1 FLAVONO D CO vfl' OENDS AND USES DI EREOF CROSS- REFERENCE TO
RELATED APPLI CATI ONS The present application clains priority from
Australian Provisional Patent Application No. 2005901214 filed on 11 March
2005, the content of which is 5- hacorporated herein by reference. FIELD OF
TI1, E I NVENTI ON ' The present invention relates to novel conpounds,
conposi tions containing these conpound§ nmet hods for their synthesis, and
uses of these conpounds. In particular,” the present invention relates to

fl avon. oi d conpounds, methods of 10 synthesiying the flavonoid conpounds,

conposi tions cont ai nmg\l\#?ﬂ OrhaORYC OO RODUSES MRERESTds of their use.
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R, R, R3, R4, R5 are independently selected fromO01.1 or a group
according to Formula (.1a): (la) 25in which O is oxygen; L is a linker
group which is oovalently linked to the oxygen and D, if present, or is
Covalently linked to the oxygen and E, or is absent; 4 13 is a spacer
group having a chain | ength equivalent to about 1 to 20 carbon atons, or is
absent; and Eis a solobilizing group; provided that at | east one of R1,

R2, R3, R4, R5 is other than 1-1 or OH 5 Preferably, E is selected from

an ester, a carboxylic acjid, sulfonic acid, phosphonic L hosphat e
ester, sul f amat eFoierpmplg; the guhstic %E’Fﬂ?@%hég?ﬁ?gydgﬁﬁb@% ﬁ%ﬂszéggg}é‘f‘? a
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ol i gosaccharjde dri 6 . -one prefgrr ient. is a

sel ect ed frcfﬁg%’t‘n é’%@?‘%%%;ﬁ%‘%l?‘twé‘gw&f‘g% 0 ?Oéi%émé’le%%? sp%looﬁiEc aci d,
phosphat e Sesthermacploky Q0B4)| 1d3143H458b| , ol i gosaccharide or dendrim er.
Preferably E is selected froman ester, carboxylic acid or phosphate ester.

In. a particul ar Howefegrthe ghemacskimating pf nsnygflowwpoide dey sivarply tmted theful a
(10, (PSS St ol aLige ot ol
Preferably, ¢ %r%org%eaﬁ & k P8 Dwatﬁf(ﬁoﬁmgﬁﬂcﬁ@?g%eé %glﬁﬁrﬂe% 2 ﬂ(Enilmé';&%tho'nest er
accor di ng” t &S BieerqmeptiaAcant( [Tapse dhgracteristics limit their applicability to therapies where
10 acute parenteral administration is desirable, for example in vasodilation therapies.
Given the above identified problems, there remains a need for the development

of symthetic flavonoid dervatives with improved agqueous solubility and

pharmacokinetics when compared to known flavonoids.

SUMMARY OF THE INVENTION

15 According to'a first aspect, the ﬁresent invention provides a pharmaceuficaﬂy
and/or veterinary composition compriéing a pharmaceutically and/or veterinarily
acceptable carrier or diluent together with at least one compmind of the general
Formula I: ’

20 in which:
== denotes a single or double bond; and
R, R% R?, R®, R® are independently selected from L, O or a group according

to Formula (Ia):
O—1L —=E : da)
25 in which
0O is 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;



11(10 -G Q G WX wherein Qis a substituted or unsubstitutec

al kyl ene, al kenyl ene, al kynyl ene, optionally interrupted by one or nore

het eroaton(s); . 256Wis O, NH, S, NH, or S."; and Xis I-1,
substituted or unsubstituted al kyl, al kyl benzyl, a nono- or dival ent
cationic salt, or an ammoniumcationic salt. Preferably, Qis a substituted
or unsubstituted |ower alkylene. In another enbodinent. E is a phosphate

ester accordingtothe Formula (I1d): -P-Y R6(N) 30Y 5 wherein Y is 0, NH,

S,/*TH, or S'; is 0 or nd. n tl d from
H substitut ed oﬁ ﬁr?s%gelrlqr?ﬁpatg‘wggg 'T%ag‘Sﬁzagt?m lgwgﬁgg:aggﬁén?b %g%ﬁ(;r\n?c salt,

or an anmoni um cat i oﬂpf@s:s)all&absﬂ"»éﬂ‘ér ably Y and Z are O In another
enbodi ment, at | gaskseiaslighg Boup;R ?', R3, R4 and 1t5 is phosphate ester
according to t hepio%daf i 531806 orfd of Y, R2, B2, R, R® is other than H or OH,

5 Preforably, E is selected from an ester, a carboxylic acid, sulfonic acid,
phosphonic acid, phosphate ester, sulfamate, sulfonic ester, phosphamate, phosphonate
ester, sulphonate, zwitterionic spacie, amino acid, amino phosphopate, acyclic atmine,
gyclic amins, quaternary amimonium cation, polyethiylene glycol, oligosaccharide or
dendrimer. _

10 In one preferred embodiment, E is a selected from an ester, carhoxylic acid,
sulfonic acid, phosphonic acid, phosphate ester, pclyethylene glycol, oligosaccharide or
dendrimer.

Preferably E is selected from an ester, carboxylic acid ot phosphate ester.
In a particular preferred embodiment, B is group according to Formula (Ib):

0O
15 —C-W-X )

- wherein '
Wis O, NH, 8, O-, NH or 57 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 (Jc):

0
1)
h g lyx @

wherein
Q is a substituted or unsubstituted alkylene, alkenylene, alkynylene, optionally
interrupted by one or more heteroatom(s);
25 Wis Q, NE, 5, O, NH, or 57, and
' X is H, substituted or unsubstituted alkyl, alkylbenzyl, & mono- or divalent
cationic salt, or an ammonium cationic salt.
Preferably, Q is a substituted or unsubstituted lower allkylene.
In another embodiment, E is a phosphate ester according to the Formula (Id):

z ,
i , §

. . "—'t,"‘"Y R {dd)
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-P-0 1e(10 0 R 10wherein R6 and R7 are independently selected fromH, a
nono- or divalent cationic salt, or an amonium cationic salt. In one
enbodi ment, L is present and selected from-CO, ester, phenol,.
phosphonat e ester, carbarnate, carbonate or a Mannich. base. In a nore
preferred enbodinent, L is -CO- 15. In another enbodi ment, D present and
selected fromsubstituted or =substitut®d al kyl ene, al kenyl ene, al kynyl ene,
optionally interrupted by one or nore heteroatozn(s), heteroaryl,

cycl oal kyl or heterocycloalkyl. In a preferred enbodinent, Dis a

substi t nt ed Ydereihsubst i t ut ed al Ryl ene, optionally interrupted by one or
nor e het er oat on(¥)s ORNEf &r@PNIT, oadt ower all grl ene- 20l n anot her aspect, the
present inventiop;ihgvedes a pharnmaceutical ly andior veterinary conposition

conprising a phagymaceuticall nd/ or, vet erinaril . ace I h@r or
di | uent toget he?ﬁmﬂdﬁﬁaﬁre’rnélﬁgetug?fﬁ{gs%ﬁ%%ﬁﬁraqgf?ﬁ%%‘e geér?era sétcl)l?e?al a 11:
wher ei n 25denumesordivilen Caticnic sabyisiag spmeBmGIHOTE S8R0 and R3 are as
speci fied. abovepreferably Yld ¥&ts @not her aspect, the present invention

provi des a phar it eal v AN/ 91 UehEIrAe, RUNDOSIRY pRABRAL S0

phar maceuti cal |y and/ 6r “Veterinmarily accep e carrier of diluent together
vvith at | edstorénsiodbnivennlg (b9 the,general Formula H: 6
]|
e @)
OR’
10 thraiﬁ R® and R7 are independently selected from H, a mono- or divalent

cationic salt, or an ammonivm cationic salt. _

In one embodiment, L is present and selected from -CO-, ester, phenol, |
phosphonate ester, carbamate, carbonate or a Mannich base. In a more preferred .
embodiment, L is ~-CQ-.

15 . In another embodiment, I present and selected from substituted or imsubstituted
alkylene, alkenylene, alkynylene, optionally interrupted by one or more heteroatom(s),
aryl, heteroaryl, cycloalkyl or heterocycloalkyl. :

In 2 preferred smbodiment, D is a substitited or vnsubstituted alkylene,
optionally interrupted by one or more heteroatom(s). Preferably, a lower alkylene.

20 In smather aspeot, the present invention provides a pharmaceutically and/or
veterinary composition comprising a ph}aimaccuﬁcaﬂy and/or veterinarily acceptable
carrier or diluent together with at least one cci)mpound of the general Formuala I1:

, R .

wherein
25 == denotes a single or double bond; and
R!, R? and R? are as specified above.
In yet another aspect, the present invention provides a pharmaceutically and/or
veterinary composition comprising a pharmaceutically and/or veterinarily acoeptable
carrier or diluent together with at least one compound of the general Formula IIT:



0 wherein R 3 is specified above. In yet anot her aspect, the
present invention provides a pharmaceutically and/or 5 veterinary
conposition conprising a pharnmaceutically and/or veterinarily acceptable
carrier or diluent together with at | east one conpound of the general

Formula. TV. OHOH Il QL1 0 X 0 O wherein Qis substituted or
unsubstituted al kyl ene, optionally integrupted by one or 10nore
het er oat en( s) Xis H, a nono- or divalent cationic salt, or an

ammoni um cationic salt. Preferably Qi Bt substituted ori ITSUbStI tuted | ower
alltylene, optionally interrupted by ompe or nore h.eteroaton(s). In another
aspect, the present invention provi deg*s Qﬁlpound selected fromthe 15
group 3-(3enzyl oxycar bonyl but y)fl avone; 3-Hydroxyflavone 3-

heni adi pate; 4'-(Benzyl oxy)
4' - Hydroxyfl avone 3-hem ad - Di benzyl oxy- 3-

(ben: zyl oxycar honyl but yl car botty Y) |Ravone 3',4" 71D hydr oxyfl avone
3-hem adi pate; 3, 4'-ni-(benzyl oxygarbonyl butyl carbonyl oxy)fl avone; Fl avone
3,4' -bi s(hom adi pat e,

3, 7-Di - (benzyl ox@gﬁ?’%&ﬁ@ﬁ??%ﬁwgnyl oxy) fl avone; 3, 7-Di hydroxyf| avone
3,7- bis(hem adi pate); 414ydroxy- 3-Hydroxyf lavone- 3-quat emary anmmouni um
ester; 4% V\en. zyhopey dncthdrdishen 2 ﬁ&g&ﬁMﬁM@ﬁp&@ﬂe}; hlphyanesaiedly and/or

3- Hydr oxyf| WRRS 60 99%@&65%415 del ehucauy am/or bBieARRIP Ghoe gt%BL%Ct the

present invent)on ut| cal vet
conposi tion CEIEHFH uﬁ‘ﬁt%ﬁeﬂii% éé‘felﬁ?# D 5‘?15 ﬁ'&fvgccept abl e

carrier or diluent together with at -ast one conpound selected fromthe
group 7 conprising 3-(13enzyl oxycas ‘
3 14ydr oxyf lavone 3- hem adi pa e

- (Benzyl oxy) - 3- (benzyl ¢ =
|Iydroxyflavone 3- hem ad ;
(benzyl oxycar bonyl but yl carfon

tyl ear bon.yl oxyY¥iavOlle. ; 4'- .

3 , 4", - Di benzyl oxy- 3-

6X ﬁf_']f’w@mﬁ';"@'—xd" -fli hydroxyflavone 3-
o) o)

O
wherein .
Qis substituted or unsubstituted allcylene, optionally interrupted by one or
10 ~ more heteroatom(s)

X is H, a mono- or divalent cationic salt, or an amumonium cationic salt.
Preferably (O is substitated or unsubstituted lower alkylene, optionally
interrupted by one or more heteroatom(s).
In another aspect, the present invention provides a cornpound selected from the
15 group 3-(Benzyloxycarbonylbutylearbonyloxy)flavone; 3-Hydroxyflavone 3-
hemiadipate; 4’-(Benzyloxy)-3-(benzyloxycarbonylbutylcarbonyloxy)flavone; 4°-
Hydroxyflavone 3-hemiadipate; 3°,4°-Dibenzyloxy~3-
(benzyloxycarbonylbutylearbonyloxy)flavone; 3° 4’-D1hydroxyﬂavone 3-hemiadipate;
3.4’ -Di-(benzyloxycarbonylbutylearbonyloxy)flavone; Flavone 3,4°-bisthemiadipate);
20 3,7-Di-{(benzyloxycarbonylbutylearbonyloxy)flavong; 3,7-Dihydroxyflavone 3,7-
bis(themiadipate); 4'-Hydroxy-3-Hydroxyflavone-3-quaternary ammounium ester; 4°-
(Benzyloxy)-3 -(dlbenzyloxyphosphorylo:g')ﬂavoue and 3-Hydmxyﬂavone 3-
phosphate disodium salt.
In another aspect, the present 1nvent10n provides a pham:accutwaﬁy and/or
25 veterinary composition comprising a pharmaceutically and/or veterinatily acceptable
carrier or diluent together with at least one compound selested from the group



ber ni adi pate; 3,4' -D - (benzyl oxycar bony3but yl car bonyl oxy) fi avone; fl avone
3,4"- bis(hem adipate); 3,7-D -(benzyloxycarbonylbutylcarbonyloxy)fl avone;
3- (Di benzyl oxyphGsphoryl oxy) fl avone; 3, 7- Di hydr oxyfi avone

3, 7-bi s(herni adi pate); 4'- Hydroxy-3-Hydroxyfl avone- 3-quat ernary anmmonni um
ester; Flavone-3-phosphate di sodium salt;

42- (Benzyl oxy) - 3- (di benzyloxyphosphorylpxy)fia.vOne or. 3- 10

Hydr oxyfl avone. 13- phosphat e di sodi um sal t. In yet a further aspect,

the present invention provides a nethod of preventi and/or treating a

di sease(s) |cnm@nsm@ﬁ@@za}ssmxbanﬂuutwcaﬂbmﬂ@qﬂﬂ%@@néé%@im}?)’@é&qe\?e oxi dative
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in need of PR T P \i ]%I ng chaem a. More

preferably, (bmybmaiaé@tlﬁbwlﬁﬂﬂmyﬂ%h’(}ﬁ%%%ﬁef’n“]a FBEVPROET fusi on injury as

a result of mﬂn@@ﬂe@s 4)tDIC(IBé@yloﬁy@ﬂiwymuwmarbonyloxﬁ)ﬁa\@ngeﬂalvomﬁ,ﬁ’r- enmbodi nent ,

bt onary. vALhpkdighe) &7 *ﬁ"@“ﬂéﬁa o s. e o 21 e ve
- heart disead®! BE%%I‘BWQ]F‘%? aV“BE’r Y&fc’x\'?g%vé’u?g’? &aﬁégg%lp %%bet es,

hyper t ensi o Fydninyr BHpdoxSlavers:3-glutanm E soporriusesies HRProabybiiitease and
retinal vas %Hoafunﬂsa&,eaqeemgrmxwm&ménzmmmbmwo@hﬁvme condi tion is

sel ect ed t k‘ﬁ farctl on, nechanl cal traumm
resul ti n Ohc"?p%%%otr %1558?1 ery." Prefer abI &9 5 sur e.rX IS

vascul ar sur ger yﬁ1 Yob P@F‘%ﬁ“&ﬂl‘%ﬁes{e nyesdeR prayids P%P’fﬁ PEpypass
and/ or transpd/antreasing gélsgeme(s)mastbjecaa@amanedumartheemﬁ@mmém@ﬂcwme conpound is

admi nitStteLe%xfd@u\trék?eﬁé&t(R@? ﬂ%&ﬁ@dﬁd;ﬁgrg{ngdurlgg t he sur ggy Iéoagolt her
aspect, e pr ese% gJﬁwen | ‘;eoa\l/m &5 L G({Q; EE@%Q%@ ag, el ayi ng

the onset of and? progressi on o erosi s and/ or
coronar ylheart d?@‘@’é?@’é’aMSHJ%H}@@QOEQ}WBMW}?@‘%%% feYemiPean ef fecti ve
anmount of atschasadi. Mare prtighly nitk sipieel it neftbriah dxbaerdinandéir repeflusivhijwaspect ,

the present jj }’e@ﬁﬂb@éﬁa@&t@&ﬁﬁ%m@c&ﬂ&ﬁf peutic and/or prophylactic nmethod of

preventing and/qr treatin I sea in ociated 35 with the
presence of react' 1?‘8%? badum: ?é@ I(’?%EE%“““PH E@feﬁgf?“&% ¥t si ng:

adnai ni st er cergbravesedlérpdisdaye palroomty vofcult disefas,taﬂwmsclemwﬁmy diperstf i ed
above, &l Boﬂgﬁéiw@ hbdH difRke, a&sﬂ&} disb43B, ﬂéﬁﬁﬁe@ﬂtvaécﬂ}éﬁﬂista@ﬂ dterksdes a net hod.

of preventi r e Sine | or.a q%ﬁgg §H.Ql ect caused
by i schaer nﬂ%’ 3 %éofm?%per usi ’on nﬁ‘]’ %t}s%/r:x&ﬁrﬁé conpri Sing |

vasculax disease.
In another embodiment, the acute condition is selected from slroke, myocardial
infarction, mechanical trawmna resulting from crush Injury or surgery. Preferably the
25 surgery is vascular surgery. More preferably, the vascular surgery is heart bypass
and/or transplant surgery. ‘
' Ina particulér embodiment, the compound is adminigtered to the subject before
" and/or during the surgery.
In another aspect, the present invention provides a method of preventing,
30 delaying the onset of and/or slowing the progressmn of atherosclerosm and/or coronary
heart disease in a subject comprising
administering au effective amount of at least one compound specified above.
In yet a further aspect, the present invention provides & therapeutic and/or
- prophylactic method of preventing and/or treating a disease(s) in a subject associated
35 with the presence of reactive oxidative species (ROS), the method comprising: '
administering an effective amount of at least one compound specified above,



adm nistering an effective amount of at |east one conpound specified
above.. 5In yet a further aspect, the present invention provides a nethod
of preventing and/or at |east anmeliorating danage to a' subject caused by
the adm nistration of a therapeutic agent, the nethod conprising
co-admnistering to a subject: 1)a therapeutic agent; and 1)

adm ni stering an effective anmount of atgleast one conpound specified
10above. Preferably the therapeutic agent is an oxidative therapeutic agent
In a particular enbodi ment, the therapeutic agent is ti cancer agent

Preferably the dantyebaieher aag@hthqmesaﬁtmwawwmwéﬁmﬂg?‘%o P08 ves. In
particul ar @.@@tddtmﬁﬂa&ehbﬂﬁn EOERALNG th 5 sutghrt odusdddryeisthaeradalapd/ot opi cal |y, 15

subcut aneous Hﬁsﬁ&{.l lt{‘é/meﬂjg&{&m?%e I ar, intra-arterial and/or

mtravenousl“%}je er af%ah resent |nvent|$ ggF(\{lbdes for the
use of a Conpou E&%‘ﬁ@ﬁ’&ﬁft‘? W@?@ﬁ“ﬁ%%"r%ﬁ? HFCIHPY 4P%YEdi canent .
I n anot hes f urt Haryeesfethir aspdet iipreeenttinienierpovidegy mvibdéel mevsoimound of t he
gener al For%ﬁl&‘étleast%gmﬂgﬁﬁﬁé b etoaﬂﬁzt} RbERusd by i Rndkis@ebbea bond; and

gccer ding t thgé’fa'ﬁmar : ttl’tg'fgpeggc GDmE secloe_cdtn%% : %u? 'Debi'rs’(}:lfg_| o(r) ?sg{)g;gen
D athempeuhc sgent; and
i)  administering an effective amount of at least one compound specified
10 gbove.
Preferably the therapeutic agent is an oxidative therapeutic agent.
In a particular embodirmerit, the therapeutic agent is an anticancer agent
Preferably the anticancer agent is anthracycline and its derivatives.
In particular embodiments, the compound is administered orally, topically,
15 subcutancous, parenterally, intramuscular, intra-arterial and/or intravenously.
In another aspect, the present invention provides for the use of a compound as
specified above for the pxepération of a medicament.
In another further aspect, the present invention provides a compound of the

general Formula I;

20
wherein: .
= denotes a single or double bond; and
RY, R R®, RY, R are independently selected from H, OH or g group according

* to Formula (Ta):

25 O—L D B . (Xa)

wherein:

O is oxygen;
L is a linker group which is covalently linked to the oxygen and D, if presen‘l, or
1is covalenily 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 length equivalent to about 1 to 20
carbon atons, or is absent; and E is a solubilizing group; provided that at
| east one of RI, R2, R3, R4, R5 is other than HO OH 5with the proviso
that the conpound. is not flavone, 3'-hydroxy-, acetate; Myotte,

4' - hydroxy-, acetate; Flayone, 3-hydroxy-, acetate; (-41-Acetoxyllavanone;
Pl avanone, 3,4',7-1ri hydroxy-, 3-acetate; 4H 1- Ben208/ an %e,

3, 7- bi s(acet yl ox})is a sagerreRpdiaping 25 R {ngth e@?ﬁﬁ%ﬁl‘&ﬂ%’?lﬂ to 20 carbon

4H 1. - Benz opydmae) odlis @hent; dnd acetyl oxy) - 244- (acetyl oxy) phenyll-2, 3-di hydro-,

(); (+)-4",7- Daﬁ%ﬁ)ﬁléﬁﬂf@ég 3 (23, 35) 3 , 7 10 Di hydroxyfi a.vanone

di acet ate; Fl a.vanone X Lat di hydr oxy-,
di acetate: Fl avaRwHied 533*7@*&?%%%%‘3(9;3 )f{ tﬁ%ffganlaﬂl ﬁ%pyr an. - 4- one,
3, 7- bi s(adet yl oxyfithﬂ&e(;&oﬁsaﬁhwuaf@mpphmhymm @V@ﬁﬁh@b@l@l}“ aggtmtet Flawosp,

Fl avone, 3 31’-131 rﬂb%xda[c%w Fladé:fz»p%ﬁtr@g Fcaupne)-44-ackostyhydneney -, di acetate;

Fl avone, 3, Z:dl h acet Y r

triacetates; ks i éy?ét“& éf oFrt a%ﬁ;% s P%gmf()% ?r%n—q‘mt% | PSR RS foxy)-

4H 1- Benzop)?ﬁ%ﬁlhndféﬁd’hewlf é%%ﬂyrlé é Beonzprprataes §f 369@})‘361‘?9?1@1] Fl avone,
3,4",7-tri hx&reqxw)phbﬁylgm etﬁhﬁ;o-ﬂ&ﬁ{ﬁﬁ@ﬁd)m&é{qﬁﬂ,a?@m, K9SB, triacetat e;

4H 1 Ben ne diacetate; Flavanone, 3, 4'—dﬂgldroxy— dlacctats, Flavanone, 3,4

7- (acetyloxy 3 4-bi s ["0x - ’F[ avanone,
3,4, 7-t dhyﬂﬁ%ﬁ{f %fé:gtéf"@% %»ﬁgﬁ}/og% aﬁem{? %I?"l é&?‘éﬁ?’)ﬁ““ PP acet at e,
tran s (0-; dﬂsbls@%ﬁgmﬁﬂr@;ﬂ-@hycbwgphenyl) ~2 3-d1hydro- (2R-irans)-; Flavone 3,3-

3, 7- bi s( acetghlaxyy-, drkdstdelFiatone ot y-EibRe Hinddiate; Mawing, 3, 28iby@roxpacet at e;

411-1- 13‘3”2(3%22%41«‘1%&3 S Bl okaGe b %on% Pish.askekpxY) Phenyl] -

2,1-di hy nzo

3, 7- bi s( ef’S‘ﬁc ‘tﬂé f%‘znﬂomr%‘} ~E 0% drlge %Wﬁﬁéﬁfl S(ECWIWFYMPHI trans-;

Fl avanone, Bla3bned 3,477-trétyrlebryd krimestate; Klananomss 814, drihitacyd,- MMHSJH 4- one,
3- (1- oxopr oaembyﬁnah@ﬁw-faceﬁr&pﬁm Lbﬁ(b!c@l:ylo )pnaiykgyi S—dxhydro- (S)-;

425 ixﬁhi%%‘l“ 5347 HARRIE Kptte Fiphiop 24 PRARIL G it il ™ Y

4- 0x0- 2- pheft s4IzI-11 Eﬂ@opsﬁ@mﬁssﬁdnb@awl@t)ér@ %Mwﬁﬂﬁwﬂﬁw
4- oxo0- 2- memjt&aeéﬁieé‘LH%B&ij&an-&oﬁé, %bl%&bﬂ@@ﬁ?)@%hﬁs(aectﬁlbkﬂphe&yghenyI

4- oxo- 2- pheggl ngyr 4 §bn¥$ LLhne, g’bqg 4aci d,
0-[44.3-[(d ﬁ -4-0x0-41-71-1- 0 ran2AphenyI]
0, o- di et hyli"éé 8|’ i Fjavagone. 354 7‘“*“ }’é‘ ?;

[ (di et hoxypWU@@hW@OﬂHmEWPm@%M%ﬁdl AkbprOIPMi'&W;wwﬂh Propgyaiheiy 2t 0, o- di

et pyl est ermeﬁppsmmz-@h@@n dH-ﬂb@hManOin&t&moﬁemmmmzmw&taﬁ- 2=yQOphenyl
ester; @@qé Q vone,

3- hydr oxy- &%ﬂy r gll_ a%%%egf'%m?@& 41&)0?@1&11 J(?r})kalrlan ‘4- one,
2- pheny1- 3-‘(%953&%%% E)@f Be%ﬁ@mwﬁ%é ¢ 2rghenpldH-lhongpriran-5-y1

4H 1- Benz opyptegrBaheemeacedid 3cilywplenyl- 4-0:382-pinngbpH d fromzopypherpl der;

31, 41-di hycbf@%&&ﬂok&t{i@f&easﬂllaiﬁm‘{’ﬁ m%xyp%os;ﬁzim%@&iﬂwwo%amnﬁ 10
49- D- gl ucopyr anosi

4' -di hyd3 EJ oXYFT> m%gyliﬁlfgﬁ@lﬂ ?ﬁﬁfl ﬁ%’tglfbgﬁpa%mthmw acid, o-[3-[3~

[(diethoxyphosphinothioyDoxy]-4-ox0-4H-1-benzopyran-2-yl]phenyl] o, o-disttiyl
ester; Phosphoric acid, diethyl 4-(4-0x0-4H-1-benzopyran-2-yDphenyl ester; 4H-1-
Benzopyran-4-one, 2-phenyl-3-(phosphonooxy)~-; Flavone, 3-hydroxy-, dihydrogen
phosphate diammonium salt; 4H-1-Benzopyran-4-one, 2-phenyl-3-(phosphonooxy)-,
magnesium salt (1:1), pentahydrate; 4H-1-Benzopyran-4-one, 2-[3-hydroxy-4-

35 (phosphonooxy)phenyll-; 3',4-dihydroxyflavone-4'-phosphate; 3',4-dihydroxyflavone-




sodium salt; and pharnmaceutically and/or veterinarily acceptable salts or
sol vates thereof. Preferably, R, R2, R2, R4 and R5 are as specified
above. 5In another aspect, the present invention provides a conpound
according to the general Forrmula (I1): wherein denotes a single or double
bond; and 101?..1, R2 and R3 are as specified above | nyet anot her
aspect, the present invention provides g conpound according to the general
Formula (111): O wherein R3 is specified above. 15In yet a further aspect,
the present invention provides a conpound according to the general Fornula.
(TV): whet'ilrglucopyranosidy Joskivsmisdt; 3't ‘ﬁ'tdéd'd@F‘iY@ﬁY%%’g th-PoikediuErRsitene,
optional ly igQtem&pted by one or nore 20het er oat ont(s)

and pharmaceuticilly and/or veterinarily accsptable salts or solvates thereof.
Preferably, R', R?, R?, R* and R are as specified above.
5 In another aspect, the present invention provides a compound according to the
general Formula (I1): ‘

' L1
whereln
== denotes a single or doubls bond; and
10 - RY, R? and R® are as specified above.
In yet another aspect, the present invention provides a compound according to
the general Formula (110): '
am
wharein R? is specified above.
15 In yet a further aspect, the present invention provides a compound according to
the general Formula (TV):
' , OH
xv)

wherein -
Q is substituted or unsubstituted alkylene, optionally interrupted by one or more
20 heteroatom(s)



" 11 X is H a nono- or divalent cationic salt, or an ammbpni um cati oni c

salt Preferably, Qis substituted or =substituted | ower al kyl ene,
optionally interrupted by one or nore heteroaton(s). I n anot her
aspect, the present invention provides a conpound according to the 5

general Fornula V: 0 wherein R3 and Rs are specified above. In

anot her aspect, the present invention-pfovides a. nmethod for synthesizing
conmpounds as specified above. 10Accorciing to yet another aspect, the '

present invention provides conpounds of general Forniula | in mhlch:
denotes a si ngl e Xois Hj e uisine- droiindlenbeationis Rilt, oFgn anmgorip catigicddiich ar e

i ndependent | y Se'Pﬁﬁ&QEi f o @y Bubbiin@d orsubikiifish esvepelislese bptiorallyed al koxy,

aryl oxy, estg ona ers, phosphate esters and
ctacyloxyalMyﬁmg?ﬁgﬁgo'%%Vl eh&zﬁm?m%$ Ieast one of Rl 4, RS is
other than H or @H?N§WﬁwWﬁﬁrﬁﬁé@ﬁﬁFéﬁﬁﬁvnﬁﬁéﬁﬁﬁéBW@W§Qﬂ@§m8Pn%BH Gt es

t hereof. 5 general FormulaV:

wheremn R* and R? ate specified above, .
In another aspect, the present inveniion provides a method for synthesizing

compounds as specified above.

10 According to yet another aspect, the present invention prcmdes compounds of
general Formula: :
r!
R2
R> 0
E
R3
;e

in which:
© == denotes a single or double bond; and

15 R, RZ RY, RY R which are independently selected from H, OH, substituted or
unsubstituted alkoxy, aryloxy, esters, carbonate esters, ethers, phosphate esters and a-
acyloxyalkyl ethers provided that at least one of B!, R?, R?, R*, R® is other than H or
OH; ‘ ‘ : . '

' and phatmaceutically acceptable salts or solvates thereof,

20 Preferably at least R is selocted from substituted or unsubstituted esters,
carbonate esters, ethers, phosphate esters and a-acyloxyalkyl ethers,

Preferably at least one of RY, R2, R%, R* or R is selected from:

D phosphate having the general formula

z
——o—P—-Y RS
Y r’



20Preferably at least R3 is selected fromsubstituted or =substituted
esters, carbonate esters, ethers, phosphate esters and a-acyl oxyal kyl
ethers. Preferably at |least one of RI, R2, 113, le or Rs is 'selected from
i ) phosphate having the general formula .11 -o0-P--y Y 12 wherein Y is O,

NH S,.d, NW or Zis 0 or S; and each of R6 and R7 are independently
sel ected from substituted or unsubstitutzed al kyl, H, a nono- or divalent
cationic salt, or an anmoni um cationic salt; 5 ii)ester having the general
formul a where le is a substituted or =substituted | ower al kyl, | ower
al kyl al koxy; iii yderesrY i 35 ¥én@ral fornula 00 IIH 10where Qis a
substituted or =ZubStdrtsuaeid | ower al kyl ene, | ower al kenyl, and 211(3' 1134,

Wis 0, NH S Oeeli(ﬁ’ll oF: RG%d%har@Bgependenﬁy IsSledted ﬁHﬂ%bﬁWt&ﬁo@ﬁnsEﬁdﬁaﬁéd tut ed

g;{(?ﬂom gl ls(g_: lﬁ%ﬁuzg amono- or %vﬂ(c)igtcg‘rlio\ilz?cl 5% tor%gta:rmnl oIS S&uomcgalt an ammoni um

5 ii) ester having the general formula

O
T
—O0—C—R

where R? is a substituted or unsubstituted lower alkyl, lower alkylalkoxy;
1)  ester having the general formula
| e 9
—0~C—Q—C-W-X

10 where Q is a substituted or unsubstituted low;Ner alkylene, lower alkenyl, and
alkynyl;
Wis O, NH, §, O, NH, or 57 and
X is H, substituted or unsubstituted alkyl, alkylbenzyl, a mono- or divalent
cationic salt, or an ammonium cationic salt,
15 and pharmaceutically acceptable salis or solvates thereof.
In particular embodiments of the invention, Y and Z are both O.
In one embodiment, the present invention provides compounds of general
Formula:

20 in which:
= denotes a single or double bond; and
RY, R? or R® which are independently selected from H, OH, substifuted or
unsubstitutéd alkoxy, aryloxy, esters, carbonate esters, ethers, phosphate esters and a-
acyloxyalkyl ethers provided that at least one of R!, R? or R? is other than H or OH; .
25 and phamadeutically acceptable salts or solvates thereof,
Preferably at least one of B, R? or R is selected from:



15and pharmaceutically acceptable salts or solvates thereof. In particular

enbodi nents of the invention, Y and Z are both O. I n one enbodi nent,
the present invention provides conpounds of general Formula: 20 in which:
denotes a single or double bond; and R, RR or R? which. are

i ndependent|y selected fromH, OH substituted or unsubstituted al koxy,

aryl oxy, esters, carbonate esters, ethgrs, phosphate esters and

oacyl oxyal kyl ethers provided that at l'east one.of RI, B.2 or R3 is other
than H or 011; 25and pharmaceutically acceptable salts or solvates thereof.
Preferably dl | epintpladanihghie gesR8abforiR8ai s sel ected from 13 |)phosphate
havi ng the general formula -0 -P-Y R6 Y_wherein Yis O, NH S 0, NH', or Z
is 0 or S; and 5each of R6 and. RY are%ndependently sel ected from
substituted or =substituted al kyl, -HO-#Fn®®RS- or divalent cationic salt, or

an armmonium cationic salt; ii) ester hy"q(l?ng the general fornula, O LI
where R8 is a substituted or prigubstituted | ower alkyl, |ower alkylal koxY,;
10 iii)ester havingelhe,@eRerdl of Rifhdy;
Zis O or §; and
5 each of R® and R are independently selected from substituted or unsubstituted

"alky], H, a mono- or divalent cationic salt, or an armmonium cationic salt;
ii)  ester having the general formula ‘
Q
0 g
—0=-C—R
where RY is a substituted or unsubstituted lower alkyl, lower alkylalkoxy;
10 1)  ester having the general formula

where Q-is a substituted or unsubstituted lower alkylene, lower alkenylene,
alkynylene, optionally interrupted by one or more heteroatom(s);
WisO,NH, 8, O, NH, or §; and .
15 X is H, substituted or unsubstituted alkyl, alkylbenzyl, a mono- or divalent
cationiie galt, or an anmmonium cationic salt;
and pharmaceutically acceptable salts or solvates thereof,
Preferably
RlisHor OH;
20 R?isHor OH; and
R? is selected from



0 1111 -0-CGQ C WX where Qis a substituted or unsubstituted | ower

al kyl en. e, |ower al kenyl ene, al kynylene, optionally interrupted by one or
nore heteroatonm(s); Wis O, NH, 5 0, NH, or 8'; and 15X is H, substituted
or =substituted al kyl, alkyl benzyl, a nono- or divalent cationic salt, or
an amoni um cationic salt; and pharmaceutically acceptable salts or

sol vates thereof. Preferably R is H oz OH 20 RRis Hor OH and R3 is
selected from 14 000 -O-OH ,Na+0 -1)1 1144- OHc YNa+ONE4+ In

anot her, enbodi nent, the present invention provides g conpound of general

For mul a: ﬁ 9 N no L

' —Q=pP—0H » —0~P—0"Na r*0“¥“0Tﬁh

(])H O’ Nat 0" NH,"

0 O
~ONOH 2 -OT]/\/-\)J\OH
0 Q

Tn another embodiment, the present invention provides a compound of general

Pormula:
5 inwhich
R is substituted or unsubstituted alkoxy, arycl)oxy, ester, carbonaie ester, ether,
0O
1l Ml
or a group according to formula —O—C——U~—C~OH where U is substituted or

unsubstituted alkylene, optionally interrupted by one or more heteroatom(s).
Tn another embodiment, the present invention provides 2 compound of general

10 Formula:

OH -

, O——H‘-—(CHQH-TOH
0O o 0
whete n is an integer from 2 to 6, preferably nis 4.
The formulae given herein are intended to exiend to all possible geomeiric and
optical isomers as well as racemic mixtures thereof.
15 In another aspect, the present invention provides. methods for synthesizing
compounds in accotrdance with Formmla I, Formula I, Formula IIl or Formula IV,
wherein R', R%, R3, RY, R%, RS, R7, R®%, R®, U, Q, W, X, Y, Z, n have the same mcmnng :

as above, or a pharmacauhcally acceptable salt or solvates thereof.



5in -which Ris substituted or unsubstituted al koxy, aryloxy, ester,
carbonate ester, ether, 00 11 or a group according to formula -0-G-UC -CH
where U is substituted or nrsubstituted al kyl ene, optionally interrupted by
one or nore heteroaton(s). In another enbodi nent, the present invention
provi des a conmpound of general 10 Formula: OH OH CH21, OH 000 where n is an
integer from2 to 6, preferably n is 4. The formul ae given herein are
i ntended to extend to all possible geonétric and optical isoners as well as
racem c m xtures thereof. 15In another aspect, the present invention

provi des net hods 1 Qhotfdishes] ticNGeRMpoLids providsco pameesuticalhacBirrul a |,

F la I'l, E la LI . : | i , R7,
o, e, U, iy el R ¢ pubBh Ly flndof See i e OIS
phar maceut | coFmsy o5 dilesst KispdesWitk ableas Gpg SpraRe é’r‘g ! i%“;l‘%hs anot fier aspect
t he present Fonnelatll, Gornpioll cdSrmulp s woeren R &l Rakd/ B% RS ReRSR ner

conposi ti gn GORPYI 81 1GvaHRALOBESHAS £obbe, andpiimmetiiallpatichibraalept abl e
carrier or di Euenft toget her with at | east One conpound in accordance with
Formula |, solvates thereof. . :

According to another aspect of the present invention, there is provided 2 method
of preventing and/or at least ameliorating damage to a subject caused by the
administration of a therapeutic agent, the method comprising ¢o-administering to a

10 subject: '

i)  atherapeutic agent; and

i) an effective amount of at least one compound in accordance with Formula
I, Formula XY, Formnla 1N, Formmla IV, or Formula V, wherein R', R?, R%, R, R®, RS,
R’,R%, R% U, Q, W, X, Y, Z, n have the same meaning as above, or a pharmaceutically

15 acceptable salt or solvates thereof.

In yet a farther aspect, the present invention provides a method of preventing
and/or treating & disease(s) associated with the presence of reactive oxidative species
(ROS), the method comprising administering an effective amount of at Jeast one
compound in aceordance with Formula I, Formula II, Formula OT , Formula IV, or

20 Formula V, wherein RY, R%, B®, R%, R%, R%, R7, R%, R%, U, Q, W, X, Y, Z, n have the
same meaning as above, or a pharmaceutically acceptable salt or solvates thereof.

In yet a further embodiment, the present invention provides a method of
preventing and/or treating a disease(s) associated with the presence of reactive
oxidative species (ROS), the method comprising administering an effective ameunt of

25  at least one compound in weeordance with Formula 1, Formula II, Formula I or

Formula IV, wherein R, R%, R?, B, RS, RS, R7, R}, R, U, Q, W, X, Y, Z, 1 have the

same meaning as above, or a pharmaceutically acceptable salt or salvates thereof.

Typically the subject in need of such treatment will be a person at risk of
developing ischaemia. Alternatively, the subject may be a person who is currently

" 30 suffering ischaemia and/or reperfusion as a result of an acute or chronic condition.

In yet a further aspect, the present invention provides a method of preventing
and/or at least ameliorating the damage to a subject caused by ischaemia andfor
reperfusion, the method comprising administering an effective amount of at least one
compound an effective amount of at least one compound in accordance with Formula I,

35 Formula II, Formule III or Formula IV, wherein R', R%, B2, R%, R, RS R7, RY, RA, U, Q,



Formula I'l, Formula Il or Fornmula IV, wherein R, R2, R3, R4, R5, R6, R7,
R8, R8,1), Q 5W X Y, Z n have the sane neani ng as above, or a
pharmaceutically acceptable salt O sol vates thereof. According to
anot her, aspect of the present invention, there is provided a nmethod of
preventing and/or at |east aneliorating danage to a subject caused by the
adm ni stration of a therapeutic agent; the nmethod conprising
co-admnistering to a 10 subject: i) a therapeutic agent; and

ii) an effective anount of at |east one conmpound in r danc h For mul a
|, Foanul a | &,Ferad ahaverthe paepgeping 96 aﬁ?ﬁ’ealﬂéﬁﬂﬂi‘rﬁm@uﬂﬁﬁi@rﬂ@?eﬁm&

R4, Rs, Rs, BRiyaidsGherRd, U Q W X Y, Z xr have the same neaning as
above, or a phar eeHbL Gl dohbuRGEGR BRI Sakinwins ol at petiliaceel,

In yet a further asp i nvent |.on met hod of
preventing a ’B?reﬁfeg%{'ﬁl?l?‘rdo uﬁ?‘ﬁ‘éﬁ%@(@)’e"é’%‘gﬁw 3r3¥%q3?shw?‘atﬁ rYFr esence of
reactive oki dat i Reefsypblyi ths c¢mREBINds LA Ereniayéndidn dB¥H Al leagt fpgge 4l ¥ivai HEERE ng an
‘effective appuable@hihs@iuchicast one corrpound in accordance with Fornul a 1

Formula II, F Forgula |V ,
R, RS Re. Rz, Rrgereblyghe G SRR Gl vt SRRAUAA e 0RLEN gy o0

above, or b*l‘i’é%"i%‘éhfﬁcal I y accept abI e salt or solvates thereof. In

yet a furthenmmmlohmpmmwmﬁl on, provides a et hod of
preventi n&(and/ or_treating a disease(s) associated with the présence of

reactive Bki dat i Végupddilesralerts)synthpie svbrotr dsrprieshe Llyarinderreng an

effective anmpmStheaiEocHﬁmlsﬂassp one cornpound in accordance with Formula I,

For m‘” a II Formfll rkel b gfus M@ éy\éﬂle‘ﬁ@ego%'eﬁel?ﬁ;r ﬂlféz’syﬁﬁemﬁ by 324 R6, R7,
Rs, %la\/é(r av jN€ sane neaning as above, or a

phanar acoul i car Yﬁlé“&%lﬁf a?ﬂ"ép @%r sol vates thereof. Typically the

subj ect ii need &igryadhilustets ﬁsm'ﬂthﬁﬂclsom%fopmméﬁls o Shydyydlevasieopi ng
i schaem a5 Al-h@hid@dcinde! (Y5) vi@e Stipin@fdcidmpnddbensy]l paérson who is currently 30

TG 7 i e S s
met hod of ﬂ‘%%ﬁ?‘?ﬁﬁ?]gﬁW@@PﬁacF%‘&%O bevasl P57 at i ng t he damage to a subj ect
caused by i schaeFigarang/ thustragerid | sntetic t fvbemet Rod theorsprthesingf 3',4'-
admi ni st fer [ tﬂﬂ?yd?élyﬂfa\?cﬁﬁlztﬁé%n@d?ﬁ&@ b1pf at |east one l(;g;rpound an3ef f ecmj?/g
o oafa |+ BB AREERVER e B el b R BTV 2
U Q 16 WF3EHA)n the preseropend sscwng:os bpen chejingsieratsoPaCHE; 1600 U/L) and
phar maceut i GIDHF @CE®Ptoatheetab! seroiiie waioas pdndRts@dh rat aorta in the presence
of NADPH expressed as a percentage of control.
Figure 7 illustrates the effects of Vehicle (dF;0), 3'.4-dihydroxyflavone-3~
25 hemiadipate (21) (DIOHF3HA, 10 M - 10™* M) in the presence and absence of butyryl
cholinesterase (BuCHE, 1000 U/L) and DIOHF (10™ M) on the level of superoxide
anions generated in rat aorta in the presence of NADPH expressed as a percentage of
control.
Figure 8 fllustrates the concentration response curves to Ca’* in the presence of
30 vehicle or 3'4-dihydroxyflavone-3-hemiadipats (21) (DLOHFBHA 10 M), in the
presence and absence of BuCHE, compared to DiOHF in endothelium intact aortic
ﬁngs isolated from rats. The contractions are expressed as a percentage of the inttial
response to Ca™ (3x107 M) observed before treatment with DiIOHF3HA.,
Figure 9 illustrates the effects of vehicle (dH;0), Flavone—3~phosphate (F3P,
35 10® Mto 10 M) in the presence phosphsatase (1000 U/L) and DiOHF (10 M) on the




Preferably the solubilizing group renders the conpound at |east partially
sol ubl e, and nore preferably, totally soluble in aqueous sol ution,
preferably water. 5Preferably the conpatnds of the invention have at | east
one in vivo enzyne cl eavabl e substituent. Preferably the in vivo enzyne
cl eavabl e substituent is an ionisable group at phYsiolo gloat. pH BRI EF
DESCRI PTION OF TILE DRAWNGS 10Figure 37 illustrates the synthetic schene
for the synthesis of 34hydroxyfl avone- 3-phosphate di sodiumsalt (5).

Figure 2 illustrates the synthetic schene ' for the syntheS|s of 3 ,4"-

di hydr oxyf | alRSFet SupsFoIdsmatiens eepgrated in rat aorta iy presence g NAPPH caprcsRe
synthetic schengerdeotagt bbccgyral hesi s of 3- hydroxyfl avonel5 3-herni succinate

Synthet o schame tEre 1ﬁ3“%ﬁ%ﬁ§*?§%¥é“ j%ﬂ‘* ponss ““‘Eésg‘“ e pRkeRL 20 ) e
via adipic aSE%%tﬁ?ﬂ %/8 Fsgra e 9365 )IIP ‘if?rﬁsteg‘ée 1“%1@8’%%? heti c
schene |, f%roﬁmsﬂlﬁmd’@sﬂ@ﬂﬁﬂﬂam etﬁdthh&amnumhmmnegSBSMm &dmpalse Te21) .

20. Figure 6 ednhuatoﬁ@a@sex'g&@se@.fzfs% e?céﬂfag&’%bﬂﬁl ifitiaBdinse to Ca®" (3x102

M)
Fl a. vone- 3-h 19 F resence and absence of " butyryl
chol i nest er aSe %@J%&%E%f %'U)G ‘lcv}tg '3' h #F10-4 M on. the | evel of

super oxi de ani on¥igen di allagatey "F&tdﬁﬁ‘ﬁrlle]ampﬁ Tt ¢fr eahighe el 06PUNABRAHE,
expressed asD®HRSHZe (05O, GLOEFRHAO(1D*M) plus 1000THIgBLEHE. ivtHitis) TE0TE. t he

(efD:‘ ggtiFgllng Viedtirek earddiROME3AA (Hi-haY WX lA¥ANEs SPE %?ébgﬂlta@cgd Rk 21)
a e of bu
chol i nest er asé)q{r éﬁé%éek%@glsf%ﬁ?_@&':%@@@ﬁ T%ﬁ‘? ﬁﬁ“&)ﬂ“ V?Fé“%“é%’&? iyt
supef oxi de AFBRSCHBReEdrE@ B rat aorta in the presence of NAOM expressed
as a percent age Bfgucontz@) illistgey ahd dobd- &@Eﬂcﬁhﬁﬁe&r@&ecﬁﬁmw@ﬁmoﬁg} esponse

S AL di g e P v E"E%S%F%emg BEAFURESAREE \y 0 (e
presence and absi'é g?&@, Aloagdsnsn WIFWCe'ﬁdHBh@WCPfQ’HWh%ct
aortic ring3esPeusE i BIOHFEM Y at s. The contractions are expressed as a

{)er c tent atge of t hﬂgm‘u 13 iﬂhsﬁa@c%ﬂ@é‘&&ré&@: AP éﬁﬂﬁ %ﬁ&?@%ﬂ%ﬁﬁl&ﬁﬁ%ﬁfﬁ -
vreﬁ?clrrgn( dHe OIEE avone %%?Sﬁdlfae E Eﬁ%%s’@gmf £ (r)"%f%%n Cﬁ?yrgot‘ﬁg‘ >0 )
presence gh gﬂ{g) GkH3 qu@mwn AP HEm Hg) indicating

vasoconsmchon 1n response to PE in anaesthetised rats, constrictor responses to PE

were diminished by 30 min pre-treatment of 3 mg/kg DIOHF3HA.

Figure 14 illustrates the concentration resﬁonse curves to PE generated in the
presence of conirol, DIOHFIHA with and without BuCHE and DIOHF in rat aortic
rings. DIOHF3HA in the presence of BuCHE and DIOHF both appeared to inhibit the
25 response to PE in a concentration dependent marnner.

Maximum Contraction

(percent 3 mM Ca*")
Contro] 1011
DIOHF3HA 10™M 1011
30 DIOHF3HA 10*M +BuCHE 3546
DiOHF 107M 1842

Figure 15 illustrates the offect of phosphatase(l 000U/L) and flavone-3-
phosphate, (F3P) (10°M-10"M) with phosphm;ase on concentration response curves to
ACh in endothelium intact aortic rings from tats (m=5). The  relaxant

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



17 level of superoxide anions generated in rat aorta in the presence of
NADPH expressed as a percentage of control. Figure 10 illustrates the
concentration response curves to Caz+ in the presence of vehicle or

fl avone- 3- phosphate (F313, e INAto le Ivi) in the presence and absence 5
of phosphatase 1000 U I A) in endotheliumintact aortic rings isolated from
rats. The contractions are expressed as8a percentage of the initial
response to ca2+ (3x10.3 M observed before treatnment with

fl a. vone- 3- phosphat e. igure 11. il ustr t ing
ef fect of VWGGSPPW®W@CE"%T’ FEaRRd @ & %ngggﬂg %ﬁhﬁiﬁa’%ﬁ%s
1000U/ L Buehﬂboﬂlcmmmh@stéﬁwmhéncgfﬂpmlﬁomr%?ﬂ%%l 1A (10-4M had no

ef fect on PE preeontracted vessels. QecgelFSHA (1{24M plus 1000U L BuCHE
had a marked effﬁ é gn vascul ar tonei-n g aortadggcgcontract ed with PE
Figure 12(a) .ill Pat es t,he dose- depenﬁent decre |n MAP (nm He)

i ndi catin vasodihosbataseohd M\(Pr)esponsg-?pﬁ oHF3HA Y% lanaest het i sed rats,
15Fi gure 12(b) |Hglpuatﬁmps the dose- dpemndént dect®ate in HR (beats/min) in
response to Di OHz Fi gure713.pbyustrat gmxthe deerease in MAP (mm

Hg) indicating vaso tatl on | r nse t nﬁ?_sl,t ats,
dil ator respons WeA Mé‘aé?ﬁﬁgtﬁ (H’Q%?P%e g&?%gtigea mﬁ.ﬁéﬂwﬁgﬂ ng/ kg
D1OFI F3HA. ﬁe@m&@a‘%’é’mdwwwﬁﬁlwmtscatl ng 20 vasoconstriction in
responsei$ 0 PE imigmRaee Meistraed thaldese-gpondeni dbarase eispHRs deatsgniE imer e

di m ni shed 428/ kg D OHF311A Fi gure 14
illustrat esr%%%g%gﬂp%gh ‘?%%[Ege%g&egeecurves t%hﬁgg%en r at e atiue

presence of contfigre IBIBIFSERIRFs AR A AL ¢ an r at
aortic ringsuare fid. (E@htﬁpmnl)méomr@s(aﬁ@e%}mma‘ba@ﬁ IB%({% I!ﬂ%ear ed to

i nhibit theg2bniRhpans R, 3 &x@@@%@ﬁg atd a%@mdsemfammheﬁsed Maxi mum

30D R FETe h%gsmm%@é% PR sty ol B ekt
ef f ect of pm%ﬁé&%@ ooyt Ex;ze gmeqsf: RAGhReresnt ag e area of myocardium at

risk. * indicates significant difference in infarct sizg between Control and Adipate (6.6
mg/ke)-treated amimals.
Figure 18 illustrates the latency to touch (A & C) and remove (B & D) a
20 stimulus on the contralateral forelimb comparsd with the ipsilateral forelimb assessed
24, 48, and 72 hours after BT-1-induced stroke and treatment with vehicle (A & B) or
D1DHF3HA (15 mg/kg/day) (C & D) in mild to moderate stroke rats.
Figure 19 illustrates the effect of delayed adminisiration of DIOHFIHA (15
mg/kg/day) or vehicle on infarct area in cortex (A) and siriatum (B) in mild to moderate
25 siroke rats.

Deﬁmtlons

. As used herein, the term "alkyl" includes branched or unbranched hydrocarbon
chains, such as, methyl, ethyl, n—pfopyl, 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 funetional groups which are atiached corumonly to such
' chains, such as, hydroxyl, bromo, fluoro, chloro, iodo, mercapto or thio, cyano,
a.lkyltﬁhio, heterocyclyl, aryl, heteroaryl, carboxyl, varbalkoyl, alkyl, allkenyl, ni’crq,
amino, alkoxyl, amido, and the like to form alkyl groups such as trifluoromethyl, 3-
hydroxyhexyl, 2-carboxypropyl, 2-fluoroethyl, carboxymethyl, cyanobutyl and the like.



phosphate, (F3P) (10-51v1-104M w th phosphatase on concentration response
curves to ACh in endotheliumintact aortic rings from

rat s(n=5). Therel axant 35 response to ACIi did not appear to be effected by
t he phosphat ase al one, however 18 rel axant responses to ACh were enhanced
in the presence of the F3P with phosphatase at both concentrations tested
when conpared to control rings. pEC50Riipax Control 7. 310. 03100*3

5Phosphat ase 104M (P)7. 300 04100 F3P 10"51VI+ P7.800.06 F3P 10-4M +

P7. 700. 071100L.1 1 gure l16a illustrates th se-d ent, decreases
in MAP (min Hg) The tessp Bﬁ@é” pegoir 3pelygiey 2 st QT g%ﬂﬂ@’@é‘t Pﬁf?%ga%tb&“s-

10Fi gur e 16Mkidmhd. ust rat es the dose-dependent decrease in HR (beats/rnin) in
response to F3P &eaf}éﬁﬁst tzﬁ%tlﬁeﬁezﬁ 1 as deﬁnEtigmee Ishich| dsust r at es

t he area "of ard| t rs I\Cct, Si ze
(right paneln}‘“i’L f%ﬁﬂ QPZ;(ED c 0 égé%?andt ?Hbﬁ}?) z 3) and
Di O i F3H. A. tfigButeng/ kg CHAEHICEGlny/ klgbrowezﬁyhxdr@fa éﬂ‘e&%wp%e

anaest het i segidorsh Qé}.ﬁéj.lyj@fﬁ arﬁathgltethryleﬁég expstagend aq;r@ypmepe'ht age. of

ber cent age PR %eg‘i‘;i'r ol SRR PHRIIERIR 0
di fference mpethyifimedyleseze bebysbyleesnt rof ﬁﬁ@yﬁ’a‘?’ atpén %y%@ Fkg) 't r eat ed
alum al s., oEtigieeaddhyitdelst ranebytdmoictykney ta~maﬁu@ﬂqtrmt&ﬂ@)e, and*r enove
(B &Il%)?gl % &gjg%a;,gge}&%a{ @gﬁgﬁ%hj(@r elinmb tcorrpar ed \INI th the
Isltofl)kg :nd t r eat [‘rléag?e ; Wé’ﬁ 505@65 ’b@é?“"d b &Bgﬁﬂg Wfﬂg(%bé S / cI ay)
(C&D in ﬁ?ﬂ@%oﬁba@lﬁeéﬂ@t’mﬁw@ﬁéﬂlé bonds. gure 19 ill ust rat es the
ef fect of del ayethaHnni'dkyal"i dieludés Didobhel dA u@ﬂﬁn@ﬂk}@idccm;bpnochmhl cle on
i nfarct ar e%ﬂt&n&g%g&&&)acgﬂg&_@&&%{g%ﬁas in mld to noderate 25 stroke
rats. Tl% nit n§ aryl" is meant an aromatic carbocyclic group having a single ring (c.g.,
phenyl), multiple rings (e.g., biphenyl), or multiple condensed rings in which at least
one is aromatie, (e.g., 1,2,3,4~tetrahydronaphthyl, napbthyl), which is opiionally mono-,
di-, or tri-substifuted. The aryl groups herein are unsubstituted or, as speclﬁed
substitnted in one or more substitutable positions with various groups.
20 As used herein, the term "cycloalkyl” refers to saturated carbooyclic radicals
having thres to twelve carbon atoms. The cycloalkyl can be monocyclic, or a polycyclic
fused system. Examples of such radicals include oyclopropyl, eyclobutyl, cyclopentyl,
cyclohexyl and cycloheptyl. The cycloalkyl groups herein are unsubstituted or, as
specified, substituted in one or more substitutable positions with various groups. For
25 example, such cycloalkyl groups may be optionally substituted with Ci-Cs alkyl, Ci-Ce '
alkmi:y, halogen, hydroxy, cysno, nitro, amino, mono(C;~Cglalkylamino, di(Cy-
Ce)alkylamine, C1-Cs alkenyl, C;-Cs alkynyl, Ci-Cs haloalkyl, C;-C; haloalkoxy,
aming(Ci~Ce)alkyl, mono(C-Cgalkylamino(C,-Cglalkyl or di(Ci-Celalkylamino(C;-
Celalkyl.
30 The term "acyl” includes an -C(O)R group, wherem Ris alkyl or aryl as defined
above, such as formyl, acetyl propionyl, or butyryl.
The term "alkoxy" includes -OR-, whetein R is alkyl. The term "lower alkoxy
radicals" there may be mentioned linear and branched alkoxy groups of 1 to 6 carbon
atoms, such as methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy,
35 tert-butoxy, pentyloxy, isopentyloxy, hexyloxy and isohexyloxy groups.




As used herein, the term"al kyl" includes branched or unbranched
hydr ocar bon chai ns, such as, *nethyl, ethyl, n-propyl, iso-propyl, n-butyl,
sec-butyl, iso-butyl, tertbutyl, octa-decyl and 2-nethyl pentyl. These
groups can be substituted or 30 unsubstituted with one or nore functional
groups which are attached commonly to such chaim such as, hydroxyl, brono,
fluoro, chloro, iodo, nercapto or thi &) cyano, alkyldrio, heterocyclyl,
aryl, hetercarYl, carboxyl, carbal koyl, alkyl, alkenyl, nitro, am no,
al koxyl, amido,_and the like to for I ar RSUaRreas Rli$ hfdret@anonet hyl ,
hydr oxyhexyl , 2- %VEBE?ﬁQBpVﬁ?gﬁﬁgﬁ%ggéet%?ifgggﬁbogeﬁethyl, {yanobutyl and
the like. @kyl)> The term"lower" herein includes a linear or branched
chain of 1 to 6TEafhaMa@tneMendicates an aihe ngagy MARKyIerEY Reig prfragqPiy
di val ent ah@§h as defined above, such as nethylene (-CH2-), propyl ene

_')

(- CH2CH2C1- ., chl oroet hyl gne,é)%e;gcg@ -125 h NG\ dicates -

> CHRCH( SH) C1- 128w term. tsaeerdd” Andisaiss 65§ Rkt %";‘/"1 %é‘ht oBLH R Ecic

Cri Br CH2CH(@)-CH( CH3) CH2-), net hyl etb.ylene, triruethylene, 1-propylene, 2-
propyl ene, tetrgLneLhVl.e0RantelmiRERs YOEONDEL hyl ene, 2-met hyltrinet hyl ene, 3-

met hyl tri met hyl gne, 1- et hyl et,hyl. . hyl et hyl ene, pentant hyl ene, 1-
rnet hyl t et r anet ﬁ?‘f @ﬁ’é Si%ﬁﬁﬁihgéggsas t)i%f ene, 3-raet hyl tetranet hyl ene, 4- 10

met hyl t et r anet hheiem Spisphordin SBEhYEAE® and the | ke. The term
"al kenyl{p i ncl utiestehs ancheslioacidiribdicamshE€OXFlr ocar bon chai ns cont ai ni ng one

or more car bon'?ﬁé%ﬁﬂ‘sﬁ@b&ﬁ&&i@ﬂﬂcﬂ&ﬁes §(Opdte term "al kynyl" includes
branched or :br?,gc ed,hydrocarb ' @l.ning one or nore

11 9 Eht =)

car bon-carbon t Tﬂeﬁn ﬁ%lfomf% ;f%%%egsgi'@ dint an aromati c carbocyclic
group having a Theigie "phosepapmategndieaiga At Y at tiple rings (e.g., biphenyl),
or nultiple congensed "sHoegiad catenhihdibatat-OFREBORMe i s aromatic, (e.g..
1.,2,3, 41-5t et rahgfﬂér%&qpﬁﬁ Lier BRARBEDVANEYDI-ch is optionally mono-, di-, or
tri-substituted, e ar %rogtg,s. erein greyzsubstituted or, as specified,
substituted in ORREHR B SFS PRGREHINE %bsfti ons with various groups.
20As used her ei Bhe tehre "sulfongte’cipdipaed RPROref ers to saturated carbocyclic
radi cal s havi ngThd=a8 "Sipivakiv ested iddmatea ROPE)((RYe. cycl oal kyl can be
nonocycle, or a é)%'&gy‘r%l‘%% fis’f?c%j‘ iﬁéﬁ?&t%mi(@@@pl es of such radicals include.

obu ypﬁmggc opent

cycl opropyl, cyc cyclopentyl " _cvclghexyl and cycl oheptyl. The
cycl oal K¢l grouphe KERS @l%ﬂgﬂﬁ%?%'ﬁf@é‘!aﬁm, as specified, substituted

in one or nore Thbietm tplogitiosicpoil iidiates RO QIR ous groups. For 25 exanpl e,
such cycl oal kyl TQ&@%QSPH@%aQﬁte@M&&@LAﬂNWbﬁU tuted with C1-C6 al kyl G -C6
al koxy, hal ogen h%mrlgx c%gn ini@t r-]]QHC@C%g’ nono( G - C6) al kyl ar ni no,

di (C1- ©6) al kyl B 0 oo iaqiass Mgl “E1206 al kyvyl %'06 hal oal kyl ,

Cl- C6 hal oal koxVhe dwireetrbon GRiphE k§Aa, be repigneiy. GB%EYXW nPIo (€ 655 al | cy!l

or di (CizsChpatdsdoaimi n' o(Ci C6)allcyl  30The term "acyl" includes an -C(0)B,

group, wherein {g e Qe RN oRop Rl HEdn RO wenunsHee bt ascl moRylles acet yl
propi onyl, or but érrl %%The et Al al ﬁox% i ncludes -OR-, wherein Ris alkyl.
The term " FBRET m&%ﬁ’( deseribed herein. , o

As is clear from the above deseription, the spacer group D may be absent. It is

also clear from the above description that the linker group may be absent.
30 DESCRIPTION OF THE EMBODIMENTS

The present invention provides flavonoid derivatives and compositions
containing flavonoid derivatives, and methods of nsing same.
The presence of reactive oxidative species (ROS) in living tissue has been
shown, to be associated with many disorders in animals. Reactive oxidative species can
35 contafn both nitrogen and oxygen, or only oxygen atoms. Some gxaraples of ROB




radi cal s" there may be nentioned |inear and branched. al koxy groups of 1 to
6 carbon atons, such as znet hoxy, ethoxy, propoxy, isopropoxy, butoxy,
I sobut oxy, sec-butoxY, 35 tert-butoxy, pentyloxy, isopentyfoxy, hexyloxy
and i sohoxyl oxy groups. 20 The term "am do" includes an am de |i nkage:
-C(O)NR- (wherein Ris hydrogen or alkyl). The term "am no" indicates an
am ne |inkage: -NR-, wherein Ris hydrggen or alkyl. The term "carboxyl"
indicates -C(0)0-, and the term "carbonyl" indicates - C(0)- "The term
"car bonate" indi cat es -0C(0)0-. The term "sul fonate" indicat es - S(0) 201.
The terra " am&@ila@mhﬂee&tg&t 0y Bl Chteandit@T ivack & M- ‘Qoar FB R R A g
|nd| cates - L§ & 23UkhAB Gudisk Gnorimal ingadbelc -28(@,HZ Ohi . thde term
n
tef

hosphoni ¢ "ac Ke tes - ¥ ndi cat es
IOAr - %11130&°n“8’3|trfé*° 5 Fio%p %1‘8‘% %991 ‘2“"“&%’“%20? regé “?{3"%9‘?‘%% (&ggﬁ) 2 eli15The

term "sul famshomnﬂmueﬁlwmﬂfﬂ&n%@zﬂd othpredigearsh " sul foni c esters” indicates
-S(0) 2-0Rs The tigpsy koW hoRale ark Mg failes! nSGH)1P Gtourdihe ptasesses’ plibAshonat e

t d t c
e AL i g s s

" phosphoni c ieagngrmie W&’a@%f’sradlmﬁff GEFAFS 25 AFISPEIRT® p‘hrgdu ?e{»?l fdi cat es
- Ar - NL11) O4jmitodlivmdtier Eaeitisariaimate’ tho Iectivlo af fee-giipaty @) g0, environmental

stimuli such as ionizing radiation (from industry, sun exposure, cogmic rays, and
10 medical K-rays), envirommental toxins, altered atmospheric conditions (e.g. hypoma

and hyperoxia),- ozone and nitrogen oxide (primarily from automobile exhaust,

therapeutics). Lifestyle stressors such as cigarette smoking and excessive aleohol

consumption are also known io affect levels of free radicals. Radical species may

combiné to form other more damaging or toxic species such as peroxynitrite ONOO’, a
15 product of superoxide and nitric oxide radical reaction.

Another source of ROS species is some therapeutic agenis, such as anti-cancer
drugs. Anthracycline derivatives are highly useful anti-cancer agents in the treatment
of neoplastic diseases such as acute leuksmia, malignant lymphoma, etc. However, an
undesirable feature of their administration can be oxidative damage to tissue, which can

20 lead to cardiomyopathy and possible heart fallure. The presence of the therapeutic
agent can therefore cause the development of congestive heart failure (CHF). This
feature of some therapeutic agents can limit their effectiveness and it would be useful
to 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 agent, the method comprising co-adminisiering to a
subject: : : '

1} atherapeutic agent; and

i) an effective amount of at least one compound in accordance with Formula.

30 I, Formula II, Formula IT or Formula TV, wherein RY, R%, &%, RY, R, RS, R, R%, RS, U,
0, W, X, Y, Z, n have the same meaning as above, or a pharmaceutically gc‘ccp’cable
salt or solvates thersof.

In another aspect, the present invention provides a method of preventing and/or
at least ameliorating UV damage to the skin of a subject, comprising administering a

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



The hydrocarbon chains can be optionally interrupted by one or nore 25

het er oat ons, \Wen present, the |linker group may be any of a nunber of such
nol ecul es known in the area described herein. As is clear fromthe above
description, the spacer group D may be absent. It is also Clear fromthe
above description that the |inker group may be absent 30 DESCRI PTI ON OF
Tilt EMBODI MENTS The present inventiongprovides flavonoid derivatives and
conpositions containing ilavonoid derivatives, and nethods of using sane.
The presence of reactive oxidative species (ROS) in living tissue has been
shown to be wgisdlyi apwiddwict theresiin. di Ser dempositipna fidia FYaiRe EPHIGHS Adat | ve
speci es can Jg=m@akal N both nitrogen, and oxygen, or only oxygen atons.

Sonme exanples of ROS, 21 mol ecul es i - Al 2 fﬁg@ehﬁ geydadi cal s
such as OH , 02-_],:’“7{?61!1,&?@8‘3 .pFeS tr&%%%%%gége&sag%&ﬁﬁesog e/fn réred during

normal met aberardng e sfieety of RgenEne IECB R e R VERIRE\ABF LT P8 Tev at ed
under condi tpronrstigf drpxtidat i ve stress associated with chronic inflammation,

”‘I eCt: ons and ofhgloadl 5888 He ﬁ%ﬂﬁn@%d@bﬁﬁé&t £fobe of H@at[z@%bhlubjc@cft
natural |y occurring proceésses such.as axygen, met abol i ng | ory
processes’ . g@xﬁ??ﬁ?ce‘,’? Mzrdﬁﬂq‘é‘% SHIERY §BR"%% cg%ﬁ%’%&a? 3%8}[1%%%@ =% ree
radi cal s ar chonsatiedy sfedive omonefpé the composiitm B Eksdit®eh by t he

m tochondri a. EXBlGr8y, @aNdibses cagisoridientobury sxiddtive demagaidiselattad femcan

environTRNtal oRlh ThdisdiCOE Bk Bbdi aﬁeersadgja&a@@ceﬁfdigwaéra%a%&.ﬁ&mﬁun
exposure, cosnic rays, and 10 nedical X-rays), .environnenta Eloxms,
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Tee radicals react with key organic substrates in cells such as lipids, proteins,
and DNA. Oxidation of these biomolecules can damage them, disturbing normal
functions and may contribute to a variety of disease siates. It has been noted that
certaln organ systems are predisposed to greater levels of oxidative stress or nitrosative
30 siress. Those organ systems muost susceptible to damage are the pulmonary system
(exposed to high levels of oxygen), the brain (exhibits intense metabolic activity yet
has lower levels of endogenous. autioxidants), the eye (constantly exposed to damaging
UV light), circulgtory system (victim to fluctuating oxygen and nitric oxide 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 reperfusion, stroke, miyocardial infarction or mechanical trauma, such as a




i) a. therapeutic agent; and ii) an effective anmount of at |east one
conpound in accordance with Formula 30 |, Forrmula 11, Forrmula Il or
Fornmula 1V, wherein R1, le, re, R4, R5, R6, R7, R8, R8, If" Q W X Y,
Z, n have the sanme neani ng as above, or a pharmaceutically acceptable salt
or solvates thereof. In another aspect, the present invention provides a
met hod OF preventing and/or at | east aggl iorating UV damage to the skin of
a subject, conprising admnistering a t herapeutically effective anount
of the corrpositi on of the invention. Wth this aspect, preferably the
conposi tion ..5pf {yﬁl’é@é& r%(rg&n@f&ﬂa%grs@%ary ﬁb&aemmbypassmmmysmmt 22
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rats andifi egalysis of symptoiy, SiagBosas patite enfynidie markestardry, genbies stingde nor e
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adni ni st er et @Sin8RRAIRALRBABHISROS of BRI Dfongéstivehemidideatanes or they can
be formibgated 23,83 fuetled! EsofROM b B P BPIHAL e ROMRoSOTPAUANR
above is preferably administered before the stroke oceurs as a prophylactic io reduce
the risk of stroke occurrence, or within twelve hours (preferably within four hours) of
stroke occuance. ‘ '
‘ An example of an ROS involved pathological condition is ischaemia where a -
25 deficiency of blood flow ta part of a body results in inadequatc tissue perfusion with
oxygen. Ischaemia 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 occurs after the ischagmic event.
At least one compound in accordance with the present inveption may be
30 administered via a number of different routes, for example, topically, orally,
- subcutaneous, intramuseular, intra-arterially and/or intravenously.

Compound Synthesis

The present invention provides flavonoid compounds according to Formula I, 11,
T or TV, V and methods of synthesizing such compounds.



Free radicals react -wth key organic substrates in cells such as |ipids,
proteins, and DNA. Oxidation of these bionol ecul es can. danage them

di sturbing normal functions and nay contribute to a variety of disease
states. It has been noted that certain organ systens are predi sposed to
greater |levels of oxidative stress or nitrosative 30 stress. Those organ
systens nost susceptible to damage are,t he pul nbnary system (exposed to
high levels of oxygen), the brain (exhibits intense netabolic activity yet
has |ower |evels O endogenous antioxidants), the eye (constantly exposed
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Compound Syn |nvent|on provi des fl avonoi d conpounds
accor di A tEofigrNsAt41Q by pfic u?q? v, Vv and. nmethods of synthesi7i ng such
conmpounds. 24 Derivatives of Flavon0|ds Fl avonoi cl phosphate derivatives
are produced by a selective protection /



deprotection synthetic strategy. 3-Hydroxyfl ovong-3-phosphate di sodiurri
salt (5) 5Wth reference to Figure 1 the approach to the synthesis of

3- hydr oxyf |l avone- 3- phosphate disodiumsalt is shown. 3-11ydroxyflavone (1)
under went phosphitylation when treated with di benzyl

N, N- di i sopropyl phosphoranmi dite and the internedi ate phosphate was (Erectly
oxi di sed by m chl oroperbenzoic acid (nCPBA) to its correspondi ng protected
phosphat e. The phosphate ester was pur@ﬁled by flash 10 chromat ogr aphy

foll owed by recrystallization, yield 45% The phosphate ester

under Vent  hyEtageerdlajiséssefiflavabignol w t h pal | adi um hydroxide to formthe
phosphate, which was inmediately converted to its &sodiumsalt by addition

of a slight £x665 %f@%@p ﬁhé}gzw%wjfydroxi de solution. Deprotection by
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3- Hydroxy? % 5 LB ) was produced according to the
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3% roxyﬂavone (1) to form flavone-3-hemiadipate monobenzyl sster as a yellow/brown
gum in 59% yield. Hydrogenation of this compound in the presence of PA(OH),
catalyst, using a THF-based solvent system (9:1 THF:EIOH + 0.05% acetic acid)
25 resulted in hydrogenolysis of the monobenzyl ester forming ﬂavone-fi-hennﬂdlpate as
a yellow solid in 89% yield.

3 4 dibvdroxyflavone-3-hemiodipare (21

The scheme 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 monbenzyl ester (17) underwent a

DCC conpling to produce the hemiadipate monobenzyl ester as ebrown gum in 59%
yield.



The deprotection of the nonobenzyl ester to formthe correspondi ng

hem succinate using a Pc1l(OQAG 2 in the THF: Et OH, acetic acid sol vent system
a larger scale reaction was undertaken to yield the required

3- hydr oxyf | avone- 3- hem succi nate (15). 15 3-Hydroxyl | ayone-3-hem adi pate
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v Adwinistration

25 The compounds of the invention may be admixistered to both humian and animal
subjects.

The compounds of this invention may be administered in compositions wherein
the active compound is intimately admixed with one or more inert ingredients and
optionally inchiding one or more additional active ingredients. The compounds may be

30 used in any composition known to those skilled in the art for administration to humens
and animals.

The composition of the invention may be administered through a proper route
according to the dosage form. For example, the injection can be administered
intravenous, intra-arterial, suboutaneous, intramuscnlar and the like.



Thus, a conposition of the invention includes a therapeutic conpound which
20 can be fornulated with conventional, pharmaceutically acceptable,

vehicles for topical, oral or parenteral adm nistration, Formulations can
al so include small amounts of adjuvants such as buffers and preservatives

to maintain isotonicity, physiological and. pH stability. IV Adm nistration
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concentrati %a{,%o &r%% ‘%ng b‘tfﬁan , 70/ T, or about mg/ ni | -

oW , nt,

Concentrations ng/ | may be necessary in sone cases dependi ng
on the sol ubi | i t5P XAt BFCYiRE P hb® BRIy Riatemey dbg Sprmypdasd intpe
f or mul at Fonsungreanh, skiv categonipesitioss, smoltialrlofmbisturivasi ous parenteral routes

!nfl udi ng i ntra-sues BRl axtdnBbd-Aiddkd ideleY sydidthd, ARMBGHE dhny d}ﬂtﬁarﬁ&ﬁé{:%ag; t
i ntravenouss,: Nelage=Yqle neou . ositions according to
the pr esentmﬂ%c;\;g‘ﬁ%r? ﬁ&ﬁﬁf}%&]ﬁbﬁ#&ﬁ%ﬁgﬁ 5%5%?%‘0’[ %npi%y’%% O(r:g? ?gﬁsa?g?ﬁliyﬁf‘a@ér e
conposi t i on@LvEFTYFimRt 181 exgmply depdrigress, can be wiligad gyitle e Agrapositionsas e
delivery sydteited heminltogiavideangontifiudus orildag terafsotice pHityrpesic compound.

(bi ol ogizzal s:.hA3RY SMad-0FE: sd%s%% | Q¥ Az oryd: & S 0ol yreri c
delivery sya%hgarr?h fg?geexarrlglse d %b%r@%ﬁnig&ﬁﬁﬁz?gﬁ%ﬂ?ﬁ’ %ﬁé

conposi tions emmég gﬁt@o pr OVic?(%] gﬁgﬁgnti nu.ous or long termsource
of therapeutic C IRy OIS heopiin Bysenemyeplian gppldlwabd e to

for mﬁl atio g‘isx&:iuberteq ek edtraptaphideatithl @r aOfullaceudtd. Rt QRhepR) ﬂiéssﬁ‘vrﬂ@ﬁg .
synthetic . t sQ.be
formr atgc aa%%%%ﬁ%% : L‘“%‘e‘?%?%‘lrﬁ%? ol ERB AR S IR e
synt het P8 25 It jissng o, 8%{5}% ’(“"é@%@rlﬁ'@df‘?}?ﬁﬁp‘é‘i’%d into a food, such as a
cer eal . DeNer 203, it dndddolldack ety ArARIRbiADIRS Dread. etc. Tor

oral consunption.

The effects of vehicle, flavone-3-hemiadipate (107 to 10™ M) and DiQHF o
M) on'the level of superoxide anions generated in rat aorta in the presence of NADPH
were determined and expressed as a percentage of control. The presence of the
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The effects of vehicle, flavone-3-herniadipate (le to 104 M and D Ol-1F
(104 M on the |l evel of superoxide anions generated in rat aorta in the
presence of NADPH were determ ned and expressed as a percentage of control -
The presence of the 28 idavaone-3-herai adi-pate appeared to have no effect
oil the superoxide production at any cepcentration. Wth reference to
Figure 6, the effects of vehicle, Flavone-3-hem adipate (F3HA), in the
presence and absence of butyryl cholinesterase f3uCHFa£ %do N%lt and 5

Di O | F (104 fwyonsrs-heraiadipgte ponshred ih a6 Faleaitiols SRS 4R UL Y01 £ g i

t he presencecpdentMfddH expressed as a percentage of control is illustrated.

In. the absence of;4her6: grﬁgspi eg ett% FSS of QRN P10bdeerheRBdibhte

super oxi de productlon era

concentrati W%}a%@éﬁfﬁ?ﬂ‘?ﬁ%“ *Ebé‘?lve 8? ?‘@WP W?F?S«%ﬁ Zg‘é‘fﬁ%{reﬁh?%)pagfle Thi's

i s consi seMiOHFtMOT N ohétede\wﬁoibmp&ogd@erpomenqaﬁeém‘@b@ﬁﬂmﬂ thepresence 10 form

the freedhy%md Pﬁ%ﬁ;ﬁéﬁ&a y@a eQ?beo%tkﬁ\&ﬁﬁllﬁmtr&EB& sumaraembmfmte (19)

super oxi de produc te

and esterasé t@@ﬁ%@lméesappévouﬁéebﬁ‘%/%%% ’ﬁe%a%{’ %re}l?itd : kﬁ’@%ﬁ&—lﬁ?f?&sﬁ hydr oxy

fla. vonol ). cholinegeasy GAvRlS £heonseRyakeiens 'Bg E?WRﬁech‘?fc@ﬁY?“&ﬁ ons has

been |i nked htmisdippes STH B comihiteﬂtmﬂhthmhmmbmidlgmupd)amag@mwdmwotjy the

pr esence 197 4 HLRE HRIERkT qedivdiVe, FARE ﬂ%hl@nt’fhgm&ﬁﬁo&b‘fé@&ckﬂecam i
e presence or i ncreasi concent r.at |

f1 a. vone- 3- Ill’é"r%ﬂ?tboﬂ’lnﬁ' ufl‘i%?tnl( %&fpa% %fcl te??)ea%% STRETS Pt act

aortic ringdavioursbkit cthe rmetivity satsDivEEF ﬂ?ef’re‘ilhxqq@éb’ ﬂﬂt"ﬂf’]?re A ssfpticnolc®st rat i ons

(10-8 to 10sdﬁzeM}qdet ol éih@mmc&ﬁenmﬁﬁh@alﬁe&n dinlechat & @if)sfsﬁaget redadion in )

contraction teste 104 M the

fl avone- g %&}f’n %éﬁldﬁ‘lﬁgg sor‘?igIa ht!b éréd?c\i?ec m)stf Iy due to

the preséhce of ﬁ?‘? 8%“[ g:}tglggnlrﬁsppﬁsg 5‘8?’?% f:o ﬂl‘éﬂ&c? eé‘j at. veni

effects of VsHRghe corfienttatioRs OBﬂaWDEérW K@éﬁ@ﬂ& HEMMacl9 p%(i)em( 21)
(DI OHF3I 1 A, edddtiivhm 041 3doic anths DhdBikd (24 i} v detgmbedel AOfthéSltﬁﬁiOXI de

ani ons gene&%tcconatlugn‘{ %}%g%rt B ﬁl/gt NG HRSENS %eﬂ{ad&wgp HaeXH" Qﬁ‘

percent age O éroxi de conc remail n COI’]St ant

t hr oughout ?Waﬁwptw%é@&t rét thenhighgsgls ttfifﬂ‘i“jed1 t%éhqjﬂWSﬁA bad no
ef f ect o020 shpeindipatd bagenedstibiony effect, mdaelilmly durgo the fresgureef @) edtdreseahf ect s of
*vehi cl e, %E@&tgit@ﬁqro@m avone- 3- hem adi pate (21) (DA IFIHA 104 M -

104114) in the se en i ne era BuCl E, 1000

1.)71,) on the I & e P é)rﬁlp}éq%bqi? Q@ﬁé(%f %%ﬁséf é‘ﬁ@?‘ﬁ?aé' e— %gﬁg @I’%a in the
presence of (KRBEREHA pP sl ) andyRiQEEh (gMben @@ri?‘f%PfF@e?OP{ﬂ?Wﬁed For

conpari son gdnerate@dtl kdt Somsin e phctdite GLNATIAH éﬁprém dsetvlﬁl'ceﬁffagés um&;mcldde

o oany T eI Wpubudi® o “'”‘9 *‘%‘ %Sﬂgf%éon Dilp BPToRRAGIEe &
P evenl ea’s BRI PE e R ?g%ﬁ‘ﬂ’F’ES’%‘id&éﬁ?“‘é%ﬁns 35The

concentration r@sﬁmﬂ& ’feuFlges t7o ﬁa foEGTa roft Wehiple.e SeHakhydfoxyBinook-8- or
i ncr easi ng eongkikd @1y MIOXFEHA, 1¢° Ml [y dupiithb rssire dndwitne o Rabs1 (21)
(D OHP3HA, chgﬁnesterase (BuCHE, 1000 TU/L) on the level of superoxide anions generated in rat
30 aorta in the presence of NADPH expressed as a percentage of control is illustrated. For
compatison the results using DIOHF (10% M) on the level of superoxide anioms
generated in rat aorta in the presence of NADPH expressed as a percentage of control
-are also shown. The presence of the cholinesterase revealed a concentration dependent
inhibition of superoxide levels.
35 The concentration response ecurves to Ca®* in the presence of vehicle or
increasing concenirations of 3',4'-dihydroxyflavone-3-hemiadipate (21) (DIOHF3HA,



104 M- 104 M in endotheliumintact aortic rings isolated fromrats. The
contractions are expressed as a. percentage of the initial response to Ca7+
(3x10-3 M observed before -treatnment with D OHF3HA. Di OHF3HA. appears to
have slight Cali- inhibitory action at 10-4 M This effect is possibly due
to the presence of sone esterase in the aortic 5 tissue of the rat.

Turning to Figure 8, the concentration-gesponse curves to Ca24- in the
presence of vehicle or 31,4 -di hydroxyf2 avone-3-laem arlipate (21)

(Di 011F31-1A, 104. M, in the presence and absence of Bu;;IRAE was conpared to
Di OBT in endl@tﬁhﬂl-uUﬁM)ﬁh&ﬁdotmmnumtacrtlang!s ringd isaletsd hg CPRIACHPRSt 1 at ed.
The conEracBgIé;% ag)ég& gg FSheAnilel BERha0e m}*‘(lﬁltxi‘ﬁé)owm&'ﬁ&geﬁt@sponse
to Caz (3x1 1 ¥ £ g esence
of chol i nest&# e‘tW&ﬁE)é ﬁgé hgjé’g)e}g!sﬁs‘e g%rs\é\?%%egl%%&c%ﬁm} m

Di OBEF' 31- 1.a4.107 M. ThiRe$féict ismpssibly diugin é?e@feﬁﬂﬂ‘é‘? ‘IS%P i i \'Peﬁ’f’ qoete

fl avon. e- 3- phesfFatga( F3P, 10-B ML0O-4 M in the presence phosphat ase (1000
U'L) and Di ONF ( %ﬂiﬁﬁgeﬁ f@yeeé o ol g.g@gg,gg,oﬁggms ganét aitBepiesencabt aort a

in the presence resse 1 e -4 n The
presence of ehislef pradefraligcion BEe" E‘Hﬁé’é’ﬁte 5&13@%@%?@% ‘on dg éﬁ%g‘lﬁt
decrease i n prendeavial:bseate el meecorinrel ofOBE i snduhlivay PrlrPieyi ous
studi es t hat,; Nave.adi0vi, (el i8Rl e ar@fiohd e Skprébsedastysranizke gf oup in

Lhe o 0B det%%?eggsi Lf%ﬁ%ﬂ'tz“{%@?ﬁf e e et 20

concentr

20
i ncreasing cBweeaseregof ehndingfterpiegaaskrilysenbprsep st flf—o\#’egﬁ% Fﬁi IF%’
endot hel i um i nt aREfeﬁ‘iﬂ’gttb(Flgllrdﬂ@,Stht siffbctst afchehivknflevens 3mkeshiecdFi&d M-

Fl avone- 3- phgs & h@g%e Bgﬁhgtlagel b@d)mL)%thOWG(loéM) ot ekt of
| S

contraction at

concentrat i c?f'}l"‘?I%’%1 B AGRNE EW% %fe nréi aLmt the 1’6‘?%5 ‘ralt{:ftra Q?Pﬁo%ﬁkeg%%w
| | a. vot t d53-etrospiatfeopEdp, The prestce eﬁﬂmﬂwwer%%hw@é%?‘?@ée%‘ifn%’?é &L of 25

phosphat ase deRenadd@0eikalih thy liveisesimplekidam Thit efftct dosanitery fngsvioss| at ed

fromrats IS, [4€ a Ma@ iof the
initial respgﬁgg% h&z""h %ﬂ%ﬁ?{ﬁ;}g%n&rﬁggégéf g%jg&t ?%gonlgﬁ? wth e
f1 avone- 3- plﬁﬁ?ﬁﬁ‘é{a’é"eqﬁémﬁqs%é?ﬁz ik Phatase nmarkedl y enhanced t he

i nhi bitory effecThe abndehasimergpqriso sphves do Fre PnieRIFwRcS &1 vehisl Pat ed by
the fol | oyi RE.-BRRIchMchiRfhne ¥BMRIoRS 3-phdPhSiy FIFe $0EMD{ 10F M)inralathbmi vat i ves

O bo Thu.learb . |
di cycl ghexsll'étg‘%bef?gt?‘iv G P ge1o ra%y%&O%éWﬁé”ﬁaégﬁ%ﬂo@m@e 84iBeamol)
4-dirriet hylpmﬁ%%@q@ﬂw-mjucqg cORTEtPR & ? Sliest COPSERSIIOn 4 sof uti on

of adipic acid nnﬁ@bﬁ@:tyﬁgeﬁatmtt(s@oﬂcﬁﬂmgmn@es?}ﬁﬂscm@ai1)0¢an witbhpigsonet hane

(%0 \r/\gl' ) a? T"&E if’%h%‘ﬁ@ . f;r(? Li@d%-lltﬁiz erﬁpﬁ&kﬁm@m@cbp; 1910
e e resuy i x or
rain, thén éi’ V\ﬁ:‘ﬁelr0 el AT R & '%#}rlgdﬁg %%tm %tgq% t he

filtrate combwrm rEoechmimetions i ¢>~r@z:psw amﬂﬁweazeg% Rf @ﬁﬁ%@‘rfaimg}S*‘—‘(th%O% Et OAC
in toluene) (300716 dbbdreed BaBRbERENbnt eslie Hlaacnes-plgisplmie. gtﬁlﬁ!ﬁ(;@@@ﬁcegof 80% . A

smal | porti ' ¢lpe duhbie, tO give a

col ourl ess gomﬁﬁ&a&%ﬁ”ﬂ&ﬁg‘%}%&gtﬁg ?ﬁ@gg&fﬂmﬁé@ 3? 8 1.60 - 1.75
(in, 4H oRCHCE 621’?181115(41“3‘13“‘1@3’ et ,110’8%&’8%““‘“5‘8 “(t, J 6,8 H,
2H, CO2CH2); 5.02 (s 2H, CHaPh); 7.20 - 7,28, 7.39 - 7.45 (2m H, PhCH2,
113", 4', 5'); 15 734 (dd, 111, J5,6 8.0 Hz, J6,7 7.6 Hz, 116); 7.46 (d,
111, J7,8 = 8,0 Hz., 118); 7.62 (ddd, 111, J5,7 = 1.6 Hz, J6,7 = 7.6 Hz, hs
8.0 Hz, 117); 7.73 - 7,77.(m 211, 1-12', 6'); 8.16 (dd, 111, J57 1.6 He,
H5), "C MAR (100.5 MHz, CDC13) 8 2529 (2C, CRCH2CH2); 34.62, 34.91 (2C,
CO2CH2); 67.30 (1C, CllZPh) 119, 21, 124.68, 126.29, 127.17, 129. 29,

129. 40, 129.63, 129. 75 131. 05, 132.36, 134.72, 135.06,

nop=




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; C421-1360% requires C, 73.67; H 5.30%
HRVS (ES14) raiz 479.1469, C231-J24N-a06 [M + Nar requires 479. 1471.
3-"2,Vroxyl |l avorze 3-hem adi pate 0 25A m xture of

3- (benzyl oxycar bonyl but yl car bonyl oxy) fl avone (312 ng, 0.7 mmol) and
P4(011)2 (49,4 ng) in 9:1 THF. EtOH -F. 3. 05% acetic acid (15 nlL) was
treated with H2 for 5 h. The crude product was filtered (Celite), the
filtrate wa ncer at ed, .and, the residue was purified by flash
chronatogra%WV x Hﬁg V%) { ol uene + 1% acetic acid) to give the
hem adi pate as a Ilght yellom/solld (0 211 g, 89%. A small portion was
cryst al | i zed-BemvoncaRoinibitvledrbony © nip = 118- 121C, 1H NWR (399.7
MHz, CDCl13) 5 1.66- 1.83 (m 411, CH CIE); 238 (t J 6.8 Hz, 211,
CllZCIQ) 2.63 (t, 3= 6.8 Hz, P); 7.42 (dd, 111, .js,6 = 8.0 Hz,
J6,7 5 --- 8.0 Hz, 116); 7,1' , 311, 113", 4',.5"); 7.54 (d, 111,
. 77,8 8.4 Hz, H8); 730 (ddd,'=l1] 7 1.6 , .16,7 =8.0 Ft, h''g 84 Hz,
117); 7.81 - 7.86 (nn, 211, 112' 1 &' 8 4™(d. @Bnlll J5,6 = 8.0 Hz, 35,7
= 1.6 Hz, 115). 13C NivIR (100. é’lszp CDCL3) 8 25.01, 25,20 (2C,

120,76, 13104, L B A MG Al 1 171, 52
129,16 131485 gl sl A% ldp it ffoh 5 i go; ™
requires C. sewiemf afipic 4cigzgnobravel 50 14518, 8807 1ed) b disbloratighans 1 m + Nar
r equi res . 38Q) 40Dy midure was stirred under N, at room teraperature for 19 h, Water (50 uL)

- (Benzyl oxxés«a(da@@zlydl@e,y&,aﬁm m&r@}e%%éamywm fehRVBEth P etkbr lﬁﬁhﬂy | ene

glef’:lglylo{);(i:& ED%%&@ aglgﬁuér qas i e Eggur dd%%cetngrafgdsaﬂh%hnggd %f O enzyl

ester (11 oclgomgog@phyr(w?%aﬁt@@mﬁvlv@wwgeld thegopnhsny) gster gs a yellow

di chl or onet han e.(6ld, 8ova) A amell pbtﬁomi rEgstatigedsiom BelAaperdlemyepinisght . The
;ggtcg'tg” m t’%ég%l ek E@Jg%eﬁi% 5 {gd‘ﬁﬂﬂm i@ﬂ(ﬁﬁ é)éﬁc@&b%%% ovedy sl?xeg?yl
sat NaHCCB f'g éd&?&%{% B 2(,% ftgﬁ g’){?'?cé @(‘tea %’ﬁ'}g’ 5i due was
purified bycﬂi%h; ks @nﬁHo@HdﬁhW 2(56%4& DAR TS By b hgHwd T hé', Bahzy|

ester asim RspPwMa, OHl J; MR OGS, ers tial biky edef(BOmLEL,QACS paly mmtm'ml ve a

col ourless 8&, 5970_01 §5°/Q J?& 0 A AN MR 3) 8
O G B e R R S

111, 37,8 S;G,CHsCHIN 8),627. B &R, COCHH 6730 =(18, SWEPh):1119.216' 124.68, 40- 7. 46
(iii. 111139808 '??7 12418290 1@94()0'%9541@97535131 05 13§363§347727 ﬁ 067, 14 =

8,5 Hz, .H7) B T5.6 =8
Hz, HB): el %716%455 7 Pﬁ-& égc@)l'él Fhy 1 %Ze‘ 2 @gfﬁ ’Ef’““&ﬁ 66. 2,
70.1 (2C, @ﬂéﬁhﬁ,szi’scﬁzﬂmmewq@ 746128, 8,30 @Wsiﬁ%ﬁbm@?’iﬁ ]4469428. 1,
128.2, 128. @Hzmﬂ%m&mmgqﬁﬁam 14733. 7, 30 135.9, 136.2, 155.5, 156. 1,
161.1 (Ar),; 170 4. 172.0. 1730 (3C, C=0); LR (thin film 2937, 1760, 1730,
1646, 16022 : . Anal . Found C, 74.67; 11, 5.29, C35H3007
requires C, 74.72; H, 5 37% - 32 -

)
o DMOH
O
25 A mixture of 3-(benzyloxycarbonylbutylcarbonyloxy)flavone (312 mg, 0.7

mmol) and PA(OH), (49.4 mg) in 9:1 THEF:EtOH -+ 0.05% acetic acid (15 mL) was
treated with Hy for 5 b, The crude product was filtered (Celite), the filtraic was
concentrated and the residue was purified by flash chromatography (10-25% EtQAc in



4) - Hydr oxyl | avone 3-herni adi pate OH 0 A m xture of the

4' - (benzyl oxy) - 3- (benzyl oxycar bonyl butyl carbonyl oxy) flavone (400 ng,
0.711 mml) and Pd(OH) 2 (56 nmg) in TI-1F (10 RI), ethanol (1.2 m.) 5 and
AcO1-1 (100 mL) was inated with hydrogen (50 psi) for 18 h. The reaction
m xture was then filtered (Celite) and the pad washed with THE . The
filtrate was concentrated and the solif residue was purified by flash
chromat ography (70% THF/tol uene + 1% AcOH) and the resultant solid
recrystallised from THE/ petrol to afford the acid as a colourless solid

(150 ny, 55Wuennipl¥ ATetitSO0IT;o IR the Gemiadiphlezas alBelDivBlyw Solid) (A2B6&1. 66 (i n,
LClZI:EI-Z %I) ) C"'ESQE;@"/Z) 2 28all tportidhl wab dryBaltiged Qéézlﬁl@%Ac/p%tr@l@mﬁtspirﬁﬂ m§'=6 419. Hz,
Sy --:-@_@“&Nﬁ@:(ﬁ?wﬁ@%@@a@-iﬁl%;ma_ Xt Wy~ 1 79
(in, 111, 118} Ez2EHC00)] 2.63 (1, b5 66 Hz, 88, ¢H:Q08; 792 (dd15Y, 1:8=66 Ha Je111, I3, 6
= 8.0 Hz,5 HBY;HABE):N.M R7(633m, VHz H34 62, DVE0)545d 28,8 ; 2B.HHz3880.7.83. 3 (4C,

CH2), 115. Quad 48 3., 11816 11228 §i31 23D 4 % 7830 Agg HE3gS, 15
150, o0 o R e BT agtes, 2000

requi res 383;201Q€C, COALIRCHa); cHr It 62C,0BA- k)0 1Th2® B, 0i26.33ci187.81.,0nobenzyl
eszI eE)M(A 1. 5(91129.41,51:@476571191304,01&2%?@3@?0 E;@@.tlby@mmllgmsdeui@,- %@4 1@1.];@,- 98 mml )
an r StikRin ion 0

3,4 - dﬁge%%?g’xglgr?ggsg%}% i - g%ag,ﬁgécggc’nggﬁ%’)sé’i Jrifl;'%]"r §21g%c iﬁ?‘ﬂf?g‘t?fane (100
ruL) and t 8P &k 4 HiTe- S Th 85 389 4 80D: o2 st AP &r Melir eauFger N2 for

3 h. The r&B8240@{p m xture was concentrated under reduced pressure and 25

resuspendeng@@g%&%_&@ﬁ' IS e T0 N - YA Y Uspen. sion was then washed
w th water X : c it , saturated NaHCO3 (3 x 50 mi)
and brine (3 x 50 nL). The organic @ Twas dried (MpSO4), filtered,

concentrated under reduced

from Et OAc/ petrol eum spiri yi eld the begzyl
CBn
15 Ethylene dichloride (EDC) (843 mg, 4.40 mmol) was added to a solution of 4~

benzyloxy-3-hydroxyflavone (1.00 g, 2.90 mmol), adipic acid monobenzyl cster (1.30

g, 3.50 mmol) and DMAP (354 mg, 2.89 mmol) in dichloromethane (110 L) and the

mixture was stirred at rt overnight. The reaction mixture was then concentrated and the

residue dissolved in ethyl acetate. The organicphase was washed with water (x 3), I M

20 HCIL (% 3), sat NaHCO3 (x 3), brine (% 3), dried (MgS04) and concentrated. The residue

- was purified by flash chromatography (50% EtOAc/petrol) to give the benzyl ester as a

brown cil, which was crystallized from EtOAc/petrol to give a colourless solid (900

mg, 55%); mp 93 °C; 'H NMR (500 MHz, CDCls) § 1.77-1.83 (m, 4H, CH:CHy), 2.42

(t, 2H, J=7.5 Hz, CHCO), 2.67 (1, 2H, J= 6.5 Hz, CHRCO), 5.13 (s, 2H, CHzPh), 5.15

25 (s, 2H, CHzPh), 7.09 (d, 1H, J75 = 8.5 Hz, H8), 7.35 (app. 4, 2H, T = 8.5 Hz, H2’,6"),

7.40-7.46 (m, 11H, 2 x Ph, H6), 7.69 (ddd, 1H, Js7 = 1.5, Js7 = 7.0, Iz = 8.5 Hz, H7),

7.85 (app. 4, 2H, J = 8.5 Hz, H3",5%), 8.25 (4, 1H, J;5 = § Hz, H5); BC NMR (125

MHz, CDCI,) 8.24.2 (x 2), 336, 33.8 (4C, CHy), 66.2, 70.1 (2C, CHzPh), 115.0, 117.9,

122.4, 123.5, 125.0, 126.0, 127.4, 128.1, 128.2, 128.5, 128.7, 130.0, 133.0, 133.7,

30 135.9, 136.2, 155.5, 156.1, 161.1 ¢(AD), 170.4, 172.0, 173.0 (3C, C=0); IR (thin film)

2937, 1760, 1730, 1646, 1602, 1507, 1468, 899 ecm™; Anal, Found C, 74.67; H, 5.29,
C35H3007 requires C, 74.72; H, 5.37%. :



33 ester as a fluffy yellow solid (1.58 g, 88%; np = 84-85 C, 'H NWR
(399.8 MHz, CDCI3); 8 1.70- 1.80 (m 4H, CHCH2); 2.38 (t, 2H, J. - 6.8 Hz,
CH2Q0); 2.55 (m 2H, CH2CO); 5.10 (s, 2H, CH2Ph); 5.20 (s, 2R CH2Ph); 5.24
(s, 2.11, CH2Ph); 7.01 (d, 111, = 8.4 Hz, 118); 7.26 -7.49 (m 19H, Ar, He,
2", 5, 6'); 7.62 (ddd, 111, 15,7 =1.2 1-1z, 5 36,7 = 7-2 Hz, j7,8 = 8.4
Hz, 117); 8.22 (dd, 111, 55,5 = 7.6 Hg2 55,7 = 1.2 Hz, H5). 13C NWR (100.5
MHz, CDC13) 8 25.33 (2C, CH2CH2CO2); 34.59, 34_93 (ZC CH2CQ); 67. 30,

71,91, 72. QBE(g gﬁm;hw%;&r%g 115.84, 119.06, 123.76, 123.84, 124.60,
126.19, 127.1 129,15, 129.29, 129_64, 129.73, 130.12,
134_23, 134. 89, 137 05, 137.54, 137.85%-PH9. 61, 152764, 156.53, 157.00

(32C, Ar); 171.49, 10 173.12 174. 1§ , C=0), Anal. Found: C, 75.39; H,
5.47; CA2113608 reqUirGs C, i H5.43% B RVB (ESI+) mz 691. 2303,
adipate O—|O—|000Amxturo

C42I—|3dNa09 +Nar requires 69%.23Q8- ngydroxyg amne 3 -herrn”
' OH
, 4' -di benzyloxy- 3- (benzyl oxycarony utyI car bonyl oxy) fl avone 15 (2.12 g,

3.16 mol) and &dﬁl@aeaf)a%fltﬂz %2{% 5]-3- ;lehrsamamyle&b&y@ acetic

acid (50.0 tr re The

react |( on mﬂx Onlgw&ﬁgg §rt ggﬁmgﬂwg@ﬂlﬁpﬁ 5 dar k green
solid. The2aent (H) !&@éﬂ%d@afﬁ@ Wﬁuhearoaw EP2shH f@HﬁMﬁ@@a@Me - 90%
THF/ t ol ueneahthd/diteet (Celac) Y tHeopaioverdoyitic THS! Hhd filzakiveR coh®firated

TEE/ pet r ol guiins Rikd fosich© wik Ghakidahe, ALl hP R, 351 +49; brown
DRSO (bt Bty e R RO
6_8 Hz, Clcolqueioys sv@d?@mm B5%); 3B’ lm-lﬂom,mmwﬂ)wﬁ 0ODMEL) &11

372-. 6M(®. 0544266 38, 418, CHl(ﬁ—I 75 (1146 J)ﬂh%t:ﬂﬂoﬁa &4&9,21{2%7&3*@&, 732
(9 10 ”C%%)ﬁ 95 ap. bt df 11%9‘*%% RN A T A i P 822“130
NVR (100, 57 §6§¥ g g? "30; 72’%(%2”% 589, H?z@zllf&é@oz for 30 Irfai 34.81
(2C, CHz20aas); m’ﬁ(cng 15167—42) HZ, 195)95C NRR @25 MI2 REMSOUS 13,5, 226, 51,

i%, % 17 33,9323.3136¢;, Qﬁiz 1ﬂ@99118§5ﬁ965 12.@561:%50 1256, 290.{,14G.0, 1 8%8 171.97,
73 tos et 2kghs) A@?,A?M E%@W@E%%cﬁééf i g, SELLA00

(1v14- Nar 78%uii%8s 888eml g HRMS3ESE) m/z)38% 1128, CuHipOr (M + HI requires

enzyl oxycaghonyl but vl car bonyl oxv) fl avone 0 OBn

3¢ “Dibenzyloxy-3-(benzvioxvearbonvibutvlcarbomiloxy)flavone

20 Adipic acid monobenzyl ester (1.91 g, 5.04 mmol) followed by EDC
hydrochloride (0.764 g, 3.98 mmol) and DMAP (0.324 g,-2.65 mmol) were added 1o a
stiming solution of 3°,4°-dibenzyloxyflavonol (1.21 g 2.68 mmol) in dry
dichloromethane (100 ml) and the resultant mixture was stirred at 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 NaHCO3 (3 x 50 mL.) and brine (3 x 50 mL).
The organié extract was dried (Mg8Qy), filtered, concentrated under reduced pressire
and the yellow residue orystallized from. EtOAc/ petroleum spirits to yield the benzyl



0 Et hyl ene dichloride (1.13 g, 5.91 mvl) was added to a solution of

3, 4f rdi hydr oxyfl avone (500 ng, 1.97 mol), udipic acid nonobenzyl ester
(1,86 g, 7,88 5 nanol) and DVAP (481 ng, 3.94 nunol) in dichloronethane (30
m.) and the mixture stirred at rt for 50 min. The reaction m xture was then
concentrated and the residue dissolved in ethyl acetate. The organi.c phase
washed with water (x 3), 1 MHC (x 3)33sat NaHCG3 (x 3), brine (x 3),
dried (14004) and concentrated The residue was purified by flash

hr omat 50% Et 0 t he, | |
o1 | i o R A 14 RS ted ) e DRSO B AR eoboLr ] eo5
(850 nig' 620 k) P7079@80(%NEAF€H@BDZWL2@3€:1®)‘”§E EHREOES M, 28H, 2 x-
CH2CH2) , 2. éR,€0), 520 %s, 23, Z‘,IQPlrj;s 2@@2@121) CHER$55.04 (s, 2H, CH,Pn)/7.01 kg 1HCH2Q0)
2. 02 o n iy =l e g6 g%ﬁz‘% %22%46’377%0@%“93‘2@%2# s
7.31-7. 37 (¥ =102 %%srﬁﬁ)ﬂaﬁ 282¢ (ddy 5 Hy §56 = 3.65Elg 35,6—71“@ B "L 116),
7.55 (d, 1INMR {IDp3 MiB, 6DEL,) 81833 (C7 TH,CH,CC:L134.98, BABIS2C3THE)1. 5 He,
H7), 7.89 (@'73@1731 91J725£E%§C"'€H2 54)7 B522, if’ﬁbs 112%176 12733@ Bat%bop, J5, 7

350 =1g?3°2% ]]%Eégz 1%5%’ ?3 h?ﬁggizg?’f

33.9, 66.1, 126661% E%
128. 18, 128189, 1380 9137152815885 112@ 6?% 159, 156.5341%7.00 632Ch Ar3W1a9, 152, 8,
155. 4, 1H6- 573(115: 174. 18740, £=Ch7 And, FRAA:1T, 75 B9; W7R4D CaoHab0s Cealehés C,O50B: IR

2943, 1765,y + 30, H, 5. 56,
CA1H36010 requr esﬁ%’r@ﬁéﬁ?ﬁﬁ%%%}ﬁ% rﬁ'g{lﬁg?% o 58 g?le%%ﬁo oHO A

m xt ure of FoRERa®y | but ylcar bonyloxy)fl avone (435 ngy, 25
0.629 'mmol) and Pd(O—I)Z (50 rrg) in BUDAGHH nl) was treated with hydrogen
for 2 hresulting in a grey precipit THF was added to di ssolve the

precipitate and the 35 m xtyfer-tas i (D lite). The pad washed with

THE, and the filtrate conce Pl The solidjresidue was recrystallised
fcom TI'N petrol to afford ihe b|- éﬁmﬁﬁwﬁ“ﬁe%“as a. colourless solid (183
ng, 50%; nip 133C, 111 NWR . (506>NPEQ d6- DMS0) 8 L55- 1,70 (in, 811,
Ai2CH2), 2.24 f(toahb oP3’ ,4’-7d1l%nlz_%oxyg_—%@%yloﬁcz%gm{ytlbutﬁé&bor’t)yloxﬂﬂaqrmlxg’
15 (2.12 g, 3.16 mmol) and PA(OH), (107 tag) in 9:1 THF:EtOH containing 0.05% acetic
scid (50.0 mL) was treated with Hy under high pressure for 5 h. The reaction mixture
was filtered (Celite) and concentrated to give a dark green solid. The green residue was
purified by flash chromatography (30 — 90% THF/toluene + 1% acetic acid) followed
by ecrystallization from THF/peiIoléum spitits to yield the pure hemiadipate as 8 pale
20 brown solid (0,70 g, 56%); mp = 194-197°C; "H NMR (399.8 MEz, CDCL); § 1.44 —
1.62 (m, 4H, CHyCHy); 2.10 @, 2H, J = 6.8 Hz, CH;CQ); 2.44 (1, 2H, J = 6.8 Hz,
- CH;CO); 6.73 (4, 1H, J5 ¢ = 8.4 Hz, H5); 7.09 (dd, 1K, I3 = 2.0 Hz, J5 5 = 3.4 Hz,
H6%); 7.16 ~ 7.22 (m, 25, H6, 2°); 7.32 (4, 1H, Jyg = 8.0 Hz, HR); 7.48 (ddd, 1H, Js7 =
1.6 Hz, Jo7= 6.8 Hz, J,5 = 8.0 Hz, H7); 7.94 (dd, 1H, Y54 = 8.4 Hz, 57 = 1.6 Hz, H5).
25 BCNMR (100.5 MEz, dg-DMSO0) & 25.30, 25.62 (2C, CHaCH3COy); 34.43, 34.81 (2C,
CHCOz); 116.59, 11742, 119.98, 121.41, 122.06, 124.13, 126.51, 127.07, 133.32,
136.04, 146.97, 150.65, 156.35, 157.27 (14C, Ar); 171.97, 173.46, 179.95 (3C, C=0).
Aunal, Found: C, 68.89; H, 4.91; C;)H;305 requires C, 68.85; H, 4.95 %. HRMS (EST)
m/z 389.1000, CzH,sNaOg [M + Na]"' requires 3892.1001.




5 CH2C0), 2.63 (t, 211, 3= 7.0 Hz, CH2C0), 2.64 (t, 211, 3= 7.0 Hz, CH2QD),
7.37 (app, d, 211, J 9,0 Hz, H3',5'), 7.55 (cid, 111, 35.6 = 8,5, 363

7-5, Hz, H6), 7.80 (d, 1H, J-i,g = 8.5 Hz, 118), 7.88 (d.dd, 111, 363
7.5, 3.7,9= 8.5, 357 = 1.5 Hz, 117), 7.96 (app. d, 211, 3 - 9.0 Hz,
H2',6'), 8.08 (dd. 111, 35,6 8.5, 35,7 = 1.5 Hz, 115); I3C NVR (125 Mz,
(L.. 10 (5C, C=0): IR 3059, 2940, 28734 1768, 1706, 1504, 759 cm1: HRIvIS
(EST) mz 509.1441, C271- 1250/ 0- ru509 1442,

3,7-D17(be ¥, vone 0 OBn 0 15, Et hyl ene
dlchlorlde@ :"%,U b ZB@ a% ded to a solution of 3,7-

di hydroxy-fl avone (250 ny, 0 983 nunol) adeIC cid monobenzyl ester (921

ng, 3.90 mmaol ) and DVA? (220 ng, | orowet harie (25 tul)
and the m xture was stirred aﬁ 1. The reaction m xture was then

concentrated and. the regfdyeé. 61 ved i ethyl acetate. The organic
phase was washed with wa X2), 1 M-10j{x 20 2), sat NalICO3 (x 2),
brine (x 2), dried (MOW and chncé ; grhesi due was faltered through
a pad of silica eluting with 80% EHOAc/ petrol to give -a solid, which was

recr stalllzed /. £ss solid
( 565y my, {? éﬁ?%ﬁ’%éﬁ Efem és%oﬁwﬁn&@g gg%le;l %450%'“@ O?M Lr811
CH2CH2 x  2)iltydrisyiavons (0 me. 713y WO%?@:E@)&W ?Oﬂ%be(’fﬂ osipy (0 §6.877 8
CH2Q0) , 2_&@9(2) Bl PMAPAMR T mg, 3.94 mmol) in dichloromethane (30 mL) and the tmxture
stirred at rt for 50 min. The reaction mixture was then concentrated and the residue
dissolved in ethyl acetate. The otganic phase washed with water (x 3), 1 M HCI (x 3),
sat NaHCO3 (x 3), brine (x 3), dried (Mg804) and concentrated. The residue was
purified by flash chromatography (50% EtOAc/petrol) to give the diester as a
10 colourless oil, which was crystallized from EtOAc/petrol to afford a colourless solid
(850 mg, 62%); mp 79°C; 'H NMR (500 MHz, CDCls) § 1.76-1.82 (m, 8H, 2
CH>CHy), 2.42 (1, 2H, Y = 7.0 Hz, CH,CO), 2.45 (t, 2H, J = 7.0 Hz, CHCO), 2.62 (1,
2H, J= 7.0 Hz, CH,CD), 2.65 (t, 2ZH, J = 7.0 Hz, CH:CO), 5.12 (s, 2H, CH,Ph), 5.14
(s, 2H, CH;Ph), 7.25 (d, 2H, J = 8.5 2, H2’,67), 7.31-7.37 (m, 10H, 2 x Ph), 7.44 (&
15 1H, Js5=Js7=8.5 Hz, HE), 7.55 (d, 1H, J75 = 8.5 Hz, H8), 7.72 (td, 14, Js7 = Jp =
8.5, J;5=1.5 Hz, H7), 7.89 (d, 2H, J = 8.5 Hz, H3°,5"), 8.25 (dd, 1H, Js5=18.5, J57 =
1.5 Hz, H8); *C NMR. (125 MHz, CDCla) § 24.16, 24.17, 24,21, 33.5, 33.8, 33.9, 66.1,
66.3 (CHyp), 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, 155.4, 155.5 (Ar), 170.3, 171.2,
20 1721, 173.97, 173.0 (5C, C=0); IR 2943, 1765, 1732, 1652, 1501, 1465, 902 em™;
Anal. Found C, 71.30; H, 5.56, C4yHz3010 requires C, 71.29; H, 5.55%.

Flavane 3,4 -bisthemiadipate)

A mixture of 3.47-di~(benzyloxycarbonylbutylcarbonyloxy)flavone (435 mg,
25 0.629 mmol) and PA(OH)z (50 mg) in EtOAe (5 mL) was treated with hydrogen for2 h
resulting inm'a grey precipitate. THF was added to dissolve the precipitate and the



25 CH2Q0 x 2), 7.15-7.17 (na, 2H, 112', 6'), 7.30-7.36 (m 10H, 2 >4 Ph),
7,39 (d, 111, 4,8 = 1.6 Hz, H8), 7.48-7.51 (m 211,143, 5'), 7.81-7.83
(in, 211, 4' 116) 8.25 (d, 11-1, 35,6= 9, H5); 13C NVR (125 MHz, CDC13) 8
24.1, 24.20, 24.21, 33-5, 33.80, 33.82, 34.0, 44.7, 66.2, 66.3, (CH2),
111.0, 119.5, 121.5, 172.5, 128.19, 128.22, 128.3, 128.5, 128.6, 128.7,
129.8, 131.3, 133.7, 135.9, 136.0, 15458, 156.1, 156.6 (Ar), 170.3, 170.8,
171.5, 30 172.96, 173,0- (5C, C=0) JR 3071, 3035, 2944,.2376, 1760, 1726,

1615, 848 crn-1; Anal. Found C, 71.34; H 5.60% SA él28010 regwres C,
71.29; 11, Emﬁﬁ% was filtered (Celite). The pad washed with THF, an frate-pgncen ated

3f 73 Dl7 hédr ?]?gié;%?/%ﬁ@ﬁu%gs ﬁgﬁf‘gﬁﬁgg st '?%Fn%:):tml@o %?md mmw@ a; &glgt ure

0 | Q OLLY Cd DoAMARE, 1.85

ramol ) and P g‘ Zs)é@ i‘ln f ; te ogen for
35 h) A grieip e@ﬁ?ﬁ&% ?‘hétdﬂ'aln& %scﬁédﬁgﬂﬁ gﬂmj o ss ’vgd The
m xt ur e \SaCHLOO)eR .68l ¢t 108 J + 2) FenOH Ee), Qéid (waBhEd Wi i CHAEO).aR®V ¢eRB- filtrate

was concenty gie ~9Td‘ﬁz9f‘?i" '7@§tdi’l:'@HV\@ = £511y 5+ qls| Heads) 7.80 (I HEL pat rol to

afford the d aiiz H@s %8%&& E zégajjl 0y I;Ipz ﬁ; I\/R (400
Crotn), 2. 268 0&12121216’1 Sioﬁj(?dmzlﬂ BrzoBy; Js2 64 HS%%%'MR Bk a: 1O
DMSO) § 23.77, 23.82, 32,6, 33.2, 33.3; 44 3 (CH»), 118.7, 1225, 122.6, 122.7, 125.1,

10 126.8, 129.7, 132.9, 134.8, 152.7, 154.9, 155.1 (Ar), 170.4, 171.1, 171.4, 174.3, 174.3
(5C, C=0); IR 3059, 2940, 2873, 1768, 1706, 1504, 759 em™; HRMS (EST) m/z

509.1441, CarFlasOro M — HI requires 509.1442.
3,7-Di~(benzyloxycarbonyibutylcar bonyloxy)flavone

0
QBn
‘ Q
NG

15 Fihylene dichloride (EDC) (517 mg, 2.7 mmol) was added fo a solution of 3,7-
‘ dihydroxyflavone (250 mg, 0.983 mmol), adipic acid monobenzyl ester (921 mg, 3.90
mmol) and DMAP (220 mg, 1.80 mmol) in dichloromethane (25 mL) and the mixtuxe.
was stirred at rf for 1 h. The reaction mixture was then concentrated and the ragidue
dissolved in ethyl acetate. The organic phase was washed with water (% 2), 1 M HC] (>
20 2), sat NaFICO; (x 2), brine (x 2), dried (Mg504) and concentrated. The residue was
fittered through a pad of silica eluting with 50% BtOAc/petrol to give a solid, which
was tecrystallized from EtQAc/petrol to give the diester as a colourless solid (565 mg,
91%); mp 58 °C; 1 NMR (500 MHz, CDCly) & 1.74-1.82 (m, 8H, CHaCHy * 2), 2.39
@, 2H, T = 7.0 Hz, CH;CO), 245 (t, 2H, J = 7.0 Hz, CHCOQ), 2.62-2.64 (m, 4H,
25 CH,CO x 2), 7.15-7.17 (m, 28, H2’, 67, 7.30-7.36 (m, 10H, 2 % Ph), 7.39 (d, 1H, Je5 =
1.6 Hz, HB), 7.48-7.51 (m, 2H, H3", 5%), 7.81-7.83 (m, 2H, 4 H6)8.25 (d, 1H, Js6=09,
H5); ¢ NMR (125 MHz, CDCL) 8 24.1, 2420, 24,21, 33.5, 33,80, 33.82, 34.0, 44.7,
66.2, 66.3, (CHz), 111.0, 119.5, 121.5, 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 (A1), 170.3, 170.8, 171. 5 '
30 17296, 173.0 (53C, C=0). IR 3071, 3035, 2944, 2876, 1760, 1726, 1615, 848 cm
Anal. Faund C, 71.34; H, 5.60%, C41H33§)19 requires C, 71.29; H, 5.55%.




10 2.68 (in, 411, CH2C0 x 2), 7.34 (in, 111, H4'), 7.58-7.61 (rn, 311, H6,
112', 6'), 7.68 (d, 111, J6,8 = 1.6 Hz, 118), 7.87-7.89 (m 211, 113", 5'),
8.12 (d, 111, 1s-- 8.8, H5); 13C NVR (100 MHz, d6-DMSO 5 23.7, 23.76,
23.78, 23.9, 32.9, 33.19, 33_24, 33.28 (C112), 111.9, 120.5, 120.6, 126.6,
128.1, 129.0, 129.2, 131.7, 133.0, 154.9, 155.6, 155.9 (Ar), 170.4, 170.6,
171.1, 174.2, 174.3 (5C, C=0); IR 3033, 2952, 2920, 1762, 15 1708, 11.12
cm1l; Anal. Found C, 63,64; H, 5.14% (C271426010 requires C, '6353; H,
5.13% Preparatlon 0 .
3- M beni Zi k&K BLIINERGRS , %(0) (0Bn)2 0 20Di ben. zy!
di i Ropr opyl phosphorarnl d| te 12 5 nalL, 38,0 nruol) and 111-tetrazole (74.0
md, 31.7 mmol) was added % lutio 3- hydroxyfl avone (3.00 g, 12.6
mml) in dry dichloromet Hane (1 fction m xture was stirred under
N2 at roomtenperature fo bt e was t.hen cooled to. -78 C and
m CPBA (8.72 g, 50,6 mmol) pwas Jed The m xturg was allowed to return to
roomtenperature and 25 stirred af him. The reaction m xture
was washed with 0.25 M Na2S204 Y o
A wixture of 3,7-di—(benzyloxycaxbonylbutylcarbonyloxy)ﬂavme (565 mg,
0.818 mmol) and P(OH), (65 mg) in EiOAc (10 mL) was treated with hydrogen for 3
5 h. A grey precipitate formed and THF was added unti] it dissolved. The mixture was
filtered (Celite) and the pad washed with THF, and the filivaie was concentrated. The
solid residue was recrystallised from THF/petrol to afford the diacid as a colourless
solid (311 mg, 76%); mp 128 °C; 'H NMR (400 MHz, de-DMS0) & 1.55-1.74 (m, 8K,
CH,CH, x 2), 2.23 (t, 2H, ] = 7.0 Hz, CH,CO), 2.28 (t, 2H, I = 7.0 Hz, CHCO), 2.61-
10 2.68 (m, 43, CELCO x 2), 7.34 (m, 1H, H4"), 7.58-7.61 (m, 3H, H6, H2’, "), 7.68 (d,
18, Jgg = 1.6 Hz, HB), 7.87-7.89 (m, 2H, H3’, 5°), 8.12 (d, 1H, J5¢ = 8.8, H5); Bo
NMR. (100 MHz, dg-DMSQ) 3 23.7, 23.76, 23.78, 23.9, 32.9, 33.19, 33.24, 33.28
(CHy), 111.9, 120.5, 120.6, 126.6, 128.1, 129.0, 129.2, 131.7, 133.0, 154.9, 153.6,
155.9 (AD), 170.4, 170.6, 171.1, 174.2, 174.3 (5C, C=0); IR 3035, 2952, 2920, 1762,
15 1708, 1112 am’’; Apal, Found C, 63.64; H, 5.14%, CarHze010 1equires C, 63.53; 1,

5.13%.

Preparation of flavenol phosphates

thenzvioxyphosphorvio avOne

20 Dibenzy! diisopropylphosphoramidite (12.5 mlL, 38.0 mmol) and 1H-tetrazole
(74.0 L, 31.7 mmol) was added to a solution of ‘3-hydroxyflavone (3.00 g, 12.6
mmol) in dry dichloromethane (150 ml). The reaction mixture was stirred under N, at
room temperature for 2 h. The mixture was then cooled to -78 °C and m-CPBA (8.72 g,
50,6 mmol) was added. The mixture was allowed to return to room temperature and

25  stirred for a further 45 min. The reactjon mixture was washed with 0.25 M Naz3,04 (3
x 100 1oL), satarated NaHCO; (3 % 100 mL) and water (2 x 100 wL). The organic



x 100 roL), saturated NaHCO3 (3 x 100 nL) and water (2 x 100 niL).. The
organic 37 ex.-tract was dried (MgSO4), filtered and. concentrated under
reduced pressure-to yield a crude white solid. The crude naterial was
purified by flash chromat ography (20-50% Et OAc in toluene) followed by
crystallization for EtOAc/petroIeun1spirits to gi ve the protected phosphate
as a white fluffy SO|Id (5.28 g, 84 9 uy = 85-88*C, 11-110/1R 5 (399.7
MHz, CDC13); 8 5.09 - 5.17 (in, 411, Cl 12Ph) 7.22 - 7.30, 7.38 - 7.47 (2
X 14H, Ar, H3), 4', 5 ,6'); 7.51 (d, J78 8.5 Hz, H8 7.69 (ddd, .153 = 1.3
Hz, 16.7 = xivact was dderl @ieS0B), Bftered pind eampentrategamderze eq pressptetto yighd ag ) ;

8.29 (dd, Jamfle white 20l Thd erufle maderial Wha puledfiekl, bytash chsbaabdsbapbit QE)-S0%HZ ,

CCI9)° 6 Thid (2SR i %ﬁ%ﬁ@éﬁgb@&oﬁ% 8 157, 10
(25C, Ar): IRéoBY Rhoephages aowhig iy solid (528 Hb Sk ayp =155 8MRE-0). 3P
NVR (161.8 Mﬁm 1@@,13)31:13% & 7.045 5-1(7S(m, B;D)CHszar? 22E01ml;l7 36 697 &lx o, 4.60;
C2s, H2. 306P 4c 5 %3) 88; (@2115 g | nk1§a§z>313 267

0291123NA% Lres - 3- ate
di sodi um safl& 715@ 5 H Ry |7t9ﬁ g M?’ﬁoxg fl avone

(2,05 g, 4.H09 HHOIY). ACNPER. [mswm@ncaé;isrmw 1@%0,06 ﬁh@)llﬁmaw ter
gl'ﬁ 1. 250 rxgdzg,,%lmg tmg?@eq}gmst hzbﬂlga}[lé)@snomt IGipeeysuee {39.06. 5 '[]h
e reactq o V@& i ey W
NaOH (0. %do {kﬂhxa 3??61 \K/a‘%“%%f héee %ous@ t@u?)elgﬂolslgsﬂaﬂg %:% %)aéwl%dat ed
under reduc®dOhr e%ﬁ%% 2z SO 2 ed ?r%rﬁ’\&%\)t @Fﬁ%@‘(‘%&t@gﬁ *d the
phosphat e aséfalCaskeddfowsquiyst@Gl §9.64,. 03 9658)7%{94\@ dESTL 1/z2N5Y1LRIZE499. 7
MHz, 1) 20) ézgﬁmgéogpgw%,ﬁ@m@azgﬁgozz J5,7 = 1.2 Hz, H6); 7.40 -7.46

(m 3H, . TH h H8); 7.64 (ddd, 1E, Y5,7 1.2
Hz, J6,7 7 s g oyl anas3-ghasphaig gisods f(dd 111, .T5.6 8.0 Hz, 3-5,7 = 1.2

Hz, H5); 8.10 (I n, 2H 112 6 ) MR~(100.5 25 MHz, 1320) 3 118. 29,
122.92, 124.97, 125. 06, 128. 50, 0.92, 131.33, 134.22, 155, 06,
156. 68 (13C, Ar): 136.11 (1C, . &ed-P); 177.15 (1C, C=0). 31P
NVR (161.8 Mz, 1)20) 6 2.98 (si=+ Apph,2 Found C, 49.68; H, 2,51;

(@] anNaé?P requires C, 49.74;, H 2350% 38 41- e-3- eim_ amvkhCf fi Ot /0

avOne OP(0) (,0BO2. 0 11-Tet 1e I dded to
a mxture 4' be%‘z ! giap of 3 g 8‘70%5%%2% 5260/'@2 £rﬁg’%’-"‘éﬁg%’éenzyl
N, N- di i soprmﬁ@ph@gphrbpaﬁi%,toéﬁ(m@@Iﬁwﬂtegﬁ 1 240 miTrviess freqigd with Hy at

di chl oror n%@@e@ﬁeﬁ&@re&ﬁ&e Yoragsl H M N@@fibh i NAS veksi filteed @lclin) shdrthe h.

Addi ti onal I\ji N r d - 1.5
ol ) was a %Q% o?dt regﬁ?l on ?ﬁ?g@@?@ @atgau‘rﬂtif 9‘15"9?1% iy %m;gctl on
mi xt ur e%é’“’t‘%@ﬁaté‘éﬂ“?d TgcedypreysIg WB&Z Iy a"efi%f’tfnwwe‘ﬁ 0% W W)
was added. p]ib@hmeaemabmellmgrﬁstalsr(lwargxﬂa‘yd)zleﬁdﬁ lm (49P@MHer DAY &ri n. The

organi ¢ | ayey3 masipashed .ot v, b= 25 Hz, He); 7.40 — 7.46 (m, 3H, HY’, 4°, 5°); 7.52 (4,
1H, J75 = 8.5 Hz, H8); 7.64 (ddd, 1H, J57 = 1.2 Hz, Joy = 7.5 Hz, T3 = 8.5 He, H7);
7.97 (dd, 1H, Jss = 8.0 Hz, Js7 = 1.2 Hz, H5); 8.10 (m, 2H, HZ’, 6”). PC NMR (100.5
25 MHz, 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, Jg » = 6.8 He, C-0O-P); 177.15 (1C, C=0). p
NME (161.8 Mz, D:0) 8 2.98 (s, P). Anal.: Found: C, 49.68; H, 2.51; CisFHyNapOgP
requires C, 49.74; H, 2.50%.



10 M Na2S203 (x 3), sat NaHCO3 (x 3), brine (x 3), dried (MgSO™) and
concentrated. The residue was purified by flash chromatography (50%

Et OAci petroD to give a yellow solid, which was recrystal rized from

Et OAc/ petrol to afford the phosphate as a colourless solid (1.01 g, 58%;
nip 101C, 111NlvIR (500 MHz, CDC13) 5.02 (5, 211, CH2Ph), 5.16 (s, 21-1,
CH2Ph), 5.17 (s, 211, CH2Ph), 6.97 (ap8. d, 211, J = 8.8 Hz, 15 113',5"),
7.29-7..36 (in, 1511 3 x Ph), 741 (t 111, Js,6 = 4,7 = 8.0 Hz, 116), 7_51
(d, J7,8 8.5 K 3 ; 2.0, .17,8 8.5 Hz, 117), 7.96
(app. d 2 3

118); 13C NIVIR (100 N%E CDCI3) 5 69.
122,3, 123.7, 125-0, 126.1, 127. é27
133.8, 135.8, 135.9, 1361, 155

H J7,8 8.51 .1.6,R =4.5 Hz,
OE§ (Cl-12), 144.7, 117.9,
128. 2, 128.4, 128.7, 130.7,
161.0 (Ar) 172.6 (1C C=0); 31P
N1Vi.1?.. 20 (162 M21l-1z, CDC1Z 5 ((%@ n@ ER 3063, 3031, 1647, 1601,
1506, 983 cm Anal. Found C 72 60 H, % C351- 12907P requires C,
71. 52; TI, 4.83% Flavone- 3-phos hafe di sodiwn salt 0 A_mxture of

- (benzyloxy) - BH—(I@txﬁ@&ﬁzfﬁEéx%h@g yema) 5%y pedes\ o e Titus o Py xy-365 nr nol )
and Pd( OH) Zhytd Ja?cﬁﬂmﬁe (nodl eF262 Quimiby), cﬁMzﬂBN,eT difsbpropylphosalortmigéte 05w t h

909 8 . ] AR A FEET LB Bl i oo

gonce t;@% d¥ I{m I i d eS| due
was di ssol \?e%l Adgliticned @‘?W@fﬁ‘”ﬁﬁﬂﬁ%@&f’ ‘(’Sf orpagdite (09 iy ks tgg/ (600 IL,
4.3 num A) vedcdededamrd b ireaviicn ativradt fof erfudier i b, THRhSAGHORTNFBITG\EES éhﬁﬂcent r at ed

and the resLoueinas °diasal- MﬁﬂAl(ma\@t@rlmﬂﬁ)@mm@@MME atdddeThedeactid® 1 emoved
by filtration.and the,soluti %“ﬁ B, bymm. The
Wsﬁﬁlbgvfaf"% % 8£a or a SO |gﬂy Ew 5%9&1:%!;9 92

el uant was ¢ recr ed from

acet one/Rathd NapBOnfs 58r %Pf Nﬁg‘j&q &% phkrige 8‘53)61 %: np
. 182-184C; résidu& M@u@ﬁ@& bivHEash mﬁy)naﬁigﬁﬁpﬁ? k@Ep FEtOdc/pmaD tOJ g&e 8. 35119& 5

?3925 % 7 <8184 j n%i #ﬁnz%cﬁ ;ﬁ:oZn FibRe/pEROL, tof affdd (de ph?)sﬁ?nm)% 5 59H%a H8) ,
d. 211 '3 901?“‘26‘“‘%‘“’“;42(1%8 5%{%6“ &)é?d": %%’“@#—35&5%%’ ?ﬁéﬁﬁﬁfi’% £ 1256,
124. 9, 125CH:PM35.18 (s13H, @H311155507 (5,57 L1CHY, €97 {ay. 4. €y ¥ = §3d1m " (1

C --0); 131%3 1@23%5IﬁD@%i‘hﬁ?@l@QlHﬁIseP)fm*RMwHﬁ) 715%37%79 1542,

1393, 903 Rygg( z__3§§ ﬁlﬁﬂ 5%1%0-736 +a 19y HT=reegui r es

gﬁliao(r)llgg ﬁ@n Osl éélgd,ol va 5|Jﬁrgnet I_ylz?ﬁsmg\é Pfo% zw<';t(15)&r‘5ygé:é;g_;AfIavorle

70.0 (CHy), 144.7, 117.9, 122.3, 123.7, 125.0, 126.1, 127.4, 127.8, 1282, 1284, 1287,
130.7, 133.8, 135.8, 135.9, 136.1, 155.2, 155.7, 161.0 (AD), 172.6 (AC, C=0); ”PNMR

20, (162 MHz, CDCL) § -5.3 (s, P); IR 3063, 3031, 1647, 1601, 1506, 983 cm 1. Anal.
Found C, 72.60; H, 5.05%, C3sHanO,P requires C, 71.52; H, 4.83%.
Flavone-3-phosphate dz‘sadizzm sclt

A mixture of 4°-(benzyloxy)-3-(dibenzyloxyphosphoryloxy)flavone (1.00 g,

25 1.65 mmol) and PA(OH); (120 mg) in THF (10 mL) and water (15 mL) was treated

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

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

it for 30 min. The mixture was conoeﬁtmted and the residue was dissolved in water.



O A mxture of carhoxypropyltrir' aethylamoniumchloride (0.5 g, 23 ranol)
and thionyl chloride (23.26 g, 27 rnnol) was stirred at roomtenperature
overnight. The 15 sol vent was evaporated and the residue dissolved in

ni trobenzene (2 m.,) and benzyl oxyfl avonol (344 ng, 1,00 nrnol) was added.
The solution was stirred at room tenperature for 30 mn, then at 65 C for
5 1L The nitrobenzene was renoved undey9 reduced pressure (80 C water bath)
and the residue was purified by filtration through a plug of silica (7:2:1
Et OAO: MeOH: 1 ]I % The residue was washed with TI-1F and 20 recrystallized
from et han. B89 malenial es rempvad P Fdratiop st §h¢ sowiearasss trgpeh pu forvR.
(399.7 /1/ 1emcc}1angeCdDﬁ)}:®) Pk Qluart b3 ( &idcentatedCh) affdcd78@ Ak, Whicd wa8 Hz,

Cliz) 3 3. 09 &;mhsea eBhoncvd 3 w8l Bl phosdily f£HMbw Y cz@l%g, ohy
Jf i 8518y 7. 88

7.54 (111, m@’s'%m%”"’g’ ﬁé%‘]ﬁg%{’@/}”@‘}z 1:12%1)8 d: °7Jé rp' &

(111, d, SJSH?dﬁ 18742 ﬂle,lJz,?*meFgé HzpH6), 75@;@ Tels = 89 Bz, HR), 7191m,,151,ya7 8. 07
(111 25 d,= A =87.91M, 8.1813F) 1H, #P=4.5 Hz, H53) 8.19 (app. d, 2H J 8.5, H2’.6"); *C

(Hydr oxy I h de H C
e 00 A mmxt R ARNAs LRl B *géé»ilﬁ%”f%éﬁ% Ay %9“1%5% 01 (5
nm) was sti ﬁ?%dxm&rlaw Cat Hibs HidPDe 6 64 &z @3}1 e(Snf’)(tIB{e was
filtered and8theo%abipnsis 1895903 arhéﬂ;'{RMS @Ef Ptk 33360, @sISe0HFdM +
Vasor el agamy @fired\did @ngdant Activity of Flavonoid Derivatives Erect of
Fl avonoi d rivative on a2- 1 nduced Contractl on To determ ne the

i GRIE ] f EEGEEE | ul ar Ca. 2,
i ¥ on of Ca2 were exam ned, in.
ee hi gh-K+ solution (60 rnM KPSS).
Aortic rings vvere initially (@ d at ag®sting tension of 1 g in
normal Ca24. '-free PSS for 45 DL LS. The bath nmedi um was then repl aced
with Ce-free KPSS for 45 mnutes/lito. € @ reference contraction to
Ca? 4" (3 x 104 M. Following a 30 nmioute ré&equilibration period vvith
Ca-free PS$, .t he | ative.co S +15 1 -
104 M vverg e fe %W%SKWHC’RXB%%‘ %‘%Xﬁa{f?%"“b%e@ﬁ%@ @? gaq 81)8Fd§’6%’é’ nt ratl ons
(10 - 10- 4cTMnd3f(2 wvahj S'clﬁsg, 23'mrdb]) dadhatred Xy fdoanvempdrature ovcmlght The

3- hydr oxy !Pial} i 1.h r |pate
3- hydr oxyf avone %% ate gffséééé% Edlxﬁfgﬁﬁég??on%pe was al l oned for
the fla. vdmzadm'@ef/mé@é%m r‘iu()ﬁgmtuﬁhwam:}dedws"léxs solption was Stln‘edatroom

temperature for 30 win, then at 65 C for 5 h. The nitrobenzene was removed under

reduced pressure (80 C water bath) and the residue was purified by flitration through a
plug of silica (7:2:1 EtOAc:MeOH:f{zO)- The residne was washed with THF and

20 reorystallized from ethanol/pet. spirits to afford a yellow powder (30 mg); "H NMR
(399.7 MHz, CDCly) § 2.01-2.13 (2H, m, CHa), 2.78 (24, d, J 6.8 Hz, CHy), 3.09 (5H,
5, NMes), 3.25-3.35 (2H, mo, CHuN), 5.21 (2H, m, CHoPh), 7.24 (2H, app. d, J 9.2 Hz,
H2°,6"), 7.33-7.49 (m, 5H, Ph), 7.54 (1H, d4, J 8.0, 80Hz,H6),7 81 (14, d, J75 8.4
Hz, H8), 7.88 (14, d, J 8.0, 84H4H7) 7.92 (2H, app. d. J9.2 Hz, H3’5),807(1H,

25 d;Js5 8.0 Hz, HS).



20 Rel axation by .Flavonoid Derivatives Fol |l owi ng testing of
endothelial integrity, rings were repeatedly washed and re-equilibrated for
30 minutes before the addition of PE (104 - 2 x 10-7 M and 9, 11-

di deoxy-9a, | 4-epoxynethano-prostaglandin .F2a (046619, 10-9 - 10-8 M to
produce an active force in the range of 40- 60960f KPSS-i nduced contraction.
The | evel of 25 precontractio.n was nedkhed between the various groups by
adj usting the concentrations of PE and U46619. Cumul ati ve

conce ntrati QBP0 BN RSN DS E ARER kb0 &)/ 1dondeMrager € conducted for
3',4 d|hydroxyT|avono| 3- hydr oxyfTavone- 3- her ni adi pate, 3' 4*

dlhydroxy 3- herni adi pate, 3-hydroxyf |V -~ 3- phosphate. 41

Experiments were conducted in_th ggepice of anp, esterase, butyryl

chol i nesterase (BuCHE, 1000 r the hem a@i pate derivates and a
phosphat ase (1000 UL) in the CaS, oh_t osphate derivatives. Effects of
Fl avonoi d Derivatives on Superoxige Leyel s |@ & In Vitro Assay SSuper oxi de
ani on production in rat isolated aorti® segnents was deternined usi ng

| uci geni n. Ahﬁ%&éﬂ?ﬂ{b@f&@@ﬁmo o9 brbd BA/CI(53S5 Y @ ROENAkE] vas siesicr i bed above
and then placed in ice-col

Kr ebs- ( NA2- FRGE BraFBembes BfM%EEP dr - The mbxtrs s FHPSE P g e5™ ( FTEPES

buf fer) (osmpsited amibrM yelivaGoli@9_0, KCL 4.7, K110304 1.0, My504, 71120

1 2, Dgluoose 11.0, NaHCO3 25.0, CaCl2.2H20 2.5, Na-HEPES 20.0). 10 Aortic
rings were gre-incu [, 4 wagspH74 in

Kr ebs- HEPES %guf”‘?l E ‘gf‘én‘?"ﬁ‘éa‘% I e{ Egﬁfﬁ%‘éﬂ}r ¥n\§|'xc acid (DETCA,. 10-3 M to
i nactivate superOX| de _d| snut ase a dZT : | cotinam de adeni ne di nucl eotide

phosphat e (&Kt fiaguolg BesialRes oLes b2 oxi dase and eit her

3',4' -di hydrox [
3. hy dr 0xy1¥I p%fad) ggt% g&%ﬁec’r’\@fﬂﬁ%rﬁnﬁ% rEépXﬁseQWilg %Jﬂux‘b?@i@ic@ﬁularlS

hydr oxyf | aVdhe-82HH: gp ﬁﬂoé‘s?slf@ FFOFHROYS &P cgéoélk I!E%:Fl oton gmuis%grl1 on was
measur ed.0f qrresmﬂcecgfcﬂaersnmdﬁ 06 Vst |higho| pilutics Brﬂﬂ% §§)-0 APTHA TRBT wel | of
Kr ebsHEPES Jaisf t&ﬁagy%gﬂllaﬁtcdvmtamebtﬁfg g0l b @n hOrhal e ‘ahet PEhERI4S or

fl d (10 g f
backgr ound " 8ug ndps el PSR pR lfeC RUELRS EUISORE ATy Wt {

agQrtic.rin

t r ansf er r edietein g WHHIEH FPAFASHNRI Qa Hd A23)0 %ﬁ’h@m”@s? gﬁ ”%ﬁ'%te rEcount ed
as descri b&;duﬁbﬁﬁ&z pdhd witls Su¥-fresPitheir qainmta&nre |cnn’taac65 respoves 16 618”48 hour s
tE19 ¢ al lto f‘{@?“ Oxhpde Fbﬁoﬂﬂc%x@ndét&d&?ednﬁr @bssﬁdthteopx@ie&icé ¥ SdleansBi ght . A

ects o avonol e ro Assay
T the pr soRREEGRs Glcanil b GroleRer sk dih SRt e, 'hé’a‘%ﬁ‘wﬂ"\&é
3", 4cdi b. ydrlexyidipato r3é4'3dsh§rﬂe¢ﬁyaﬂbw@p§tm§~h(@mh3m 3~P11®Phatm 12@4 M and
DiOi F (10mdndd ma;bhﬁ@l RERSERGR ARfveabignme fivomity byfore kekminegt grase
(BuCHE), ?&P% db 1000 U'L) on the level of superoxide anions generated

i SO aor

in rat 5 e se‘rrents in the presence of NADPH was expressed as a
per cent 2@ e Rglexgliy T Qesids used was as descri bed above except for

Lne, addi Ui on S0y ahel S B XE Yo GOR RESHE A58 v LacliengbnBleaaanal

Derivatives on Leve S 1n p& ?sence or

absence of 8@%@@%@%’5@%@@1'%@ agsfitiapedf; 1 élo =P
3- hydr oxyf bEpeNes.31 phepahabiafdiroBaglandlDis (6619, tIHE priEsdhbepodusgbsence of

phosphat asg, (48Q0e L L/ e Rnkhor 1838k of KPURMRIICorMALRAS The level of
25 precontraction was maiched between the various groups by adjusting the concentrations
. of PE and U46619. Cumulative concentration-response curves in the rauge 10°%- 10"
M were conducted for 3°,4"-dibydroxyflavenol, 3-hydroxyﬂavone-3~hermad1pate 34
d1hydr0xy-3-he1mad1pate 3-hydroxyflavone-3-phosphate.




35 generated in rat aorta in the presence of N ADPH expressed as a
percentage of control 42 was determ ned as descri bed above for the
3',47-di hydr oxyfl avone- 3- henm adi pate. A neasurable effect on the superoxide
ani on generation was observed us. ing the 3-hydroxyfl avone- 3-phosphate in

t he absence of the phosphatase. This was thought to occur due to the
presence of natural phosphatases in the isolated rat tissue. 5 In vivo
stuthe Ejects o Flavonoid Derivatives on the -vascular nction o a rat

A unit dosage of an aqueous sol ution of 3- hydroxyflavone 3- her0|ad|pate
(15) was adni niBsperiments overc growpoted ialtee aressperetdfzed Spwatue byt ey rat s
intr avenouakoymam%feftsu@mpqiow BAS WL tHERhiial e dstbatcd ape el hdsgtateké me. A

significan 10@8@?53?1 1 eotf@leepgo %gteﬁgre‘%%%e of rats was observed which is
e

10 |nd|cat I Vi vo va ore axatlon caused by the fl avonoi d
deri vat i ve£fitds @ i iailaside devels s Vi dis®on was

adm ni stered tq _a se ond u X | OB was. I epeat ed
wi th aqukous s %?f?’&ﬁ%%‘f} tpﬁ ??Pe?n &ﬂ@ﬁﬂ%%‘% ?%c SF%KB?}%Snm dd(eiterl va‘fl ves
whi ch al sousing lucigerin cherdilyninersence e dAEES ORES WAre PIEPHTOHIIGHFEed AY8%e of t he
rats. 15 Sﬁfdaﬁéﬂ grefl @ icA@bIAKbRs-@PLE- ﬂkﬁﬁbﬂﬁﬂ@l}pﬁpg@hmm’meweaﬁufm of rat

aorta a réRipdl,y 19 ssect ed
and pl aced” | re ?l(k?gxabén&?e soqﬁ Mhﬁ SKCIWQ% Iéﬁgl?h l@ i ssue and
f at surrou?‘i’é?ﬁ&ﬂﬁel&d]’tghmRﬁsl PeNBtEds and- %%ﬁ Xog segnent s

of 2-3 rm heigtingawets prdintubdied fior20 xmngamatﬁaf(hmth@pﬂébﬂ infKreliseWigh S ds on ACh

amt SNP 1&lrfX 8brtaRind fdﬁe%{ 11%%%&% B RAIErCag ighi Ny ﬁih&fmvﬁl@l’suﬁ&oﬁgé 29 t\rllvﬁ )
aortic rin i a ic
vvere usecfg?n&V‘&%‘oiﬁog"ﬁ‘uE5 S n%‘(’ff&é aﬁ@ eg’ngﬁ{,agoqgg g@ \wkggﬁﬁég %DI ndagc ed

maxi num cofibtEst oo NADRREpridsse F”?ﬂ/%@’ﬁ‘i%;é‘t W§%Y°P81c(t‘ ) 2 AROFHET onoi ds,

fl avonol , dohawlpnehﬁlehél-hyﬁﬂdyﬂmoae g fdthiatifgete, 34" -dhydiotyythosipfipasy 8ne, 3',

4' - di hyﬁr ggﬁ o8p hét)z phyd rlwyj@av%@@ﬁm%m,p@ﬁ%ﬁogl RIF31- 1A)

and fl avone e@ CSECfF@( F3 ﬂbgm%g]]ael axgnt ggpop;egrs‘%,ﬂ{ 'of'%eb‘é"-er e

i ncubat ed IWEF‘FF
pr econt r adiieRES Ellffﬂ-' mmhmwtwluo:gmm Evie di0” %Waﬂ‘él‘j‘ﬁﬁ‘lﬂa?# %ﬁé‘?}ﬁéé}]ﬁ K on

response Qyy,VesakR wkOGBRdNekdA, onel Ghiplvy. OAfENBacki@upMreallingMyas | n
experi ment g ?e!tc%g’ch \égtgc? %hc&%?gﬁep@ L 35Q:MAS gé% éﬁbrm fURERAJTENt S tO

cl eave the p
20 photon emissmn was recounted as descri ed V\govc Tll:.\e tissue was then placed in a

65°C oven for 48 hours to allow superoxide production to be normalised to dry tissue

o

weight.

Effects of Flavonoid Derivatives on Superoxide Levels in an In Vilro Assay in the
resence or absence of an Esterase

25 The effects of vehicle, 3',4-dihydroxyflavone-3-hemiadipate (21) (DiOHF';}HA,
10 M - 10* M) and 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 method used was as deseribed above except for the addition

30 ofthe butyryl cholinesterase.

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

prasence or absence of a phosphatase

The effect of vehicle, 3-hydroxyflavone-3-phosphate (10% 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 conirol



conducted in the presence and. absence of butyryl cholinesterase (3ud -rE,
1000U/ L) to cleave the adipate in D 01-37311A. and P3H. A

, Ef f e62Lof Fl avonol s anti Fl avonds on PE-1nduced Contraction R ngs were

i ncubated for 20 mnutes with DiOHF3HA at a range of 5 concentrations (1
0-7 - 104 M or vehicle (0.1% di net hyl sul phoxide, DV5 0). A concentration
response curve to PE (10-9 -104 M ingendotheliumintact (El) aortic rings
was t hen perforned. Experinents were conducted in the presence and absence
of BUCHE (100011/1.) to cleave the adipate in Di 0l1-1F3HA %g.‘ Kt gl;

Fl avonol s oreseteieriningd ee descbest shove fariha § TH-dduderpiayent-freupfipae.

fl avonoi ds @n«i:e8e WFEes ohomkhsupkivkideuial gextratmoeivhu| dhser@e® using oflitr actil e
responses t x0genous .appl i cat » i ' esence of
fl avonoi el 53 Qlilyﬁmégﬁa@%%r’ ?E‘Q%ﬁhg%ﬁ?{%sag%e&% %fni_h 'g%iﬁ 1%?/?@" E@F@)ﬁdﬁggﬁsi C rings
were initi sy dagieithe pressreqiotietusal phagphiieses Wriks i5f215¢ 12 BEFUP Caz+-free PSS
for 45 nknuyf; 8. sdbeoRd bruepdirvmywasd Deemheuaketswilitiinazn of § rge | e- PSS

for 45 mnutes to 15 determ ne a reference contracti %to .added Ga2+ (3
mivl). Fol | owi né mit3Wsagermitae ageecng apliiio of FBrrpeleodev 1eredpas (wd PSS, the
curmul at i ve ve@REmatHdbE® o £ 5Rap E IndoaraRdtiztd GhBgul3Dawit) 18s Mbevewsudy
determ ned | n. . o2k FRE:R ghi-cl e (0. 1% DMSO), or a range of
concentr at iag%ghef%ﬁﬁ 3@5&?% ,Log'%f?%%? I%??ﬁggxdfl [ avq(%no,l ,wagi ngig%[{_jg“?l ch':ﬁp' A 20
mi nute i ncubat | drrigefseBureddion) poie F1908 PrHES 1R V8 NG dY U0 beT O e exani ni ng
t he responselotios CBike in Bepanionsmagonerestn o desendidderyatip: e flectand
absence of yBuGHEred 0B AL-dqubbusGhRBYE whi\@inalisiaRt €o & Recbitoandf BisGHF3HA.  I'n
eXperiments usi F3P,. Qshha : i grinments
8%81}% ﬁiﬁ%;}'}fgé%?ﬁg n\(u#; 9&%1!13) soﬂ?%né’ 32he| dihes QURLER

to cleave the p sedﬁli’_ R y Fl.avonol ds 25Fol | owi hg testing of
endot hel i alflayeiskgeriveives whigh slpe resultelia distartyeREmE Eﬁé{"f’éﬂp TGS Ybr at ed

for 30 m ntfieasisbefore the addition of PE-2 x 104 M and 9, 11- clideoxy-9,,
1 1"- epoxynet hano-prostagl andin F2c, ((U46619,- 104 M to produce an active
force i A5t Reresningdorvhctivity andFnpna fiduced contraction, Cumul ative
concentration-response curves in the range 104 - 104 M were conducted for

vehi cl e, 3Q@rgpdrathydrasybl@avonol , F3HA, D OHF3HA, F31'. Experinents were
conducted in the presence and absence of 1000U/ | BuCHE to cl eave .the
aclipate in 13Hheadrdcending thyrepic RORR Toph rags pay rapetly Sa%"i“?i‘ga‘?séa dBoz1,
phosphat asgraaSidagRedat Bolaaie RppHTcidrentnsctive tisdve aué fit lnerrgyndiog e artaEf f ect  of

Flavonol s g, Jol NP NER 1R hoMBYAls Wt Btd QialcfisAP-3 find gt RGRGRIAIn O dat i ve
tress 20 organ baths,

Efect of Flavoroids on ACh and SNP relaxation
After wash out and re-equilibration for 30 min, the aortic rings were then
submaximally precontracted with PE and U46619, which were uged 1o produce an
active tension of 45-60% of the KPSS-induced maximum contraction. When
25 investigating the eﬁ‘ects'of the ﬂavonoids; favonol, flavone-3-hemiadipate (F3HA), 3°,
4"-dihydroxyflavone, 3°, 4*-dibydroxyflavonol, 3°, 4*-dihydroxyflavone-3-hemiadipate
(DiOHF3HA), and flavone-3- phosphate (F3P) on vasorelaxant responses, tings were
incubated with one of the compounds for 20 mins before they were precontracted
submaximally, followed by a cumulative~conecentration response curve to ACh (100
30 oM - 10 p,M)‘ or SNP (10 pM -1 pM). In.experiments using F3P 1000U/L phosphatase

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




5Control cumul ative rel axation responses to ACh were conpared with those
obt ai ned from endotheliumintact aortic rings treated with pyrogallol (2 x
10-5 M. The effects of vehicle (0.1% DVSO), phosphatase (1000U/ L) or F3P
(10"6-1 M on responses to ACh in the tat isolated aortic rings exposed to
pyrogallol (2 x 10 M were al so determ ned. Pyrogallol was added when the
aortic rings had reached a stable 10 Igvel. of contraction with PE and
U44619 at a | evel between 50 and 70% RUSS- i nduced tension and 10 m nutes

was al | owed_b et erm ni_n the o it se curves

to ACh, In %%ﬁ'\é"?%@ﬁ iPRETRTS 2USF gﬁ%@%@oﬁn ospﬁé‘g aseof\?\)/agﬁu gcg to

cl eave the ﬂmmaﬁgateﬁfbmmlﬁﬁI—B&lA and F3P in anesthetized rats

15Mal e Sprague- Davvl ey rats (250 350 g) were anaesthetised with

pent obar bi t Affe’ @ mif & gvdegs on PEYnduTtdConirgel¥@ia was i sol at ed and

carmul at edi V'tkaﬁg%‘?é{ﬂ)ﬂb%{éﬁfﬁfﬁﬁ%ééesWﬂ%xéﬁFﬁA%t%ﬁgéﬂf and the rat was
at

Al owed to bre spont aneous asurenents a arterral eresSure and

heart ratie cPhesvipisins (@ardtO%M)acrrtVé}Plyle\ﬁ%k%@éﬂﬁWIé‘t‘lélé"’%ﬁf‘el Dbt ed with a
h, eparin. isgd 8addanepdelhikespeayiulia? (\@a@emd@th%ﬁmn-lu@actQEE&oﬂi@n? and

connect ed to a pressure transducer. Mean and sic arteri.a I’akm{%res ure were

cont i nuous | §usEAs thewperioned- SEPFEBERIOTIOTS CORSITH ’& : PIYgEEO%H R, gt & was

derived fromdie mblﬁ;/gymmgaeéu@lad@m@s;sm@m{ﬁm a tachoneter. Antioxidant
and-vascul ar effects of flavonal and di hvdroxvflavone Flavonol and

di hydr oxyf Imﬁ&@mﬁrﬁ&&wc@mﬁmﬁ ation dependent 25 decr eases in

concent Pt o AePRAREE SR Jonmats Sh ol e Leniior tydhe
super oxi de T edrdrattie %Bﬁbsm‘wewn@ls aplﬁica%mﬂ(?adﬂaefﬁétmﬁﬂtce@tﬁ“t he rel axant
effects of (;Q%Og%f§§}gm% chn‘ggﬂt( @,tnbglk_}d?mnggﬂtwﬁ@g axation of

rat aorta- was wca q Fl avonoi . caused
concentr at |V€ﬂ11€mém@nmbrﬁé@:ﬁfeﬁa@@@glfﬁmmﬂﬁféﬁl%?t’%tmfieﬁg%é@‘t,sdﬂlﬂll""&ﬁ't| on of rat

aortic rinGge W GAb Rl Gud BhiefepMEldimineok J e GOTII foSHNmiMie Vi OUs
observations wth D 011F. Anti oxi dant %d{ vascul r e ec5§ 0 avone- 3- hendadi

ata,  1F3Mecmige proframs opprasher wadist l@é‘t’ﬂ%ﬁ KT de

generati on htsx%&omht)@mtc&*hﬁeemwﬁx@%&nﬁtﬁnmktoﬁfrydulmqbdnm&b extfse (BuCHE,
100- 1000 Wrd) caused a concentration

g endent |ncf£ g{c?@vhelnhlbltory
effect of E¥HA kil %u?/@“@)“edqﬁ%ﬁweén‘t PrhoRe BESEEne 96 € résponses to

i ncreasing mmp&tiﬁhfm&o@éen%ﬁd@@m“ﬂmoa“mpatwhymoayﬂdvbﬁolhr*m,st
concentratign tested é)Azmmmcmcubauonpenodwas allowed for the flavonoids

OHF3HA or F.

20 before examining the responses 1o vCaz". Experiments were conducted in the presence

and absence of BuCHE (1000U/L) fo cleave the adipate in F3HA and DIOHF3HA. In
experiments using F3F, phosphatase (1000U/L) was used in some experiments to

cleave the phosphate.

Relaxation by Flavonoids

25 Following testing of endothelial integrity, rings were tepeatedly washed and re-
equilibrated for 30 minutes before the addition of PE (1 0% —2x 107 M) and 9,11-
dideoxy-0,, 11, epoxymethano-prostaglandin F2, (U46619, 10° — 10" M) to produce
an active force in the range of 40 - 60% of KP88-induced contraction. Cumulative
concentration-response curves in the range 107 — 10™ M were conducted for vehicle,

30 3’-hydroxyflavonol, F3HA, DIOHF3HA, F3P. E}tperiments were conducted in the
presence and absence of 1000U/L BuCHE to cleave the adipate in ¥3HA and




Ant i oxi dant and vascul ar ejects o dih drox avone-3-hem adi ate D10 HF3HA
10D OHF3HA (10" 7M 10-4M had no inhibitory effect on superoxi de generation
by rat aorta but the presence of butyryl cholinesterase (BuCEB, 10(10 U mil)
reveal ed a concentration dependent inhibitory effect. D OHF31l-1A al one had
no effect on rel axant responses to ACh or SNP. In contrast, in the presence
of BuUCHE (1090 U ml) Di 01-1F3HA signif4«cantly increased the sensitivity of
the relaxant response to SNP. 15 Sinailarly D O4F3HA alone had little

effect on c Uees U&SQ&Q kds@wadiiba § e presence of
BuCHE (1000&%@%‘ 3 %@W%@Qdﬁgw@% varfent | nhy itory effect to
Di OHF. Thi se‘@aggewsmﬂﬂdamthﬂmm‘sphﬂe arlipate was renoved by the esterase the
he. m adi pate vvas equal I y active to the parent D| C]—IF Di OnFSHA was al so
found to colifesteiflewnols andiisvenshonlassrd etk GETEREEe Oc rings 20 only
in the pres@edengiiresie esterase (Figure 11). D|C]-|F3HA(O 1: 0.3, 1, 3
ng/ kg% was i nj g%n%éz érmd@vmmrdﬁw;@s@dnb@,\m ngnamil ®afphredQvifhithosget wee? t
injections, and the peak es in nean arteria 3 art rate
measured.  YEHROmERafhe ki ‘&g%cé a%ﬁ@ﬁ&%ﬁ?atﬁe%@égs‘gggﬁﬁiﬂ ﬁelpe:R%aI bressure
(Figure 1Zaéfiegtha@fh@adr§(ormemm)g e@plz’rjazataé(me&)owMaf&Ogmm ;DL )
experinents an nyl ephri ne g iv) were
i nj ect ed be‘F?ﬂ“@segmjAgg“fﬁg% a?ﬂdta@t“c ?%1%6%( %p%?zéfﬁ“\ﬁ ?Ogﬁgi nme when
arterial preas urseda&dnﬁtaapmgambewmﬁtdeewmma adrtic dogsthnd keablesdel sabldl OHF3HA
significantl hanced t e % Quat ed the

PE- | ndugl@d 1F%~‘&P€ o angﬁé’%ﬂ%ﬁ?@igg ng(eg% u‘r:een@ da}g%(’? aortl c rings
Di 01- 1F3HA. indued tensidd r;mdllni)mthmcahaaaaimedbeﬁoﬁe@@mwuﬁﬂl@@mﬂm\t@nest erase, had
no effect g ot hel ngde r Q gﬁﬁr@_{ﬁ it he cal cium

i onophor e &%ﬁé‘gﬂ%°“‘ff’%’%%§§?§n%‘?§% Iﬁ S}é%,} §"u%!?6{1 1E%)bgl ven al one had
46 no ef f eqthosphai@i wasdeokid cleavi thaphisphatbut caused marked inhibition in the

presence -of esterase. The level of inhibition was simlar to that observed

| N1 espons qus LGIOHEAENGRI Php D SnsaitBzGrAgent ration (0_1 rnM of Di OHF_
Ant i oxi dant and vascul ar effects offl avone-3-phosh 5P3P or phosphat ase

(1000 Wiy had nuleffregls-mavistper(©50-880 genee atsemhetibsd with peniehathiiongegnent s

wh F3P t d
ovel o i - CRECHELERAE IR Shb Cishee wet SHRRHRR eorull b2 BoRbnpRET OF L0 e,
i ncreased tdacheakinsd (il 2i0ymmj, andthcaatrtdsallowele rathespapiaepedy-by ACh but not

SNP. Oxi dant stress caused by the presence O pyrogallol (2x10-5 M,
si gni f i cantMegsyrevies 5 meersdgiénse t o ACh but the response was

restored by th%@ﬁ%ﬁ%&%ﬁd %er?%%s %ﬁa%%@@ﬁi@@%w@&ﬁ%ﬁﬁﬁed QushP wer e

unaffected by an hose treatnments. F3P caused a small .inhi btlﬁt' on of

cal ci un#® n@ﬂ@@@ﬁﬂ@@]ﬁt(‘aébtoﬂ’érﬂl&ﬁ 5§ men) @pd eenneqlad o IIFREE CaRRSE SHfghced by

the presengg masefaﬁemate@@ee wE;%Boﬁ&u%ustﬁ Iasuded 23d rdBrddl bk @ poMBaph.Nj ect ed
i nt ravenousl y, allown | .east 15 m nut es between h%hectl ons, and the

peak changdd® hsariFaiaives eereriéronbth%g%%ﬂ%ﬁal Prvsye (sipg p BCpEEh od (Fi gure
102) - D O ot el 195 IS B S RS S SRR 1 o1 2
Flavonol and dﬂlydroxyﬂavone (D]OHFne) caused concentration dependent
25 decreases in superoxide levels generated by rat aortic rings. Atthe highest
concentration tested (0.1 mM) flavonol and DiOHFne both reduced the supcromde
levels to 3643% of conirol. Flavonol did not affect the relaxant effects of ACh or SNP.
DiOHPne caused concentration-dependent relaxation of rat aorta which was weaker

than the effect of DiOHF. Flavonol cansed concentration dependent decreases in

-




pressure and heart rate (Figure 12 a and 12b) but the depressor response
was small conpared to DDA IF (1 nmg/kg iv). Sunmary 20These studi es involved
an assessnent of the vascular and antioxidant activity of flavonols, 3, 4
"41 i hydroxyflavone (D OHFne), 3', 4 '-di hydroxyflavonol (D 011F),

f lavone- 3- hem adi pate (F3HA), 3', 4'-di hydroxy fl avone-3-hem adi pate

(D 011F3HA) and flavone-. 3-phosphate. 45 Fl avone- 3- her ni adi pate (F3HA)
al one had no antioxi dant or vascul ar activity 25 when applied al one but the

presence of .chal i nesterase t | eave t he .aclipate. titution reveal ed

the abili ty%g‘f“”fié%éw CQHFH?H?H"?E%F ‘ﬁﬁ??sn‘g‘?i@éﬁefgéé&%“r@w%ﬂﬁfﬁlu hydr oxy

f 1 avone- 3- hedhhyrisdh b idubobidhafdd)witatiOHI ant i oxi dant or vascul ar

activity when applied al one but the presence of a cholinesterase to cl eave

t he adi pat edgithsizit aitdivesvuloeefatsorf Tovweedbhdniedinaé (H3HA) | F3HA to inhibit

super oxi de Iev?ﬁ{&@%d%ggﬁ htadﬁg’ -togpéﬁeé%ogﬁgémhpgéneﬁﬁbﬁby%l nduced.
to irect r ra

contraction an ause el axati'on o aortic rings, In the

presence Of awhdubibe preaswe pftypldplisstesrse (RMGHE.JPODPEHEET) wussks 47
simlar tol &nkéh%aa&@fg‘e%mfeh{ thEidach & m&%ﬁ%ﬁ&vmw 6prsma dependent

decreases in arterial "pressure and heart rate, Flavone-3-phosphate
(F3P) al onectiniihiidicd peritisiile snyponses 1o seipiag cerspiAteys riwlulgy esence of a

phosphat ase, ﬁ&uﬁgp@gﬁghgﬁcm%ﬁh@g@s@ypﬁ idvgtion revealed the ability of 5

F3P to inhibit superoxide |evels produced by rat aorta, to inhibit
cal ci um i Ndugesi B H6EduIIN cFarek Jdr dieRRRNIerRaddiheliipsrn @eREREEAL . el axation

L ovel of et 1 vt rpprpdd nak B np iR BB o RURRENBE 020 | 0°
F3P caused mandoyta dntihé peeace nliatirpichdbpsivten (Bddth.d 88V mihrepaled 4 al  pressure
and heart rate. . Tk f : I i Ol -1 F.
Car di opr ot e'%fx ?e\?gz%(?en %&%@%@%%8#1%\%%%%%%@2%% 1?7‘%%%%1% ol | owi ng
myocar di al respehms ki AChep8NF UsicontraFhan thbpieserye of BuGHE GPRE Kendc 1 avonol,
3,4 di hy%@@ﬁsﬁ%@nﬁémggk&%%a(ﬂ %@ﬁ@ i RIGHEMspoMeeaEdbal i schaenia

and =perfusion injury 1n aest hetis 5 s?\eep was assessed - Unlike the
par ent dénpPouRELDDOHE3HA elogehssiditde effact omedlgiemvadcebtanpaion ot Bueous
sol ution, PRt GHiAh) YrelBESEE BuCHE (1000 U/ml) DIOHFSHA (0.1 mM) bad an

equivalent inhibitory effect to DIOHF, This sug-gests that when the adipate was

rempved by the esterase the hemiadipate was equally active to the pavent DIOHF.

DIOHFSHA was also found to cause direct relaxation of pre~coniracted rat acrtic rings

20 ouly in the presence of the esterase (Figure 11).
DIOHF3HA (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. DIQHF3HA caused dose-dependent decreases in arterial pressurs
' (Figure 124) and heart rate (Figure 12b). In & separate group of experiments ACh (0.3
25 mgfkg iv) and phenylephrine (PE, 30 mg/kg iv) were injected before and 30 minutes
( after DIOHFIHA (3 mg/kg iv), a time when arterial pressure and heart rate had '
returned to control levels. DIOHF3HA significantly enhanced the depressor response fo
ACh and attenuated the PE-induced increase in arterial pressure (Figure 13).
In rat aortic rings DIOHF3HA (0.1 mM), in the absence or presence of
30 cholinesterase, had no effect on endothelium-dependent relaxation in response to the
calcium ionophore A23187 or to isoprenaline. DIOHF3HA (0.1 mM) given alone had



Di OHF3HA adm ni stered in aqueous solution caused a dose-rel ated reduction
ininfarct size, which was simlar to that caused by a simlar nolar dose
of Di OTlF when dissolved in DMSO. 20l ntravenous Di 011F3HA i nfusion did not
al ter haenodynami c indices (arterial blood pressure, heart rate, left
ventricul ar-end diastolic pressure (LV-EDP). Since D OHF311A caused an

equi val ent degree of cardioprotection tg the parent conpound follow ng
cardi ac i schaem a-reperf usi on i nj ury i n anaest heti sed sheep, these dat a

conver t ed 2SR AREHTE HEaPSHES EORERUIE For /O L P IRn CCe RO
Five gr gups e@ﬂ‘eréimaesfehatdf&ﬁﬂmﬂawo is sif&lﬂdrﬁ‘@tél&ﬂ'ﬁb@@v/ ’ &ﬁﬁréb)ﬁork@g;d%?gffg%?b 1\2622 ,
exam ne ntro ng/ kg, n - .
nag/ kg, n= 3)‘)f(@?)5afﬁ"63f§%ﬂtt ﬁéiwﬁfgﬁ(’é) DIOHF3I -1 A (6.6 g/ kg, n---4).
Anaest hesi a ) ; @sodl um (15 trig/kg) and

35 foll ow ng jroe i soflurane (1.5-2%. A
cat heter Was 483P orrxsesnhad:sw ﬁOG%Eﬂ)h@m eﬁauloalsumwmdwgehmhmhmt al bl ood

SAPL i N9, andoAROLhObl At 85 Bl SRRl LLAMARAIS LNSE ONS vere made

via a catheter nto t ar vein eart was exposed
t hrough a | épnerasidsrienséitio Khwrpﬁemecﬂf MPWSF@H muthe presonecvicdosdibtaspace. A 4F

cat heter-ti m%‘édsé&ﬁﬁ@sféﬁ&&%t})’\@ﬁaﬂ a‘&?t&r ggtotﬂ@faQMﬂ:B by 26 8 Eot%tI@ @Xidaltf O the

left 5 ventricle to_ neasure ventri cul a{ ressure (LVP). An additional

silastic cadfeskcasahsy W@éﬁsﬁ’é@ Olf Aviesaligb(2xid srgnaﬁicaafbp@ﬁvd“agéh@r or the

i nj ect i omo Otnakin@ROGHIAS BULCHE A t&er}a;bah&%@fres%\fm Bk gﬁsenwsf raf hﬁnt erior
descendi ng coronary _arter LAD was ssected fromthe epicar

i medi at el yPHISRRHsS-Ry sli"t‘@g%t@ stpd BY &1 thoéﬁfif‘*%?”f“i“ér@fp t - t| me 2 mm
f 1 ow probe \tﬂ@edpi mdmﬂbmuﬁdfealmﬁxﬁ-umamwhnhdi@ntbeahbbmdwhi ow. A silk f
suture was 10 .pa ed unde e LAD Xi to the probe and both ends o
the silk vve?%m{q ?ar“r{l?ytfgﬁprﬁseﬁ‘ggﬁihf?%ﬁ%%‘i to forma vascul ar snare.
Experi nent al Dei@E‘g;o.l 03 1'3heoagfkg)&ham}emedaﬂdamdsly, Istvadgizl les® 30or "10- 15
m nut es ter .on of urqi cal roce dure. Sheep.were then
r andom yiagdivné‘ud |tﬁ'te% e’f’seﬁ{dtb?%e ﬁé%tg Sin chéaid icriad Prossird il nékt

Tate measured (I“lgure 16a). DIOHF3HA caused dose-dependent decreases in arterial

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

Symmary

20 These studies involved an assessment of the vascular and antioxidant activity of
flavonols, 3°, 4’-dihydroxyflavone (DiOHFne), 3°, 4’-dihydroxyflavonol (DiOHF),
flavone-3- hemiadipate (F3HA), 3°, 4°-dihydroxy flavone-3-hemiadipate (DIOHF3HA)
and flavone-3-phosphate.

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

25 whon applied alone but the presence of a cholinesterase to cleave the adipate
substitution revealed the ability of F3HA to inhibit calcium-induced contraction.

Dihydroxy ﬂavona—B—hemladxpate (D1QHF3HA) had no antioxidant or vascular
activity when applied alone but the presence of a cholinesterase to cleave the adipate
substitution revealed the ability of DIQFF3IHA to inhibit superoxide levels produced by

30 rat aorts, to inhibit calcium-induced contraction and to cause direct relaxation of rat
aortic rings. In the presence of the esterase the level of aciivity of DIOHF3HA was



15 groups. Al sheep had 30m nute baseline recording followed by 1 hour

i schaeraia and 3 hours reperfusion, During the course of the
experinment, haenodynarni c nmeasurenments were recorded at 5 mnute intervals
and bl ood sanples were taken at designated tine-points. After 30 m nutes of
i schaem a, flavonol treatnent was adm ni stered. D OHF was 20 dissolved in: 2
m DVbO plus 14 m pol yet hyl ene gl ycol ;;yvater (1:1). D OHF3HA was di ssol ved
in 20 int 0.1M Na2CO3. The drugs were given at 1 nil/mn i.v.. The two
doses of Di OHT, 311A (2.7 ng/ kg and 6.6 ng/kg) were chosen to achieve

equi val ent mistilar todi€UF'. Tmthe heeephetiznetd rDIOQHFHIA ompod nehcfmttatian dedekrderand 5

g/ kg, respagdrbe i hrtorfe?plebRite AAIHER Sygdi d not receive any intravenous
solutions. Lign i ne S _use s, required,.t 5 anel, orat rrhythm as.
Det er mi nat i on o%%@eg?\%@g@ﬁfﬁeﬁ%ﬁ ﬂé’ﬁag?én?%%tﬁo}ﬂgﬁéé’r Yol @%’.‘%‘V%ﬁvg%ar di um
at risk andPiepge ef a phosphyipsedo glepyanthatbesrbsic BylsHivEon kevealath the ability of

t L [ pfcigyl 5 emeliﬁ}?m clijeayxidieletdld Grodutai By R, aofth! &F grﬁimnobulamaﬁinmla@r f ]chsi on,
t he was - v LR, ely after
intr avenousCJ aﬁ%&egﬁgonq%%%g% negl i%%tﬂ%lﬁﬁ—%%%ﬁ%e 68%51%&5 %)ﬂ?l:ggﬁ gérer%ees t°¥t he
heart, Evan®S9B jkesgydt pe3ogsents ?he\ﬁé}gsﬂhﬁtf’@c dc‘fehf’g aptat ¢ FPRtef um to
define the simylec sy dHORFain rthes koacTihetidrd apt FOBscanwpi aily smettovedemrmatot he | ef t
ventricl e Wegpesdeht@Brdaits On hitAS YRESE: SRS Bfte. MR Whfadts W RbOKsmallae

unst ai nef ri,sk g%] VRS raced onto the sane transparencies. The sections
were then i ncu%%{le in 8%1 M sodi um phosphate buffer containing 1% TTC for

20 mn 35 (Shifoprfdidvirs, F08n) o) fbPshoPhBRadBIOIASIES) AR in ,
- tr anspar engyfardisl Scidbfits Rberfifloyyocarcliurri at risk,” and Wt arct. si ze,
wer e nmeasured by conputerised planinetry. The fornmer was expressed as.a

per cent age of t I t rd . 4 .1 \/9 NG| rek Sjize was
expressed @ﬁﬁﬁiﬁ%&% %9/21 ts@%%ﬁg%%ﬁdgp |§H@?§‘? ?&a{é@o?l@%%@.
farctioiz SA! ) 1 B Fes sHpeEtial dachagryia fad eperlpsiC gy hEgeeitieedkd

hepar i n®5i sherpt WiseasseasedpBlobikd the patiut pergpdved RHOHH] theadibatet derivede waste poi nt s
during the sbRPRIf bficok PRALAPattibuR@Yfvated hour and 3 hour). Fol | ow ng

g the s | | : our) . Fol | o
oasurenent 1o ASErHRe B APRR S GRSl litinm i ne

ki nase. 10 {,§igey which was similar to that caused by a similar molar dose of DiOHF when
dissolved in DMBQ. )
20 Intravenous DiOHF3HA infusion did not alter hasmodynamic indices (arterial

blood pressure, heart rate, left ventricular-end diastolic pressure (LV-EDP).

Bince DIOHF3HA caused an equivalent degree of cardioprotection to the parent
compound following cardiac ischaemia-reperfusion injury in anaesthetised sheep, these
data support the hypothesis.that this novel detivative compound is effectively converted

25 to the parent compound i vivo. -

Surgical Preparation

Five groups of amaesthetised adult merino sheep (35-45 kg wethers) were
examined:
(1) Control (n=5)
30 & (2) DiOHF (2 mg/kg, n=2)
(3) DIOHF3HA (2.7 mg/kg, n=3)
(4) DiOHF (5 mg/kg, n=3)
(5) DiQHF3HA (6.6 mg/kg, n=4).
Andesthesia was induced by intravenous thiopentone sodium (15 mg/kg) and
35 following tracheal intubation was maintained by isoflurane (1.5-2%). A catheter was



In the follow ng summary of results, nyocardial infarct size in the 5
different treatnent groups is reported. G ven the effectiveness of the

hi ghest dose of Di OFI F3HA, changes in all other parameters are only
reported with respect to the Control group of aninmals versus the D OHF3HA
(6.6 ng/kg) group of animals. 15In the Control group, one of the sheep died
due to ventricular fibrillation in thegfirst 10 m nutes of reperfusi'on
Thus, control data are based on n4 sheep. I\/yocardl aI i nfarct size
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doses to the parent DIOHF compound (at 2 mg/kg and 5 mg/kg, respectively). Control

animals did not receive any intravenous solutions. Lignocaine was used, as required, to
25 amelorate arrhythmias.

Determinaiion o;’ the areqa ai risk and znfarcf size

The area of myocardium at risk and infarct size were delineated by Evan’s blue
and triphenyltetrazolium chloride (TTC) staining. After 3 hours of repertusion, the
LAD was re-occluded at the original occlusion site. Immediately after intravenous

30 injection.of pentobarbltone (100 mg kg™) to arrest the heart, Evan’s blue dye (1. 5%, 40
ml) was injected into the left atrum to define the myocardium at risk. The heart was
rapidly temoved and the left ventricle was sliced into transverse sections about 1 cm
thick. The unstained risk area was iraced onto the same iransparencies. The sections
were then incubated in 0.1 M sodium phosphate buffer containing 1% TTC for 20 min

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



peri od of D OHF31-1A adm nistration. Mreover, no marked ebange in LV-EDP
and 15 dP/dt." was observed in either group of sheep during myocardi al

i schaem a reperfusion. Haernodynarnie benefits of the drug showed up nore
clearly after 24 hours of reperfusion.. I n anaest heti zed sheep,
followng 1 hour ischa.ema. and 3 hours reperfusion, plasma | actate
dehydr ogenase increased by 227 141 UHB in the control group (n=3) 20 and
by 67 32 UL in the group treated with Di 011F3HA (rr=4). In these sheep
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During the early stage of reperfusion, coronary hyperperfusion occurred in all sheep.
- 30 Generally, this transient increase in LAD flow returned io baseline levels‘after 30-60
mins of reperfusion. The regression of- flow appeared to be more rapid in the
DIOHF3HA group.
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25 not have had a stroke and were excluded fromthe study. Shami njected
rats underwent cannul a inplantation but did not receive any ET-1 injection.
Rectal tenperatures were taken with a therm stor probe, prior to stroke and
at 30- or 60-mnute intervals for 3 hours after stroke. Assessnent of
Functional Qutcone 30All behavioural tests were conducted prior to any
procedures (pre-surgery, day 1), imeddately prior to BT-1-i nduced MCA
occlusion (pre-ischem a, day 6) and 24, 48 and 72 hours after ET-1-induced
MCA occl usi he beha s conpared to pre-stroke, thus
each rat aé§§§M§§L¥% Qa&%%5“%%§ﬁ%&pﬂ%ﬁ%%¥§ were coded so that the
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72h after |schema and thelr braille were renoved and frozen in |iquid

ni t rogen artiespagnaerde oo @S0 r yost at sections (16 p.m were

25 . jschaemic stroke was studied in conscious rais, with daily moniioring of
neurological funetion and post morfem morphological assessment of cersbral infarcts at
77 hours after siroke. Unilateral, transient cersbral ischasmia and reperfusion was
induced in conscious rats by injection of the potent vasoconsirictor endothelin-1 outside
but cloge to the right middle cerebral artery MCA, (via a pre-<implanted guide tube).

30 The ensving stroke was graded on a seale of 0 @ 5 by immediate behaviour, upd
potential newroprotective compounds were injected intravenously 3 h afier the stroke,
and at 24 hour intervals thereafter.




cut at eight pre-detenni ned coronal planes throughout the brain from-3_2
to 6.8 nun relative to Bregma. Infarct was neasured in triplicate unstained
sections based on the 30 observation that damaged areas in unstai ned
slide-nounted brain sections are visible to the naked eye as clearly
defined frosted or clerk areas, while normal tissue is essentially
translucent. By applying the principlelof ballistic |light propagation and
usi ng a sinpl e apparatus conbi ned mﬁthsa conput eri sed i nage anal ysi s
system the unstained slide Munted section show ng danaged areas was

clearly vi sBbkigabfrepdretiononi t or _ Li ght 35 passes directly through the
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shriller mdelfgicll deficits. Rats that did not display any behavioural change were desmed
25 not have had a stroke and were excluded from the study. Sham-injected rats underwent

cannula implantation but did not receive any ET-1 injection. Rectal temperatures were

taken with a therraistor probe, prior to stroke and at 30- or 60-minute intervals for 3

hours after stroke. 4

Assessment of Functional Qiiteome

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

that the investigator was blinded to treatraent condition. Neurological abnormalities

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



experinmental stroke animals has not previously been attenpted. In the ET-1
nodel of MCA occlusion it is possible to observe behavi oural responses
during stroke induction 30 and assign a rating scale of stroke severity
based on these responses. Therefore it is possible to predict which animls
wi || have severe strokes and which animals will have mld to noderate
strokes. This process also allows for sgne predication of the area of risk,
which is potentially sal vageabl e by neuroprotective agents after stroke.
Severe strokes leave little area of risk for neuroprotection given that the
i nfarct occugrersaBposgire andheniblegizoVrofmay] gosticeh aricsisitescd by stupamlingviatsd t o
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Di OHF (10 ngdikpladyiRat feled.n m1d to noderate stroke rats significantly
reduced the_area Of infarct throughout the cortex and the striatum conpared
with 20 vehPEEdrsaBaent . Di OHF treat ment al so Si gnificantly inproved

neur ol ogi cal out CiPEB?n @*‘8’]’4@"5 %96&%9&6?&‘%&?53 %%ﬁl&fc%o?ﬂs doge Bﬁ on to
0%

vehicl e treat drats. % 3HALt br
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(15rog/ kg/ (mlyl werg .spedifis Sal seebl compeudda AZigr thebfifst @ped3 dwduis @sit@roldy thpH 7. 8)

for injecti@imaRSere injected once daily with either drug, or vebicle at 24 and 48 h. The tota]
IIIJECUOH volume for each compound was approximately 300 pl for a 300 g rat, with a
200 pi straight saline flush to ensure full drug administration.

25  Quantification of Ischemic Damage

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

frozen in liquid nitrogen and stored at -80°C. Coronal cryostat sections (16 pm) were

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

30 observation that damaged areas in unstained slide-mounted brain sections are visible to
the naked eye as clearly defined frosted or dark areas, while normal tissue is essentially
transhucent. By applying the principle of ballistic light propagation and using a simple
apparatus combined with a computerised image analysis system, the unstained slide
mounted section showing damaged areas was clearly visible on the monitor. Light

35 passes directly through the transparent, undsmaged tissue to the camera, whereas light



Fol |l owi ng stroke, there was no significant weight loss in either treatnent
group. 30 Core tenperature prior to stroke in both treatuient groups was
wi thin normal physiological Iimts. Follow ng stroke there was a
significant increase in tenperature at 30 mnutes in both treatnent groups,
however tenperature returned to within normal levels after this timne-

Fol | ow ng i ntravenous injection of veh'% |l e or DI ONF3HA, tenperature
appeared to increase in both treatnent éroups but this was not
significantly 35 different from pre-stroke tenperature. 55 Foll ow ng
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f or epaw whep .co %gﬁﬁv\%@% tﬁe?‘ﬁ% a§ler al (Siagaﬁ (Dglo 05ﬂ1 %%QV\H%/ BM ANOVA
Wi th 2 f act BB BETEPRSTE) X5t & S, SHEEY BRE AR OaRh harthe SOETIEERE s
abol i shed aweshlindedtatiregimenpfarditioin0l- | FSHA (15 mecgicl aY). 10Infarct area
t hrough t hegfomtey,»as significantly reduced follow ng treatment with
Di 01- 1F311A (15 no/ ﬁg i "v") when. conpared with vehicle. In sumary,
D1011F3HA. ( 15n@aksgshotvedatureleticali ighinfiowd nieliyits ingicativedoimeukowalinckl0 f unct i on
! tn _thte hﬁ?][n ﬂﬁﬂj |. ¥£%¥Eﬁﬂ5ﬁiecﬁ&ﬁb&|n%9%ﬁe%@1€'ﬁ@ﬁl tﬁ@gf%eaalﬁé aAEEDOR 1sd cﬂéf{cchﬁf
striatumfol l o St.r conpar.ed wi vehi :
SO0 O3 PHUY ere reRerarl s o il B peadaly B8 ARl e BF
st udi ed wi tPriplrigral dorepeier arck ohelingkias the e cesilt.wgalmfﬂwhe ocelusion.
Grooming behaviour preceded circling and was observed in almost all rats. Grooming
occurred in a stereotypical mamner with facial grooming being followed by full body
15 grooming in one continuous movement. Other behaviours such as teeth chattering,
biting of the cage and bedding or tongue poking, were observed less frequently, These
behavioural responses observed at the time of siroke could be ranked based on their
degree and severity. We have also shown that there is a positive correlation between
' stroke rating and neurological deficit score and stroke rating and infarct volume, in
20 vehicle treaied rats (n=40). Following ranking, stroke rats were paired based on equal
stroke rating so that stroke ratings were evenly distibuted between vehicle and Drug
treatment groups. These rats were then coded so that the remaining assessments could

be performed blind to treatment.

Stratifying Drug treqtment ,

25 Prognostic models are used 10 predict functiomal outcome and survivability in
human stroke patients in oxler to support clinical management of stroke patients and to
correctly stratify treatment groups in clinical trials. The use of gimilar models in
experimental stroke animals has not préviously been attempted. In the ET-1 model of
MCA oeclusion it i8 possible to observe behavioural responses during stroke induction

30 and assign a rating seale of stroke severity based on these responses. Therefofe it is

. possible to predict which animals will have severe strokes and which animals will have
mild to moderate strokes, This process also allows for some predication of the area of
risk, which is potentially salvageable by neuroprotective agentd after stroke. Severs
strokes leave litfle area of risk for meuroprotection given that the infarct occupies

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



G ade #3 (n---4) #2 (n----- 1) Gade #4 (n----3) #3 (n-4) 20Rats did not

| ose weight followng mld to noderate stroke in either treatnment group.
Core tenperature prior to stroke in both treatment groups was w thin normal
physiological Iimts. Following mld to noderate stroke there was a
significant increase in tenperature at 30 mnutes in both treatnent groups,
but tenperature returned to .within noipal | evel s after this tine.

25Fol lowing mld to noderate strokes ats in both treatnment groups

exhi bited significantly higher neurol ogical deficit scores pre-stroke and
24, 48 and {2hep@SkesSbl aXe tvheivage, rmmweﬁmﬁmzpﬁ&aﬂutgemwrsmgmﬁSﬂFFEEatnent

with Di01- 18% ﬁtﬁg\?em %/gd X)c Fggnwcﬁﬁm@%w @@at@ﬁsﬁ,ﬁyt .scores

when conpar rea tre . f%h mldto
noder at e st paikes in p SR Bﬁ@‘?ﬁéﬂé‘&dﬁéa" §?55’F5’%ce% 15,01F 8% %el s from
the stroke ahireckrgftreontraFat érialedar spamm#ﬁdnamm#pdh@dmﬁ Werterﬁw e

| psi | at efsﬂ' rafih ot P 525% BNCh G DY Eratina:- asﬂyﬁs%? and ymmmaéed?%w\% £h1A o t h
2-factor E’St I on, after stro%% %}1_1 g treated rats al so
showed an i ﬁ%%fgétﬁoﬁeﬁoé‘ﬁ’ﬁ atings ls cek S s at 24 hr (1)-(0.05,
t wo- way WWMDEUUOH hours after stroke and side).
These effects were abolished foll ovm%g{e% tr nt Wetsr%dD'u?Fl ??AH (15
my/ kg/ day) (Fi gdwigal] gyperimggts  condygy t O é%i i 178t 0 noderat € st roke

rats througheutdpectenive potenties oSDIPEF (Kany/ks) g@amewﬁwﬁm@ ROFleBIOKRNt Wit h
Dllg))T TE?al%og &nket. PeH mtrbeewedp@rbod@yaos&m@mmmmnswm ih z;wwDMSED (ﬁ/@u][ e t
0 QA . ';5 Pl nLe i nrarc
Pt b S0P, B0 Sl AN 4 iRk, gvc%p@ etr)

throughthes g) trea inmld
t o noder at eadéft‘f“éik“’él"ffldflsfa@‘@ﬁ]?fﬂil ?Ft?"ﬁ?k?seé‘ﬁ‘?f@ﬁjzﬁhé’ ggaé'g ‘ilhr ough

the cortex wihitld, hepstivilp raduced tiparamlagitzhdafishs 148 apd é‘%’@:rﬁéﬁ ﬁbq_ﬁsbﬁd-ﬂlFB HA
treat ment %é@as%l i ﬁibﬁain%@l@ét' Hote $EMERO1PE tEO) BfEr Gabkd, WINE tviedd obsenielidn

h I U
e i T

docunent s, fﬁet‘fgl,unmféﬁfaéﬁéﬂo i dnthe qerabral [cpdery ang H@mg}e@ Wéﬁecﬂé% been
i ncl uded i ninfdae dpreiipin SRetddiveaf tebriis. sol ely for the purpose of

provi ding a conpyref s rpgﬁgpégw he ﬁrf“ﬂﬁl'atﬂooﬁiodérﬁte:'s‘ﬁroRQtrath% idaalken as an

adm ssion that or al t hese rs 1,0 aPLiRr art
base or werréd‘%f’ﬁ a’ﬁ@rﬁgrl é‘ gy )Trha %ﬁt‘én\}acr?tm%a% Wél? pr esent
i nvent i @ ashicte testivgand DIPEowentmbmt |smmﬁ09n@axn@r@*fedé§ew1ﬁ@ﬂ ARIGPIE hi s
appl i cati o mireHBhekHE sﬁbk&raﬁpﬂﬁofﬂpﬁﬂﬁoh@mvﬂﬁwe wenddl ABONPri se”,  or

vari ations 3sp . Lm%&;};&ger stood to inply
t he incl usiohi~of” or—gr oup of

el ements, int egsgcil r%e&axeee% bo%ét do@&tofﬂjm}x@mAt(;ssxﬁmgﬁay i.v.) dissolved in a
Na,CO; buffered saline (0.1M, pH 7.8) for injection.

25 Vehicle DiOHF3HA
Grade #2 (n=3) #2 (n=1)
Grade #3 (n=4) #3 (n=4)
Grade #4 (n~7) #4 (0=6)

Following stroke, there was no significant weight loss in either treatment group.
30 Core temperatare prior to stroke in both trestment groups was within normal
physiological limits. Pollowing stroke there was a significant increase in temperature at
30 minutes in both treatment groups, however temperature retwrned to within normal
levels after this time. Following intravenous injection of vehicle or DiOHF3HA,
temperature appeared to increase in both treatment groups but this was not significantly

35 different from pre-stroke temperature. '



any other elenent, integer or step, or group of elenments, integers or

st eps. It will be appreciated by persons skilled in the art that
nunerous variations and/or nodifications may be nade to the invention as
shown in the specific enbodiments without departing fromthe spirit or
scope of the invention as broadly 25 descri bed. The present enbodi nents
are, therefore, to be considered in alh respects. as illustrative and not
restrictive. 57 THE CLAI M5 DEFI NI NG ? E | NVENTI ON ARE AS FOLLOAG: - 1. A

conpound of the general formula I: R 5wherein:_ | denotes a s'ﬁgle or
doubl e bond;, andollowing siRike 8, in kB RetmRE @pwrsi FhEPeh sty Yestted from

OO, LU GRIAH A 2uf 95 T 22 (oo stk kasbgaore . '
cautval ent sEEke ST TS DU DR b, (L PN dhisudls IElobne
unsubst i t utredkobaidebisfidiicscarss dit glodh;0r o BBTE ;3053"*‘5%}8 Gt &BREER"3nd E i s
an est er 0rQpR1 346G R0 ViBick afdaieh aatf Ishywed Bicre@sed QaterBy- iy remgve sck¥her ei n:
labels from the stroke affected contralateral forepaw when compared with the
ipsilateral side (P<0.05, two-way RM-ANOVA with 2-factor repetition, hours after
stroke and side). This effect was abolished after treafment with DIOHF3HA (15
mg/kg/day). .
10 Infarct area through the cortex was significantly reduced following treatment
with DIOHF3HA (15 mg/kg i.v.) when compared with vehicle.
In sommary, DIOHF3HA (15mg/kg) treatment significantly improved
neurological function in the heminegleet test, and also reduced the area of damage in
the striatum following stroke compared with vehicle treatment.

15  Effect of DIOHF3HA in mild ro moderate strokes
A selected group of rats were stadied with mild to moderate strokes.

. Vehicle DIQHF3IHA
Grade #3 (n=4) #2 (n=1)
Grade #4 (=3) #3 (o=4)
20 Rate did not lose weight following mild to moderate stroke in either treatment

aroup. Core temperature prior to stroke in both treatment groups was within normal
physiological 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 time.. -

25 Following mild to moderate strokes, rats in both treatment groups exhibited
significantly higher neurological deficit scores pre-stroke and 24, 48 and 72h post-
stroke when compared to pre-surgery scores. Ilreatment with DiOHF3HA (15
mg/kg/day) had no effect 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 ipsilateral side, at 24 and 48 hours (P<0.05, two-way RM-ANOVA
with 2-factor repetition, k afier stroke and side). Vehicle treated rats also showed an
increased latency to Temave sticky labels at 24 hr (P<0.05, two-way RM-ANOVA with
2-factor repetition, hours after sttoke and side). These effects were abolished following

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



Qis a substituted or unsubstituted al kyl ene; Wis 0; and X

is H a substituted or unsubstituted al kyl, benzyl, or a 20 nono- or

di valent cationic salt, or an ammonium cationic salt; or a pharmaceutically

acceptable salt; provided that at |east one of RI, R2, R3, R4, R5 is other

than H or OH with the proviso that the conpound is not

3,31,4",7-Tetra-0-benzyl quercetin 5- 56

[1,4,5, 6-tetra-0-benzyl-2-0-(di benzyl - oxyphosphoryl)-nyo-inositol 3-succi nat

el]; 25 3,4 ,7-Tri-Obenzyl quercetin - o

3-[1, 4, 5, 6- t et r alffabeazy ib-12ild o modsete stiobx yash tspieb tha gorliey avar pigsificently

?(11-1 s ucmt nat g]m@g@ mﬁwﬁ;]g %a@én@u@tﬁ%@?@?ﬂ?@@:ﬂgﬂ@lﬁ zbr deyp WB61 BabRyedand
ercetin 3-(2-0-phosphong-.m.0- ol 1-succl

accor di ng to%&?hﬁ‘iq"l&eﬁﬁga' rﬁ‘tdﬁﬂ:ggif* 3??&”?53 a(fff’gl ot %I%d@@%g)&%]g%

conpound acdofagit Hyoush the Hiige, wherein R and R2 are both OH. 4. The

conpound gccor di isinengl.aVHE3 b asehFkganaings: i addbé moband strhkents D 5 are

b d E; Iy 16
absent an %gﬁf@%ﬁﬂ%&ﬁﬁ&&%‘éﬁ%@% Iéfgx?e{é%'t%gulr th%%n@:?éﬂﬁbﬁm@s&n%&%n %ég{?pakécﬂ I(lc)

-CQCWX wi subst, tuted al e .

WS 0 and T ¥hisle treahsal PLORETTerabAr PRvOGLY CgTonhariplosioqh o
mono- or 10 fdnasiah énthe bahinegled gl t, or an ammonium cationic salt. 5. The
conpound according to claiml1, wherein Qis substituted or unsubstituted Cl

C6 al kyl . . ] i i : ' ' d
O o LR SR R R A g R

Any discussion of docurnents, acts, materials, devices, articles or the like which
has been included in the present specification is solely for the purpose of providing a
context for the present invention, If is not to be taken as an admission that any or all of
15 these matters form part of the prior art base or were comuon general knowledge in the
field relevant to the present invention as it existed before the priority date of each claim

of this application.

Throughout this specification the word “comprise”, or variations such. as

"comprises” or "cormnprising”, will be understood to fmply the inclusion of a stated
20 element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.

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

25 degcribed. The present embodiments are, therefore, to be considered in all respécts’ as
illustrative and not restrictive. .



" denotes a double bond; R4 and R5 are H 20RI and R2 are OH;, L and D are
absent and E is an ester group according to formula (lc): 00 Ilii(lc)
-CQCWX wherein Qis a substituted or unsubstituted al kyl ene; 25Wis O;
and X is H, a nono- or divalent cationic salt, or an anmonium cationic
salt. 8. The conpound of claim7, wherebd Qis substituted or
unsubstituted Cl to C6 al kyl ene. 30 9. The conpound according to claim7,
wherein Xis Hand Qis a butylene group. 10. The conpound according to
claimi1, wWhéfFBECLAHYSAEEINING IHE INVENTEIRIARRASKOIROWS-H, 59

R3 and R5 are independently selected fromH, OH or a group according to

formula (la): - O -L -D-E (la)
1. A compound of the general formula I:

5 wherein:
== denotes a single or double bond; and
R!, R% R, RY, R’ are independently selected from H, OH or a group according

to formula (Ia):

O—L—D—E (Ia)

10 wherein:
O is oxygen;
i) L isaC=0 group, D is an alkylene group with a chain length equivalent to
about 1 to 20 carbon atoms, and E is a substituted or unsubstituted carboxylic acid

group; or
15 ii) L and D are absent and E is an ester group according to formula (Ic):
O 0]
I N c
—C—Q—C-W-X {c)
wherein:

Q is a substituted or unsubstituted alkylene;
W is O; and X is H, a substituted or unsubstituted alkyl, benzyl, or a
20  mono- or divalent cationic salt, or an ammonium cationic salt;
or a pharmaceutically acceptable salt;
provided that at least one of R!, R% R?, R* R’ is other than H or OH;
with the proviso that the compound is not 3,3',4',7-Tetra-O-benzylquercetin 5-
[1,4,5,6-tetra-O-benzyl-2-O-(dibenzyl-oxyphosphoryl)-myo-inositol 3-succinate];
25  3'4'7-Tri-O-benzylquercetin ~ 3-[1,4,5,6-tetra-O-benzyl-2-O-(dibenzyloxyphosphoryl)
myo-inositol 3-succinate]; Quercetin 5-(2-O-phosphono-myo-inositol 1-succinate) and

Quercetin 3-(2-O-phosphono-myo-inositol 1-succinate).

2., A compound according to claim 1, wherein the R* and R’ are both H.



wherein 50 is oxygen; i) Lis a C=0 group, Dis an al kylene group
with a chain length equivalent to about 1 to 20 carbon atons, and Eis a
substituted or unsubstituted carboxylic acid group, or ii) L and D are
absent and E is an ester group according to fornmula (l1c): 00 10-CQ CWX
1111 (lc) wherein Qis a substituted or uid8ubstituted al kyl ene; w
is oxygen; and X is H, a substituted or unsubstituted al kyl, benzyl, or a
nono- or divalent cationic salt, or an ammonium cationic salt; 15provided
that at |east one of R3 and R5 is other than H or OH 11.The conpound

aceor di ng o1 or Autergey Cgn e o Qafte. GRESH RILEE 43R B EG DL

substituted or unsubstituted al kyl ene; Wis oxygen; and X is H a

substituted gr U%QQ&&E&H&‘&&C@% lﬁ}@tm c@ﬁﬂxzylwhe?éma— BB fAes PlodHlY BORNY &Rk HONI C

salt, or an ammonium cationic sa e conpou according to claim
11, wher &i n ac abscriiAndth ﬁ@ﬂ@étebgr%ﬁs‘?ﬁ%@ingﬁ? f@%“m%‘lé?gﬁ al kyl ene. 13.The
conmpound according to claim1l C%hereld3x is H anqlg is a butyl ene group.

’Il
—Q— C-w-X

wherein
Q is a substituted or unsubstituted alkylene;
W is O; and X is H, a substituted or unsubstituted alkyl, benzyl, or a mono- or

10  divalent cationic salt, or an ammonium cationic salt.

5. The compound according to claim 1, wherein Q is substituted or unsubstituted

C, to Cg alkylene.

15 6. The compound according to claim 1, wherein X is H and Q is a butlyene group.

7. The compound according to claim 1, wherein
== denotes a double bond;
R*and R are H;

20 R! and R? are OH;
L and D are absent and E is an est(e)r group according to formula (Ic):
S SV
wherein
Q is a substituted or unsubstituted alkylene;
25 W is O; and X is H, a mono- or divalent cationic salt, or an ammonium cationic
salt.
8. The compound of claim 7, wherein Q is substituted or unsubstituted C; to Cs
alkylene.
30
9. The compound according to claim 7, wherein X is H and Q is a butylene group.

10.  The compound according to claim 1, wherein
== denotes a double bond;
35 Rl, R%and R* are H;



30 14. The conpound according to claim1 which is O or its pharmaceutically
acceptable salt. 50 or its pharmaceutically acceptable salt. 16. A
conpound sel ected fromthe group conprising 3-

(Benzyl oxycar bonyl but yl car bonyl oxy) f| avone; 3-Hydroxyfl avone 3-hem adi pat e;
4' - 10 (Benzyl oxy) - 3-(benzyl oxycar bonyl babyl car bonyl oxy) f | avone;

4' - Hydr oxyfl avone 3- hem adi pat e;

3',4' -Di benzyl oxy- 3- (benzyl oxycar bonyl but yl car bonyl oxy) fl avone; 3',4'-

Di hydr oxyf | avone BB3- frnRadirpatidependently selected from H, OH or a group according to

3,4 -Di (benﬁ¥I0ﬁ g@ébonylbutyIcarbonyloxy)flavone; fl avone

3,4"'-bis(he gﬂ'é ); 3, 7-Di (benzyl oxycar bonyl but yl car bonyl oxy) f | avone;
3, 7- bi s( heni adi pat e) f | avone;—42)-15-[Hydrgxy-8- Hydr odyj | avone- 3- quat er nary
ammoni um ester. 17. A pharnmaceutically and/or veterinary conposition
conprising a phamhgeautically and/or veterinarily acceptable carrier or

di | uent gogethercygggygﬂgonpound according to claim1l. 20

i)  LisaC=0 group, D is an alkylene group with a chain length equivalent to
about 1 to 20 carbon atoms, and E is a substituted or unsubstituted carboxylic acid

group, or
ii) L and D are absent and E is an ester group according to formula (Ic):

0O
10 —E—Q—%‘W'X {e)

wherein
Q is a substituted or unsubstituted alkylene;
W is oxygen; and X is H, a substituted or unsubstituted alkyl, benzyl, or a

mono- or divalent cationic salt, or an ammonium cationic salt;
15 provided that at least one of R? and R’ is other than H or OH.

11.  The compound according claim 10, wherein L and D are absent and E is an ester

group according to formula (Ic):
O

—t—q—l-w-x 1

20 wherein
Q is a substituted or unsubstituted alkylene;
W is oxygen; and X is H, a substituted or unsubstituted alkyl, benzyl, or a

mono- or divalent cationic salt, or an ammonium cationic salt.

25 12.  The compound according to claim 11, wherein Q is substituted or unsubstituted

C, to Cg alkylene.

13.  The compound according to claim 11, wherein X is H and Q is a butylene group.

30 14.  The compound according to claim 1 which is



or its pharmaceutically acceptable salt.

15.  The compound according to claim 1 which is
OH

5
or its pharmaceutically acceptable salt.
16. A compound selected from the group comprising 3-
(Benzyloxycarbonylbutylcarbonyloxy)flavone; 3-Hydroxyflavone 3-hemiadipate; 4°-
10 (Benzyloxy)-3-(benzyloxycarbonylbutylcarbonyloxy)flavone; 4’-Hydroxyflavone 3-

hemiadipate; 3°,4’-Dibenzyloxy-3-(benzyloxycarbonylbutylcarbonyloxy)flavone; 3°,4’-
Dihydroxyflavone 3-hemiadipate; 3,4’-Di-
(benzyloxycarbonylbutylcarbonyloxy)flavone; flavone 3,4’-bis(hemiadipate); 3,7-Di-
(benzyloxycarbonylbutylcarbonyloxy)flavone; 3,7-bis(hemiadipate)flavone; 4'-

15  Hydroxy-3-Hydroxyflavone-3-quaternary ammonium ester.

17. A pharmaceutically and/or veterinary composition comprising a
pharmaceutically and/or veterinarily acceptable carrier or diluent together with a

compound according to claim 1.
20



