HR); 7.48 (ddd, 1H, Js, =
1.6 Hz, Js7= 6.8 Hz, J;3 = 8.0 Hz, H7); 7.94 (dd, 1K, Js¢ = 8.4 Hz, Is7 = 1.6 Hz, H5).

25 BCNMR (100.5 MEz, d-DMS0) § 2530, 25.62 (2C, CEaCH:CO,); 34.43, 34.81 (2C,
CHCQy); 116.59, 117,42, 119.98, 121.41, 122.06, 124.13, 126.51, 127.07, 13332,
136.04, 146.97, 150.65, 156.35, 157.27 (14C, Ar); 171.97, 173.46, 179.95 (3C, C=0).

Anal. Found: C, 68.89; H, 4.91; Cg,H;505 requires C, 68.85; H, 4.95 %. HRMS (BST")
/2 389.1000, CoH;sNaOg [M -+ Na]* requires 389.1001.




CH2CH2), 2.42 (t, 214, J = 7.0 Hz, CHCO, 2.45 (t, 2H, J = 7-0 Hz, CH/CO,
2.62 (t, 2H, J =7.0 Hz, CH2CO, 2.65 (t, 2H, J = 7.0 Hz, CH2CO, 5.12 (s,
2H, CH2Ph), 5.14 (s, 2H, CH2Ph), 725 (d, 2H, J = 8.5 Hz, H2',6"),
7.31-7.37 (m 1OH, 2 x Ph), 7.44 (t, 15 1H, J5,6 = J6,7 = 8.5 Hz, HB), 7.55
(d, 1H, J7,a = 8.5 Hz, H3), 7.72 (td, 111, 4,7 =J7,a = 8.5, J7,5 =1.5
Hz, H7),7.89 (d, 2H, J = 8.5 Hz, H3' 3%'), 8.25 (dd, 1H, J5,6 = 8.5, J5,7 =
1.5 Hz, H8); L3C NWR (125 MHz, CDC13) 824.16,24.17,24.21, 33.5, 33.8, 33.9,
66.1, 6633 Gk i o R Qu b R BPladoda. 2, 126. 1, 127.4, 128.1, 128.18,
128. 22, 128.49, 128.53, 129.7, 133.7, 134.0, 5.9, 136.0, 152.8, 155.4,
155.5 (Ax), 170.3, 171.2, 20 172. 1, %)73 97, 17% 0 (5C, C=Q; IR 2943, 1765,
1732, 1652, 1501, 1465, 902 cm #Ang 0 , ~ofn30; H, 5.56, C411-38010
requires C, 71.29; H 5.5 '-bi sthem adi pate) Op(,, 0" VOH O
OOH OO0 A mxture of 3 (benzyl oxyczy bonyl but yl car bonyl oxy) f | avone
(435 ng, 25 0.629' nmol '- ) in EtQAc (5 nL) was treated

wi th hydrogen for 2 h i ng gr y QB@Cl pitate. THE was added to

di ssolve the precipitate and the QS m xture was filtered (Celite). The pad

washed vv: th TIBthflencadidnibhde {i.13 o2 tSQ;}EQsWW&sBE&Qd 1o [ Qofe@bi @rresl due was
tvor yst a Q t he | S {

col our | hﬁé&gﬂ‘%ﬁ*@o@qﬁ%& 7 B, ifhc' ﬁﬁﬁéﬁ%@&%ﬁﬁ Bk o 155
1.70 ( *Zlﬂ» W)ﬂl h)@femﬁlztﬂmcﬁﬁ#e@ﬂn thpmighure 214 3 =
7.0 Hz, 55@5@(@)1';&2mn@mlahmﬁn@mthﬁ-&oﬁa)nna@d%d@cmﬁ&ﬂe 3=17.0
gZS C'J‘%ﬂmso?veaﬁn(e Pacetaﬁé Iget brggxi z pgasg u’ﬂéhed'iﬁﬂm éat%p (x%%fl\ffﬂé%(xl i:lld Jilg =
J6a = 7.5° t?‘?ﬁ%c&'z%‘ 54’%‘%&2 &%edl—&l&ﬁf%) a“q}"‘@%“g%‘ﬁﬁ‘] *“-Tﬁg‘lﬂé‘ ='9.0 H,
', 6'), BuEd( by Gl depnstegaphy, (9% Etodchetd) tHRive e MigRe( 225 Mz, d6-
DIVISO) 0] 2801313'1&55?811 B@hiciB Rab crydidlliZed ﬁﬁm%to%/p%trélqd?eﬂor&a&omuﬂésa 2081 122.6,

o R R R

requires 35 0Y] “IZY@HZ,C{;HzﬂCm 2.6HEnZHi bﬁ)?dbﬂhdimylk{ﬂ BHWCERBR), BMone ~
11101101 i {s, OBNCHPL), 725 (4, 2H, T = 8.5 Hz, H2',6%), 7.31-7.37 (m, 10H, 2 x Ph), 7.44 (t,
15 1M, Js5= Y57 = 8.5 He, HE), 7.55 (4, 14, Jo5 = 8.5 Hz, H8), 7.72 (id, 1H, Je7 = Fe =
8.5, J75= 1.5 Hz, H7), 7.89 (d, 2H, J = 8.5 Hz, H3".5"), 8.25 (dd, 1H, Js5=8.5, Js7 =
1.5 Hz, H8); PCNMR (125 MHz, CDCl) § 24.16, 24.17, 24.21, 33.5, 33.8, 33,9, 66.1,
66.3 (CHy), 118.0, 121.9, 123.5, 125.2, 126.1, 127.4, 128.1, 128.18, 128.22, 128.49,
128.53, 129.7, 133.7, 134.0, 135.9, 136.0, 152.8, 1554, 155.5 (an), 1703, 171.2,
20 172.1, 173.97, 173.0 (5C, C=0); IR 2943, 1765, 1732, 1652, 1501, 1465, 902 cm‘j‘;
Anal. Found C, 71.30; H, 5.56, C4;H330,0 requires C, 71 20 H, 5.55%.
Flavone 3.4 -bzsrhemzadmarg,l

A mixture of 3.47-di-(benzyloxycarbonylbutylcarbonyloxy)flavone (435 mg,
25 0.629 mmol) and PA(OH); (50 mg) in BtOAS (5 mL) was treated with hydrogen for 2h
resulting in-a grey precipitate. THF wag added to dissolve the precipitate and the




O( 0O 0-00 15 _ Ethylene dichloride (EDC) (517, ng, 2.7 nmmol) was added
to a solution of 3,7- dihydroxyflavone (250 ng, 0.983 mml), adipic acid
nonobenzyl ester (921 ng, 3.90 mmvol) and DVAP (220 ng, 1.80 mmol) in

di chl orowet hane (25 nL) and the m xture was stirred at it for 1 It The
reaction m xture was then concentrated and the residue dissolved in ethyl
acetate. The organi c phase was washe@8w th water (x 2), 1 MHC (x 20 2),
sat NaHC®B (x 2), brine (x 2), dried (NgSCﬂ) and, concentrated. The resi due

M sol 1 o, i HEICRE) doe Podpeded) fét%%% e bbb 0 L0 3.V
as a col oUht exlisl wedyevassesysidlised ﬁm%THE{pem Nm{bw@%m@?@ 28 ¥DC13) 8

1.74-1. 82061%1&%&4@11@(‘13% %0P);, m@ 139{: (‘H Nﬂmsaamﬂ dgmsomcm 2.45 (t,

L T iy Lo sty g v [
214, 142' :

ug). 7. 518@2%)@):@@ G.pH, ngnaﬂ?y QHzCﬂ)saﬁgf fs§z:(1§ é‘%f’)ié?’"gﬂ% (d, 114,
J5,6 = 9, d, H6)I— PRGEAMSE SDIDS Wbz H.AB0ES)5, 86-247.3, HR H6RT,80d, P, 1733, 5,
33.80, 33495 kﬁf&%? g 85,2103 S 1 i, 10B(en 42065, 1725

128.19, 12 16)%%%% }5&%55 1%6555 3 @Z]@i ghﬁ@% %ﬁé%’ 7%3(5) 9(5C,

136. 0, 157,
6=0) . |RD3@5@)83@3323@94?42 @9?6333,746@(0@2618161@@5 B2, d¢-1: 128qal Found. C,
71.34; 18, 126. @0%97§213w8mc3 L5169, 135. AR A70H, 1A. 155%431@43 1743

3.7-Di hydr ORe 3359 Ipﬂk@ xture of
3, 7-di - éﬁ;&{: car% ?%%Ut’%gzgp?bﬁg‘% hf%‘\%ﬁ’e 565 ny, (E‘%O'ﬁéi% mrol ) and
Pd(C]—l)Z (699 X’iﬁ prtips0 1@ Rlssaes » reated with hydrogen for 3 5 h. A
grey pr ecizgi-baenfnsoesbandulideboadoatttedsant i | it di ssol ved. The mi xture
was filtered (Celite) and thg pad washed with THF, and the filtrate was
concentrated. The solid resjdue was recrystallised from THE/ petrol to
afford the diacid as a FTdy (311 ng, 769 ; np 128 C, 1H NWR
(400 MHz, d6-DWVSO) S 1. 0. Sk CH2CH2 x 2), 2.23 (t, 211, 7 =7.0
Hz, CHZCO) 2.28 (t, 211, Hz,| CH2CO, 2.1 10 2.68 (m 411, CHaCOx
2), 7.34 (m |IH H"), Ref I 6.~ H o 6 ), 7.68 (d, :

15 Ethylene dickloride (EDC) (517 mg, 2.7 mumol) was added fo a solution of 3,7-
dihydroxyflavone (250 mg, 0.983 mmol), adipic acid monpbenzyl ester (921 mg, 3.90
mmol) and DMAP (220 mg, 1.80 mmol} in dichloromethane (25 mL) and the mixwre
was stirred af 1t for 1 h. The reaction mixiure was then concentrated and the tesidne
dissolved in ethyl acetate. The organic phase was washed with water (% 2), 1 M HCJ (x

20 2), sat NaHCO; (¢ 2), brine (x 2), dried (MgS0;s) and concentrated. The residue was
fiitered through a pad of slica eluting with 50% EtQAc/petrol to give a solid, which
was recrystallized from BiQAc/petrol to give the diester as a colowrless solid (565 mg,
91%%); mp 58 °C; 'H NMR (500 MHz, CDCly) § 1.74-1.82 (m, 8H, CHaCH; x 2), 2.39
{t, 2H, T = 7.0 Hz, CHCO), 245 (t, 2H, J = 7.0 Hz, CH,COQ), 2.62-2.64 (m, 4H,

25 CH,CO x 2), 7.15-7.17 (m, 2H, H2, 67), 7.30-7.36 (m, 10H, 2 % Ph), 7.39 (d, 1H, Jo5 =
1.6 Hz, HB), 7.48-7.51 (m, 25, H3", 5Y), 7.81-7.83 (m, 2H, 4’ H6) 8.25 (d, 1H, J56=9,
H5); 0 NMR (125 Mz, CDCL) 8 24.1, 24.20, 24.21, 33.5, 33,80, 33.82, 34.0, 44.7,
662, 663, (CHy), 111.0, 1195, 1215, 172.5, 128.19, 128.22, 128.3, 128.5, 128.6,
128.7, 129.8, 131.3, 133.7, 135.9, 136.0, 154.8, 156.1, 156.6 (Ar), 170.3, 170.8, 171.5,

30 172.86, 173.0 (5C, C=0). IR 3071, 3035, 2944, 2876, 1760, 1726, 1615, 848 cm™;
Anal. Found C, 71.34; H, 5.60%, C41HaeO1p requires C, 71.2%; H, 5,35%.




111, J6,s = 1.6 Hz, H8), 7.87-7.89 (m 211, I-13, 5), 8.12 (d, 111, 1s,6
= 8.8, H5); 13C NMR (100 MHz, dt-DVsO) S 23.7, 23.76, 23.78, 23.9, 32.9,
33.19, 3324, 33.28 (-H2), 111.9, 120.5, 120.6, 126.6, 128.1, 129.0, 1292,
131.7, 133.0, 154.9, 155.6, 155.9 (Ar), 170.4, 170.6, 171.1, 174.2, 174.3
(5C, CGO; IR 3035, 2952, 2920, 1762, 15 1708, 11.12 cazi r; Anal. Found C,
63.64; H, 5.14% C27H26016 requires @ 6353; 1-1, 5.13% Preparation of

fl avonol phosphates 3-(Diberz yloxvphosnhorvl oxv)flavone O OP(O (08n)2 O
20 Di bam)&'?E!Hyé:%&ﬁjfb%{éaoﬁ%ﬂﬁﬁk%dﬂ}a@ te (12.5 n, 38.0. nunol) and
1Htetrazole (/4.0 SL; mol) was added to a sol ution

of ' 3- hydr oxyf | avone. ( 3. 00 g HM2.6 mol) in dry diehl oromethane (150 ni).
The reaction mxture wa & at roomtenperature for 2 h The
m xture was then cooledi{o 578.C BA (8.72 g, 50.6 mml) was added.
The m xture was all owed ty ra ] 0om t enpegature and 25.stirred for a

further 45 mn. The reactfon 44 s washedjjwith 0.25 M Na2S204 (3 X
100 nlL), saturated NaHCO3 (3 x 100 quw x 100 nlL) _ The organic

37 extract was dried (I\/gSO4) filtered and concentrated under reduced

pressure to yig ? Hi Q}Iréaﬂmn}]- mgl%,lé‘%gﬂ%gg E‘il’l fied by
flash chr o) fol C allization
ISR ki e e oG e e Kl
fluffy 8Sohi 4 &y pBcipjta@4onded angp FHFBEE@@;d umimmsgﬂ*(egg'ghwmmqge wgpCl3); 8
5 09 - 5 Hleded(Céidte) andG6l B washe® &ith TEES Qnd ThedBirate fved Gokolniéetédd The 14H, Ar,

, 5 He,
J4 7 =17 °H‘£&e)9’1dh‘%"% ré‘%"%ih;fzeg Tﬁ%@“‘}‘%ﬂ?@ﬁgéﬁg %E‘ﬂ%ﬁﬁ%} . 8.29
(dd, 75, 65elid(381 ppe, 76%);7ap-128C; [ NMR(4 oO-57: P%:DCls) S
78.13 ( 2CCHRERR)2), 22D(IA, TE27A0 86, CHAZB), 228 (4 21, P2 7.0128 CEECOLZ%136 129. 48,
129-624013Qs ﬁoﬁﬁlc@%col&%%azt 3 o084 il 53357761(3§n, 310761821 85076 136. 89
IC, Jc, e 8 P 161.8 M,
g:DClB) 81H7§%51' i Hﬁ-%?fg%rsi% é%a&r% ;érg gzl(d &PP)J% Gé % Coop
requires Mqlg@l\mﬁ d-NH0) PIRNE 1ES 2)3 % 238032913519, 3@2991?@@?@06P (M +
Na] + requiices, 321911803, 129:6- 208y 115N ane03 1phos phal, el3dios ash.ynm sad, t ~. | |

219x 155.9 (AN, 1704, 1706, 1711, 1742, 1743 (5C, G=0); I 3035, 2952, 2920, 1762,
15 1708, 1112 cm; Anal, Found C, 63.64; H, 5.14%, CyHyOrp requires C, 63.53; H,
5.13%.

Preparation of flavencl phosphates

iBersvloxyphosphorvio avone

20 Dibenzyl diisopropylphosphoramidite (12.5 mL, 38.0 mmol) and 1H-etrazole
(74.0 mL, 31.7 mumel) was added to a solution of 3-hydroxyflavone. (3.00 g, 12.6
mmo]) in dry dichloromethane (150 mL). The reaction mixture was stirred under Ny at
room temperature for 2 h. The mixture wag then cocled to ~78 °C and m-CPBA. (8.72 g,
50.6 mmol) was added. The mixture was allowed to retum to room temperatore and

25 stirred for a further 45 min. The reaction mixiure was washed with 0.25 M Nap3,04 (3
% 100 L), satorated NaHCO; (3 % 100 mL) and water (2 x 100 mL). The organic




OPOy2- 15 A solution of 3-(di benzyl oxyphosphoryl oxy)flavone (2.05 g, 4.09
nmmol ) and palladiumon carbon (10% 0.25 g) in EtAO 1:watcr (4:1.250 nl)
was treated with H2 at atnospheric pressure for 3.5 h. The reaction

m xture was filtered (Celite) and the filtrate treated with NaCH (0.50 g
in 100 nL water). The aqueous m xture was 20 concentrated under reduced
pressure then crystallized fromwater3d7acetone to yield the phosphate as
pal e yellow crystals (1.03 g, 87%yield), 1H NVR (499.7 Mz, D20) 8 7 33

dd 111, J H6

5): 775, epach ving e rgst B it and gl il i e Pl 8

= 7 5 Hz, Ql'ﬁd@gWhif@BS@dl-ﬁhﬁ MY matprid Pwvaaquitifiefl b -Hgsh-cigogatpprapkys(20-56%1 , 2 Ha

E 9573 10 EtDAcZhkothdit) Eol%z@ed b 3fys iV RatikORr P18 Ao/ N cvl? Sirife t&&ﬁe 2&15 é2623892

(13C, Ar pﬁﬁgg‘eifﬁ‘?ﬁpg&f %”br%é’ﬂ”é‘%g" < %%BP? 9/‘_“?7%1’15% Pﬁgécgg%"m'slp NVR

(161.8 39953 g GDOR); B<5.09) 5. AKm 4H, EHuifty; 7.22 - 19068: 8a7217§%><m

Ci SFélNaZPﬁm,‘)ﬁﬁgﬂm rz;ess,@)ﬁm ?cﬁsyglqﬁsaz?@m ??(dddjls-,ggé.: %Zi% —B7§2 PO (O
enzulgxy ﬁ%%%w .0k ¢ Oiﬁ/tz Y ORE 1322l 5 R)

0 1S- Tet | 3-

AT 0 A AL BB oS,

(1.5 5 nli26236 1§7.24. 22%%b| 129136, az%m,oxmw@ﬁé)ﬁ( 461 ﬁi,)lfaaﬂ? t138.06eact i on

was stimor ech7al, K57 i@, mra\dmﬁtsquel J&H begna Wz, MoGhbsapeRAyBBhgsehoram dite

(50 The reop et TRis 148 oSt S ol ﬁa&%”fﬁ%‘”%%%&*’ "0'g,

12. 1 ol , 44898 OsRa sembeie & %@w@ac‘f’ﬁ%ﬁ RS Wﬁe@z]ﬂd Pu and’
stl rred f(ﬁ:gglaﬁNaOgP [(Mhava)T gauites S2RYE0).Was washed with 0-25 10 M Na2S203 (x

sat _br. d (NgSO4) and concentrated. The
reS| due e a% 2 oA &4 C)dwng';dhe aphy (50% Bt QAcl petrol) to give a
yellow ~ solid, which was recrystalliggFey from Et OAc/ petrol to afford the

phosphate as a col ourl ess solig §,.~58% ; nip 101C, 1H NWR (500 MHz,
CDC13) S 5.02 (s, 211, CH2Ph : (s, 2%Wa* CH2Ph), 5.17 (s, 211, CH2Ph),
6.97 (app. d, 211, J = 8.8 Hz, > 15rH30p6:%), 729-7-36 (m 1511, 3 x Ph),
7.41 (t5 111, 35,5 = J6,7 = 8.0 Hz H6),7-51 (d, J7,8 =

A solution of 3-(dibenzyloxyphosphoryloxy)flavone (2,05 g, 4.09 mmol} and
palladiunt on carbon (10%, 0.25 g) in EtOH:water (4:1. 250 mL) was ireated with Hj at
atmnospheric pressure for 3.5 h. The reaction mixture was filtered (Celite) and the
filtrate treated with NaOH (0.50 g in 100 mL water). Tho aqueouns mixture was

20 - concentrated under reduced pressure then erystallized from water/acetone to yield the
phosphate as pale yellow crystals (1.03 g, 87% vyield), 'H NMR (499.7 MHz, D;0) §
7.33 (dd, 15, 355 =8.0 Hz, Js7 = 1.2 Hz, H6); 7.40 ~ 7.46 (m, 3H, B3, 4°, 57); 7.52 (4,
1H, J75 = 8.5 Hz, H8); 7.64 (ddd, 1H, Is7 = 1.2 Hz, Jo7 = 7.5 Hz, J;3 = 8.5 Hz, H7);
7.97 (d4, 1H, Js5 = 8.0 Hz, Js7 = 1.2 Hz, H5); 8.10 (m, 25, HY’, 67). PC NMR (100.5

25 MKz, D,0) § 118.29, 122.92, 124.97, 125.06, 128.50, 129.15, 130.92, 131.33, 134.22,
155.06, 156.68 (13C, Ar); 136.11 (1C, J¢ » = 6.8 Hz, C-O-P); 177.15 (1C, C=0). *'P
NMR (161.8 MHz, D,0) 5 2.98 (s, P). Anal: Found: C, 49.68; H, 2.51; CisHy NaxQsl*
Tequires C, 49.74; H, 2.50%.




8.5 Hz, 118), 7.68 (dd, 113, J6,7 = 8.0, J7,s = 8.5 Hz, H7), 7.96 (app. d,
213, J =8.8, 12',6'), 8.30 (dd, 111, J7,8 = 8.5, J6,s =1.5 Hz, HS); 73C
NUR (10014Hz, CDCI3) S 69.9, 70.0 (CHZ), 144.7, 117.9, 122.3, 123.7,
125.0, 126.1, 127.4, 127.8, 128.2, 128.4, 128.7, 130.7, 133.8, 135.5,
135.9, 136.1, 155.2, 155.7, 161.0 (Ar 172.6 (1C, C=0); 31PNWR 20. (162
MHz, CDC13) S -5.3 (s, P); IR 3063, 3 31 1647, 1601, 1506, 983 crn 1;
Anal . Found C; 72.60; H, 5.05% C36H2s07P requires C, 71.52;11, 4.83%

Fl avone- 3 Bspiiahs 5 ety 2Na' r OPOB2' A m xture of
4' - (benzyl oxy) - 3- (d| benzyl oxyphosphoryl oxy)d‘ l,avone (1.00 g, 25 1.65 nmol)
and Pd(OH)2 (120 ng) in TUF (10 nL) afl Weter (15 .nml) was treated with
hydrogen for 3 d. The m xture we ar gt (Cellte) and the pad washed with
THE and water, and the filtr vvas*, concentrated- The solid residue was

di ssolved in THE (20 n) and “wetes  (&P(djldengnd triethylamne (600 L, 4.3
nmol ) added and stored at rt for g0 mn. The m xture was concentr at ed and

t he resi due wa Sso i n 9 In | e erg I enoved by
filtration andﬁﬁﬁlg :leu‘ftgg m@é W“ir’g gc%ﬁ%go%m%%% a% c%Yérm The

el uant wadwéwHpiavera el gozaszd) librnryl Wsepronﬂﬁhospméﬁ%ﬁﬁ sed from
acet oneswakgri.¢ g 4f fugdolh mlasthw?@ﬁame mw@mms&ﬂm%(s%ﬁmmmr%% rrp

182- 184C, 1 5

62 (t, ), 7. 92
7 aF %%95‘9%8% by fflonBiByidty oty 1T g L3 ol o) 7O
(1, 1H, J6va addédjmdgthe f‘?ﬁ%ﬂ%ﬁ}ﬁ@dsfmls er i h. e ygactiop mixjge wis 8t g 19 (app.
d, 2H J 30&5&10 2 “C Ghg m-TBEA (m(mm 702&2@/)?1)8\!9&11@194 T@ZeRtion 22, 6,
gg)9 1% s tHed hvogmed Bt 4nd Eiﬁéd%rqbﬂﬁi(lw drednid lay: m&&@mﬂﬂﬂﬁsg (|1g42
1393, ééS L?&ﬂqis(zéwﬁi r’ﬂ(x "%\zgﬂ“%&eﬁ "*@Eéﬂg%&o’%%]“ﬁ?é‘g‘?%ﬁd IJS?J requires
33. 01509. f@dU@Béﬁ#m by 76 ichipeingraa RS HIY mﬁ@ﬁcfpml) to give a yellow
3
x| car baxylssmufvamah{cxmcfﬂcmmaﬂaed @Rm BEDAd/peidlob’ affidvd® Ahe @Qhosphate as a

coloutless solid (1.01 g, 38%); mp 101°C; ' NMR (500 MHz, CDCly) & 5.02 (s, 2H,
CH;Ph), 5.16 (s, 2H, CH;Ph), 5.17 (s, 2H, CHoPh), 6.97 (app. d, 2H, J = 8.8 Hz,

15 H3,5%), 7.29-7.36 (m, 15H, 3 % Ph), 7.41 (i, 1H, Js5 = Jo7 = 8.0 Hz, H6), 7.51 (4, J;5=
8.5 Hz, HE), 7.68 (dd, 1H, Js7 = 8.0, Jg = 8.5 Hz, H7), 7.96 (app. d, 2H, ] = 8.8,
H2",67, 8.30 (ad, 1H, Jrg = 8.5, Js2 =1.5 Hiz, H8); C NMR (100 Mz, CDCl3) § 69.9,
70.0 (CHy), 144.7, 117.9, 122.3, 123.7, 1250, 126.1, 1274, 127.8, 128.2, 128 4, 1287,
130.7, 133.8, 135.8, 135.9, 136.1, 155.2, 155.7, 161.0 (A1), 172.6 (1C, C=O); “PNMR

20, (162 MHz, CDCl) & -5.3 (s, P); IR 3063, 3031, 1647, 1601, 1506, 983 cm™; Anal.
Found C, 72.60; H, 5.05%, CseHasO7P tequires C, 71.52; H, 4.83%.
Flgvone-3-phosphate disadium salt

A mixture of 4’-(benzyloxy)-3-(dibeﬁzylo}qaphosphorylox}r)ﬂavone (1.60 g,

25 1,65 mmol) and PAOH); (120 mg) in THF (10 mL) and water (15 mL) was treated

' with hydrogen for 3 d. The mixture was fiitered (Celite) and the pad washed with THF
and water, and the filtrate was concenirated. The solid vesidue was dissolved in THF

(20 mL) and water (10 mL) and triethylamine (600 pL, 4.3 mmol) added and stirred at

rt for 30 min. The mixiure was concentrated and the residne was dissolved in water.




A m xture of carboxypropyl trinmethyl anmoni um chloride (0.5 g, 23 nmol) and
thionyl chloride (2 m), 3.26 g, 27 mmol) was stirred at roomtenperature
overnight. The 15 sol vent was evaporated and the residue dissolved in

ni trobenzene (2 nL) and 4'- benzyl oxyflavonol (344 ng, 1.00 mmol) was
added. The solution was stirred at room tenperature for 30 mn, then at 65
C for 5 h. The nitrobenzene was renows&d under reduced pressure (80 C water
bath) and the residue was purified by flitration through a plug of silica

7:2:1 Et i hed with Tli d 20
ﬁecr ystal | %%%om%ﬁﬁangp Cfgllf ggﬁ’f’f’?? i e?'%iloﬁ PR Iﬂ%%?’p%’\/\k?@r (30 ng)
11-1° NVR  Q9eey opppnn. (The suag svap 1copeangaled 119, afqurdcnguhdz vmol( 2@3 d,

Hz, CH2), r&rpeilied Fom sceiddblidler 13 a@bra¥hd Phésphite afla HebiddNbolidD(238 214, m

o) 733‘*’;‘1% ShRuaty, H gy G Ve af’c%? GG T 71 '1‘18?'?%8 (1 d,
Jg.0, 824t¥p3) F@*éﬂﬁr%ﬂ LB T‘éJa?]é’?édvlllzs—ﬁéﬂzsliﬁ)ﬁgzdvll(mﬁp 25 d:
J5,6 8. gl mﬁms 18 (dag}ﬂyiaog)s@&fmrwzmmt m& {ub;mﬁmqwl;(é%bon;/l oyéI
avone ¢ 1 o {18 PNB3 5 11&‘9@95? Sl 1@%8”% hg) an
Pdl C (5% té ‘of hyd

for 2 h 1 29%%5%& 7§53 ) gk ShaiR e M S U ke 00

yel | ow soﬁ?%ﬁ ‘%@%7@#@79&9(% 1%23@9%@?0)@%5@%1%&59 050, Eﬂ:éﬁmlﬂﬂi Perivatives
Ef f ect lafﬂ]avmmasﬁtﬂewsvafves on CaZ Induced Contraction To determ ne the

ef f ect of4ﬁ o) of extracellular CazZ ,

B x . gl ] o i ""-’ &
contracti O ETTot ; #wet e exam ned in the
10 presence of flavon0| ds in Caz} f pee th K sol ut| on (60 mM KPSS).

Aortic rings were initially d at a resting tension of 1 g in
normal Cad-free PSS for 45 ~The bat ky redi um was then replaced with
Caz+-free KPSS for 45 m nut®s-tQ-~determ ne a reference contraction to CaZ}
(3 x 103 M. Following a 30 mnte r‘ﬁ(\e’q/lFNMetaratlon period with CazZ+-free
PBS, the cunul ative contractil e resp@nses o Caz" 15 (105 - 3 x 10-3 M

M6 a0y R (bR i Bl R Blloded @9 T P REGRIRR ' O (197
3- heni adi ga¢rEde Bmbd: 1.3 bdremeh) B’aﬁ’meédt qca@ntenperame overnight. The
3- hydr oxy{di1amPRSs s3x %J}Qﬁ@ﬁﬁfﬁa rﬁd@@dﬂﬁh@ﬁgﬁmﬁﬁﬁéﬁgﬁe'(@%ﬂ%& %d was al | owned

for the f]avanoi ds ‘before exam nin responses
benzyloxyflavonol (344 mg, 1,00 mmol) ‘was added. The solution was stirred at Toom

temperature for 30 win, then at 65 C for 5 h. The nitrobenzene was removed under
‘teduced pressure (80 C water bath) and the residue was purified by flitration through a
plug of silica (7:2:]1 B4QAsMeOH:EL0). The residue was washed with THF and

20 reorystallized from ethanol/pet. spirits to afford a yellow powder (30 mg); "H NMR
(399.7 Mz, CDCly) 52.01-2.13 (CH, m, CHa), 2.78 (2H, d,.J 6.8 Hz, CHaz), 3.09 (°H,
s, NMc3), 3.25-3.35 (2H, m, CH:N), 5.21 (2H, m, CH,Ph), 7.24 (25, app. d, J9.2 He,
H2',6"), 7.33-7.49 (m, 5H, Ph), 7.54 (1H, dd, J 8.0, 8.0 Hz, H6), 7.81 (1H, 4, J; ¢ 8.4
Hz HB), 7.86 (1H, d, /8.0, 84HZ,H7) 7.92 (2H, app. d, 9.2 Hz, B3 S, 807(11{,

25 d,J558.0 Hz, HS).




20 Rel axation by Flavonoid Derivatives Follow ng testing of endotheli al

integrity, rings were repeatedly washed and re- equilibrated for 30 m nutes

before the addition of PE (10-8 - 2 x 10-7 M and 9,11- di deoxy-9a,

11, epoxymet hano- prostagl andin r2, ((146619, 10'9 - 10's M to produce an

actlve force in the range of 40- 60960f KPSS-i nduced contraction. The |evel

of 25 precontraction was natched betwen the various groups by adjusting

the concentrations of PE and U46619 Cumul ati ve concentration-response

b ge3-Ganms - i gvbr chloride

3,4 - d|hydroxyflavonol 3 hydroxyflavong 3 hem adi pate, 3',4'-

dlhydroxy 3- hem adi pat e, 3- hydroxyfI« phosphate_ 41 Experinents were

conducted in the presence of-an-@ *=a¢e, butgmyl chol i nesterase (BuCHE,
a¥'phosphat ase (1000 UWL) in

' ; ﬂT’ELpa of Fl avonoi d Derivatives on
Super oxi de Levels in an In Vtre G\ssayOS Supero% de anion production in rat
i solated aortic segnments was determ ned wusing |ucigenin
chern|Iunrﬁ@@@mﬁuéﬂxﬁhwwwmﬁﬁnn@smhﬁﬁé(ﬁ%e@m&ﬂdE@ﬁﬂdésﬂbmbeﬁuahove and then

placed in agﬁ:{ugosg{lﬂ:e Pf lbsrdr%g‘pn for.2 h, The HJ(l re was filtored and the solvent

Krebs- (N[ o) ine- anesul foni'c acid) (HEPES
buf f er) qcmsﬂe@mﬁo(mellomlctgg 0, KC1 4.7, KH2PO4 1.0, MySO4. 7HaO 1.2,
D -,glucose 11.0, NaHCO3 25.0, CaCl2.2H20 2.5, Na-HEPES 2D.0). 10 Aortic

rings wer eviNoPelinfiatbad etibQlarttA fivity bEPlaPduold Beribdtited PH 7.4, in
Krebs- HW PES buffer containing diet hyIth| ocarbamc arid (DETCA 10'3 M to

bhosphat e SeARilie SRS CT ihicll COIIAR £0, ° 0T e el ther
g h4'd di h]ydr 0X)r6 fdaaiad the kfect of dlabnoRi of 1BREhskt tb&heﬁﬂﬂkb@bma)éﬁlﬂlzﬁ-' e,

ydr oxyfhavo e XY
hydr oxyf | a(\b/%rie&g il {gﬁ&t% %ﬂo&%fﬁgb%g%%c% ou%g% on em SSI on was
measur &d fR5peERLE V@%‘”@*"n ﬁﬁ%lh’g@ F%Ptgtne( éogicdingser wel | of
Kr ebs- HERESe baifidlyr equidipetidveat anictting tansigeof h g(i5 nmmamm%acaﬁ-&s foelScl e or
backor ound s, ThObM bl REMEY EERotPIR OHT IS IRy Ao Rufldp e, A1
transferr‘Hm?ﬁnFﬁgﬁé%ﬂwﬁﬁ?%gFg1%&?#@ éhd‘ggggﬁo#% §%$€ﬂnﬂﬁ Tecount ed
as descrlbﬁwiﬁm@m@PmmﬁbWﬁh§@ué&W%£SSAﬂm1ﬂmM&¢€GGmﬁﬁﬁﬂb6§ﬂw@¢éﬁ3Ebr 48 hours
to al |l qy uperosi dejpr DDU%#eOﬂet&eﬂm ﬁpmslﬁeﬂmtmﬂm ToF S ulige WET ght .

EKeats of As
e by o M, R SRS i fiites "o
3,4 -di hy%’i’ed’%ﬁﬁll’%ﬁ/o%% Fapdirps, - ~phasphate

minute incubation penod was allowed for the flavonmds befora examining 1he

responses to Ca®"
20 Relaxation by Flavenoid Derivatives

Following testing of endothelial integrity, rings were repeatedly washed and re- '
. equilibrated for 30 minutes before the addition of PE (10% — 2 x 107 M) and 9,11-
dideoxy-Sq, 11 -epoxymethanc-prostaglandin %, (U46615, 10° 162 M) to produce
an active forog in the range of 40-60% of KP8S-induced contraction. The level of
25 precontraction was matched between the various groups by adjusting the concenttrations
. of PE and U46619. Cumulative concentration-respouse curves in the range 1% 10"
M were conducted for 3°,4’-dihydroxyflavonol, S»hydroxyﬂavoneé-hennadlpate 5,4
- dihydroxy-3-hemiadipate, 3-h}rdroxyﬂavona~3-phosphate '




10'8 M- 104 M and DIOHF (10-4 M in the presence and absence of Butyryl
chol i nesterase (BuCHE), 100, 300 and 1000 U L) on the | evel of superoxide
anions generated in rat isolated aortic segnments in the presence of NADPI I
was expressed as a percentage of control. The nethod used was as descri bed
above except for the addition 30 of the butyryl cholinesterase. Effects

of fl avonoi d Derivatives on-Superoxidd Levels in an In Vitro Assay in the
presence or absence of a phosphat ase The effect of vehicle,

3- hydr oxyf | avgne- 3- phos hate o 10-4 in t presence or absence of
phosphat ase ( ‘g“ﬁ' Imot’hesu.Pﬁ’\%*F’é% d’g ghi eRtaseaultyler ated in
.rat aort ac}]'ohmstwmspr(BB@HBemﬂO IM&ID@H br feméslimicoderivaice rod atphgephaihsccont r ol 42

$n A8 36deioP R pROPH A aetvatlt?a

3,4 dlhroxy avonB-hem adlspate bl e e fect on the
superOX| eSS RCE R Ay BT LUTEALIC SICELE =Hrdr oxyf | avone- 3

phosphat e i n g, a@aasn tteonﬁoaptt%ta@aemﬁblsé & houghtii@ occur due

to the presence 0 at ases I n at ra I ssue. 5 1In
Vivo st e pgER Fgetéu%tﬁ%ﬁ P AR PER, AEEP B B ESTHEL g f unct i on
O a rat oadihintplaed ayise-obld Fashse ety soiyatbyipipegpzine-N’-[2-ethaneentfonic
3- hy?[] o?yetctfg ggr% %ﬂbﬁd(ceabam(#)(mmaamﬂnwuswted 7t &rapoy; oup, of male
anest het i ressure
moni t or ed BYRH P %%Wgﬁf?éﬁ.@eﬁaftﬁ@? 3%?3?%%’% 18 A Bebhaolppr oos
pr essukle Hertie spes Wers Pobiseibaied fodd arnyies 2t F°C mihegH {6 ip KrebgdIHERES, | vo
vasor el axiaiffed Bomaditing didiyldbivearbimaiv anidi HETEA, at iMpeto iNwtedtd eqiamm observed
exper | moraRgs &555 APl B ARG Re PRo B TRADE M e s 2ed
Fr Bvono: Rt FALE Lt ST PRy el Phatherife " the
bl ood pr ewslple svebitle, HrydrazyBavons3 demindiratey X6 rdimcroayr-Yemipdipate, 3-
Phar mego KiydedyflsvonP3 e basikie o1 08— rigt! mrt@airmmﬂsg&mﬁ Bﬂts’&nbﬂr\ﬂﬁi c aorta
Lrom ¢t Sylfel 98 £ Yl SRC R oleRhaCatubiing KooRE sl ol BPRAKE. <ol ut | on
Super fi CI a onnec rfoun g aorta V\ﬁg‘; rermved
and the JBEF sagethenwih Beigrn (3 48" @@Wﬁi@ gt Hevaneid fm
organ bat¥Ms. chtagrbleoﬁrﬁt amoedi denonndf\Gimaad SiEr hekgatd endidfteas vvash out
o ccong 1 i e s s e e tive
t ensi g#? O} FHIRBT WEHE© %&tﬁ‘@%&‘g 2@8& hﬁlth CIBR %% PEhP Atk 2

65°C oven for 48 hours to allow superomde production to be normalised to dry tissne

weight.

Effects of Flavonoid Derivatives on Superoxide Levels in an In Vitrg Assay in the

Dresenpe or absence of an Esterase

25 The effects of vehicle, 3',4"-dihydroxyflavone-3-hemiadipate (21) (DIOHF3HA,
"10% M - 10* M) snd DiOHF (10* M) in the presence and absence of Butyryl
cholinesterase (BuCHE), 100, 300 and 1000 U/L) on the level of superoxide anions
generated in rat isolated aortic segments in the presence of NADPH was expressed as a
percentage of control. The methed used was as deseribed above except for the addition
30 ofthe butyryl cholinesterase.
Effects of Flavonoid Dervivatives on Superoxide Levels in an In Vifro Assay in the
presence or absepce of a pha.s'phatase _
The effect of vehicle, 3-hydroxyflavone-3-phosphate (107 to 10“’“ M) in the
presence or absence of phosphatase (1000 U/L) on the level of superoxide anions
35 generated in rat aorta in the presence of NADPH expressed as & percentage of comtrol

was det erdybied/ia




25 investigating the effects of the flavonaids, flavonol,
fl avone- 3- hem adi pate (F313A), 3', 4'-dihydroxyflavone, 3',

-di hydroxyfl avonol, 3', 4'-di hydroxyflavone-3-hem adi pate (D OHF3HA),
and flavone-3- phosphate (F3P) on vasorel axant responses, rings were
i ncubated with one of the conmpounds for 20 mns before they were
precontracted subnmaxinmally, followed2by a cunul ative-concentration
response curve to ACh (100 30 nM 10 M or SNP (10 pM~-1 1vl). In

experlrrents n 0 t ase xparinents to
cl eave th@"a‘ﬁ) 'ﬁ‘ﬂﬂ‘?‘ias %5 QWQ)? %Eﬁsg%e?lgﬁwgﬁnc? }tﬁ%%?lﬁt h% presence
and absenuwamfabl efiisi] D@Hbmmgmﬁles@lqnse@emﬂmow serfed uErgedlfe t he

adi pate | B-hggﬁﬁyﬁaﬂe%y@ﬁ&pﬁaﬁﬁl inEbbgeds ik ;ﬂm@gﬂﬁtaSe amids hathonghs ton

PE- | nduced fiON12P Pt es wi th Di OHF3HA at
a range of® %“g%entgg% p(%e BP%G@%E% ﬁ?ﬂlﬂgg&l : i at;?? i% dl et hyI sui phoxi de,
4 g chBieuenoid erivatives P o - g1t

DVBO) . A v % :

endot hel i umin acI ortic i d nts were

conducted in t ﬁrd%?‘@%c?gﬂﬁﬁauegﬂ%@?‘ On\g‘%s} @%‘gﬂ% i‘;f 8_8 Jadims gg‘\ie t he

adi pat e i wapadrieBised B epnoup PEmalpomesisetiged Barpoue EPtWﬁF‘fe&E‘F’i%n 10 To

determ nea&&‘&eﬁfoﬁ@@kaﬁi‘eﬁabﬂ&@éﬂhv@ﬁapéhoﬁ@fﬁmﬂses to the influx of

extracel lular , aﬁtoz%ﬁﬁ&féh'lhq?é ?F’B& %gfe@g@g%%mhﬁ@tﬂ on of Ca2+
&

d
ity v AU AU M T e ke atévc?uﬁfﬂ A o a

resting tenmsbbseres whegan muGas-sefutier wRSEnfinstend imd sege rouﬁquéﬂtﬁ)at h medi um
was then repl &ﬁﬁdex:e{bﬁﬁe%at refmraﬁﬁ Wit RpenfsQbididnd bt @%hek Qyrtfesided er ni ne a

ref erence contr to,a Rod el RNtLe Te-

equi | i br aWﬁWoﬁg'feFBﬁlW?’ﬁlc f’r?%a%e’i é’égm% dﬁ%dr?g 1tﬂ|9\t/’e°cgr?t ractile

r esponses thegatga 2+ (10 5- 3 xIT M were determned in K+ PSS in the
presence of vehi cl e .. 1% a. range of concentrations (10'7 --10"4
M of 37 RETFeBlaAr:Y “é%ﬁ"z‘h or F3P. A 20 ninute incubation
peri od was aI I owed for the fl avonoi ds 20 before exam ning the responses to
Caz+. Eréuer onduct ed in the presence and absence of BuCHE

(2000U/ L) to c ea ate F3HA and D1 F i.frent s usi ng
F3P, phosphat a&% qsﬁﬂﬁ‘g ‘%é‘ﬁ aﬁ%é‘ ot} g e ERE %@gé@fg t he
phosphat e Krietoeetcinats sb};anﬁaa&madim copertiye s sad faéﬁlﬁrrwgdlez thefgEt hel i al

I Nt egrity wak irfEsveNhe theRRaived it WAs BesheAR (bf12e3 mew Linkhbmatrenfedin 30 ni nut es
beforﬁ%{Jhe adg) %I on of PE (10'$ - 2 x 104 M and 9, 11- dideoxy-9a, 11 a
h&H5™

epox st agl andin F2 w6619, 10'9- 10'8 t o produce
poxy Effect ofFiavaf?ozds a}zACkag M p.

After wash out and re-equilibration for 30 min, the gortic rings were then
submaximally precontracted with PE and U46619, which were used to produce an
active tension of 45-60% of the KPSS8-induced maximum contraction. When

25‘ mvestigating the effer.:ts'of the ﬁavonoids; favonol, flavone-3-hemiadipate (F3HA), 3°,
4"-dihydroxyflavons, 3°, 4*-dihydroxyflavonol, 3°, 4’-dihydroxyflavone-3-hemiadipate
(DiOHF3HA), and flavone-3- phosphate (F3P) on vasorelaxant responses, rings were
incubated with one of the compounds for 20 mins before they were precontracted
submaximally, followed by 2 mnnulative—-concentration response curve to ACh (100

50 M- 10 M) or SNP (10 pM~1 1M). In experiments using F3P 1000U/L phosphatase

was used In some experiments to cleave the phosphate. Some experiments were

P relecation




an active force in the range of 40 - 60% of | CPSS-induced contraction.

Curul ative concentration-response curves in the range 10-7 -10'4 M were
conducted for vehicle, 30 3'-hydroxyflavonol, F3HA, D OHF3HA, M
Experinments were conducted in the presence and absence of 1000U/ L BuCHE to
cl eave the adipate in F3HA and 44 DI CHF3HA. In experinents using F3P
1000U/ L phosphat ase was used in some43experiments to cleave the phosphate.
Ef fect of Fl avonol s and Fl avones on Vasorel axation to ACh in the Presence of

Oi dati ve 3LARES in Re FRMAObnL A EE gﬂhame&@ewq@mm yACh were

conpared wth those " obtained fromendotheliumintact aortic rings treated
wi t h pyr ofiavethe pdipgte InAPOERSHATHE P38 ect s of vehicle (0. 1% DVSO),

phosphat ase (IOOOU/ L) or F3P (10 6 104 IV|) on. responses to ACh in the rat
i sol at ed a4 EPPHeS G wes gu i ingeadi Cmreaiion 1075 V) were al so

det er m ned. P%%%fﬁhcdb@@d&ﬂ@%ﬂﬁ%ﬁwblmaﬂdrmdfad reached a stable
10 IeveI of co rac Lon 4619 ey n 50 and 70%
oFKPSS- 7i r‘i’a’ﬂﬁ?é ‘Isll Con 1%%%"?#%@%’3&% ﬁ ‘%e?@&?ged{gt ermning the
cunmul at i ve:on@ﬁﬁmnlrésﬁéﬂseauﬂvescpmsl@‘gemm VBB mﬂxdetﬁlahm-wmm) exefier i ment's using
F3P 1000UI L used . to cle hos hat Ef f ect of

o Ol 13) | A B R Rel FRerRoe ot it B R R R b <

(250- 350 @uaHE @oeNHERDIviavs the aifpith igdtiiEBai t one  sodi um (60 ng kg"',

ip). The trachea was isolated and cannul ated with pol yet hyl ene tracheal
t ube (| - D.EfRcipf Fidponcisyeh €41&-inducedGonirsiciionved t o br eat he spont aneously.

Measur ggent Seg% ABELShL Ak eﬂ‘é&%?ﬂéx%n&ﬁgaﬁ"a%?ﬁoﬁlsés% & drQitacoQt i d artery

was cannul a and connected w't hepari ni se ga ine 20 filled cannul a
(O D. 0.7%4% C@traaﬂwsmes&ﬁaxwemwa% of Gar segpeemingiafigcer . Mean and

phasi ¢ ar sl oPARIAMES INELE- ﬁm1gmn0%$¢%nmmg¢ -PeB). AGGerdesd on
apol'ygraph. The heart rate. erived from ﬁFgE’gg%s:ﬂ% arterial pressure
€

using a td’t’ﬂﬁ?ﬂ?ﬁlﬁgfWml}if’l?‘?%?(‘iH&?ﬂ“gé‘?‘?ﬁm@&%ﬁl‘%‘?“’ MYUEHl  and
di hvdr oxy g weRenshevRnahesiglaciduier Ok fie ROPSS (R BHERa)es €aUS ed

concent ratj on dependent 25 decre ¥ er de le eI S ner at ed by rat
aortic IPi fgErming aﬁf"éﬂfﬂe@ﬂwmbﬁ‘ﬁggﬁ G5t €36‘#&? e‘g‘{it’ % g’frF avonol and
Di OHFne b%ﬁ]ﬁhﬁﬁd&ﬁ Rioll b@mmb“'eﬁmsmme lcamElatve d@nﬁﬁfﬁ%i@ﬁpoﬁm tt¢ 08> Fl avonol
did not af e_pt | axant ef.f r P. Ppe caused
concent r at(g‘ Bgn%ﬁ’fﬂ‘? Elt%?éﬁeg o o?é$ Cﬁ%\%‘ﬁ%"%\ﬂf 5# %@ {%ﬁeaker than the
ef fect of mgbﬁm Fhaayostronemtratchs (Y cernt’nv) ofon-heidpeyittentol8igases in 45

DIOHF3HA or F3P. A 20 mimute incubation period was allowed for the flavonoids

20 before examining the tesponses fo Ca**. Bxperiments were conducted in the presence
and absence of BuCHE (1000U/L) to cleave the adipate in F3HA and DIOHF3HA. In
experiments using F3P, phosphatase (1000U/L) was used in some experiments to

cleave the phosphate.

Relaxation by Flavonoids
25 Following testing of endothelial integrity, rings wers Tepeatedly washed and re-

equilibrated for 30 minutes before the addition of PE (10" —2x 10" M) and 9,11~
dideoxy-Dq, 114~ epoxymethano-prostaglandin F2, (U46619, 10°— 10" M) to pfpducé
an active force in the brange of 40 - 60% of KPS8-induced confracion. Cumnlative
concermﬁﬁon-response curves in the range 107 — 10* M were condneted for vehiele,
30 3’-hydroxyflavonol, F3HA, DIOHEF3HA, F3P. E:;p&riments were conducted in the
presence and absence of 1000U/L BuCHE to cleave the aejipate in F3HA and




cal ci uminduced contraction of rat aortic rings which were relatively weak
in conparison to previous observations with Di OHE. Anti oxi dant and

vascul ar effects & d-Ip ate WB HA) F3 HA (10-7 M10'4 M had no inhibitory
ef fect on superoxide generation by rat 5 aorta but the presence of butyryl
chol i nesterase (BuCHE, 100-1000 UWmnm) caused a concentration dependent
increase in the inhibitory effect of #HA (Figure 6). F3HA only inhibited
contractil e responses to increasing concentrations of extracellul ar

cal ci um at Dtmnwfmekp&me@%ﬁgtwmom Bboshhtcbe WM useAR dopael dant and
vascul ar effects ofd| hvdr oxy avone- 3- henbadi pate (D OHF3HA) 10 Di OHF3HA
(10" 7M1 O' e}f\?fmlli’ﬁ’é‘fsmf?aﬂﬁ?b&lpp '%ef f ect. on superoxi de generation by rat
aorta but i e, (Bu, C E100U/m)

’ S TESERIF3HA al one had
no effect ] F responses to ACh or SNP In contrast in the
presencée of Bu Cﬁﬁt(alﬂmﬂdﬂmelaxaﬁnﬁdﬁﬂiﬂéessﬁ g.m]hfwemmnimrddnﬁﬂﬁamd t he

sensitivit Se. 1o SN YR -1 A al one
had I|ttleé/bt%3¥k on ca gﬂﬁ"rln{m"lg%c 5“1 DRE dcvtv#hoW%%r‘I’h?g(?ﬁgo %ut in the
presence wﬁeBWEef@tﬂGGDI%DW@),WM((@DMW FBE(:lOé{IO‘*emnnval ent

emoved by iioeoes aPadh Brlr bl AR BBl OB SR PR T 0 s et
Di OHF. D @F@H@M@W@I Spogdlphwas midcéu&eaﬂtemc rmgi el agaclond aoftable
pr e- congy L&%f@n&gﬁ@h}%ﬁx o %ﬂ%&%l%@eﬁe&e{: %@@aﬁﬂ%ﬁ%feg Ee est erase

(Figure 11 was 1 njec ravenously,
al | owi ng a® W‘@éﬁﬂmgéﬂqrﬂmt@ﬁ/@'@ﬁaﬂweécbﬁfﬂm@tﬂmgmectpe'dkm@hanges in nmean

arterial %@éﬂaﬁo@ﬁgpmlﬁm&@kehrmme%ﬂ pegdose- dependent
decreases in arterial pressure Figure 1 and he rt rate (Figure 12b).
In a separ%@lﬁ%ﬂﬁaﬁseﬁwm osgbgde.( 0. 3 25 ngy/ kg i v) and phenyl ephrinc
(PE, 30 nmg/kg iv) were injected before and 30 mnutes after DK OHF3HA (3
ng/ kg iV),Eth@lmrahﬂmglmﬁﬁ@ﬁﬁﬁﬁajﬁﬂﬂ heart rate had "returned to
control levels. D OHF3HA significantly enhanced the depressor response to
ACh andliatte n Wdéle Spabee-Pivlen tiic@d(-352 g)emre ahausthetived with pprehmshitoee ( Fi gur e

13). In raf, g %Il ﬁgm ( presence of
30 chol i nestera e&%ﬂé“ @ﬁlh Eer SR en F%éepﬁ%gﬁgﬁg%xati on in
response t@ﬂthbeﬁﬂél?tﬂﬁﬂm}J@éh@rretmﬂBW&@w trepthesppteratdlne. Di OHF3HA (0. 1

mvl) given al one had 46 no effect on PE-induced contraction but caused
mar ked i nHZEASIEggs gl 4 . teriggiéer ase. The | evel of inhibition was

simlar to thame@llg&mmdaﬁayrv%@metmnhbeuﬂaéte@eﬂﬁahem&@sm
concentr atf% en gmu} M I?
20 fillede a 0.75,1.D, 0. SS‘mm) and connected to a presyore transducer, Mean

and phasic arterial pressure were continuously measured and recorded on & polygraph.

The heart rate was derived from the phasic arterial pressure using a tachometer,

Antioxidoant and vascular effects of flavongl and dihydroxvflavone

Flavonol and dihydroxyﬂavo;le (DiOHFne) cansed concentration dependent

25 decreases in superoxide levels generated by rat aortic rings. At the highest o
concentration tested (0.1 mM) favonol and DiOHFne both reduced the superoxide
levels to 3G:3% of control. Flavonol did not affect the relaxant effects of ACh or SNP.
DiCHFne caused concentration-dependent relaxation of rat aorta which was weaker

than the effect of DIOHF. Flavonol caused concentration dependent decreases in




Ant i oxi dant and vascul ar effects offlavone-3-z7hosohare (P3P) 5 F3P or
phosphat ase (1000 Ufi) had no effect on superoxide generation by rat

aortic segnents whereas F3P caused a concentration dependent inhibition of
superoxide levels in the presence of phosphatase. F3P, in the presence

of phosphat ase, increased the sensitivity of rat aortic rings to rel axation
by ACh but not SNP. Oxidant stress, 4faused by the presence of pyrogall ol
(2x10-5 lvi), significantly reduced the 10 maxi num.response to ACh but the

response VWagkikRsidk&rbottadids ofm?&cﬁﬁ@ﬂ&ﬁ w]ﬂtfsh Ve RIAIE wlk@sphat ase.

Responses to SNP were unaffected by any of those treatnents. F3P caused a
smal | |nh|WWDGPPEa}°@FBWWﬁ%RPéé’GWWaCU on but the effect was
significantly ¢ t e prsence of phosphatase. F3P (0.1, 0.3, 1, 3,
10 ng/ kg) # LGz 7 I hepridaings *¢ast 30 15 minutes

bet ween i n] ectmensqmammﬁmpemho iﬁhﬂiﬁg@&ﬂeﬂt diﬂ&peraﬁaeagenalau@mﬁﬁure and
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ese s vol ved an assessnent. ant i oxi dan
act ivity ocfn&l ‘Pﬁl%\;gcﬂgcf“ga%gﬁ rﬁ?fms%? h%fed‘?%c D:EV néﬂ‘i%#a%ﬁ?gw

- di hydr ooalcidmeichekighdt Gdeduteatisr @sed @ BmM)enm adi pate ( F3HA), 3'

- di hydr oxy flavone 3- hem adl pat e (D| O—ITFBHA) and flavone 3- phosphate
TSRV , ik 7 oL, e (QYONAREA ar activity

25 whenygappl i P& @WMWM?'BQ&E@E&&BH%&%@E& sﬁfe%ﬁ&@%%eﬂaﬁm%yeave the

adi pate substitution reveal ed the abil

cal ci um i fALACEA Paidhe Preewro it WPW%%W{ESJW%} e D OHF3HA) had

no ant i oXiddaddntrfion@peitea mhiBldry ¥irddy. WOSIF38RPIbRAA LE BR:RUh rdibendr esence of
a cholinesterase to EI e§‘§§ t he adi pate subst tution rgégqsed the ability
B et

of )i O | FSRMRORFES i &F%%lq@VHe?“ﬁ at aorta, to
i nhi bi t. cabigHRTHA S pGRbnb Rcfoatita seatvityh ﬁmmf@ﬁmwmtlon of rat

aortic [l esence Qof -t este ase evel of ct| vity of
Di oHF3HA \rﬁ’é‘ﬂﬁéﬁ%m&i@ H“‘%fﬁlﬁ%%m% é‘@g‘t’ Fastior af oty OBF3HA
caused lcormﬁatbuaﬁjtﬁapﬁmh emd@icﬂtdﬁooear&ep Dm}mmﬁr(m iilmwmsmlr e anfl hear t
rate. Flavgone-3 at F nt._ or vascul ar
activity BOYFRY ‘p‘ﬁb‘ﬁg‘%ﬁ%@&&%@%g@ﬁ? g%ﬁté%fagw tﬁ?/ PHB YBhosphat e
subst i t ut irenovedigahetdine telliehiddipatf waskqhl detve to MicliatensD@ERXi de | evel s
produced t hi bit .calc i nduced ti an .and to
enhance endggﬁéfﬂ‘u‘f“ésdﬂ %P%’é‘ﬂ c?’%?%'%%“%%{n&%n?% ?H%E‘Lé} %’éﬂ% G rings
20 ouly in the presence of the esterase (Figure 11). .
DIiOHF3HA (0.1, 0.3, 1, 3 mg/kg) was injected intravenously, allowing at least
30 min between injections, and the peak changes in mean arterial pressure and heart

~ rate measured. DIOHF3HA caused dose-dependent decreases in arterial pressure
{(Figure 12a) and heart rate (Figure 12b). In a separate group of expatiments ACh (0.3
25 mghkg iv) and phenylephrine (PE, 30 mg/kg iv) were infected before and 30 minutes
' after DIOHFSHA (3 mg/kg iv), a time when arterial pressure and heart rate had
returned to control levels. DIOHF3HA significantly enhanced the depressor response io '
ACh and aitenvated the PE-induced intrease In arterial pressure (Figure 13).
In rat aortic rings DIOHF3HA (0.1 mM), in the sbsencs or presence of
30 cholinesterase, had no effect on endothelium-dependent relaxation in espanse to the
calcivm jonophore A23187 or to isoprenaline. DIOFFIHA (0.1 mM) given alone had




oxi dant stress. In the presence of the phosphatase the |evel of activity of
F3P was simlar to DDOFIF. In the anaesthetized rat F3P caused only small
concentration dependent decreases in arterial pressure and heart rate. The
effects were nuch snmaller 10 than seen with DIOIF. Cardi oprotective of
3',4'-di hydroxy flavonol adipate (D OEWBIIA) follow ng nmnyocardi al

i sehaem a reperfusion The ability of #he synthetic tlavonol, 3',4'

di hydroxy flavonol adipate (D O3F3HA) to prevent nyocardial isehaem a and
reper f usi oy bﬂéd#ﬁﬂPB&cﬁt@@@ﬁnﬂﬁéﬂoﬁ%@t cakd SNBER sYASH n@é&ﬁﬁ%ﬁgm g ke the

parent conpound Di OHF, the adipate-derivative was N aqueous

sol ution, FHEFeSecticdrTy) Wﬂonmwmtmhrm@mmpmawem ution

caused a dgﬁ@egﬁeagogggn&gg&p@llqﬁwgfmaﬁprct size, which was simlar to that
caused by a simlar nolar dose of DB OHF when dissolved in DVSO 20

Intravenouﬂnﬂbﬁadﬁﬁhﬁ'vhﬁﬂm&ﬁ*leﬂ& @@M@gynam ¢ indices (arterial
bl ood pregssur ea t te, tricular-en astol | c pressure

(LV- EDP)§ Si nc a@é@uﬁ@\é’ag F&ﬁﬂt@h?‘lﬁ%ﬁr F%Tprot ection to
t he parent aortosqgunmdwﬂlereh@mmumrmmmmaaa@eadﬁemﬁw gin injury in
anaest het i se data or ot hesis that this novel
derivati ve&gg%logﬁ Els @Ffpé‘%? i \98?6““%@}%? ﬁg Hrﬁsc???é’ BQ?S@P& B€onpound i n
viva. Sur em&hse@ﬂ@rsammmymfﬁt\aerﬁg RS relhxatinn Bp AlDRkussd SBPUOLidaRr | no sheep
(35-45 kg 1 30 D OHF (2 ngl kg,
n=2) (3) D%%#%E@WW%’%” %‘”%%ﬂﬁ %@%@rﬁ%@@d&ﬁ&ﬁ‘f (5) Di OHF3HA

(6.6 ngl‘kgma!ﬁmnynremm&i‘éﬁlIaﬁMScspm@edrdstpradmynha/ﬁmn&dﬂrBBpamone sodi um

(15 ng/ kg) mlgj] nai nt ed by
i sof | ur anep(l gwgéﬁe%&lngégttﬁg&r was gg&gg%b%‘& Se ““’" ng%? facial artery
for arteri&sHassg mﬁmgﬁéﬁmﬁwﬂm@rqvn@w&mbm@eﬁ‘spt\&@sure | nt ravenous

I nf usi ons ﬁgﬁﬁcaﬁ?ﬂ&h%&d%yqﬂ&ggegéedf?ﬁg%%ﬁgsel ntothe jugular vein. The

heart was expagse through | ‘ef ony perforned at the. fourth

intercostal SPAJRL 9341 7. Kmpkelsvastinippredingavenaslns pllowins pissst 3&d t hr ough
the lefts aﬁniﬂu’eé;ﬁbét&%ﬁl djrbiemﬁf éndﬁhe/ﬁe@k Ehdnb& :hﬁleﬁé%{aﬁpﬂe&ﬁ}e MEQLLI cul ar

pressure (LVP). An, ad I onal | 'astic cannul
1ate rheasured (Figure 16a). DIOI-IFSI-IA caused dose-dependﬁ:nt decreases in arterial

pressure and heart rate (Figire 12 a and 12b) but the depressor response was small
compared to DIOHF (1 mg/kg iv).

Swammary

20 These studies involved an assessment of the vascular and antioxidant activity of
flavonols, 3°, 4’-dihydroxyflavone (DiOHFne), 3°, 4'-diydroxyflavonol (DiOHF),
flavone-3- hemiadipate (F3IHA), 3°, 4’-dihydroxy flavone-3-hemiadipate (DIOHF3HA) '
and flavone-3-phosphate.

Flavone-3-hemiadipate (F3HA) alone had no antioxidant or vascolar activity

25 when applied alome but the presence of a cholinesierase to cleave the adipaie
substitution revealed the ability of F3HA to inhibit calcium-induced contraction.

Dihydroxy flavone-3-hemiadipate (DIOHF3HA) bad no antioxidant or vascular
activity when applied alone but the presence of a cholinesterase to cleave the adipate
substitution revealed the ability of DIOHF3HA to inhibit superoxide levels produced by

30 rat aorts, to inbibit ealcium-induced contraction and to cause direct relexation of rat

' sortic Tings. In the presence of the esterase the level of activity of DIOHF3HA was




inserted into the |eft aerial appendage for the injection of |ignocaine and
for infusion of Evans Blue. The left anterior descending coronary artery
(LAD) was dissected fromthe epicardiuminmediately distal to its second
di agonal branch, and a transit-tinme 2 min flow probe was placed around it
to nonitor the LAD blood flow A silk suture was 10 passed under the LAD
proximal to the probe and both ends o#7the silk were threaded through a
plastic tube to farma vascul ar snare Experinental Design The animls were
al l oned to_st.abjldse for 10-15 m nytes, r the conpletion of the
sur gi cal p?%% Eﬁ%ﬁ’rf}éﬁ% g“eth. Wgh?tl?g‘g 4t i)ﬁa%#?@ﬁ&?‘*ﬁ?@@awﬁﬂﬁaéﬂﬁ Aerreadesht
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sol ut i os. thih geneahmMROWAES used, as required, to .25 aneliorate

arrhythi ninéts.dlDeter'm nation of he area at risk and infarct size The area of
myocar di uné-ardiegirglec@vechfiSh atibydroy Haveiobadipite (BHUPEKS foWaring bl ue and

t ri phenyl tiayecardinl vehmemid epidesi¢d TC) st ai ni ng. Afterm%) hours of
reperfusion, the LAD was re-occluded at the original occlusion site.

t medi atel y a;.lp The éhiiﬁtpaNEﬁW%yﬁtﬁeﬁ&jfﬁ%ﬂc@,&SQﬁ’oﬂﬂi%H%r Bkt RRE agilpg{g_ ny kg'h)
to arrest dh ' . as. 1 nj ect into the
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Pl asma mar kers for . ¢ i al arction
, Bince D%ﬁf%}g causecll i eqmcvalent degree of cardioprotection to the parent

compound following cardiac ischaemia~reperfusion injury in anaesthetised sheep, these

daia support the hypothesis.that this novel derivative compound is effectively converted
25  to the parent compound i vivo.

of isch i

Surgical Preparation

Five groups of enacsthetised adult merino sheep (35-45 kg wethers) were
exarmined:
(1) Control (n=5)
30 - (2} DiOHF (2 mplkg, n=2)
(3) DIOHF3HA. (2.7 mg/kg, n=3)
(4) DIOHF (5 mg/kg, n=3)
{3) DiIOHF3HA (6.6 mg/kg, n=4).
Anagsthesia was induced by intravenous thiopentone sodium (15 mg/ks) and
35 following tracheal intubaiion was maintained by isoflurane (1.5-2%). A catheter was




5 Arterial blood sanples (5 mM) were collected into chilled heparini sed
tubes at baseline, during ischaema and at three tinme points during the
reperfusion period (1 hour, 2 hour and 3 hour). Follow ng centrifugation
at 4C, plasma sanples were stored at 20C until neasurenent to determ ne
| evel s of |actate dehydrogeuase and creatinine kinase. 10 Results. In the
foll owing sunmmary of results, nyocar# al infarct size in the 5 different

t r eat ment groups is reported. Gven the effecti veness of the highest dose

of Di OHF I r M th rasped
to the Contr dll:étg%gié t;am%n%n Igo(%vaé/%@?ﬁﬁdegaﬁﬁpﬁ F?%Eeg%l group of
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right pan ci r rea at
risk (1S %Wﬁ&ce? LR mg“aéff/‘g‘?d ‘%%’?%’fﬂf"?g@% g Vg%q%ﬁéé??%&ﬁ 3HA (6.7
ng/ kg) an8oWorratrgRLpags @ppmg dt o ggoRiEy thepk. % SBUG AN OHF3HA
(2.7 e kgdssahdndst Bk TRATE Proxipidt ¢) tHeShaiR ardDovaends 404tersilk 7895 theedpbct i vel y.
LAD ow Bagglidh& Hb@ygﬁ@ﬁa%ﬂﬂaﬁgnmn the Control and Di OHF3HA (6.6

ng/ kg) roups of zheeE (7-9 mM/mn). During isehaema, LAD flow fell to
zero in a &St ring the early stage of reperfusion, coronary
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in LAD w returne sel 1 ne vel te eper f usi on.
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adni ni §4 r 3EA04 in 2 mi DMSO plus 14 ml polyethylene glycol:water (1:1). DIOHF3HA was
dissolved in 20 mi 0.1M NagCOQ;. The drugs were given at 1 ml/min iv.. The two doses
of DIOHFIHA (2.7 mg)kg and 6.6 mg/ks) were chosen to achieve equivalent molar
doses o the parent DIOHF compound (at 2 mg/kg and 5 mg/ke, respectively). Control
amimals did not receive ary intravenous solutions. Lignocaine was used, as required, to
25 ameliorate arshythrmias, '
' Determinaiion of the qrea gt risk and infiret size

The area of myocardium at risk and infaret size were delineated by Evan’s blue
and triphenyltetrazolium chloride (TTC) staining. After 3 hours of reperfusion, the
LAD was re-occluded at the original ocelugion gite. Immediately afler intravenous

30 injection of pentobarbi{one (100 mg kg™'} to arzest the heart, Evan’s blue dye (1.5%, 40
ml) was injected into the left atrium to define the myocardium at risk. The hearf was
rapidly removed and the left ventricle was sliced into transverse sections about 1 cm
thick. The unstained risk area was iraced onto the same fransparencies. The sections
were then incubated in 0.1 M sodiom phosphate buffer containing 1% TTC for 20 min

35 (37°C, pH 7.4). The infarcted area was traced onfo transparencics. The area of




Mor eover, no marked change in arterial pressure or HR was observed in
either group of sheep during nyocardial ischaem e and reperfasion. Resting
LV EDP was not different between the two groups of sheep (11 10 mmHg) but
the maxi mal positive value of the first derivative of LVP (dP/dt.e) was
.lower (P<0.05) in the control sheep4 1454+62 mmHg/ s) conpared to D OYH3HA-
treated sheep (1967103 nmHg/s). This difference renai ned throughout the
course of the experinment. Both LV-EDP and dP(dtat were unchanged during
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with dail¥inasnitoring of neurological function and post nortem

mor phol®@okeaks assessnment of cerebral infarcts at 72 hours after stroke.
Uni l ateral, transient cerebral ischaenm e and reperfusion was induced in
consci ous rat dn bhe Hohpengisemnsly thespe] BRbeavHS0aRAS sl Gh @e fﬂ%&ﬁ' in-1

out side Bibmt:08Guty0 mtb*}@pcfr‘ce NoOLAdE FELRRLAL 8 WALl abok! 8¢ 2

pre-inpl ensui ng stroke was scale of O
to 5 by |§@g¥% %L?Fl °@%ﬂ$%‘tﬁﬁ’%@h’dﬁ?@fﬁ%ﬁ’%&t¢@§“dﬁ unds were
i nj ect ed ﬁmﬂﬂéﬁ@ﬁbg‘%ﬁmﬁb\@sm&éhcﬂ HAked medmd patp ddadimeds. | nt er val s

thereafter. 5i thSlﬂcﬂtrﬁlaémﬁii @a%ﬁue%ﬂeewlﬁ diad %lnﬁé\éﬁ&aﬁbzﬂﬁﬁ&uf #4R0- %40 ( gé

were ana 1,0 sod] in a, ol unme 0.6
ngl kg Lp. E i 1 nsertlrtﬁe a?ﬁlish orngr\r:lgdr%auage{(asr% “Ater into the
jugul ar v z¢ir ug admi ni stration, A 23 gauge stainless steel 5
gui de cannul a er egt.axi ca |, ang d i nt he piriformcortex
2 mm dor sal t[‘bvﬁﬁf%“rdwﬁ'l%‘ﬁ cﬁ’f@%\? fﬁl’ﬁéﬁ-leg%i&‘?m Q7oBg 8c 3nd 5.9 mMm
ventral ) -di Wéﬂmﬁmﬁﬂhﬁ%%@wwwhr d&%élﬁ?”caﬂgnlraﬂé lefd pemed). End t wo
smal | Xcr @ngastnmeriiRebt i siled roheatskalth me Hre ﬁ&sa&rﬁd%%cdh@ﬁﬁd)ﬂﬁ fay sutures.
Rat S wer epfnused hagdhy 'gg&ﬁ%lslo\énﬂagreﬁ t!szg)ng'glylfmr}ﬁ s (Figure 17, right panel).
' specifically, the infarct size nomnalized to the area at risk (IS/AR) was reduced from
83+4% In controls to 49:8% by DIOHFIHA (6.7 mg/kg) and to 47+:8% by DiOHF (5
- m/kg). With the lower doses of DIOHF3HA (2.7 mgfkg) and DIOHF (2 mg/kg) IS/AR
'25. was 64% and 73%, respectively. ' '
L4D flow

Baseline LAD flow was similar in the Control and DIOHF3HA (6.6 mg/ke)
groups of sheep (7-9 ml/min). During ischaermia, LAD flow fell to zere in all animals.
During the eatly stage of reperfusion, coronary hyperperfusion occurred in all sheep.

. 30 Generally, this transient increase in LAD flow returned o baseline levels after 30-60

mins Of reperfusion. _The regression of- flow appeared to be more répid in the
DIOHF3HA group,
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cycle at a tenperature of 18-22C and allowed to recover for 5 days before

i nduction of 10 stroke. Stroke Induction Vaso constriction of the right

m ddl e cerebral artery (MCA) was induced in conscious rats by

adm ni stration of the potent vasoconstrictor agent endothelin-1 (ET- 1) (60
prol in 3 pl of saline over 10 mn) via a 30-gauge injector that protruded
2mm 15 beyond the end of the previoué@y i npl ant ed st ereotaxic guide
cannula. The injector was held in place by a poly-tubing cuff ‘and the rat

vwas pl ace@ideRodmehRdEspbhns fomaidiepedigion observation during ET-1
injection. During stroke induction we obser ved cqunfer- cloc #ggqe circli ng,
he
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t he surfac aviours were scored on the_fol Iiasvm ng scale: 0 = no

deficit; IRecavaryfigem ischnemipsuelicip gats piips gymtheti flgvgne
Ploasma markers for myocardial fnfarction '

25 . Ischaemic stroke was studied in conscious rats, with daily monitoring of
némnlogical function and post moriem morphological assessment of cerebral infarets at
72 hours after stroke. Unilateral; transient cerebral ischaemia and reperfusion was
induced in conseious rats hy injection of the potent vasoconsirictor endothelin-1 outside
but close to the right middle cerebral artery MCA, (via a pre-implanted guide tube).

30 The ensuing stroke was graded on a seale of 0 to 5 by immediate behaviour, wnd
potential nenroprotective compounds were mjected mtravenously 3 h afier the stroke,
and at 24 hour intervals thereafter.




Thus, when scores were totalled the maxi mnum neurol ogi cal deficit score was
12. A score of 0 was considered normal. 10 Sensory hem -negl ect was

eval uated using a test consisting of placing adhesive tapes (Avery
adhesive | abel, 100 m n dianeter circles) on the distal-radial region of
each wist, Placenent of the first tape was random sed between
contralateral and- ipsilateral |inbs.gs3The tape on both forepaws was touched
sinmul taneously prior to placing the aninmal in a plexiglass cage and
measuring gMth £ St P wat ch, both the 15 latency to touch and the latency to
renove eadﬁ&§¥$fvp%§~+30n1the contralateral and ipsilateral forepaws were
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i nvestig atvgh cle-trea.ted Tats assigned with higher si:ro ratings have greater 1nfa_rct volumes and

neurological deficits. Rats that did not display any behavioural change were deemed
25 mnot have had a stroke and were excluded frorm the study. Sham-injected rats underwent
canmwle implantation but did not receive any ET-1 injection. Rectal temperatures wers
taken with a themmistor probe, prior to stroke and at 30- or 60-minute intervals for 3
hours after stroke., '

Assessment of Functional Gutcome

30 All behavioural tests were conducted prior to any procedures (pre-surgery, day
- 1), immediately prior to ET-1-induced MCA occlusion (pre-ischemia, day 6) and 24, 48
and 72 hours afler ET-l-induced MCA occlusion, The behaviour of each 1ai was
compared t0 pre-stroke, thns each rat acted as its own control. All rats were coded so

that the nvestigator was blinded o tresfment condition. Neurological ahnormalities

35 wete evaluated with the use of a neurological deficit score based on detection of




was blinded to treatnment condition Stroke Rarinr Rats showed neurol ogi cal
behavi oural deficits indicative of stroke within 2-10 10 m nutes of ET-1
i njection but not after an equal volune of saline alone. These deficits

i ncl uded specific behavioural responses such as clenching and failure to
extend the contralateral forepaw, and circling in the direction
contralateral to the occlusion. G ooBd2ng behavi our preceded circling and
was observed in al nost aII rats- C}oonvng occurred in a stereotyplcal

manner Wt ei.ng . foll full rpom ng in one
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in clinical rials
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strokes le area of risk for neuroprotection given that the
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25 Quantification of Ischemic Damage

Rats were decapitated 72h after ischemia and their brains were removed and

frozen in lignid nitrogen and stored at ~80°C. Coronal cryostat sections (16 um) were

cut at eight pre-determined coronal planes throughout the brain from -3.2 10 6.8 mm
relative to Bregma. Infarct was measured in triplicate unstained sections based on the

30 observation that damaged areas in unstained slide-mounted brain sectians are visible to
the naked eye as clearly defined frosted or dark areas, while normal tissue is essentially
transhucent. By applying the prineiple of ballistic light propagation and using a siﬁ:rple
apparatus combined with & computerised image analysis system, the unstained slide
mounted section showing damaged areas was clearly visible on the monifor. I;ight

35 passes directly through the fransparent, undamaged tissue to the camera, whereas light




noderate stroke groups (ratings 1-3) for all future conpounds tested. .E4
D hydr oxyfl avonol (DIOHF) Initial experinments conducted in our |aboratory
assessed the del ayed neuroprotective potential of DIOHF (10 ng/ kg) given
i ntravenously 3 hours post-stroke 10 onset. Each rat received 3 bol us
doses of DOl P dissolved in 20% DVSO, 40% Pol yet hyl gl ycol and 40% sterile
water for injection. 3',4'-D hydroxyfkavonol (D-A{F) admnistration in
rats with nodest strokes (scores 2 3, n=6 and 5, conpound and vehicle,
respectively) reduyced the neurol ogical deficits at 48 and 72h, and
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| mpr ov ugolo i.cal Clt scores .a our s post -stroke
when c a‘feg pd rats (11- FU owing ranking, stroke rats were paired based on equal

strake ratmg 50 that stroke ratings were evenly disiributed between vehicle and Drug
treatmert groups. These rats were then coded so that the remaining asséssments could
be performed blind to treatment.

Stratifying Drug iragiment

25 Prognostic models are used to prediet functional outcome and survivahility in
human stroke patients in order to support clinical management of stroke patients and to
comectly stratify treatment groups in climical trials. The use of similar models in
experimental stroke animals has not préviously been attempfed. In the ET-1 model of
MCA occlusion it is possible to observe behavioural responses during stroke induction

30 and assign 2 rating scale of stroke severity based on these Tesponses. Therefore it is

- possible to predict which animats will have severe strokes and which animals will have
mjld to moderate strokes, This process also allows for some predication of the area of
tisk, which is potentially salvageable by neuroprotective agenis afier stroke, Severs
strokes leave little area of risk for newroprotection given that the infarct occupies

35 greater the 70% of total hemisphere volume. Mild to moderate sirokes however reveal




5 vehicle treated rats. Vehicle treated rats showed increased latency to
renmove sticky |abels fromthe stroke affected contral ateral forepaw when
conpared with the ipsilateral side (P<0.05 tw-way RM ANOVA with 2-factor
repetition, hours after stroke and side). This effect was abolished after
treatment with DDOIF3HA (15 nyg/kg/day). 10 Infarct area through the
cortex was significantly reduced follsgwing treatnent wth D OHF3HA (15

ng/ kg i.v.) when conpared with vehicle. In sumary, D CHF3I-1A (15ngy/kgQ)
treatment significantly_inproved neurol O?I cal function in the gem negl ect
test, and hEEsier aracE BT SRbas g IHEERTS Fresthe SPRPRORRAMBH &hi ng stroke
conpar ed wieidvpwedtiich dudeeé ahmmim{R}l&uﬁ&s‘ nqrEtiotDEORFE Maingused locstpiifynoder at e

gﬂgtgg A h Fr?&lsﬂ:ﬁﬁ gﬁ bite #3 S Bigh Wirkde m{élﬁ't&@&zﬂ?ﬁgﬁ'ﬁﬁst 23( "
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was W t hi nmbdddiBbtrokd BicshOIrATps Al3) lrulitigurefcombomidegsitll d t o noderate stroke
t here was g niirficr nt i.ncr e in tenperature at 30 mnutes in both

t r eat ment Q%Q—MMW returned to .within nornal levels after
this ti m?h bZEEmFthI @meﬁfgnamsl quoﬁ&cf&'&d%a&& %b{b&l&ﬁ? aﬁs@és@d'ﬂtteb%lﬁyédr eat ment
groups exhi bited .si f er, neur ol ogi ca i Ci cor ,
pre- st r ok e HHE" g%ﬁvﬁg&%ﬁ'@f%‘c\éﬁ{lgw ﬁH‘%ﬁ"%‘Sﬁi&%&@& ?BG%rsg l(‘gur gery
scor es. 0TrewetnmEath it treeebied) 31 beiya doss Ofnﬁﬂ@ diasoivadate A6 PHEE; 46
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( P<0. 05, twewayn mem scques K'sHckyaegpeotesttlegitsr rle@nthah“metcéqserm ke and

si de). Mehifn@ b@ntolmtgwlanrsaﬂ&hahﬁﬂu§MWmﬁa alohd) IhGRRLETY, BEEHE Yedubed €NDVE

?\E):J(r:l;ya:‘ ?er St 89 géd.l-#'l(?,‘S(i‘ ECt S \'%‘EOIXQH g%%ﬁemﬁ'e%r@f&%do%eﬁgt | 5:50”1

t r eat nent F@Fﬁl\ W%ﬁﬁﬁ Wn(Fl gure 18). 56 Infarct area in
mld to m)der aMHFr(CbReng/hg)strEMntghl tffiéd o Qnbdexatsvatolss g figaiietdtly r educed

foll ow ng fmead RN bred dr Nnfdkdrodidut I HEHek Gnli- ﬂﬂc sREHS Rhp éﬁ@@'}nﬁlorrpar ed
W th Vgﬁ Cleficle kM . T et also agm%cantﬂr 1mprosv%tlsr'1|e A flcala Midotae” €duced

the ar
m mild to oderate siroke rats, in comparison to vehicle treated rats.
3" 4’-Dikydroxyflavone-3-hemiadipate (DIOHFIHA) for treatment of Stroke

Each rat received 3 bolus doses of DIOHFIHA {ISmgfkg/dajr iv.) dissolvedina
Na;CQy buffered saline (0.1M, pH 7.8) for injection.

25 Vehicle DIiOHFIHA
Grade #2 (n=3) #2 (o=1)
Grade #3 (n=4) #3 (o=4)
Grade #4 (n=7) #4 (1=6)

Following stroke, there was no significant weight loss in either treatment group.
30 Core tempetature prior to stroke in both trestment groups was within normal
physiological limits. Following siroke there was a significant increase in femperature at
30 minutes in both treatment groups, however temperature returned to within normal
levels after this thme. Following intravenous imjection of vehicle or DiOHF3HA,
temperatire appeared to increase in both treatment groups but this was not sxgmﬁoanﬂy

35 different from pre-stroke temperature.




i nfarct through the striatum 5 In summary, DI OHF3HA (15 ng/ kg) treatnent
in mld to noderate stroke rats significantly reduced the area of infarct
through the cortex and the striatum conpared wth vehicle treatnent
DO{F 3HA treatnment also significantly restored neurol ogical function in
the hem neglect test. 10 Unl ess otherw se indicated, all values in graphs
are neans with s.e. nmean shown by véstical |ines. Any discussion of
docunents, acts, materials, devices, articles or.the |ike which has been

included in t resent speci.fication is solely. h f
providing a cf ¢ FiRke TR ”brbggeh a@?f@egﬁ?qune%h{bﬁéq é‘gﬁggﬁﬁgq@%e?aken as an
adni ssi on nptatogial deficitaicpren 24,148 b2 hawrstreskstiols Whea cempired R PTi or art
base or WefgkL QFHRN HetReR with OWeIBHEA K13 heykddeg) dndaebreblaninptaveiihe present
i nventi-on _as jt.exi d, bef t I-,00 | : f lMRf this
appl i cat i &ﬁ‘f‘fomc%d%%%t S ﬁ‘fg‘ré ?ﬁbggf#gg% d&‘%\%/{a ﬁ%gﬁﬁi&dwﬁ%g%pﬂ%g%%r

vari at i dngekigleriraated rdsophipls druted rais showyrd Gessged IR g Bt %0d to

i nply t he libety G0 theobtrekes hiftotal c@firabiterate fitrgpann tvdga r ccpmagdepithothegr oup of
el tem?“t S, iﬁéﬂ{aﬁﬂa@fsﬁie%<§.b§,p§}o-\b+ﬂ REQANCIS: &% 1dcaR :@ﬁeﬁﬁaﬁgyh&mmerelberrent :

i nteger or' step,. or, gr.Qu el ement.s, .integers o e e

appr eci at §F°%% %‘%F@Sﬂsﬁgﬁieﬁfj%dw?sﬁqiéhegt %%%%ér%&%%%ﬁ%@o@é and/ or
nmodi fi cat inegdkg/day). be nmade to the invention as shown in the specific

enbodi ment's Wi inkeu areke Pasighnle G600 Wiresiggificantly aediseb fdloping teativentent i on as
broadly 2

consi deregﬁﬁﬁﬁg}m?&ggct pé%3ﬂjﬁE:e Pﬁgﬁgﬁf&?gﬁﬁaﬁbtﬁgf iO(r:Ie', vfa.o l5)(7a *THE

CLAI M5 DEFI NI N& THESFRV/E _ Ogetmegt g ATy and/ or
vet er i nar yeuoingis] {uncivnciorthy kanineplert pist ahd slee rdduedd Hie gred /06 demescdpi nari | y
accept abl gnCafth@RolRiwitk RO borhhgat Witk veididtreatthedt €aSt one conpound of the

ggﬂg{gllgg:%.ecrgzéz@ HA znmﬁgroomodercﬁregroie; wherein: = denotes a single or

A selected group of rats were studied with mild to moderate stwokes.

. Vehicle DHOHF3HA
Grade #3 (n=4) #2 (n=1)
Grade #4 (n=3) #3 (m=4)
20 Rais did not lose weight following mild to moderste siroke in either treafmert

group. Core temperature prior to stroke in both treatment groups was within notmal
physiclogical limits. Following mild to moderate stroke there was a significant increase
in temperature at 30 minutes in both treatment groups, but temperature returned to
within normal levels after this tims.. -

25 Folloﬁiug mild to moderate strokes, rats in both ireatment groups exhibited
significantly higher neurological deficit scores pre-siroke and 24, 48 and 72h post-
stroke when compered to pre-surgery scores. Treaiment with DiOHF3HA (15
mg/ke/day) had no sffect on neurological deficit scores when compared with vehicle
treated rats. Vehicle treated rats with mild to moderate strokes showed an increased

30 latency to touch sticky labels from the stroke affected contralateral forepaw when
compared with the Ipsilaterat side, at 24 and 48 hours (P<0.05, two-way RM-ANOVA
with 2-factor repetition, h after stroke and side). Vehicle ireated rats also showed an
jncreased latency to remave sticky labels at 24 hr (P<0.05, two-way RM-ANOVA with
O~factor repetition, hours after sttoke and side), These effects were abolished following

35 treatment with DIOHF3HA (15 mg/kg/day) (Figure 18).




R, R, R3, R4, R5 are independently selected fromH, OH or a group
according to Fornula (la): 10 -OL-D-E (la) in which:Ois oxygen; L is a
| i nker group which is covalently |linked to the oxygen and D, if present, or
is covalently linked to the oxygen and E, or is absent; 15 D is a spacer
group having a chain |l ength equivalent to about I to 20 carbon atons, or
is absent; and Eis a solubilizing graggp, wth the proviso that the

sol ubilizing group is not a sul phamate group and R5 is not a

4-p-flur obenzoy -1- erl di 0 rou rovi ded that at, | east one
of R, &é ‘ﬂ rmﬁ??ﬁ: ’i%yég”ﬁ-ﬁ’%gﬂgﬁ FOReX as f‘%‘?l%FFé’Fl}'pr ovi S0
that the cdﬁtﬁl@@d]ﬂrﬂommaaahqnt with PIOBRIH ALY nigfkeHwd pendal) ahaprmempared

3,4 -di ber\ii'ﬂi @hycié?» fé @ flbl@Y-ﬁfJHA Bea Gk QY sibnBicantld reduced the area of

tr| benzyl o ﬁg 2-

benzyl oxet ho>?‘m)%1 o -

- d| benzyl oxy- 7- met hoxyf | avone; 7-(
net hoxyf Pavone; @mﬁlﬁ

- di benzyl oxyfl avone, 3', 4'-dibenzyloxy-7 25
&@GQMR)@@}M@@M@M B mpddangg pirakedats 4" -

tri benzyl oxitliffcaniyereddded 4he &sbm@mam%@xmﬂaqw%mr&mp&w 4" -

?Ir ngﬁ )Zflyloxy.m% ﬁ/ﬁg’ﬂ@%&%{n ﬁiél‘ﬁ"ﬁ-g@ lt)rg%zn;% %%‘gﬁlﬂ%y Z?s?ow:flneurologcal

propyltr| F'HT@F\P?}W(? Brik: 3- (34 -dibenzyl oxyflavon-3-yl) 58

propyl tri nmet hyI anmoni unbr om de; 6- (3'4'-dibenzyl oxyflavon-3-yl) -

hexyl It { iloet hyl aones dﬂmhihsleﬁﬂcﬁt%ted%g \(aYues #h dgrgﬁ]s a}éﬂa@eﬁgwﬂn%yxfnb&vﬂevﬁ yl)-
propyltri unchl ori de; , enzyl oxy- 7-

di nmet hyl an%%opropoxy% flavone; 3', 4'- d| benzyl oxy- 3- (3 5

di et hyl am noprﬁﬁ%%‘)’“ﬂp’aﬁ’%ﬁl@mﬁ@ss acls; myferidn Agviesey frtialeer-tBe bke/whighet i ¢

Zm g N 3 lhas b@gbagzqddon yheala:emmr spacifiéariog lisisnae fbalio paposd’ of providing a
i'benzylegxeiZor 16 I ;
cOX¥at 3o ﬁ@@éﬁ@in)(' r{ﬂéh B:Q§Ec§t t@ﬁﬁﬂg? 0% an a9m}1|ss ion fht mp{hoxy 10f avone:

4 dlhy o] Vi roxy
glg h@ées%%g&fs ?% a%%elﬂﬂoélﬁﬁth?fﬁ%mz:m‘?@a@&ﬁ@ kngwledge Inhay dr oxy- 7-
(3 d| met hy Fﬁﬁ Tﬁ’éﬁ%ﬁb‘k&‘/?’fﬁﬁfw&w@fm@s it exyisted el thel proeity ate of cach claim

(2- et hoxycaf ihipapplieatiasi d) flavone; 3', 4'-dihydroxy-3- (3-

E ;: x: Eg: :g Rgﬁeﬂﬂfﬁh& %f‘é@&@ﬁcaﬁ?’%q e w%éﬁ'y%én?%ﬂse ,301( (Igﬂa’hﬂns such as
mpnse or compnsmg will ‘be mderbtoed to maply the inclusion of a stated
20  element, integer or step; or group of clements, integers or steps, but not the exclusion of

any other_ element, integer or step, or group of elements, infegers or steps.

It will be appreciated by persons skilled in the art that numerous variations
and/or modifications may be made fo the invention as shown in the specific
embodiments without depariing from the spirit or scope of the invention as broadly

25 described. The present embodiments are, therefore, to be considered in all res_pécts‘ as
illustrative and not restrictive. . -




L]

trlnethylanlnooctyloxy) flavone; 3-nmethoxy-7,3", 4'-trihydroxyflavone; 3-
(7, 3, 4" -trihydroxyflavon-3-yl)- propyltr|nethylannnnlunnhlorlde
3'4'-dihydroxy 15 3-net hoxyfl avone; 3

- di hydr oxy- 3- hydr oxyet hoxyf | avone; f di hydr oxy- 3-
-(3-di net hyl am nopr opoxy) fl avone; 3', -di hydroxy- 3-gl ucosefl avone; 3',
4' - di hydroxy-3-rutinosefl avone; 7- (2 hydroxyoxyethoxy) 3, 3, 4

tri hydr oxy THPODEAINIS (NN HEINVIATHO Ak RSNAORYD 4-one; 7-
acet oxyfIaVﬁne % g al mt gegf cetin; 3-0-acetyl quercetin; 3-0-Propionyl
20 querceti 3- 9?%/}8 PrHete@nm@am@wtlmqa@m@&zngna 3-0- hexanoy!|

quercet! n; 3 0- dt'iéxanammhcaﬂyetrﬂﬁirlvatenaaﬂly% bcﬂﬁ@f?ﬁdﬂd@nt% 2&nBop i 0?/I
quer cet i n; erce uercetin; 3-0-mristoy
quer ceti n; 3 0- hgg%gﬁ%llgacn ﬁouaéjgf@gtgf:ﬂera (@Téﬂlaeﬂ quer cetin;. 3-0-stear oyl

guercetin; pentapal mtoyl quercetin; pentaacetﬂi quercetln pentapropionyl
25 quercetin; pentabutyryl quercetin; pentavalk ryuercetin; pentahexanoyl
guercetin; pentaheptanoyl quercetin; pentaoqg quercetln pent anonanoyl
quercetin; pentadecanoyl quergétin; guerceti n; pentaniristoyr
guercetin; pentaheptadecanoyl qusg N, pentat eoyl guerceti n;
pent ast earoyl quercetin; 3-0-pal 3-0-acetyl gal angin
3-0-Propi onyl gal angi n; 30 3-0-butw ; 3-0-val eryl gal angi n;

3- 0- hexanoyl gal angin; 3-0- heptanqQyl Iangin; 3- 0-oct anoyl gal angi n;

3- 0- nonanoyl gal angi n; 3-0- decanoy ga“angln 3-0-l auroyl gal angi n;

3-0- n1r|§toyl gal angi n; 3-0- heptadecanoyl gal angin; 3-0-ol eoyl gal angi n;
3-0- st earoyl gamédegiinm; trlpalnltoyl gal angin; triacetyl galangin; -
tripropionyl gaka t 1. but 3 | angin; trivaleryl galangin

tri hexanoyl gal an H&lo%sasl % ﬁﬁ%‘iﬁl g%‘%g B trioctanoyl gal angin;

tri nonanoyl gal IRh&@Mﬂbpaydbrat}gseﬂﬁctetdﬁrdmu{ @YH 059 graipl ROGdME
trimristoyl galanghﬁpmﬁﬁﬂggg}adecanoyl gal angi n; triol eoyl galangln
tristearoyl gal angin; 3-0-pal'mtoylnmorin; 3-0-acetyl norin; 3-0-Propionyl
norin; § 0-butyryl norin; 3=6-QeateLy+—B+HE 3- 0- hexapoyl nDrin; 3-0-
heptanoyl nDrln 3h0 octanoyl norin; 3-0-nonanoyl norin; 3-0-decanoyl 5
norin; 3-0- Iauro‘W ﬁBrln 3-0-miristoyl norin; 3-0-heptadecanoyl norin;
3-0- oIeoyI nDan$08ﬂﬂmstearoyl norin; tetrapalnitoyl norin; tetraacetyl

norin; tetrapr tetraval

t et r ahexanoy! P %?Eﬁiﬂg &gﬁwh{cgg%@% e\ﬁﬁ lmﬂni qgggfﬁgﬁndﬁéykwesem or
‘tetranonanoyl nori nis coyalenthtilinked d?lthemimgﬁﬂ andEyaliaebsspl; norin; -
tetramisi stoyl 1ug i BpackPglogh E}@Hﬁ@b@:ﬂ%@@ﬁ@fﬁ eJBABnt hebhRO f%% caltdn! "

tetrastearoyl norin, 3- 061' is absent; and

E is a solubilizing group,
with the proviso that the solubilizing group is not a sulphamate group and
R’isnota 4-p-flurobenzoyl-1-piperidinyl-propoxy group;
20 provided that at least one of R', R?, R?, R*, R® is other than H or OH;
and with the further proviso that the compound is not 3', 4'-dibenzyloxy-7-
hydroxyflavone; 3',4'-dibenzyloxy-3-hydroxyflavone; 3-hydroxy-7,3', 4'-
tribenzyloxyflavone; 3', 4-dibenzyloxy-7-methoxyflavone; 7-(2-
| benzyloxethoxy)-3—hydroxy—3 4'-dibenzyloxyflavone, 3", 4-dibenzyloxy-7-

25 . methoxyflavone; 3'4"-dibenzyloxy-3-methoxyflavone; 3-methoxy-7,3', 4'-
tribenzyloxyflavone; 3',4'-dibenzyloxy-7-hydroxyethoxyflavone; 3, 4'-
dibenzyloxy-3-hydroxyethoxyflavone; 3—hydroxyethoxjr-7,3',4'-
tribenzyloxyflavone; 3- (3', 4-dibenzyloxyflavon-7-y1)-
propylirimethylammoniumchloride; 3- (3'4'-dibenzyloxyflavon-3-yl)-




pal mtoyl fisetin; 3-O-acetyl fisetin; 3-0-Propionyl fisetin; 3-0-butyryl
-fisetin; 3-0-valeryl fisetin; 3-0-hexanoyl fisetin; 3-0- heptanoyl fisetin;
3-0-octanoyl fisetin; 3-0-nonanoyl fisetin; 3-0-decanoyl fisetin;
3-0-lauroyl fisetin; 3-0- mristoyl fisefin; 3-0-heptadecanoyl fisetin;
3-0-ol eoyl fisetin; 3-0-stearoyl 15 fisetiin; tetrapal mtoyl fisetin;
tetraacetyl fisetin tetrapropionyl fisetin; tetrabutyryl fisetin;

tetraval eryl f| séj o E e Tov & TalolV] rPxfn &ekl ’4'td§3téa@?ﬂ§)g§f?a%xl f)l setin;
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kaenpf eri de; Atk PX&%@%&YW@@)@W@W&%@M@W@ ﬂd@hy&o@y-

hept adelSanoy| Kﬁmmfcﬁ&ﬂdﬁonc»33&m1 QM&{ eﬂl%x BaRns! AU Whydroxy-
kaenpf eri de; er.i

r| de
tripropionyl kaer{%fdg?‘et(]fg anp?,{?lga r@ Sﬁ?rﬁf’élr %?&@P%‘?S?ﬁa‘%é’é’wﬁf@rl de;.
tri hexanoyl kaedtbf@pxy}&mﬁﬁoseﬂavdmpﬂa(ﬁewdrkregmxpétﬁbxgeg 3t gl-oct anoyl
kaenpferide; tr rige eride; trilauroyl
kae%f eride; tr¢%9@?g%é‘10%@£ﬂ%{)§ ngg)-z'ptheh h‘feHa{f %ézc(gﬁl?ﬁ?a KE&npt er i de; Y
triol eoyl kaenfCEPXydavane; %&a@lwﬂoymémﬁ@ﬁ-@eacem qgerpgtunn%@yfrrc)plonyl
(+) - catéchi n; %ﬁr&ﬁﬂtyb-édty%@ h&@&w 3- @ &ﬂeP pq;ue%ﬁh @"@h‘éﬁ&xﬁ@'ﬂ >

3-0-butyryl ( +) ; Q 0- hexanoyl

(+) - cat echi n; %’ﬁ ]6?3 artoﬁg 3 0‘°§ta€}° (9&“5’??8911’ “roeugingghi n;

3- 0- nonanoyl ( {;)lerceam,eﬁe& dﬁcaﬁesﬂqdemanmﬁ -Of iroybipeebiting 330 -Gaitisey DY |
(+)-catechin:  nBriind RbOYpiadeddicREG0LY: 3%%1&9Pa&rc§%“9yé-s£ea%o gatechin.

3- 0- ol eoyl (+) catec
quercetm pentapalmitoylquercetin; pentaacetyl quercetin; pentapropiony!

25 quercetin; pentabutyryl quercetin; pentavaleryl quercetin; pentahexanoyl
quercetin; pentaheptanoyl querceﬁn; pentaoctanoyl quercetin; pentanonanoyl
quercetin; pentadecanoyl quercetin; pentalauroyl quercetin; pentamiristoyl
quercetin; pentaheptadecanoyl quercetin; pentaoleoyl quercetin; pentastearoyl
quercetin; 3-O-palmitoylgalangin; 3-O-acetyl galangin; 3-O-Propionyl galangin;

30 3-O-butyryl galangin; 3-O-valeryl galangin; 3-O-hexanoyl galangin; 3-O-
heptanoyl galangin; 3-O-octanoyl galangin; 3-O-nonanoyl galangin; 3-O-
decanoyl galangin; 3-O-lauroyl galangin; 3-O-miristoyl galangin; 3-O-
heptadecanoyl galangin; 3-O-oleoyl ‘galangin; 3-O-stearoyl galangiri;
tripalmitoyl galangin; triacetyl galangin; tripropionyl galangin; tributyryl

35 galangin; trivaleryl galangin; trihexanoy! galangin; triheptanoyl galéngin;
trioctanoyl galangin; trinonanoyl galangin; tridecanoyl galangin; trilauroyl




stearoyl (+)-catechin;’ pentapal mtoyl (+)-catechin; peptaacetyl .
(+)-catechin; 10 pentapropionyl (+)-catechin; pentabutyryl (+)-catechin;
pent aval eryl (+)- catechin; pentahexanoyl (+)-catechin; pentaheptanoyl
(+)-catechin; pentaoctanoyl (+)-catechin; pentanonanoyl_(+)-catech|n,
pent adecanoyl (+)- | catechin; pental au oyI (+)-catechin; pentan1r|s;oyl
(+)-catechin; pentaheptadecanoyl (+)-catechin; pentaol eoyl (+) catechln,

pent ast ear oyl ( 4@ Qﬁﬁl%%ﬁ gafgngmpgtﬂyﬁ{agééa&()ﬁﬁaqﬁﬁ?{ @ acet yI
g 2) Sglt §f§l " gtgérgﬁ %FHZ@J@ %@m pylpoying éa@@éﬁvhmoan;cﬁ @elﬁnoamv
(-)-cat echi n -rﬁemsam;dtyz(yi Mrogiat a@lvﬂeq@nﬂmoawkanog{ hpff ?@" n;

- 0- h t I n m ri'stoy
- Cavennh, HebRbB Gl ki (st mig: L0 dsukan . -
20 steardyl (- )mmmék@flaurpphnalpm,IMmmstrﬁyi)mcgﬁ% e%lmptaﬂedﬁhaﬂgrg?%ﬂé h3| g)-

=) - i c
éealt ;\?gfgrlyln (-)- tec gwgteeélr'togwg@gﬁb@frg’falﬁme gﬁgﬁ?ﬁ% RYARSS0anoy |
(-)-catechin; pé?ff%ml yorq }etra@ab/éxﬂhnmn riettﬁ\atanyﬂanmyah tétrghegaicat hi n;
pent adecan_oyl (Tﬂmﬁ@t Rk anc%@%&lr@%b%ﬁktaﬁoy])m&%‘% ent n 2'%'1%9?(‘“ st oyI

-)- ; -)-catechin ) - cat echi n;
SRR T I R (N U RS
(+) - epi &8t echi nxetﬁh@tﬁﬂ@m@ﬂmhor(m}eml@@zl ﬁ@ﬁhnﬁeuastgaroﬁ%b!ﬂﬂ 3.0-

+
b catechi '3 ”Ba‘ﬁ“g’?‘é@ P B Mop G BRI bl s
3-0- nonanoyl (%) 'é’ﬁ‘iel*)dt etinsr3-Oheganiad disoty; 3 yhepprinogl fixeting3-BoQah@ar oy
(+) 30 epi cat echibdtin; 3-OnBhii iﬁyétm( ﬂo%@&ﬁﬁ) ?ﬁ%{t@_?:%)?au?&?}ﬁtf%g?caf'gy |

- t ’épi"cat echi n;
bt apal i toyl | ﬁﬁealeeiﬁ%#ptaﬁé}%%aiémn B ﬁ&‘ﬁﬂ%ﬁ%@@hﬁf@-stearoyl
pent apr bpi ony| f{isetinetrapslatioyhfiscting Riabesiyl trﬁ@eufx"ﬂ:tr ahe tar?ﬂn pent aval eryl
_ hi Q at ec
() ebi cat echi ﬂt B A A Y e SR B e R B e R oy
(+) - epi cat echi Is%éntegé@@amm&rfsm) tepinonsreyh fineting esttadbemb plyfisefin) -
(D Sept cat QCE?%&%‘@“"Y Pl ?“aﬁ%@i@@%% tgﬁ‘ﬁﬁ%’?g&@?ﬁ?@%ﬁ&%}ﬁwby|
(-)- epi cat echi Pets: §trageqroy! (Sf’ me%iocﬁ%]é%‘l%’ aegapiferplGpPavptyl kaempferol;
(-) - epiZfat echi r3- @P@mek@dmﬁfCM GHDOCB\I kﬁlemﬁfeﬁﬂvﬁbe{}élé (kﬁengp?% ot £chin;

- at ec ct anoyl
? ;) QSTSQSZLhI n@ hgﬁzgiogfgkfe(fngéfnrol 33-%— gg%e&(;ﬁf%r - —%{g@a{bb@,emp erol Y
(-) - epi cat echi n?’ Ognq;lan@y]rlqumpfer()] 3- O—decanoyl kaempferol; 3 O-lauroyl kaempferol
3-O-miristoyl kaempferol; 3- -O-heptadecanoyl kaempferol; 3-O-oleoyl
kaempferol; 3- 0—stearoy1 kaempferol; tetrapalmitoyl kaempferol; tetraacetyl

25 kaempferol; tetrapropionyl kaempferol; tetrabutyryl kaempferol; tetravalery!
kaempferol; tetrahexanoyl kaempferol; tetraheptanoyl kaempferol; tetraoctanoyl
kaempferol; tetranonanoyl kaempferol; tetradecanoyl kaempferol; tetralauroyl
kaempferol; tetramiristoyl kaempferol; tetraheptadecanoyl kaempferol; _
tetraoleoyl kaempferol; tetrastearoyl kaempferol; 3-O-palmitoyl kaempferide; 3-

30 O-acetyl kaempferide; 3- -O-Propionyl kaempferide; 3-O-butyry! kaempferide; 3- 5
O-valeryl kaempferide; 3-O- hexanoyl kaempferide; 3-O-heptanoyl kaempfende
3-O-octanoy! kaempferide; 3- -O-nonanoy! kaempferide; 3-O-decanoyl
kaempferide; 3-O-lauroyl kaempferide; 3-O-miristoyl kaempferide; 3-O-
heptadecanoyl kaempferide; 3-O-oleoy! kaempferide; 3-O-stearoyl kacmpferide;

35 tripalmitoyl kaempferide; triacetyl kaempferide; tripropionyl kaempferide;
tributyryl kaempferide; trivaleryl kaempferide; trihexanoyl kaempferide;




ebicatechin; 3-0-mristoyl (-)-epicatechin; 3-0-heptadecanoyl
(-)-epicatechin; 3-0-o0leoyl (-)-epicatechin; 3-0-stearoyl (-)-epicatechin;
pentapal mtoyl (-)- epicatechin; pentaacetyl (-)-epicatechin; pentapropionyl
)-epi catechin; pentabutyryl (-)-epicatechin; pentavaleryl

) - epi cat echi n; pent ahexanoyl (-) 10 epiggat echi n; pent ahept anoyl

) - epi cat echi n; pentaoctanoyl (-)-epicatechin; pentanonanoyl

) - epi catechin; pentadecanoyl (-)-epicatechin; pentalauroyl (-)-

pi cat echi n; peilapitatiost knempferjdep pia#dneghkaempietidea népinated acaayibfende

t echi
) ehi cat ochi n %&geﬁﬁ%i?z GO st R GAEHL rB R TERRBN S an- - one
15 2. The conpodiitepiadeeanontirenyplerides hmlm}ﬂl kavmefeeldq tHstearoybkantpderide; 8m an
ester, a car boxyhiifmidgi @h)-citbhinns o t,ﬁl (PResahaM. 6. Pfdp?onapgﬂs&?&hﬁl

+),

ester,, sulfoni ter hos hamate honat € ester onat e
zwitterionic sp C(SZ’E %ﬁ&atﬁ g5 3 Qﬂﬁ"ﬂ E fe)-hgxanoyi

(-
(-
(-
(
e
(
(-

G9e8IN; cycl i c
am ge OIquat er nanaBmmﬁmp?dtem 3- Q%@ﬁio&f(ﬂyﬂa&mﬁmgl%mbn sacchari dE
or dendri mer. Siti or di o' c m erein
is a selected f?%rzn&q%g?ogp‘? 22+ i |Iaur°¥ﬁ+f)c?FWF%‘ %acbl’m“ﬁ?fﬁg;hom c
aci d, phosphat e(@ssatachin; édDJ}nepthgktcaneyiqu}Lcﬂbchmj 3-Goslacyil(a)-catectdn; 36adri mer .
25 4. The C°”p°§tb5rb9ﬂ+§-%ﬁ&51%h“§er&@aﬁﬂ?foﬁft¢%B%e&{iﬁ p;ﬁh&%g&g{@g%% Cfi, wherein

Eis fd ected froni an ester 5. The
conposi tY on accB?’H?Rf@p‘P@’ia(ﬁircﬁﬁ@ll&fP@F@“ﬂﬁﬁb@%%tgc@naﬁlmavamlr(éﬂﬂ Eis 30

gr oup accordl Ngcdtechig pebidaRexahbyt (+§Lcaﬂ&cl€1hbﬁentah@p b/yl"m%ﬁdeéhmw' s 0, NH, S,
0-, NH or catrLonic s

ammoni um cat i onﬁgl &qaoc afloynig‘c%tfnghlg pef’r‘i%m@mggﬁ -CrehLL PSR 3?1‘&“9}51 @S‘ai m 5,

wherein Wis 0. calechifn@em@hpwl (+)a¢ataﬂ:m|pdntag1msioylj (ex)-omtbcldn; cl ai m 6, wherein

XisHt 58 The gﬁagfgg@aééaheﬂ @k 2‘?&%391 PDCcaRlcnfil; PufBsidarbt Gy- WHEr el n

E is an ester
15 catechin; 3-O-palmitoy! (- )-catechm -O-acetyl (-)-catechin; 3-O-Propionyl (-)-
catechin; 3-O-butyryl (-)-catechin; 3-O-valeryl (-)-catechin; 3-O-hexanoyl (-)-
catechin; 3-O-heptanoyl (-)-catechin; 3-O-octanoyl {-)-catechin; 3-O-nonanoyl

(-)~catechin; 3-O-decanoyl (-)-catechin; 3-O-lauroyl (-)-catechin; 3-O-miristoy]
(-)-catechin; 3-O-heptadecanoyl (-)-catechin; 3-O-oleoy! (-)-catechin; 3-O-

20 stearoyl (-)-catechin; pentapalmitoyl (-)-catechin; pentéacetyl (-)-catechin;
pentapropionyl (-)-catechin; pentabutyryl (-)-catechin; pentavaleryl (-)-catechin;
pentahexanoyl {-)-catechin; pentaheptanoyl (-)-catechin; pentaoctanoyl (-)-
catechin; pentanonanoyl (-)-catechin; pentadecanoyl (-)-catechin; pentalauroy] (-
)-catechin; pentamiristoyl (-)-catechin; pentaheptadecanoyl (-)-catechin;

25 pentaoleoyl (-)-catechin; pentastearoyl (-}-catechin; 3-O-palmitoyl (+)-
epicatechin; 3-O-acetyl (+)-epicatechin; 3-O-Propionyl {+)-epicatechin; 3-O-
butyryl (+)-epicatechin; 3-O-valeryl (+)-epicatechin; 3-O-hexanoyl (+)-
epicatechin; 3-O-heptanoy! (+)-epicatechin; 3-O-octanoyl (+)-epicatechin; 3-O-
nonanoy! (+)-epicatechin; 3-O-decanoyl (+)-epicatechin; 3-O-lauroyl (+)-

30 epicatechin; 3-O-miristoyl (+)-epicatechin; 3—O-heptadécanoyl (+)-epicatechin;
3-O-oleoyl (+)-epicatechin; 3-O-stearoyl (+)-epicatechin; pentapalmitoyl (+)-
epicatechin; pentaacetyl (+)-epicatechin; pentapropiony! (+)-epicatechin;
pentabutyryl (+)-epicatechin; pentavaleryl (+)-epicatechin; pentahexanoyl (+)-
epicatechin; pentaheptanoyl (+)-epicatechin; pentaoctanoyl (+)-epicatechin;

35 pentanonanoyl (+)-epicatechin; pentadecanoyl (+)-epicatechin; pentalauroyl (+)-
cpicatechin; pentamiristoyl (+)-epicatechin; pentaheptadecanoyl (+)-epicatechin;




00 -CQCWX 01c) . wherein Qis a substituted or unsubstituted al kyl ene,
al kenyl ene, al kynylene, 10 optionally interrupted by;one or nore
heteroaton(s); Wis O NH, S, 0-, NHf, or S; and X is H substituted or
unsubstituted al kyl, alkyl benzyl, a nono- or divalent cationic salt, or an
ammoni um cationic salt. 15 9. The conposjtion according to claim8, wherein
Qis substituted or unsubstituted |ower "alkylene. 10. The conposition
according to claim8 or claim9 wherein Wis 0. 20 11. The conposition

according to anypeateledy] Ghabpitatethin®péntastdles @li(M)-BpitsehiR MOSRAMRoyIgS)- €'
g h>p Fo ?a@%g : 1illg?-YaR6 ()Iﬂ )ER}, R% \}\,her_eiqltr%i ,2c5)y38)|ts 0,
according to the nH : %ﬁfﬁz ) -
NE, S, 0-, NIT, eSf'ca%P, 11, 5786514 hepicagehind- R apionyHakgristieshin: »-Qel ect ed
fromH, substit iugcybf)-epicatbatin;3uOethlalki)-epidatothin:3-Ochedthandil et cgft i on ![ c
salt, or an a | t b Qi | A )3, d2p s Thes conposi tion according to
claim 11 m(g;”g}éﬁi(%{@g% ,§Qg¥1§p%r?0§}1§) eﬁ}%&%@g‘%gg? P‘thﬁoyjé c?PEﬂaEf'ﬁgF’o any one
of the pfecedi ngopingyhE)-episatechin; 2O-lecanoyl (epepicitediin; 3R2-,la|-alﬁ%yl Wééanj Rg :? ?
hosphate est er «aRaREMNILA-QilifleyITO P Aedi)3- 0GR praBenoy I il .
\R/hergi n R6 and 3 are iln ep,erlrdeﬁ_){ r(() iﬂg+ect ed fr_ompﬁ,‘ea gﬁb@t?@% eé‘ ar
unsubstituted aPKYTOe! Rivaicatsebin; I4-sistroyht)-spiceicdimnenpalaritayirfoni um
cationic salt. epicdschin{isentapob(-}-cpibataeiinl sinlpréRodNY-) PR aRninde precedi ng
claims, wherein plentlagutyryl (-)-epicatechin; pentavaleryl (-)-epicatechin; pentahexanoyl (-)-

10 epicatechin; pentaheptanoy! (-)-epicatechin; pentaoctanoyl (-)-epicatechin;
pentanonanoyl (-)-epicatechin; pentadecanoyl (-)-epicatechin; pentalauroyl (-)-
epicatechin; pentamiristoyl (-}-epicatechin; pentaheptadecanoyl (-)-epicatechin;
and pentaoleoyl (-}-epicatechin; pentastearoyl (-)-epicatechin; 7-(acetoxy)-2, 3-
dihydro-2-phenyl-4H-1-Benzopyran-4-one.

15

2. The composition according to claim 1, wherein E is selected from an ester, a
carboxylic acid, sulfonic acid, phosphonic acid, phosphate ester, , sulfonic ester,
phospharmate, phosphonate ester, sulphonate, zwitterionic species, amino acid,
amino phosphonate, acyclic amine, cyclic amine, quaternary ammonium cation,

20 polyethylene glycol, oligosaccharide or dendrimer.

3. The composition according to claim 1 or claim 2, wherein E is a selected from
an ester, carboxylic acid, sulfonic acid, phosphonic acid, phosphate ester,
polyethylene glycol, oligosaccharide or dendrimer.

25

4. The composition according to any one of the preceding claims, wherein E is

selected from an ester, carboxylic acid or phosphate ester.

5. ‘The composition according to any one of the preceding claims, wherein E is

30 group according to Formula (Ib):
O

il
—C-W—X (Ib)

wherein
WisO,NH, S, O-,NH or S and
X 18 H, a mono- or divalent cationic salt, or an ammonium cationic salt.
35




present and selected from-CO, ester, phenol,.phosphonate ester,
carbamate, carbonatee :or a Mannich base. 10 15. The.conposition according
to any one of the preceding clains, wherein Lis -CO. 16. The conposition
according to any one of the preceding, clains, wherein D present and

sel ected fromsubstituted or unsubstitutged al kyl ene, al kenyl ene, 15

al kynyl ene, optionally interrupted by one or nore heteroaton{(s), aryl,

het eroaryl, cycl oal kyl or heterocycloal kyl. 17. The conposition according
to claimil® whdheicomPosiion ascbdihg taitledh 6y wheremuWsis it ut ed al kyl ene, :
optionally interrupted by one or nore heteroaton(s). 20 18. A

phar maceutically and/or veterinary conposition conprising a

phar maceut i’eal | &hanq:/npﬂsitjem aedonding foyclaiot & pt elaire 6cwheiety Xay Hdi | uent t oget her
with at |east one conmpound of the general Formula Il: RLR2 OIl / Il rR3
O 25 . wherein_denotes a single or double bond; and R, R2 and R3 are as
defined ?nSany dHECEMPPHEOBEORHNE P BYAnsPL clgimp itnd, phervindbistangster he
conpound i s not agotdfgty tHR¥ormdtlignyl - 4H 1- benzopyr an- 4- one;

7- (acet oxy) -2, 3-dihydro-2-phenyl-4H 1-Benzopyr an-4-one; 64

3', 4" -di hydroxy- 3-(2-ethoxycarb xyIic_%bid) fIavoa%j 3', 4" -di hydr oxy- 3-( 3-
trimet hyl am nopropoxy) flavone;:C—Q~—C~W—X
3',4'-dihydroxy-§f%p-trinethylaninohexyloxy) fl avone;

3',4'-dihydroxy?’ §3trinethylaninooctyloxy)'flavone and 3',4' -

di hydr oxy- 3- (-3- di ne€hy hanbsityied poryspbititated nékyldne] Sikenylgleaalkmnyderied, cal | y

and/ or terinary co it nglr' L i.cal ly and/ or
veteri nlell{fi | y accept ag}ag&%%drl&p%{ré 0 eﬂ?’?’&gﬁ?ﬁ'@ggﬁﬁgﬁw (gﬁ at | east one
conpound of the gen¥riaO; PELntIQ, NHi, or 8 agg

X is H, substituted or unsubstituted alkyl, alkylbenzyl, a mono- or divalent
cationic salt, or an ammonium cationic salt.

15 9. The composition according to claim 8, wherein Q is substituted or unsubstituted
lower alkylene.

10.  The composition abcording to claim 8 or claim 9 wherein W is O.

20
11.  The composition according to any one of claims 1 to 4, wherein E 1s a phosphate
ester according to the Formula (Id):
Z
1 6
—P—YR (Id)
YR’
wherein
25 YisO,NH, S, O,NH, or S’;
ZisOQorS;and
R® and R’ are independently selected from H, substituted or unsubstifuted

alkyl, a mono- or divalent cationic salt, or an ammonium cationic salt.
30 12.  The composition according to claim 11, wherein Y and Z are O.

13.  The composition according to any one of the preceding claims, wherein at least
one of R', R R®, R*and R® is phosphate ester according to the Formula (e):




OPR O1 0 wherein R3 is defined as in any one of the preceding clains
with the proviso that the conpound is not 3',4'-dihydroxy-3-(2-
et hoxycarboxylic acid) flavone; 3',4'-dihydroxy-3-(3-trinethylam nopropoxy)
flavone; 3',4'-di hydroxy-3- (6-trinethylam nohexyl oxy) flavone; 3',4'-
di hydr oxy- 3- (8-trimet hyl am nooctyl oxy) fdavone and 3', 4'-di hydroxy-3-(3 15
di met hyl am nopr opoxy) flavone. 20. A pharnmaceutically and/or veterinary’
conposition conprising a pharmaceutically and/or veterinarily acceptable
carrier or diluent together with at |east one conpound of the general
Formula IV: OHOH OI | IV O OR°0 whgepin Qis substituted or
unsubstituted al kyl ene, optionally &Zerrupt ed by one or nore
heteroaton(s) X is H_.a nono- qr | ent cationic salt, or an amoni um
cationic salt. 25 @%ergn R Bnd Reanpodenendenthf setdeasdird o \whebaitite@ot S
substituted or g i r_ 3 optionpally interrupted by one
or nore heteroat o%)ﬁ?dtédzjggglﬁk%r ng}céﬁ%ll?@t:ﬁapg&gﬁgﬁb?r %‘eWP?IHHWaEOmC
conposition cor‘rﬁ?]it'si ng a 5 pharnaceutically and/or veterinarily acceptable
carrier 6r diluent together with at |east one conmpound selected fromthe

roup conprissin -. (Benzyl oxycar bonyl but yl car bony] oxy) f| avone;
g_ Hy(F:I)r 0x3r/r1PI 1 g\'/ongvhg _cox%xgﬁ,?léé{x ﬁ%%)éc,ﬁng & Xny oneof the precg/ding %:ll)aims, wherein L is
a- I(ﬁgnzyl oxy) - 9ff(5@®?ﬁ!39k?®drﬁmﬂﬂ®4iwgg PhEGIIOXISHANE] carbamate,

' - roxyflavo . Thage » 4 - enzyl oxy-
(benzyl oxycar boﬁﬁbgﬁtg%gﬂﬁﬁgﬁ%&?%f | avone; 3',4'-Di hydroxyflavone 3-
hem adi pat e; 3, 4' - Di - (benzyl oxycar bonyl but yl car bonyl oxy) fl avone; fl avone

3,4' - bi $¢ hasi admatookpodtion BoodBREZK! SR BOME HUELAZLHIMY RS pYPNe:
- -CO-. ‘

16.  The composition according to any one of the preceding claims, wherein D
present and selected from substituted or unsubstituted aIkyleﬁe, alkenylene,
15 alkynylene, optionally interrupted by one or more heteroatom(s), aryl,
heteroaryl, cycloalkyl or heterocycloalkyl.

17. The composition according to claim 16, wherein D is a substituted or
unsubstituted alkylene, optionally interrupted by one or more heteroatom(s).

20
18. A pharmaceuticaily and/or veterinary composition comprising a
‘pharmaceutically and/or veterinarily acceptable carrier or diluent together with
at least one compound of the general Formula II:
I
25 . wherein

= denotes a single or double bond; and

R', R? and R? are as defined in any one of the preceding claims;

with the proviso that the compound is not 3-(acetyloxt)-2-phenyl-4H-1-
benzopyran-4-one; 7-(acetoxy)-2, 3-dihydro-2-phenyl-4H-1-Benzopyran-4-one;




(D benzyl oxyphosphoryl oxy) fl avone; 3, 7-Di hydroxyfl avone 3, 7-

bi s( hem adi pate); 4':-Hydroxy-3-Hydroxyf | avone 3-quat emary amouni um 15
ester; Flavone- 3- phosphat e di sodium salt; - (Benzyl oxy) - 3-

(di benzyl oxyphosphoryl oxy) fl avone or 3- Hydr oxyf | avone- 3- phosphat e di sodi um
salt. 23. A nethod of preventing and/or ggeating a disease(s) in a subject
associated with 20 the presence of reactive oxidative species (ROS), the
met hod conprisin adm nistering an effective anmount of at |east one
compound speci f|3eél dlhydramySe(ﬁeetbdxﬁcbnebopylﬁﬁ:ﬁﬁh)rfgw@h@l3mi &my&}ok 8_@Br OVI so

that the corrpou a ycar 1C ac
f | avone %imhﬁl oX m%prz)é y’ I dmdﬂ%q’rgﬁigif? m%%ﬁ%@'&ﬂ]&e}w 0Xy)
-di hydroxy VOI(fB3t> Td{@dﬁ%ﬁ&ﬁt(ﬁéﬁéﬁﬁﬂﬁ@)loédtﬁl\mylhﬁa\&naénd3 4'-
d| hydr oxy- 3- ( 8- Wiiyded»yy3-Brane&as g Oﬁd ?x s=nd 3', 4" -di hydr oxy- 3- (3-
di et hyl ?m nopropoxy) flavone. 24. The od accor di ng to claim23,
wherein the subject in need of such 30 treatnent is at risk of -devel oping

[ s;:]t]aem a. 125h N‘gdlamaadmdcﬂgcmdzl@r;@térﬁmﬁ;} @dﬂ?ibc%ﬁwn%b%ipﬁisihlgti‘ef subject is
suffering ischa erfusi as a result of an acute or
chronic conditi g @gé}g %aB#%&%Y%SW ({fpﬁéquﬁngqragr whlvent togetherivith he
chronic conditi @Heasgog@p@np@md dfrtbsrgmmm&brmnlarlﬁbrovascul ar di sease,

pul nonary vascul ar di sease, 66 atherosglerosis, artery disease, congestive
heart di sease, coronary di sease, perip eral_vascular di sease, di abetes,
hypertensi on, mgraine, burns, chroni obsOHucti ve pul nonary di sease and
retinal vascul ar disease. 5 27. The ng il according to claim25, wherein
the acute condition is sel eeted oke, nyocardi al infarction,

nmechani cal trauma resul ti cm- criish Tnjury or sdHgery. 28. The nethod
according to claim 27, whereis ktgery is vascul ar surgery. 10 29. The
nmet hod according to claim28, wh he vascul ar surgery is heart bypass
and/ or transplant surgery. 30. THe met hod according to any one of clains 27

to 29, Mherein wnkeexﬁm?nguaﬂnécﬁas Iﬂin?g{%ﬂf?&gﬁ‘&gdﬂx CliEHI%SSUbJ ect before

and/or during the su reventing, del aying the onset

of and/or slow ng t'H Qgg?é’ ?@§%F}@ﬁt componed Bt dxblikydamel-a1(2cor onary heart
di sease in a suifjagrarbonylid siidflavone; 3',4'-dihydroxy-3- -(3-trimethylaminopropoxy)

flavone; 3',4'-dihydroxy-3- (6- -trimethylaminohexyloxy) flavone; 3',4'-
dihydroxy-3-(8- ~-trimethylaminooctyloxy) flavone and 3'4'- -dihydroxy-3-(3-
15 dimethylaminopropoxy) flavone.

20. A pharmaceutically and/or veterinary composition comprising a

pharmaceutically and/or veterinarily acceptable carrier or diluent together with
at least one compound of the general Formula IV:

v

20
wherein

Q is substituted or unsubstituted alkylene, optionally interrapted by one or.
more heteroatom(s)

X is H, a mono- or divalent cationic salt, or an ammonium cationic salt.
25




adm nistering an effective anmount of at |east one conpound specified in 20
any one of the preceding clains with the proviso that ithe conpound is not
3',4' -di hydroxy-3-(2- ethoxycarboxylic acid) flavone;

3', 4" -di hydroxy-3-(3-trinethyl am nopropoxy) flavone; 3',4'-dihydroxy-3-
(6-trinmethyl am nohexyl oxy) flavone; 3', 445

di hydroxy-3-(8-trinethyl am nooctyl oxy) flavone and 3',4'-di hydroxy-3-(3- 25
di met hyl am nopr%)xy) flavone. 32. A therapeutic and/or prophylactic method
of preventidlg andiesompositioiired chim@i0swase{s)) i subatitatdd @ ahsasEaté@loe@r W t h
the presence of gieagld ¥ ' [ t he net hod conpri sing:
30 administering an ef @%gﬁeﬁ%ﬁ%ﬁg? 0§§0Txé1§ge§%?{8§t8 ound specified in
any one of claims 1 to 22. 33. A nethod of preventing and/or at | east

amel i orati rip. t hey gadrngeadtRaBy shdbeedter idroCE g and/ or
reperfusion inj Ué? t he. met hod. o r_i%%éggp%%ﬁl.steﬁ%g@an effective
amount of at | eRSFMGEY SHAET ¥pleEnaiz acseptablgsardercorshluentdppeha with 22. 67

34. Adngt h;)ﬁ of ap!’%&@lﬂbicﬁ@pﬁﬂd%’ﬁleﬁd fre@dshe g@ﬁbb@ﬂh?hkx{i% 3dan?ﬁedt 0 a subject
caused by the a n erapeutic a met hod conpri sing
co- administeri g%%%?oﬁg%%?%gwyga Bonﬁﬁ{’)‘ﬁﬁiaéfﬁlé%t%?@ygﬁéﬁﬁ?voé‘ﬁé‘i i)

adni ni steri ng afe@iadingts; ¥é-(Bemmixyd-Gendyasicabonylbotyarinhysaediidiogs i n
any one of clai q&ﬂyd}&yﬁgm%_hg}gﬁdg%;é??%a Te] 19%,_59 claim 34, wherein

t he theL peutic a‘%%gt s an oxidatl d thera euti ¢ agent. 36. The nethod
accor di @ to cl & FXyGRFerintylrebemdpypavons; dgtrbilydraxyflaede 3-cancer
agent. 15 37. ThemisgipatsB 4CDRBerglok9carbeiylb lcm%ﬁfrlekﬂﬂfab&z@%}:&?encef
agent is anthrag)&@_lbisrhee i%%% Qggg)n%gﬂx S tpereo : 3}5. ge met hod of any one of
clainms 23 to 37 wherei 8 SGURACTR OXXERTP ARvE bty learbspglory)lavens: Sal | v,
subcut aneous, pdPiémaviedyphosphotyiexy)Seviner 3,7 Dihydrox20awiesri-al  and/ or
intravenously. B@het}si . Qf g7 0 iaf ] in_any one of clains
1to 2 1J__or t he glrSe Igléarlg%g)(’)n o? d%%g%gﬁggrﬁgﬁ?%% 34%‘%%“%3%%%‘5“% t he
gener al 1For mul a®5tet; avone-3-phosphate disodium salt; 4’-(Benzyloxy)-3-
(dibenzyloxyphosphoryloxy)flavone or 3-Hydroxyflavone-3 -phosphate
disodium salt.

23. A method of preventing and/or treating a disease(s) in a subject associated with
20 the presence of reactive oxidative species (ROS), the method comprising:
administering an effective amount of at least one compound specified in
any one of the preceding claims
with the proviso that the compound is not 3',4'-dihydroxy-3-(2-
ethoxycarboxylic acid) flavone; 3',4"-dihydroxy-3-(3-trimethylaminopropoxy)
25 flavone; 3’,4'~dihydroxy-3— (6-trimethylaminohexyloxy) flavone; 3',4'-
dihydroxy-3 -(S-H'imethylaminooctquxy) flavone and 3',4'-dihydroxy-3-(3-
dimethylaminopropoxy) flavone.

24.  The method according to claim 23, wherein the subject in need of such
30 treatment is at risk of developing ischaemia.

25.  The method according to claim 23, wherein the subject is suffering ischaemia
and/or reperfusion injury as a result of an acute or chronic condition.

35 26. The method according to claim 25, wherein the chronic condition is selected
from cancer, cerebrovascular disease, pulmonary vascular disease,




RR RSO151R 240 wherein: = denotes a single or double bond; and
68 R, R2, R3, R4, ‘R5 are independently selected fromH OH or a group
according to Formula (la): -OL-D-E (la) wherein: 5 0 is oxygen; L is a
| i nker group which is covalently linked to the oxygen and D, if present,
or is covalently linked to the oxygen an@ E, or is absent; Dis a spacer
group having a chain length equivalent to about 1 to 20 carbon atons, or

i s absent; and el; i? a .sol ubil.izing group, with the proviso that t he
sol ubi |'i zi ng gr SUFTPEIGHRES, aéte? S RAPrOBS G NG bearhdlissaseledranant diatast,east one
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p-f1 ur obenzoy! - he prOVISO t

conpound i s not f| avo{rle?)hgx(&%&éa%e#ag Eascgl #5diga550ne, hydroxy-,
acetate; Flavone, 3-hydroxy-, acetate; (t) 41- Acet oxyflavanone Fl avanone,
3,4', 7-t§i I»ydr oXxhe mehSLRl meffn

3. 7-bi s(acet yl ox%/jm - di h?lf:ld?% %la%] eny Wé%ﬂ}e acH{s%)COhdIEPP }s selected from
Benzopyr an- 4- oné&* -’P’é’@é?rﬂaé 20{1411?(&@@10?] tosupesuting f3mrdsthipflrpor (t) ;
(+)-4'",7-D acet sxrgbdyavanone; (2S, 3S)-3, 7-Di hydroxyfl| avanone di acetate; 20

Flavanone, 3,4' -di hydroxy-, diacetate; Flavanone, 3',4'-dihydroxy-,
di acetate; Flavanone, 3, 7-di hydroxy-, di acetate; 4H—1 Benzopyr an- 4 one

3,7- bis( 288 yl &?)Twmo(dammmwdrmmmimﬁﬂﬁ-sdtg@bsdis%scu(%@uﬁ gﬁ
Fl avoneio 3 3 - di hydroxy-, diacetate; Flavone, 4 hydr oxy-, acet at e;
, diacetate; Flavone, 3 3 7 tr| hydr oxy-,

Fl avone, Jgg%dr QXxy.
tri acet at e ﬁ’@thoﬂ agcordingig Claﬂmﬁ%ﬁd Wﬂmmn the Vastobir abm@ery is heart b{pass

4H 1- Benzopyranmﬁ!@ftﬁmsﬁlaﬁ &y 0Xy) - 2-[ 3, 4- bi s(acetyl oxy) phenyl
Fl avone, 3,4',7-trihydroxy-, tr| acetate; Flavanone,

30.  The method according to any one of claims 27 to 29, wherein the compound is
15 - administered to the subject before and/or during the surgery.

31. A method of preventing, delaying the onset of and/or slowing the progression of
atherosclerosis and/or coronary heart disease in a subject comprising
administering an effective amount of at least one compound specified in
20 any one of the preceding claims
with the proviso that the compound is not 3 4"-dihydroxy-3-(2-
ethoxycarboxylic acid) flavone; 3‘,4'-dihydroxy—3-(3-trimethyiaminopropoxy)
flavone; 3',4'-dihydroxy-3- (6-trimethylaminohexyloxy) flavone; 3'.4'-
dihydroxy~3—(S-Himéthylaminooctyloxy) flavone and 3',4'-dihydroxy-3-(3-
25 dimethylaminopropoxy) flavone.

32. A iherapeutic and/or prophylactic method of preventing and/or treating a

disease(s) in a subject associated with the presence of reactive oxidative species
(ROS), the method comprising:

30 administering an effective amount of at least one compound specified in
any one of claims 1 to 22.

33. A method of preventing and/or at least ameliorating the damage to a subject
caused by ischaemia and/or reperfusion injury, the method comprising
35 administering an effective amount of at least one compound specified in
“any one of claims 1 to 22.



3,4 ,7-trihydroxy-, . triacetate; 4H 1-Benzopyran-4-one,
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preparation of a medicament.

25 40. A compound of the general Formula I:

wherein;

— denotes a single or double bond; and
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35 trimethylaminooctyloxy) flavone; 3-methoxy-7,3', 4'-trihydroxyflavone; 3- (7,
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(+) - cat echi n; pénrtibhdpkagdinydroflayanohleebiats; 3-Qoa in{ 3)0O-a&dr@chi n;

t | d al |
(- catinn: plealhe 30 oM BERRRY- O('E}é?‘ﬂ?/gﬂ‘éeﬁf o008 - cat echi n
pent aol eoyl ( +) qlwatreﬁ@@hl?ﬁo -rxancd qeercoty; X @}he@tanaybcqﬁemenns_?»@—pahmﬂ oyI

ni n; S @saemt vl in; 3:6: _
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cat echi n; h‘@’ﬁf‘é’*ﬁ’&y Q n}mgtgylé&wqgmgﬁ@ bentadrsgmonl qyerseiins ShPrpleoyl

? ;) no?anﬁyl (qﬁermhesm-@teaﬁ)yﬂqme?ﬂ@ bnthpalm@d ,hléﬁé’ﬂc&m eﬁ)tah &0y | Cechi
ca in; 3- cate cano -).- cat echi n;

3-0- ol e%cu (-)- %‘%f ﬁéﬂq%prf}péﬁg’ ‘1“35“"@91 Pf'(“t‘j?"“%m' ‘gl’r‘i’ﬁ‘?‘ %{’6 i t oyl

(-)-catechin; Mf&aaepﬂjﬂtal(ex?n%éqe@hem, pepiah¢pimroyd qud:nr(, pentaadtaedyl n;

pentabutyryl (-quefRlif! ﬁl?ﬁﬂ\ﬁﬂ!ﬂ%é p(en‘éad&%l ) d%rcetlf?eé&@ oy
(-)-catechin; pentahep ano catec enta -)- catechin;
pent anonanoyl (qwr%gpemt%mmﬁ@a ﬁ%&%ﬁb?lﬂme&)ﬁw?@wﬂ AuCTpRSiY apniaclogyl ( -
) - cat echi n; penjuerdetihSpediyAstdardyl qaktetn; @rOHﬁi&hﬁbﬁga ﬁaﬁ@lhce@yl 2l §1C|h' ”+
é[SJI Eg?tez?ﬁ: ﬁoyls 3((5 acggiﬂ%P&%}a‘é@?? ‘t%‘ﬁ?%'?éﬁlaég é’r%ﬁ 6%9‘73’?@3#51“%51 fg)[ ecﬁ?/n (-
3-0- butyr yI (Bexaivé gelenginn3-(Bheptombyd gplangin) 3-€pocmted palangid: 8-Mexanoy|
(+)- nonanoyl galangin; 3-O-decanoyl galangin; 3-O-lauroyl galangin; 3-O-miristoyl
galangin; 3-O-heptadecanoyl galangin; 3-O-oleoyl galangin; 3-O-stearoyl
galangin; tripalmitoyl galangin; triacetyl galangin; tripropionyl galangin;
25 tributyryl galangin; trivaleryl galangin; trihexanoyl galangin; triheptanoyl
galangin; trioctanoyl galangin; trinonanoyl galangin; tridecanoyl galangin;
trilauroyl galangin; trimiristoyl galangin; triheptadecanoyl galangin; trioleoyl
galangin; tristearoyl galangin; 3-O-palmitoylmorin; 3-O-acetyl morin; 3-O-
Propionyl morin; 3-O-butyryl morin; 3-O-valeryl moriﬁ; 3-O-hexanoyl morin; -
30 3-O-heptanoyl morin; 3-O-octanoyl morin; 3-O-nonanoyl morin; 3-O-decanoyl
morin; 3-O-lauroyl morin; 3-O-miristoyl morin; 3?O-heptadecanoyl morin; 3-O-
oleoyl morin; 3-O-stearoyl morin; tetrapalmitoyl morin; tetraacetyl morin;
tetrapropionyl morin; tetrabutyryl morin; tetravaleryl morin; tetrahexanoyl
morin; tetraheptanoyl morin; tetraoctanoyl morin; tetranonanoyl morin;
35 tetradecanoyl morin; tetralauroyl morin; te&amiﬁsfoyl morin;

tetraheptadecanoyl morin; tetraoleoyl morin; tetrastearoyl morin; 3-O-




. epi catechin; 3-0-heptanoyl (+)-epicatechin; 3-0-octanoyl (+)-epicatechin;
3-0- nonanoyl (+)-epicatechin; 3-0-decanoyl (+)-epicatechin; 3-0-Iauroyl
(+) 20 epicatechin; 3-0-mristoyl (+)-epicatechin; 3-0-heptadecanoyl
(+)-epicatechin; 3-0-oleoyl (+)-epicatechin; 3-0-stearoyl (+)-epicatechin;
pentapal mitoyl (+)- epicatechin; pentaaddtyl (+)-epicatechin;

pent apropi onyl (+)-epicatechin; pentabutyryl (+)-epi catechin; pentaval eryl

hi t.ah |
() ebi cat echi nPaBEREBEEAN S HatelyspiscR beionony BER: S AMDY fiscin
(+) - epi cat echi n3-Qonleayldisating3-Otigxannil dates-0-hgpembnd uetiny3-O-dotanoy!
h eca
e
(+) - epi cat echi nmIBsioyjpaichn; o{-ng cagmyt as -0Beay y b-U-stearoy
)" e g ey S ey, B
(epl) ca!tO echin; 3- 5B b‘b’@ﬂéﬂ;?%{?:-t?tf%‘ﬁieéﬂt fisstinfetrahayanetl Asehn; tetrahepignexdt echi n:
3-0- nonanoyl h(ﬁ&etﬁ@tmbet@hbﬁ ﬁs&u@i&@ﬁ@ﬂ@ﬂd l(rt]isémﬁl@étﬁaaﬁ@&lbggé%egﬁg | 'aur oyl
- t chi e
g g eSPL;? Eag(r:n h%ua%uﬁ)y?ﬁél ; (%%/m)“i‘ &éﬁoggﬁ Wnagéma%eﬁ%%r@bfset{na }et’@Bie&’&}( echi n;
pent apal mi t oyl ﬁseyim maeiaamghﬁm?m()&pslangdy( kenepfekt 2Ohdcetyl Rmﬁmfcﬂpl onyl
| gt echi ey i

28 e Mt L N A v
) - epi cat echi nf -Iis Qb@r&m@éhmnpfml %@wﬁm&h@}mllferol
) - epi cat echi 3. Cpﬁdiﬂ@d?nmx&r& 3= @meaﬁwtawn f@l%'ﬁtﬁbai'dﬁ lkie@pferol

_pl cat echi n; ﬁfkﬁm I. tg@c% ; Ol)Q'e(g“ te}glt(gl Pc”ﬁP tah gﬁgne%%/,

) - epi cat ech|
(-)-epicat echi rkaeﬁm@aohtﬁys}eﬂoylkaezdpfemr mtrapa:lhmyl kaéhbpferBE métﬁﬁydst?n 4-one;

d vat es
Cher eofﬂpﬂac%‘%&eﬁ@"@r‘éhﬁﬁgi R L A i S R N
an ester, a be t%&héxans%ﬂ k%ﬂﬂfﬁe@éltwamn@@pﬁdﬁﬁmp&@fd tetyahoiapddt e
ester,, sul fOﬂll@e&%ﬁﬁ‘bl tetdPoRRRTPRATRIErol; RB:%%BMﬁa of; SHAIRIBYAT €,

zwitterionic spec mno aci ospho am ne, cyclic
ami ne, quater ngﬁ’a§ e(ﬁﬁ“&‘&fti"%kae g‘?@@ﬂ?ﬂﬂ%@ @g(i‘ae’@Pfe@?}saccharl de or
dendriner. 42. téﬁ@l@@d‘faemnplfeaﬂpmtrdstengoyldc&h@fmléGl@praﬁmadymkéémpﬂrﬂﬂé€:§ n E i's
a seleeped fro oni

aci d, %El)osphat reb e‘slégﬂ& g i 6;6‘!)1{1)& i%lng g’ogsgjgf(): ?}8‘%’815)5]8@%@“ nmer .
43. The corrpouerVa@EdH@fﬁmngea bﬁ@ﬂwl I@Balpmd¢03*t€bh@anoyﬂlka@npfeﬁd¢ s

sel ected 3-O-octanoyl kaempferide; 3-O-nonanoyl kaempferide; 3-O-decanoyl

kaempferide; 3-O-lauroyl kaempferide; 3-O-miristoyl kaempferide; 3-O-

(-
(-
(-
(
e
(

heptadecanoyl kaempferide; 3-O-oleoyl kaempferide; 3-O-stearoyl kaempferide;

25 tripalmitoyl kaempferide; triacetyl kaempferide; tripropionyl kaempferide;
tributyryl kaempferide; trivaleryl kaempferide; trihexanoyl kaempferide;
triheptanoy! kaempferide; trioctanoyl kaempferide; trinonahoyl kaempferide;
tridecanoyl kaempferide; trilauroyl kaesmpferide; trimiristoyl kaempferide;
triheptadecanoyl kaempferide; trioleoyl kaempferide; tristearoyl kaempferide; 3-

30 O-palmitoyl (+)-catechin; 3-O-acetyl (+)-catechin; 3-O-Propionyl (+)-catechin;
3-O-butyryl (+)-catechin; 3-O-valeryl (+)-catechin; 3-O-hexanoyl (+)-catechin;
3-O-heptanoyl (+)-catechin; 3-O-octanoyl (+)-catechin; 3-O-nonanoyl (+)-
catechin; 3-O-decanoyl (+)-catechin; 3-O-lauroy! (+)-catechin; 3-O-miristoyl
(*)-catechin; 3-O-heptadecanoyl (+)-catechin; 3-O-oleoyl (+)-catechin; 3-O-

35 stearoyl (+)-catechin; pentapalmitoy! (-+)-catechin; pentaacetyl (+)-catechin;
pentapropionyl (+)-catechin; pentabutyryl (+)-catechin; pentavaleryl (+)-




)

froman ester, carbexylic acid or phosphate ester. 20 44. The conpound
according to any one.of clains 40 to 43, wherein E is’ group according to
Formula (Ib): O i I (Ib) -CWX wherein 25 Wis O NH, S, O, NFor S;
and X is H, a nono- or divalent cationic salt, or an anmonium cationic
salt. 45. The conpound according to cldm 44, wherein Wis O 30 46. The
conpound according to claim44 or claim45, wherein Xis H 47. The

conmpound accordi n t.o an one Ohél ai 40 to 44, \gﬁ&rel n is an ester
according to thEAER,Regtabpxguoy mé P@)tahe@w@‘) )%afﬁﬁhmvxher ein Qis a
substit ut eg gr pm‘taxbﬁdno@rh(ﬁﬂ:a&dchw gagandlalieyty(-pogectih; kpéﬂﬂd@&ﬁwﬂ 991 l onal |y
interrupted by et at.o S-;
and 5 X is H, sg (fhlrt' lﬂeg{?? erﬁB%t? %pé’&tagfl?wyl gﬁfﬁ%ﬁ@ﬁzyl a m)no- or
di val ent cat i opérdateptadecamoyhft)sateohinupertatleayl i(€)-sHédhin; @ntaﬂamogb(ﬁ)ound

ol one? 16 Gotudils. ?’f‘,}%ﬁrﬁgwﬂ-&fdﬂw OUIES1 P oIS Plfona PXET
is O 50. The cemgssumd-Qdwayal Gr@rcatécfaﬁw&éal@wi ¢)-apieshiap3-Qohaanoyler ei n E

is a phosphat ecf&dhg; 3200RHeNBYI (Rciteik: IO Rarldyf)-)-cdiechiftr X Borfahdy |
Y R wherein {-)-catechin; 3-O-decanoy! (-)-catechin; 3-O-lauroyl (-)-catechin; 3-O-miristoyl
(-)-catechin; 3-O-heptadecanoyl (-)-catechin; 3-O-oleoyl (-)-catechin; 3-O-

10 stearoyl (-)-catechin; pentapalmitoyl (-)-catechin; pentaacetyl (-)-catechin;

. pentapropionyl (-)-catechin; pentabutyryl (-)-catechin; pentavaleryl (-)-catechin;
pentahexanoyl (-)-catechin; pentaheptanoyl (-)-catechin; pentaoctanoyl (-)-
catechin; pentanonanoyl (-)}-catechin; pentadecanoy! (-)-catechin; pentalauroyl (-
)-catechin; pentamiristoyl (~)-catechin; pentabeptadecanoy!l (-)-catechin;

15 pentaoleoy] (-)-catechin; pentastearoyl (-)-catechin; 3-O-palmitoyl (+)-
epicatechin; 3-O-acetyl (+)-epicatechin; 3-O-Propionyl (+)-epicatechin; 3-O-
butyryl (+)-epicatechin; 3-O-valeryl (+)-epicatechin; 3-O-hexanoyl (+)-
epicatechin; 3-O-heptanoyl (+)-epicatechin; 3-O-octanoyl (+)-epicatechin; 3-O-
nonanoyl (+)-epicatechin; 3-O-decanoyl (+)-epicatechin; 3-O-lauroyl (+)-

20 epicatechin; 3-O-miristoyl (+)-epicatechin; 3-O-heptadecanoy! (+)-epicatechin;
3-0-oleoyl (+)-epicatechin; 3-O-stearoyl (ﬂ—epicatechin; pentapalmitoyl (+)-
epicatechin; pentaacetyl (+)-epicatechin; pentapropionyl (+)-epicatechin;
pentabutyryl (+)-epicatechin; pentavaleryl (+)-epicatechin; pentahexanoyl (+)-
epicatechin; pentaheptanoyl (+)-epicatechin; pentaoctanoyl (+)-epicatechin;

25 pentanonanoyl (+)-epicatechin; pentadecanoyl (+)-epicatechin; pentalauroyl (+)-
epicatechin; pentamiristoyl (+)-epicatechin; pentaheptadecanoyl (+)-epicatechin;
pentacleoyl (+)-epicatechin; pentastearoyl (+)-epicatechin; 3-O-palmitoyl (-)-
epicatechin; 3-O-acetyl (~)-epicatechin; 3-O-Propionyl (-)-epicatechin; 3-O-
butyryl (-)-epicatechin; 3-O-valeryl (-)-epicatechin; 3-O-hexanoyl (-)-

30 epicatechin; 3-O-heptanoyi (-)-epicatechin; 3-0O-octanoy! (-)-epicatechin; 3-O-
nonanoyl (-)-epicatechin; 3-O-decanoyl (-)-epicatechin; 3-O-lauroyl (-)-
epicatechin; 3-O-miristoyl (-)-epicatechin; 3-O-heptadecanoyl (-)-epicatechin;
3-O-oleoy! (-)-epicatechin; 3-O-stearoyl (-)}-epicatechin; pentapalmitoyl (-)-
epicatechin; pentaacetyl (-)-epicatechin; pentapropiony! (-)-epicatechin;

35 pentabutyryl (-)-epicatechin; pentavaleryl (-)-epicatechin; pentahexanoyl (-)-
epicatechin; pentaheptanoyl (—)—epicatechin§ pentaoctanoyl (-)-epicatechin;




Yis O NH S O, NH, or S; Zis 0 or and R6 and-R7 are independently
selected fromH, substituted or unsubstituted 20 alkyl, a nono- or

di valent cationic salt, or an ammonium cationic salt. 51. The conpound
according to claimb50, wherein Y and Z are O 52. The conpound according to
any one of clainms 40 to 51, wherein at Imast one of 25 R, R2, R3, R4 and
R5 i s phosphate ester according to the Fornula (le): 0 -P-OR6 (le) OR
wherein R6 and R7 are independently selected fromH, a nono- or dival ent
cationic salt, gentanoramyphi- hcrpicaeﬂﬂm;i mentabtanogD(- E@icd&bﬂxinmmmlmﬂoﬁc(c)gr di ng

fCC)I}a,rweg':lgr ° pﬁlaﬂioﬁﬁdéﬁﬁ é‘%n g" é?lcla%egﬁlgaééﬁ%&%agr%g‘ iﬂe 3%1 g[gf}k}gnmm ch
base. 75 54. Tﬂ?émé@lﬁﬁﬂdr&dem@@@?}m msniasteaoyl Ghepisttedting Trkace®xyp253, wher ei n

Lis -CO. 55 diiar @falﬂd:;mcg&ggoPﬁahg;@&y one of clainms 40 to 54,
rom substl tuted or unsubstituted

wherein Q IS present 5’\? sel ec

al kyl ene? al kenyl en82¢ R W‘F‘EW@ Y%%’PTW%H“W"YH?C@PWQ&S@HS BysA¥deor nore
het er oat on(s), #reyéaf. het eroaryl, cycloal kyl or heterocycl oal kyl. 56. The
conmpound according to claimb55, wherein Dis a substituted or 10
unsubstituted al kyl ene, optionally interrupted by one or nore

het er oat ontdd) . Fhe camp drdamgtoraddimgdQ, oviekwdn famesladted-bomudreestdr) 3 : Rl

RZ R3 i O wher giBoxdin amdj%ﬂﬁ&ﬁﬁ a@xd,sblggkjﬁo@%agﬂﬁ@io V\Flﬁg@gﬁelangﬂ%m rand R3

are as ggfl ned in any one e’provi so fat the
conpound’i s not Phesphamatg; @E@P@Q&ﬂtﬁ eshar aiiplonaten ARG ORICISRECIEY ARTIRY 2930Vi SO

that t he COWOUMIﬂ?Hw%h&Ia{eaQ@}cYb@ﬁlﬂe Syciphanink, dHatekn 9 RAARYTIBRA-Atione;

T e oyl e BB PR e e perRine: 'S 4 -di hyar oxy-

42.  The compound according to claim 40 or claim 41, wherein E is a selected from
15 an ester, carboxylic acid, sulfonic acid, phosphonic acid, phosphate ester,
polyethylene glycol, oligosaccharide or dendrimer.

43.  The compound according to any one of claims 40 to 42, wherein E is selected
, from an ester, carboxylic acid or phosphate ester.
- 20

44.  The compound according to any one of claims 40 to 43, wherein E is group
according to Formula (Ib):
0
1
——C-W—X {Ib)
wherein
25 WisO,NH, S, O-, NH or §7; and

X is H, a mono- or diyalent cationic salt, or an ammonium cationic salt.
45.  The compound according to claim 44, wherein W is O.
30 46. The compound according to claim 44 or claim 45, wherein X is H.
47.  The compound according to any one of claims 40. to 44, wherein E is an ester
according to the Formula (Ic):

(l? 1
—C—q—C-wx 1




3- (6-trimethyl arni nohexyl oxy) flavone; 3',4'-dihydroxy- 3-(8-
trinet hyl am nooctyl exy) flavone and 3', 4'-di hydroxy=3-(3-
di met hyl am nopr opoxy) flavone. 25 58. A conpound according to the general
Formula (I11): 76 OH/ OH / I R3 Y O wherein R3 is defined as in any
one of clains 40 to 56 with the proviso7hat the conpound is not
3',4'-dihydroxy-3 (2- ethoxycarboxylic acid) flavone;

- di hydr oxy- é& trimet hyl am nopropoxy) 5 flavone; 3',4'-dihydroxy-3-
(6 trlnethylanl Y1 oxy) flavone; 3', 4
di hydroxy-3-(8-tri mis;alsabstnmedtoyhmknmteﬂ\mlqﬂemdlkenyléne dilkyudlenxy - 3- ( 3-

di met hyl am nopr opox e.. 59, onpound accor o the general

For mul 36/1 (rv): P C]Fjl )C/])-I 1??@&‘“6*‘?—‘6@& O?é EJP“EB (ﬁ%’?@t n Qi sgsubsti tuted
or unsubstituted al RyiséheVHoptOoNAJor §° rﬁ;ndrrupt ed by one or nore
heteroaton(s) X is K ig ?1r'§9|5§9ftut9& op%f{s%#&ﬂ:flteﬁaahgg,%%ﬁ %Emﬁ')r-‘ oﬁgmanehym

cationic salt. 15 60. The conpoun alm I's substituted
or unsubstituted Iomﬁau%#lkﬁlbﬁéaﬂémwpﬁwm%&ﬁ“r upt ed by one or nore

het eroaton(s). 61. A conpound according to the general Formula V: / I |1 RS
O/ 1 R3 %Q © The compound according to claim 47, wherein Q is substituted or unsubstituted
lower alkylene.
10

49.  The compound according to claim 47 or claim 48 wherein W is O.

50.  The compound according to any one of claims 39 to 44, wherein E is'a
phosphate ester according to the Formula (Id):
7 ,
T p
, —P—YR (Id)
15 YR’
wherein
YisO,NI, S, O,NH, or S
Zis O or S; and | :
R® and R’ are independently selected from H, substituted or unsubstituted
20 alkyl, a mono- or divalent cationic salt, or an ammonium cationic salt.

51.  The compound according to claim 50, wherein Y and Z are O.

52.  The compound according to any one of claims 40 to 51, wherein at least one of

25 RLRE R R*and R is phosphate ester according to the Formula (Ie):
O
—P OR® (Ie)
OR’

wherein R® and R” are independently selected from H, a mono- or divalent

cationic salt, or an ammonium cationic salt.

30 53.  The compound according to any one of claims 40 to 52, wherein L is present
and selected from -CO-, ester, phenol, phosphonate ester, carbamate, carbonate

or a Mamnich base.




wherein R3 and RS ar.e defined as in any one of claims 40 to 56 77 wth the
provi so that the conpound is not 3-(acetyl oxy)-2-phenyl-4H1
benzopyran- 4-one; 7-acetoxyflavone; 7-hydroxyflavone di ethyl phosphate or
7- hydroxyfl avone di-isopropyl phosphate. 5 62. A conpound sel ected from
the group conprising 3- (Benzyl oxycar bomgl butyl car bonyl oxy) fl avone;
3- Hydr oxyfl avone 3- hem adi pat e;

-(Benzyloxy)-S-(benzyIoxycarbonylbutyIcarbonyloxy)flavone;

- Hydr oxyfl avone 3-hem adi pate; 3',4'-Di benzyl oxy- 3-

( benzyl oxyaar boryk bumgb@xﬁr &L%ﬁ@waﬁl&%ﬂ%@cmﬁm 4b 1Ny iligvope 3 10
hem adi pate; 3, 4' - (benzyl oxycar bonyl but yl car bonyl oxy) f| avone; fl avone
3,4' -bis(hem adi pate); 3,7-D -(benzyl oxycar bonyl butyl car bonyl oxy) fl avone;
3, 7- Di hydr 6%yf | dhenemBouhdxcsbiting @ding ahe of chimd ol toosd) whetdnt Do yfdsaone- 3-

quat er nagy annn Ben

(di benzaf oxyphogﬁI %e?%t%§y§?lsgv%ﬁém§ @ﬁ%%%‘g‘i?fﬁng(}%’he a%e%%rg ﬁlﬁ'gy leli%

di sodi um sal t. eptionallyusteavpiad by ahe oonposhettematoudsr)paryd;,lhegpmaryﬂ,lt:ycdodhyh cally
qeneral Formi BRI 5 795 TR Ra 01 20 wherein: denotes a
single or double bond and R R2, R3, R4, R5 are independently sel ected

fO romH, OHser LaTﬂé Od;t{?n}ﬁﬁﬁlﬁr dbétﬁdmgotd:ﬁélﬂi% asq,| %6{6?1 Lf|>D1£ d |s't%l)stzt3éd' Br Whi ch
i s oxygen i s i rou i s cov en in 0 oxygen
and D, M? pr eseftst %ﬁ)timpeﬁfﬁl‘é’g‘?}?r g‘?ﬁ ﬁV |"?1tE’§'HptF W?Be @ﬁ’%{aa@m@ i }s/g

_absent; 78
57. A compound according to the general Formula (II):

oy

~ Wherein A
15 = denotes a single or double bond; and
R', R? and R’ are as defined in any one of claims 40 to 56;
and with the proviso that the compound is not 3', 4'-diacetoxy flavanone;
and with the further proviso that the compound is not 3-(acetyloxt)-2-
phenyl-4H-1-benzopyran-4-one; 3',4'-dihydroxy-3-(2-ethoxycarboxylic acid)
20 flavone; 3',4"-dihydroxy-3-(3-trimethylaminopropoxy) flavone; 3',4'-dihydroxy-
3- (6-trimethylaminohexyloxy) flavone; 3',4'-dihydroxy-3-(8-
trimethylaminooctyloxy) flavone and 3',4’-dihydroxy-3-(3-
dimethylaminopropoxy) flavone.

25 58. A compound according to the general Formula (IIT):




D is a spacer group.having a chain I ength equivalent to about | to 20
carbon atons, or is absent; and E is a solubilizing group, with the
provi so that the solubilizing group is not a sul phanate group and 5 R5 is
not a 4-p-f|urobenzoyl-l-piperidinyI-prg oxy group; provided that at |east
one of R, R2, R3, R4, RS is other than or OH and with the further
proviso that the conpound is not 3', 4'-dibenzyloxy-7- hydroxyflavone;
3',4'-di benzyl oxy- 3- hydr oxyf | avone; 3- yiroxy-7,3', 4'-

tri benzyl oxyfl avone; 3', 4'-dibenzyl oxy-7- hoxyf | avone; 7-(2 10
benzyl oxet hoxy) - 3- hydr oxy- 3', 4' - di bepZzyloxyT1avone, 3' , 4' - di benzyl oxy- 7-
nmet hoxyfl avone; 3'4'- dlbenzyloxyt§- i yfl avone; 3-nethoxy-7,3", 4'-

tri benzyl oxyfl avone; 3',4' ydi banzyhox -hydroxyethgxﬁflavone 3, 4" -

di benzyl oxy- 3- hydroxyethox l 3- hydr oxyet hoxy-7,3",4" -

tri benzyl oxyfl avone; 3- (3' A4 beng¥y/| oxyf | avon- 7- yI) 15

propyl trimet hyl anmoni unchl ori de; (3" 4" -di benzyl oxyfl avon- 3-yl) -

propyl tri nmet hyl anmoni unbr om de; & (3" 4'-di benzyl oxyfl avon- 3-yl) -

hexyl t ri met hyl amherginRe i defindé as Branfy bne f cladkhs 80 to®zy| oxyfl avon- 3-yl ) -

ProPYltrimethyY ~
@ oot ! e nopr opos T FATEGHSS biteing Loty HORTEYb bl
di net hyl ani nopr s%emarqua%ﬁ@d) figvoney3’ W%’WY&Q riehy BIBNaproREeN | o

acid; 35, 4'-dfbedeybuosids s%ﬁieﬂ{yq&ﬁﬁaﬁé@&dwﬂa%ne 34
4' dlbenzyloxy

exa u |nosefla
4' - di hydr oxy- 7- ﬁ'\!}@’H BRYT & eﬂ% amﬂwociaﬁ( Sﬂ&?@e@dtﬁﬂF@kWPﬁﬁﬁy@ravone
3, 4'-dihydroxﬁnﬁﬁhﬂ&mﬁk@ﬁqkhy)ﬂmmmepropoxy) flavone; 3', 4'-dihydroxy-7-
(3-di net hyl am nopropoxy) flavone; 3", 4" 25 di hydroxy- 3-
(2- et hoxycarboxylic acid) flavone; 3', 4'-dihydroxy-3- (3-
tri met hyl aAPnopfoieepppng hecosdiags tqathe ganerg] Fgrapdx IV3-  ( 6-
trimet hyl am nohexyl oxy) flavone; 3' 4 -dihydroxy-3- (8-
trimet hyl am nooctyl oxy) flavone; 3-nethoxy-7,3, 4'-trihydroxyflavone; 3-
(7, 3, 4" -trihydroxyflavon- 3- yI)-»‘os, i met hyl anmoni uncthl ori de;
3 4' - dlhydroxy 30 3- nethoxyfl

, 4'-di hydr oxy{1Vy

4' - di hydr oxy- 3- gl ucosef | avone; 3",

4' - di hydroxy-3-ruti nosefN.:4 . 0 dro Q%yethoxy) 3, 3, 4

tri hydroxyfl avone; 3-(acetylo )-2 phenyl - enzopyr an- 4- one 7-

acet oxyKl avone; 3- O pal ni t oyl dder cet ith; 3-@- acetyl guercetin; 3-0O Propionyl

wherein
Q is substituted or unsubstituted alkylene, optionally interrupted by one or
more heteroatom(s)

X is M, a mono- or divalent cationic salt, or an ammonium cationic salt.

15
60.  The compound of claim 59, wherein Q is substituted or unsubstituted lower
alkylene,_ optionally interrupted by one or more heteroatom(s).
61. A compound according to the general Formula V:
M
20

wherein R? and R are defined as in any one of claims 40 to 56




35 quereetin; 3-0-butyryl quercetin; 3-0-valeryl quercetin; 3-0-hexanoyl

quercetin; 3-0-heptanoyl quercetin; 3-0 octanoyl quertcetin; 3-0-nonanoyl 79
guercetin; 3-0-decanoyl quercetin; 3-0-lauroyl quercetin; 3-0-mristoyl
guercetin; 3-0-heptadecanoyl quercetin; 3-0-ol eoyl quercetin; 3-0-stearoyl
quercetin; pentapal mtoyl quercetin; penfadacetyl quercetin; pentapropionyl
quercetin; pentabutyryl quercetin pentavaleryl quercetin; pentahexanoyl 5
guercetin; pent ahept uer et| nta cta nonanoy|
quercetin; pentadecy Eﬁ{ Ef%@f‘gff E}tﬁhe o ﬂﬁ'B %ykﬁfg?’go ?h hﬁ‘@ﬂf‘ﬁ'&rﬁrl st oyl

quercetin; pent b&mppﬁdnélamwy U-aqetexpﬁauone, ‘pept@al fagdne cicshyd @hnsphate or 7-
pent ast ear oyl angi n; 3-0-acetyl gal angin;

3- 0- Pr opi onyl Jgﬁidﬁngﬁbggﬁ%ﬁﬁh%g% Z‘Jﬁgl n; 3-0-val eryl gal angi n;

3- 0- hexanoyl galangln 3-0 10 hept anoyl galangln 3-0-octanoyl gal angi n;
3- 0- nonanoy}. gaA%eﬂi unésaecté&ﬁaﬁqné gﬂﬁg%giéﬁ, inr - | auroyl gal angi n;

3-0-mristoyl a hept adecan 3-0-ol egyl gal angi n;
3- 0- st ear oyl ga&é’ﬁ@’ ﬁxycaﬂ?qnaéhw F@Pﬂidaﬁ%)ﬁ@}’?rw @gﬁ&kewﬂavgaﬁf 3ngi n:
11 hexanoy! ool anacn C ] hant ol W’@"wm”““f'éb‘f?"‘?;‘yfﬁﬁb%ﬁ%ia'“%%ﬂéﬁ°’%“’n

i hex [
tri nonanogl galzgggl&of‘}’ﬁ%ivé)@gkgwﬁ/a‘gg%ﬁg?% r‘Tt)]r P@i}f’ '3" m ygalgangl g
trimristoyl ga(lbamgﬂmxycarhohgﬂmadmbnnygdxygﬁdt\mng; w4 t-IBﬂwtlmyﬂa\gmbéngi n;
trist ealr(pyl gal h(rﬁ‘rigaé ﬁzrpgi) {(ﬁg Myﬁnﬁ%@%@hﬁé}lo@ﬂh nerledDr op| onyl

norin; 3-0-buty

hept anoyl nori rﬁ 4750 sbigthsanadingte); ﬁﬁrph(begzﬂbﬁﬁﬁ"?é lbliﬁﬂcﬁﬁb(’ﬂﬂﬂ@y)@émyl 20

nmorin; 3-0- IaurmJmerbﬁyﬂaaer mw-bﬁa@ﬁﬁadipiteﬁ 4'- yer ?masﬂm OOWong LI N;
3-0- ol eoyl norin stearo toyl norin tetraacetyl

nor i n;..tet L&
norin; tet rapr%ﬁfwam?wymgf?ﬁﬁu@? ?‘FBS i; tetraval eryl norin;
t et r ahex anoyl (direnmyloxgihoaptepylarp)flavomy ord-Hyetroxydlay ames3-phosphate;
t et rangranoyl rﬂ}édd@l:lmsé tradecanoyl norin; tetralauroyl norin;
tetramristoyl norin; t et r ahept adecanoyl norin; tetraol eoyl norin;
tetrastearoyl norin; 3-0- palmtoylfisetin; 3-0-acetyl fisetin;

3-0- Propi cgwl {4 ﬁ&&hd@tl@&[l%ﬂiﬂ)bﬁhﬁh cbinpitina nufraBRhRY ydceﬁﬂasﬁtdait&;er or
exano | Se etl n;
S o menaney ¢ i@k Yoedhes HaR ARG opt §%WPﬂ“ﬂ%°‘E‘gF A A

mristoyl fisetln 3- 0- hept adecanoy!l fisetin;R3-0-o0l eoyl fisetin;
3-0=stearoyl 30 fisetin; tetrapal mtoyl fisetin, Rétraacetyl fisetin;

tetrapropionyl fisetin; tetrabutyryl fisetj Y6t r aval eryl fisetin;
tetrahexanoyl fisetin; tetrahgptangyl

20 wherein:
== denotes a single or double bond; and
RY, R% R, R R are independently selected from H OH or a group accordmg
to Formula (Ia):

O—L—D—E (3)

25 in which
O 1s oxygen;
L is a linker group which is covalently linked to the oxygen and D), if present, or
is covalently linked to the oxygen and E, or is absent;




3

fisetin; tetraoctanoyl fisetin; tetranonanoyl fisetin; tetradecanoyl
fisetin, tetralauroyl fisetin; tetramristoyl fisetin; tetraheptadecanoyl
fisetin; tetraoleoyl fisetin; tetrastearoyl fisetin; 3-0-pal mtoyl
kaenpferol; 3-0-acetyl kaenpferol; 35 3-0-Propionyl kaenpferol 3-0-butyryl
kaempferol ; 3-0-val eryl kaenpferol; 3- @hexanoyl kaenpferol; 3 0- hept anoyl
kaenpferol; 3-0-octanoyl kaenpferol 80 3-0- nonanoyl kaenpferol;

3- 0- decanoyl 3-0-lauro 3-0-m

et S LA A P RN

kaenpf erol ; tetrapadtomkoyis kbemmfaadol ; tetraacetyl kaenpferol;
t et rapropi onyI but yryI kaenpferol; tetravaleryl 5
ER b 0

kaenpferol; tetT erol; tetrahept anoyl kaenpf erol ;

t et r aoct anoy! kaenwrtbﬂaﬂprowp itlae dlreaspbhilizing gpfpriohot ilpledetagopp and
kaenpf erpl ; tetgal;auf oul _ﬂﬁﬁ%&ﬂé&l’}(ﬁ_ @&; e aenpferol;

t et rahept adecanoylS kaen‘pp ferol tet rplg IB a%m?pgeﬁlou tet rastear oyl
kaenpferol ; 3-0- pal FPYH$ ﬂ%éﬁlﬁ’ﬁ@ﬂnﬂ@ ORac%t: W ik adsDH :OH

ﬁ- 0- P][ opi gnyl ka’iﬂ%ﬁﬁﬂiedﬁrth&ﬁwb&db Yoy thel@mhﬁmmtlﬁ 419110@1?}@1))37

ae eri de; eri ano a

3- Ofrgct anoyl| ka@’r%‘?’@&p Hén gagnﬁg "i'g%‘#ﬁ?‘ ?Vcﬁ’gg 3 Ebgrgg}ﬁ gr#

kaenpf eri de; 3-tbbbmmylayifiakaser3f, di-libenzyde)-matbdgxflavieae fpRer i de 3- 0-

hept ad noyl 0z I

kagrrpf g@ladey h%:ﬁ%ﬁn&?o )-%hgaﬁ%g??%edi tr E%?ghgfo%a?éh%f&lﬁéggy ?’rl pr opi onyl
kaempf eri de; 19n¢thpxflayepe; X4 Jogr-3 -mpﬂwyféa‘gﬂnek%r@wﬁwar’aé;4tr| hexanoy!|
kaenpferide; trbhes lcﬁdymborksa@nmfcﬁbér&?}oxymm%a ARV n!, de;

ST R M R N 'ﬁ‘% YL Saomf eri de:
kaenpferide; t rtnbemzata){yﬂakam;rﬁi € Mlbeﬁzylﬁx}dﬁd\«rmt-byl) (+)-catechin;
() - cateeni n: ) Sgnae iy aptanu; (3”(%&%3&% Byt vy
3- 0- hept anoy! (pxypsdm lammmorausbroswige: 6- (3= @lb@ 880163ﬁdhanoyl (+) -
O St oyl B BT o () aar g A 305- of eoyl
(+) - cat echi %; KL %ﬁ@ﬁmﬁwgﬁgx&ﬁ? ﬁ? 8’%’?& Pﬁ? (+) - cat echi ny
pentaacetyl (+)dimethgtminop@popdritapnad, mﬁibeﬁzglegﬁseml n; pentabutyryl
hesrctonr POkt SRR AR AR
(+)-catechin; peri-dbenarioyy- 3(t¢§faac§é’ﬂée¢ﬂs Hayonat 3 4udibgizyloxy=Tat echi n;
pentani ri st oyl hesdacs lﬁlr@ﬁﬁbsﬂ:ﬂav&%qtﬁh“-‘@ih?&%%?ﬂ%ﬁbﬂfb}(yﬂﬁ&%hﬁ N'_dihydroxy-~
pent aol eoyl (+) a}gd?gxye 0 %g;[fc?r% %a pglhgzdroxy-’? (3-trimethylaminopropoxy)

flavone; 3', 4'-dihydroxy-7- (3-dimethylaminopropoxy) flavone; 3', 4'-

25 dihydroxy-3- (2-ethoxycarboxylic acid) flavone; 3', .4'-dihydroxy~3- (3-
trimethylaminopropoxy) flavone; 3', 4'-dihydroxy-3- (6- '
trimethylaminohexyloxy) flavone; 3', 4-dihydroxy-3- (8-
trimethylaminooctyloxy) flavone; 3-methoxy-7,3', 4'-trihydroxyflavone; 3- (7,

3', 4-trihydroxyflavon-3-yl)-propyltrimethylammontumchioride; 3'4-dihydroxy-

30 3-methoxyflavone; 3', 4'-dihydroxy-3-hydroxyethoxyflavone; 3', 4-dihydroxy-

3- (3-dimethylaminopropoxy) flavone; 3, 4'-dihydroxy-3-glucoseflavone; 3', 4'-
dihydroxy-3-rutinoseflavone; 7- (2-hydroxyoxyethoxy)-3, 3, 4-
trihydroxyflavone; 3-(acetyloxt)-2-phenyl-4H-1-benzopyran-4-one; 7-
acetoxyflavone; 3-O-palmitoylquercetin; 3-O-acetyl quercetin; 3-O-Propionyl

35 quercetin; 3-O-butyryl quercetin; 3-O-valeryl quercetin; 3-O-hexanoyl
quercetin; 3-O-heptanoyl quercetin; 3-O-octanoyl quefcetin; 3-O-nonanoyl




30 cat échi n; 3-0-palmtoyl (-)-catechin; 3-0-acetyl (-)-catechin;

3- 0- Pr opi onyl ( )- catechin; 3-0-butyryl (-)-catechin; 3-0-valeryl

(-)-catechin; 3-0-hexanoyl (-)- catechin; 3-0-heptanoyl (-)-catechin;

3-0-octanoyl (- ) -cat echin; 3-0-nonanoyl (-)-catechin; 3-0-decanoyl

(-)-catechin; 3-0-lauroyl (-)-catechin; 7-0-miristoyl (-)-catechin;

3-0- hept adecanoyl (-)-cat echi n 3-0-o0l eoyl (-)-cat echi n, 3-0 35 ﬁt ear oyl

catechi n; pentapal -)-cat echi_n; pentaacet -)-cat echi n;

|(oe)nt apropi ony|  (@AU§TCELR; gcé? AuEFGEss rOayroylquerqsin; é'ﬁéﬁ’@éﬂﬁ@ﬂer yl

(-) - cat echi nI 8 huerpetirt; ahemfaﬁbce(my} @L@hﬁ-ﬁlm BLO- BEB%P&%%EH&HOSUC}[-&SQID?]N e?:hl n;
ent aoct ano atec anon echin ent adecanoy

E)- ) - cat echi %; pgh? HPSY apzehrpﬁ)y G&Fﬁcgﬁ?rﬁ/enﬁ’gﬁ téﬁﬁ‘ier%eﬁlay!ﬁ“?%r)m@a?@chu n;

pent ahept adec anqyd:rc:ém) pcattabcﬂyrsd quergeint; gehaeyleryl qpercetire phntahexpaaglast ear (r)]yl

catechin 3 teC|n;

g} 2) Pr oplgonyl (+§} %@@E@éﬁeﬁt@oﬁ 8&&%%?{ ?g&%@ggﬁ%g?éetéﬁ Pgmz]%qrgpgf%l eryl

(+) - epi cat echi nquqc@llh@Q%{ﬁ@gqan@)ql)que@gn@,aqeg@ﬂﬁmeylgugtch@mmntaymnstoyl

(+)-epicatechi nqu&c&n@@&ﬁlﬁ%ﬂtadeﬂnc@ﬂ) ﬁéﬂ:&ﬁh b@nta&e Idﬁ@f},@ﬂﬂ,yﬂentastearoy]

(+) - epi cat echi n; f(f)t 5 5?%%@&' ch| n,l - -Iaurog +) -

epi cat echi n: 3- BUGHFFIS o@ E&P)t dgplaginch ﬁa"f@’ gelapginadr&-Rrpyanyl galangin;

(+) - epi cat echl n3-C1-Bu$vr)€Dgalagyi 3((}-)vampylcgaleaghi 0; O&eﬁmﬁ»@rﬁ@aﬂﬁygm, 3-0-

(+) - epi ggt eching atec__ O

(+)-epi g(gt echi n; pen?ﬁg OSYO %"tgm"é’?%%‘é{‘%%m ﬁ"’%@ I3 0

(+) - epi cat echi nS e%@wlga@mgnw Q—lf}ureﬂlmvhﬁrﬁ)~rmaamhgzﬂmm3 -O+) -

t echi érﬁ@p -
(egl)cgplegalt gchPﬁHé pHIRS ogghaﬁé%l)l ?-%b%p?lﬁ%{iﬂn%h n; pent%gcan%lyr
(+) - epi cat echin E’Hf S fiap kg %‘i‘%&ttEEWPFPUY pertaRgH; rH

(+) - epicat ecﬂl ngalmmi a:heqﬂégﬂigalaﬁgm trﬂxtialﬁagl %ﬁh@gﬂi@l tﬁhept@@ﬁﬂ %@1 gﬁ
+ t alechi
b cateini - GoBBb AU FALR citoRka S PhERS liestagh BRab R Minballech .
3-0- butyryl ( gﬂ@}ﬁméﬂ@@lfhﬁtﬁ)ﬂ galmgmaIﬂmeptad(‘-'%)m?bgaiatmmmleogl-@lmmnoyI
- epi cat echi t!i‘lstegmgi %ﬁ&ﬁéﬂoy 1o- ﬁal)mt%?hﬁ(ﬁ-ﬁr? %E(R Dicet$ ngﬂgt ?@ﬂquonyl

(-)
epi cat echi n; non noy -)-epicate
E g eB. cat echi rfno%n@3 6 ﬁ‘ Valsrd STy 33‘0 W%W 3-0O-
(-)-epi cat ECEI rhep&aaeymmﬂ,dk—caﬂamhoﬂ n}or@pBL(aheﬁéﬁo@l moﬁnositvj-ﬁ&:‘aého
episat echi t epi cat e mto
'(epl)ca!to ezg)ﬁl n; per}nn dce@ l?%r(ay}/moglf‘t% 8%1%039‘68%1?‘&'3’ eg’?ﬁﬁle Oﬂ @bf AEehi n;
pent abut yr yl f)le@[bnmméfﬁﬁteam&m eartlytpal(mt)oybmomat Etrlaacretylpmﬁmhexanoyl
(-) 25 epicat eQ@ﬂr&bro;ﬂ@H}lﬁﬁ&% -2BeMy l)mgﬂh% 1 morin; tr%hexa rﬁa decanoy|

pent aoct anoyl (-) - epi catechi n;’ pent a nanoyl (.5~ api earech
(-) - epi cat echi orf)téﬁ? piaggy! ‘{‘Ql)m’ tF‘TaCé’ﬁ“@&]t@éﬁT‘ rFefTW&@ﬁ rﬁ’i@ﬂbyl
(-) - epi cat echi ﬂetreme{:ﬁr@lyi?ﬁioﬁdﬂe&ahﬁfoﬂ ToorRP teRhBERbY morin;

25 tetraheptadecanoyl morin; tetraoleoyl morin; tetrastearoyl morin; 3-O-
palmitoylfisetin; 3-O-acety! fisetin; 3-O-Propionyl fisetin; 3-O-butyry! fisetin;
3—O-vglery1 fisetin; 3-O-hexanoy! fisetin; 3-O-heptanoyl fisetin; 3-O-octanoyl
fisetin; 3-O-nonanoy! fisetin; 3-O-decanoyl fisetin; 3-O-lauroyl fisetin; 3-O-
miristoyl fisetin; 3-O-heptadecanoy! fisetin; 3-O-oleoyl fisetin; 3-O-stearoyl

30 fisetin; tetrapalmitoyl fisetin; tetraacetyl fisetin; tetrapropionyl fisetin;
tetrabutyryl fisetin; tetravaleryl fisetin; tetrahexanoyl fisetin; tetraheptanoyl
fisetin; tetraoctanoyl fisetin; tetranonanoyl fisetin; tetradecanoyl fisetin;

'~ tetralauroyl fisetin; tetramiristoy! fisetin; tetraheptadecanoyl fisetin; tetraoleoyl
fisetin; tetrastearoyl fisetin; 3-O-palmitoyl kaempferol; 3-O-acetyl kaempferol;

35 3-O-Propionyl kaempferol; 3-O-butyryl kaempferol; 3-O-valeryl kaempferol; 3-
O-hexanoyl kaempferol; 3-O-heptanoyl kaempferol; 3-O-octanoyl kaempferolé




pent aol eoyl (-)-epicatechin; pentastearoyl (-)-epi catechin and
7- (acetoxy) -2, 3- dihydro-2-phenyl -4H 1-Benzopyran-4-one. 30
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3-O-nonanoyl kaempferol; 3-O-decanoyl kaempferol; 3-O-lauroyl kaempferol;
3-O-miristoyl kaempferol; 3-O-heptadecanoyl kaempferol; 3-O-oleoyl |
kaempferol; 3-O-stearoyl kaempferol; tetrapalmitoy! kaempferol; tetraacetyl
kaempferol; tetrapropionyl kaempferol; tetrabutyryl kaempferol; tetravaleryl
kaempferol; tetrahexanoyl kaempferol; tetraheptanoyl kaempferol; tetraoctanoyl
kaempferol; tetranonanoyl kaempferol; tetradecanoyl kaempferol; tetralauroyl
kaempferol; tetramiristoyl kaempferol; tetraheptadecanoyl kaempferol; '
tetraoleoyl kaempferol; tetrastearoyl kaempferol; 3-O-palmitoyl kaempferide; 3-
O-acetyl kaempferide; 3~O-Pr0pion3}l kaempferide; 3-O-butyryl kaempferide; 3-
O-valeryl kaempferide; 3-O-hexanoy! kaempferide; 3-O-heptanoyl kaempferide;
3-O-octanoyl kaempferide; 3-O-nonanoyl kaempferide; 3-O-decanoyl
kaempferide; 3-O-lauroyl kaempferide; 3-O-miristoyl kaempferide; 3-O-
heptadecanoyl kaempferide; 3—O—oIeoyI kaempferide; 3~O-steai~oy1 kaempferide;
tripalmitoyl kaempferide; triacetyl kaempferide; tripropionyl kaempferide;
tributyry! kaempferide; trivaleryl kaempferide; trihexanoyl kaempferide;
trtheptanoyl kaempferide; trioctanoyl kaempferide; trinonanoyl kaempferide;
tridecanoyl kaempferide; trilauroyl kaempferide; trimiristoyl kaempferide;
triheptadecanoyl kaempferide; trioleoyl kaempferide; tristearoyl kaempferide; 3-
O-palmitoyl (+)-catechin; 3-O-acety! (+)-catechin; 3-O-Propionyl (+)-catechin;
3-O-butyryl (+)-catechin; 3-O-valeryl (+)¥catechin; 3-O-hexanoyl (+)-catechin;
3-O-heptanoyl (+)-catechin; 3-O-octanoyl (+)-catechin; 3-O-nonanoyl (+)-
catechin; 3-O-decanoy! {(+)-catechin; 3-O-lauroyl (+)-éatechin; 3~O—mifistoy1
(+)-catechin; 3-O-heptadecanoyl (+)-catechin; 3-O-oleoyl (+)-catechin; 3-O-
stearoyl (+)-catechin; pentapalmitoyl (+)-catechin; pentaacetyl (+)—batechin;
pentapropionyl (+)-catechiﬁ; pentabutyryl (+)-catechin; pentavaleryl (+)-
catechin; pentahexanoyl (+)-catechin; pentaheptanoyl (+)-catechin;.
pentaoctanoyl (+)-catechin; pentanonanoyl (+)-catechin; pentadecanoyl (+)-
catechin; pentalauroy! (+)-catechin; pentamiristoyl (+)-catechin;
pentaheptadecanoyl (+)-catechin; pentaoleoyl (+)-catechin; pentastearoyl (+)-
catechin; 3-O-palmitoyl (-)-catechin; 3-O-acetyl (-)-catechin; 3-O-Propionyl (-)-
catechin; 3-O-butyryl (~)-catechin; 3-O-valeryl (-)-catechin; 3-O-hexanoyl (-)-
catechin; 3-O-heptanoyl (-)-catechin; 3-O-octanoyl (-)-catechin; 3-O-nonanoyl
(-)-catechin; 3-O-decanoyl (-)-catechin; 3-O-lauroy! (-)-catechin; 3-O-miristoyl
(-)-catechin; 3-O-heptadecanoy! (-)-catechin; 3-O-oleoyl (-)-catechin; 3-O-
stearoyl (-)-catechin; pentapalmitoyl (-)-catechin; pentaacetyl (-)-catechin;
pentapropionyl (-}-catechin; pentabutyryl (-)-catechin; pentavaleryl (-)-catechin;
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pentahexanoyl (-)-catechin; pentaheptanoyl (-)-catechin; pentaoctanoyl {-)-
catechin; pentanonanoy! (-)-catechin; pentadecanoyl (-)-catechin; pentalauroyl (-
)-catcéhin; pentamiristoyl (-)-catechin; pentaheptadecanoyl (-)-catechin;
pentaoleoyl (-)-catechin; pentastearoyl (-)-catechin; 3-O-palmitoy! (+)-
epicatechin; 3-O-acety] (+)-epicatechin; 3-O-Propionyl (+)-epicatéchin; 3-0-
butyryl (+)-epicatechin; 3-O-valeryl (+)-epicatecﬁin; 3-O-hexanoyl (+)-
epicatechin; 3-O-heptanoyl (+)-epicatechin; 3-O-octanoyl (+)-epicatechin; 3-O-
nonanoyl (+)-epicatechin; 3-O-decanoyl (+)-epicatechin; 3-O-lauroyl (+)-
epicatechin; 3-O-miristoy] {*)-epicatechin; 3-O-heptadecanoyl (+)-epicatechin;
3-O-oleoyl (+)-epicatechin; 3-O-stearoyl (+)-epicatechin; pentapalmitoyl (+)-
epicatechin; pentaacetyl (+)-epicatechin; pentapropionyl (+)-epicatechin;
pentabutyryl (+)-epicatechin; pentavaleryl (+)-epicatechin; pentahexanoyl (+)-
epicatechin; pentaheptanoyl (+)-epicatechin; pentaoctanoyl (+)-epicatechin;
pentanonanoyl (+)-epicatechin; pentadecanoyl (+)-epicatechin; pentalauroyl (+)-
epicatechin; pentamiristoyl (+)-epicatechin; pentaheptadecanoyl (+)-epicatechin;
pentaoleoyl (+)-epicatechin; pentastearoyl (+)-epicatechin; 3-O-palmitoyl (-)-
epicatechin; 3-O-acetyl (-)-epicatechin; 3-O-Propiony! (-)-epicatechin; 3-O-
butyryl (-)-epicatechin; 3-O-valeryl (-)-epicatechin; 3-O-hexanoy! (-)-
epicatechin; 3-O-heptanoyl (-)-epicatechin; 3-O-octanoyl (—)—epicatéchin; 3-0-
nonanoyl (-)-epicatechin; 3-O-decanoyl (-)-epicatechin; 3-0-1ai1roy1 -)-
epicatechin; 3-O-miristoyl (-)-epicatechin; 3-O-héptadecanoy] (-)-epicatechin;
3-0O-oleoyl (-}-epicatechin; 3-O-stearoyl (-)-epicatechin; pentapalmitoyl (~)-
epicatechin; pentaacety! (-)-epicatechin; pentapropionyl (-)-epicatechin;
pentabutyryl (-)-epicatechin; pentavaleryl (-)-epicatechin; pentahexanoyl (-)-
epicatechin; pentaheptanoyl (~)-epicatechin; pentaoctanoyl (-)-epicatechin;
pentanonanoyl (-)-epicatechin; pentadecanoyl (-)-epicatechin; pentalauroyl (-)-
epicatechin; pentamiristoyl (-)-epicatechin; pentaheptadecanoyl (-)-epicatechin;
pentaoleoy! (-)-epicatechin; pentastearoyl (-)-epicatechin and 7-(acetoxy)-2, 3-

- dihydro-2-phenyl-4H-1-Benzopyran-4-one.




