1 Method of Preparing Derivatives/digonmers of Epicatechin and Applications
Thereof Field of the Invention The present invention relates to the

pr epar at iwo 20fv/@E3esbhass of novel, optically active 5 comrpouapzdo/oseeved from
ol i goneri c proant hocyanidins (OPCs), nore particularly to oligoners of

epi cat echin. These conpounds include nultidentate |igands and their netal
conpl exes for use in catalysis. Background Art The foll ow ng discussion of
t he background art is intended to facilitate an 10 understandi ng of the
present invention only. It should be appreciated that the discussion is not
an acknow edgenment or adm ssion that any of the material referred to was
part of the common general know edge as at the priority date of the
application. Asynmetric organic reactions with high stereoselectivity have
been a major research 15 field for organic and organonetal lic chem sts.
This continues to be one of the main focus points of chem cal research
driven both by intellectual challenges and the ever increasing demand of
phar maceut i calMgHaod@f Preparing Dervadives/OdigamersatEpicateghpandal |y pure
conpounds as Applitatiensddidreof Si nce 2001, drugs with racemic mixtures are
no | onger registered by the Food and Drug Adm nistration of the 20 United
States. There are great demands for innovations particularly in

envi ronnent al Ipjeldrdfenéinveaienecononmical ly viable alternative to carry out
asymretric organic reactions that eventually will not only help lower the
hefty price of_the new drugs but al so produce Ie no chemjcal. pollution
by, ki ng "t he TPAEEEE Mt el Ry BERHECE G5 219758 Phedtet PEREM FIE || gands
wi th naturda | yoopouwnds |dag/ean(d>ncd>1@arpermrafsanmyaindns (@P@ay ntope bérh@laglgad . Mot her
Nat ur e provi degeddiBl Liiidefin® OMEGEcipoBRld ililde/mBHIGIELRBANNGR S
synthetic targe(t] chiral resolution reagents, organocatalysts, and chiral
| i gands. Anond“‘itﬁéﬁﬁ"p'?’éqstf%{r“ls%'”aF@faﬂi’S'Sal kal'oi ds, sugar, and amino acids have
received the nost attention and a nunber of pri vil eged"” catal ysts
conmponents have 2 been derived fromthese conmpounds (Yoon, T. P.;
Jacobsen, E. MNBackpround Ated chiral catal ysts. Science (Washington, DC,
United States) (2003), 299(5613), 1691- 1693). In sharp contrast, little
attenti on has Theefolpeingl diswussing of thdebasksdundbamdianintgpliahtto sfediiatd aary

met abol i t eg, hérg%ﬁcﬁ@s%f meoa%gaqqx@aah&n By, Curbls e Qslpreaétwmrth& 5

pr oant hocyanl ave enor nous po enti a
expl or ed. Str&d&ﬂﬁ%ﬂm'ynotep@»gkr}?wég%%%?qu%tt@} E\W)/Phthema&ﬂr'a's?ferreﬁ NAP, a

"privil eged" abiwal pért gamtt toumnan eRralapvicegt i Bnati heasmyeddte Of QAhgani c
reactions (Bertpeﬁig l.; Mgnani, G; Wodward, G; Lemaire, M Chem
Rev. 2005, 105 Bof 1836) . However BINAP is optically active and invol ves
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suppl enents that may have health benefits on delaying the onset of chronic

di seases. 15 TPRESFINYur eeMEdowli | PRASTACRUREI ¢ fﬁpca‘?gr%cﬂ"?'ﬂﬁf"ur@g”%rﬁ’ deCs with
epi cat echi n asentitreeritailymipidall puraicompdintg asreivadtivé sgenie Sied g0, drugs littnkage
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| i nkage, and ol1 gomner
| i nkages cth déutesi Statgsn Hifse Opreg(gﬁ%qt Epmpnes for mnovatlons partlcularly |n

environmentally friendly and economically viable alternative to carry out asymmetric
organic reactions that eventually will not only help lower the hefty price of the new

drugs but also produce less or no chemical pollution by making the process “green”.

25 Replacing costly synthetic chiral ligands with naturally occurring and cheap ones
would be a way to this goal. Mother Nature provides an unlimited source of optically
pure compounds as synthetic targets, chiral resolution reagents, organocatalysts, and
chiral ligands. Among them, tartaric acid, alkaloids, sugar, and amino acids have

received the most attention and a number of “privileged” catalysts components have



Previ ous arts have denonstrated that OPCs can be depol yneri zed by

nucl eophiles in the presence of acid. A range of depol ynerized products
wer e repowbediitdiBasoway with different types of nucl eophiPCeaBIu@hs5a62

mer capt ot ol uene, alkyl thiols, cysteine and its 25derivatives, etc. The
utility of the products has been docunented to a certain extent, 3
particularly for their therapeutic effectiveness (Torres, J. L.; Lozano,
C.; Julia, L.; Sanchez-Baeza, F. J.; Anglada, J. M; Centelles, J. J.;
Cascante, M Cysteinylflavan-3-o0l Conjugates from G ape Procyani dins.
Anti oxi dant and Antiproliferative Properties. Bioorganic & Medicinal

Chem stry (2002), 10(8), 2497-2509. Torres, J. 5L.; Lozano, C.; Maher,

P. Conj ugati on of catechins with cysteine generates anti oxi dant conpounds
wi t h enhanced neuroprotective activity.Phytochem stry (Elsevier) (2005),
66(17), 2032- 2387 d§rived fipmditsse gempdvedss(Yeen fli. Pat/aephsemEeNs Rrivieged nhieakt
requires othergpafgis. t NScieMeE AvadifhgthOBR! Usfed Shte¥Rr(B@BI, 0B50(5648)) #691-
"conprises" or "conprising", will be understood to inply the inclusion of a
stated i nteger'58¢) SB StrpP ngt‘iaﬁ”c S pLenion hardteeh paidd er fi%?n Mpt AL her

i nteger or gr qugnt sdcondanegetaisaliteshi+ oligghnedt profreh@parddifs. datthio andinligeserit he
context requir I W (o R " - cvard ati uch as
"incl udes"q’gr pe?aﬁgfo%n}#née(ovﬁnh%m\é@r%\r/l%eeﬁ(gr%nggg pf)tgﬂrléarlrg\faltmgﬁeé%%ncﬁgﬁ%i)n of a
stated int egerStE&'Pt”[j’i”bLRJgQﬁ havasege sEnipiity WBHRoRE) e BNATs o RMIPISNFHIEH her

i nteger or gr O?g&d)fouhtﬂltrﬁa]@rﬁppgcation inl Ia&mtgétﬂwgrgtahie epQiohd i(ieath'b@,nmumt ess é he
context requires otherw.s t term."Ar" an " A 1 rstood to
refer to the s@ﬂ%a”'sn‘re%-slw?"ﬁ%r&" ?GU’ng?T%rﬁalM'g?%elﬂnpggevsﬁr(%%%\r%yd50f1gﬁ1le%? vention
Whi | e the uti IHawevest BINGP dke peficglivepdtive dingrioilyes & afmigPOf Huecebe sigprgidt unent ed

to a certai eyhsdis, whakhd OB bk thBblE rbRAGRENT AeurRhfigGidsuaness, no

previous art has re rtﬁd on the plication of using such conpounds as

asymmetric Catazgf'%ttj%.f)p'? ﬁjcés ané foreszil was?es such as pine g)arlgs, mangosteen’ peels,
cocoa bean, grape seeds, and sorghum bran, OPCs are well known as potent
antioxidant supplements that may have health benefits on delaying the onset of

chronic diseases.

15
The figure below illustrates typical structures of OPCs with epicatechin as the
monomeric unit. Oligomer A is the A-type 4-8 linkage most commonly seen in nature
(n=2-150). Oligomer B is the B-type 4-6 linkage, and oligomer C is the A-type 4,8
linkage. B-type and A type linkages can co-exist in one oligomer chain.

20 A B C

Previous arts have demonstrated that OPCs can be depolymerized by nucleophiles in
the presence of acid. A range of depolymerized products were reported this way with
different types of nucleophiles such as mercaptotoluene, alkyl thiols, cysteine and its

25  derivatives, etc. The utility of the products has been documented to a certain extent,



25invention resides in the synthesis of novel chiral nultidentate |igands
and their transition netal conplexes for use in asymretric catalysis.

A i gomrer iwopnoarsdsocyani di ns (OPCs) are mmj or secondary PogtiBimob/hisee f ound
abundantly in plant kingdom including those of agricultural byproducts

| i ke 30 nmangosteen pericarps, peanut skins, and grape seeds etc. OPC
typically conpose of repeating units of epicatechin or catechin. The

hydr oxyl groups of two nononer units are positioned ideally for chelating
transition metals formng chiral conplexes. Wth sinple protection of the
ort ho-di hydroxyl groups on the B ring fromconpetitive 4 binding of
netals, a new chiral |igand is obtained which can be conplexed with a netal
and used with effect in catal yzing orgamdc reactions. I n accordance
with one aspect of the invention there is provided a nethod for 5nodifying
a conpound haweariguledypteattheirnthergpeitic effecliiences firotes,( & LArLozane i edwiat 5.5 a
substituted f%&h&%lezagrpowp ;@rﬁg'la%t@dvlf rd?eWeﬂesQrJOUp c%@éb‘hlesﬁ\)l nQ: Qtfernyla phenyl ,

a hydr oxypheny] , a roxyphenyl| ester, i group,
and a al koxypﬁ@}‘ﬁﬂ @'r%%/fb gafeﬁefr%tGﬁ?ﬁT Igrgﬁ;@mdgﬁs é”t&PéHB”ty‘?Pé’r'f\’itlpFPdfef%' conmpound
with a nucl eophopettissn Biherggies dledieinalfCradistty (Z002),n0(d)e apdv-2509 Myrelie). sel ect ed

from conpounds CESEaﬁ%”bWM?HrQrp ur ’Coﬁgéggﬂ’ofni;étécﬂglgr\?itﬂ QU dhe rgBFé?étF orus,

arseni c. 15 The carbon nucl eophi e selected et erocyc
compounds, ar @?ﬁ?ﬁ'%”bmﬂ‘i‘.ﬁsw%égﬁt‘ﬂ@@ BeYjamiPlectyd mpbitnds BRyIARaMIStY nor gani ¢
ani ons. The hegEgeasry ¢2006), BMPYWIDIS-203%). | ncl ude pyrrol es, pyrazoles,

i ndol es, furan,
Throughout the specification unless the context requires otherwise, the word
10 “comprise” or variations such as “comprises” or “comprising”, will be understood to
imply the inclusion of a stated integer or group of integers but not the exclusion of any

other integer or group of integers.

Throughout the specification unless the context requires otherwise, the word “include”
15  or variations such as ‘“includes” or “including”, will be understood to imply the
inclusion of a stated integer or group of integers but not the exclusion of any other

integer or group of integers.

Throughout the specification unless the context requires otherwise, the term “Ar” and

20 “Ar”, will be understood to refer to the same substituted functional groups.

Summary of the Invention

While the utility of the depolymerized products of OPC has been documented to a
certain extent, particularly for their therapeutic effectiveness, no previous art has
reported on the application of using such compounds as asymmetric catalysts. This
25 invention resides in the synthesis of novel chiral multidentate ligands and their

transition metal complexes for use in asymmetric catalysis.

Oligomeric proanthocyanidins (OPCs) are major secondary metabolites found
abundantly in plant kingdom, including those of agricultural byproducts like
30 mangosteen pericarps, peanut skins, and grape seeds etc. OPC typically compose
of repeating units of epicatechin or catechin. The hydroxyl groups of two monomer
units are positioned ideally for chelating transition metals forming chiral complexes.

With simple protection of the ortho-dihydroxyl groups on the B ring from competitive



20 benenzofuran, thiophene, benzothi ophene and any conbi nati on thereof. The
aromati ¢ conpounds may i nclude phenols, anilines, naphthol and

napht hyl aworeesl/@sgsoany conbi nati on t hereof. The acycl i c POTgRIIIC0TSO0POUNIS
may include ol efins, al kynes, acetonyl acetonate, acetylacetate, and their
derivatives, vinyl ethers, and vinyl am nes and any conbi nation thereof.
The smal |l inorganic anions may include 25sulfite, thiosulfite, cyanide,

t hi ocyani de, iodide, hydrogen sulfide, phosphide and any conbi nation

t her eof . The hydr oxyl phenyl group may include 2-hydroxyphenyl,

3- hydr oxyphenyl , 4- hydroxyphenyl, 3, 4-di hydroxyphenyl,

3, 5-di hydr oxyphenyl, 4 ,6-di hydoxyphenyl, 3,4,5- 30tri hydroxyphenyl,

4- hydr oxy- 3- met hoxyphenyl. 5 In accordahce with a preferred feature of the
invention the nethod may further conprise selectively protecting the

hydr oxyl groupsnding af heetzleFeagw ahiial ligand GRobtakredlicladen he cempiesedurih ©f t he
conpound havi ngethiRRd 1EREAH eHBdt inScatdzg BRIaAE réfidds] ¢ sol vent to

di met hyl am nopyri di ne and net hyl propiolate. The pol ar aprotic sol vent
may include one selected froma group consisting of: dinethyl sulfoxide
(DVMBSO), acet one,acoeddngt etithydnek adpocteof the abveniidnr ihke, ist @ovidedya madthadator
10N, N- di nethyl - ] ﬁgﬁgr M th a second aspect of the

i nvention fﬂef&gﬁs rgﬁP%%ﬂdal {%%%ngMgsnthesising a catechin from an

ol i gonmeric proanthocyanidin, conprising nodifying selected polar oxygen
containing groups with gn unsgturated hydgocarbon or 15 hydrocarbon
derivative conpound to prewe sgapet N4 ve binding of netals thereto, to
forma nodified oligoneric hocyami di n, and depol yneri sing the

nodi fied ol i goneric proant hg [ b formsaid catechin in the formof a
chiral 1igand. TOR'

OH

wherein Ar (= Ar’) represents a substituted functional group selected from a group
consisting of: a phenyl, a hydroxyphenyl, a dihydroxyphenyl, an alkoxy, an ester, an
10  alkyl group, and a alkoxyphenyl group; the method comprising depolymerizing the

compound with a nucleophile in the presence of acid.

The nucleophile may be selected from compounds containing sulphur, carbon,
nitrogen, iodine, phosphorus, or arsenic.

15
The carbon nucleophile may be selected from heterocyclic compounds, aromatic

compounds, acyclic organic compounds or small inorganic anions.

The heterocyclic compounds may include pyrroles, pyrazoles, indoles, furan,
20 benenzofuran, thiophene, benzothiophene and any combination thereof. The
aromatic compounds may include phenols, anilines, naphthol and naphthylamines
and any combination thereof. The acyclic organic compounds may include olefins,
alkynes, acetonylacetonate, acetylacetate, and their derivatives, vinyl ethers, and
vinyl amines and any combination thereof. The small inorganic anions may include
25  sulfite, thiosulfite, cyanide, thiocyanide, iodide, hydrogen sulfide, phosphide and any

combination thereof.

The hydroxylphenyl group may include 2-hydroxyphenyl, 3-hydroxyphenyl, 4-
hydroxyphenyl, 3,4-dihydroxyphenyl, 3,5-dihydroxyphenyl, 4,6-dihydoxyphenyl, 3,4,5-
30 trihydroxyphenyl, 4-hydroxy-3-methoxyphenyl.



The met hod of the invention has particular application in synthesising a
catechin from 20an ol i goneric proanthocyani din. The internedi ate oligoner
i s a nodiwDedugl7sgoneri ¢ proant hocyanid i n. The unsat ur aCedBiyaniseex bon
conpound may be an al kyne or al kyne derivative. 25In one highly preferred
enbodi ment, the unsaturated hydrocarbon conmpound is a term nal al kyne or
termnal al kyne derivative. According to a specific exanple, the

nodi fication of the oligonmeric proanthocyanidin is by reaction with
propynoate nethyl ester (nethyl propiolate). 6 According to a nore
specific exanple, the nodification of the oligoneric proanthocyanidin is by
reaction in a polar aprotic solvent with propynoate nethyl ester and

N, N- di met hyl pyri di ne. 5The pol ar aproticssolvent may be selected fromthe
group consisting of: dinethyl sulfoxide (DMSO), acetone, nethyl ethyl

ket one, acetonitrile, tetrahydrofu ran, N, Ndi nethylfornmam de. The
ol i gomeric pr qa%k&%@lvﬂﬂhna fﬂSPeYerFeGnr\é@tmee&t thy |MM€onemeﬁétﬁ&hhﬁy asehe
10nononeric unit. S gre erred that the selecte pol ar oxygen

cont ai ni ng gr 685@”??0%‘?&?195"@8 pé‘it PRHLE NEHRPYRYArRSNY (PegeR58hYn the B ring of the
epi catechin. 15In the step of idepol ynmerizing, the nodified oligoneric
proant hocyani din may be depol yineri zed with a nucl eophile in the presence of
an acid. The nUC|eOphI|%P : ed—?ron1conpounds cont ai ni ng i odi ne,
phosphorus, sul phur, nitrogg or arsenic. 20 Were the nucl eophile
is a carbon nucl eophile, it ¢cted from heterocyclic conpounds,
aromati ¢ conpounds, acyclic ebnpeynds or smal | inorganic anions.
25The heterocyclic conpounds y include pyrroles, pyrazoles, indoles,
furan, OH :

5 by adding a mixture of the compound having the repeat units in a polar aprotic

solvent to dimethylaminopyridine and methyl propiolate.

The polar aprotic solvent may include one selected from a group consisting of:
dimethyl sulfoxide (DMSO), acetone, methylethyl ketone, acetonitrile, tetrahydrofuran,

10  N,N-dimethylformamide.

In accordance with a second aspect of the invention there is provided a method of
synthesising a catechin from an oligomeric proanthocyanidin, comprising modifying
selected polar oxygen containing groups with an unsaturated hydrocarbon or
15 hydrocarbon derivative compound to prevent competitive binding of metals thereto, to
form a modified oligomeric proanthocyanidin, and depolymerising the maodified

oligomeric proanthocyanidin to form said catechin in the form of a chiral ligand.

The method of the invention has particular application in synthesising a catechin from
20 an oligomeric proanthocyanidin. The intermediate oligomer is a modified oligomeric

proanthocyanidin.

The unsaturated hydrocarbon compound may be an alkyne or alkyne derivative.

25 In one highly preferred embodiment, the unsaturated hydrocarbon compound is a

terminal alkyne or terminal alkyne derivative.

According to a specific example, the modification of the oligomeric proanthocyanidin
is by reaction with propynoate methyl ester (methyl propiolate).
30



benenzof uran, thiophene, benzothi ophene and any conbi nation thereof. The
aromati ¢ conpounds may i nclude phenols, anilines, naphthol and

napht hyl aworeesl/@sgsoany conbi nati on t hereof. The acycl i c POTgRIIIC0TSO0POUNIS
may include ol efins, al kynes, acetonyl acetonate. acetylacetate, and their
derivatives, vinyl ethers, and 30 vinyl am nes and any conbi nation thereof.
The small inorganic anions may include sulfite, thiosulfite, cyanide,

t hi ocyani de, iodide, hydrogen sulfide, phosphide and any conbi nation
thereof. 7 The hydroxyl phenyl group may include 2-hydroxyphenyl,

3- hydr oxyphenyl , 4- hydroxyphenyl, 3, 4-di hydroxyphenyl,

3, 5-di hydr oxyphenyl , 4, 6-di hydoxyphenyl, 3,4,5- trihyd roxyphenyl,

4- hydr oxy- 3- net hoxyphenyl . 5In accordancg with a third aspect of the
invention there is provided a catechin netal conplex conprising a catechin
formed accor diAvgortiogt tee aalmave snetifiodexeoimsl ehedmedifidatien mét the. oldemedat echi n
may be epi cat gdlinthocyanidin is )ereA&bAlIN BEY6IADBARE JORHSIih BEpyREAEGiead) f rom one
or nore of an alkali netal, and 10al kali earth netal, a transition netal, a
| ant hani de or i7" 84 NATEFRethYRYidioR or dance with a fourth aspect of the
present invention there is provided a conpound having at | east one unit of

a general f.0r Myl g0 WARKE 1sBivéi nﬁa‘?/gn%e%eﬁ’é'&e% %é%%ﬂg%’%@%isﬁﬁ%idm | group

selected froma group consi sting ca hgdroxyph 1y roxyphenyl, an
al koxyphenyl , s¥8exde (DHYSQ)) acelgrroNppmieiyl ketefigd agenitaen tekahymiear i 8- a
substituted funséthgodmhangdeup. 20 A may include a nucl eophil e containing

i odi ne, phosphorus, sul phur, oxygen, nitrogen, hydrogen, carbon, and any
conbi nati on thereof. \Were the nucl eophile A contains carbon, the

nucl eophi | e nmelebeligosiede t reanthogyanidiie 4y gronghictibn davg i epigatsehin cag Bbm- car bon
si ngl e bongs, waHobRR: G bon doubl e bonds, carbon-carbon triple bonds,

ni trogen-carbon single bonds, nitrogen-carbon doubl e bonds, sul phur-carbon
si ngl e bond, oxygen-carbon single bond oxygen-carbon doubl e bond,

car bon- phosphilne rseshgredertedritiat tbasblecied pdamexygem gbrérifiag) drougen donaprige at

conbi nati on th&&?&&ﬂwdﬁmﬁﬁﬁmﬁBHHQQQHQQFMBE%?&QSﬁni”ClUde one, two, or three

netal s selected fromthe group consisting - alkali netals, alkali earth
netals, transition netals, |anthanides, actinides, and netalloids. 5The
conmpound nmy finrthdr&tepi sicdepoligmérizingg@rdmbdfieddoiigomedd proanthedyaldih andyhee net al .

The 11,920 Mgy A IRIgREOhAiconRIRILAL Encclhelsgi ate, tetradentate and

pent adentate |1 e donor om can 1 ncludé oxygen, nitrogen, sul phur
phosphorus, and carbon.

The nucleophile may be selected from compounds containing iodine, phosphorus,
sulphur, nitrogen, carbon, or arsenic.

20
Where the nucleophile is a carbon nucleophile, it may be selected from heterocyclic
compounds, aromatic compounds, acyclic organic compounds or small inorganic

anions.

25 The heterocyclic compounds may include pyrroles, pyrazoles, indoles, furan,
benenzofuran, thiophene, benzothiophene and any combination thereof. The
aromatic compounds may include phenols, anilines, naphthol and naphthylamines
and any combination thereof. The acyclic organic compounds may include olefins,
alkynes, acetonylacetonate. acetylacetate, and their derivatives, vinyl ethers, and

30 vinyl amines and any combination thereof. The small inorganic anions may include
sulfite, thiosulfite, cyanide, thiocyanide, iodide, hydrogen sulfide, phosphide and any

combination thereof.



10 In accordance with a fifth aspect of the present invention there is

provi ded a conpound having at | east one unit of a general fornula: 15
wherei n AvorepriEes®snt s a substituted functional group selP€EiBZI16/HIFM22 gr oup
consi sting of: a hydroxyphenyl, a dihydroxyphenyl, an al koxyphenyl, phenol,
ester, al kyl, al koxyphenyl; where R is selected from hydrogen, any carbon
containing noiety or other functional group; and wherein Ais selected from
one of: 20- any npoiety or noieties containing iodine or phosphorus; a
group having the formula - SCH2CRARB , where RA is any functional group or
noi eties containing functional groups, and RB is any group contai ning

sul phur, or nitrogen and/or a cyclic, heterocyclic, polycyclic or

pol yhet erocyclic noiety; a group having the formula -S- CH2CH YRB
where RB is any group, and Y is 25sul phur, or nitrogen as a secondary or
tertiary am nefher hgdoxyiphers! greupgmaupinaladd nghydrexyienyiul ehyd©xROeNRB4; where Y
i's sul phur, Orhyaﬂokfpﬂgr%ﬂ iRy SREGHRART ¥/5- th% r8>€ybhé}W4@fH|H3'/§o>%h&ﬁ%CB gishe, RB is
any group, an s a roup having the fornul , Where
Y i s sul phur, t@WdﬁVW¥ﬁ@éﬁga@“§y§ 3%&&??”%r tertiary amne or an |n1ne RB
is any group, and Rc is any group - a group selected from where X is

sel ected f oMy %O%QCe \Mt_ll?a ttﬁ‘rB%ng:t oﬁﬁe mE?ntlgﬁ fhefH ¥ pgfvfag(ﬁ)a cét-gbrﬁn WP

identified as Ar may conpri se:
complex ‘comprising a catechln formed according to the above method complexed

with a metal. The catechin may be epicatechin.

The metal may advantageously be selected from one or more of an alkali metal, and

10 alkali earth metal, a transition metal, a lanthanide or an actinide.

In accordance with a fourth aspect of the present invention there is provided a

compound having at least one unit of a general formula:

HO O JAr

>____

15 OH

wherein Ar represents a substituted functional group selected from a group consisting
of: a hydroxyphenyl, a dihydroxyphenyl, an alkoxyphenyl, ester, alkyl, alkoxyphenyl;
and wherein A represents a substituted functional group.

20
A may include a nucleophile containing iodine, phosphorus, sulphur, oxygen,

nitrogen, hydrogen, carbon, and any combination thereof.

Where the nucleophile A contains carbon, the nucleophile may be selected from the
25 group consisting of: carbon-carbon single bonds, carbon-carbon double bonds,
carbon-carbon triple bonds, nitrogen-carbon single bonds, nitrogen-carbon double
bonds, sulphur-carbon single bond, oxygen-carbon single bond oxygen-carbon
double bond, carbon-phosphine single bond, carbon iodine single bond, and any
combination thereof.
30



The conpound may, in a particularly advantageous enbodi nent, have the
general fornula: 10 The conpound may further forma netal conplex with a
net al selwoted/f7893m t he group consisting of: al kali net aCs/IBalkesdsvoeart h
nmetals, transition netals, |anthanides, actinides, and netall oids.
Preferably the conplex is a coordination conplex bonding 15with at |east
near oxygen atons of hydroxyl groups. The conpound nmay further include a

| i gand (or donor aton) bound to the netal. The ligand may be a

nonodent ate, bidentate, tridentate, tetradentate and 20pentadentate |igand.
The donor atom can include oxygen, nitrogen, sulphur, phosphorus, and
carbon. 10 In accordance with a sixth aspect of the present invention
there is provided a conpound having firs8 and second units of a general

f or mul a: 5 wherein Ar represents a substituted functional group selected
froma group cldrspmbdung nwly furthehipelndexgnshimeyr thrge dietajsdyetsrtieg iremythe grawp

al koxyphenyl, BRh&adRl . ore kel mAAIKY hikale X YRS ViransHBE fetdls, lafthafdact ed from
hydr ogen, any carbon contajning noi ety or other functional group; and
10wherein A i SUUSREI"SR6I any moi ety or noieties containing iodine,
phosphorus, sul phur, arsenic, carbon, nitrogen or oxygen and said first

unit and Saé d ﬁ%%QMQOLHBHay%ﬁePiH&Eb%CJ I%gn(p(%r &)nor atom) bound to the metal.

The ligand may be a monodentate, bidentate, tridentate, tetradentate and
pentadentate ligand. The donor atom can include oxygen, nitrogen, sulphur,

phosphorus, and carbon.

10
In accordance with a fifth aspect of the present invention there is provided a
compound having at least one unit of a general formula:
HO 0. /,Ar
; “Sor
o A
15

wherein Ar represents a substituted functional group selected from a group consisting

of: a hydroxyphenyl, a dihydroxyphenyl, an alkoxyphenyl, phenol, ester, alkyl,

alkoxyphenyl; where R’ is selected from hydrogen, any carbon containing moiety or
other functional group; and wherein A is selected from one of:
20 - any moiety or moieties containing iodine or phosphorus;

- a group having the formula —-SCH,CRARg , where R, is any functional group or
moieties containing functional groups, and Rg is any group containing sulphur, or
nitrogen and/or a cyclic, heterocyclic, polycyclic or polyheterocyclic moiety;

- a group having the formula —S-CH,CH-YRg , where Rg is any group, and Y is

25 sulphur, or nitrogen as a secondary or tertiary amine or an imine;

- a group having the formula —S-R¢-YRg , where Y is sulphur, or nitrogen as a
secondary or tertiary amine or an imine, Rg is any group, and Rc is any group;
- a group having the formula —Rc-YRg , where Y is sulphur, or nitrogen as a

secondary or tertiary amine or an imine, Rg is any group, and Rc is any group



The group identified as Ar may conprise: OCH3 0O The conpound may, in a
particul arly advant ageous enbodi nent, have the general fornmula: 20 11
acti ni deswoand/are4sal | oi ds. Preferably the conplex is a econsimebisee conpl ex
bonding with at | east near oxygen atons of hydroxyl groups. The conpound
may further include a |igand (or donor aton) bound to the netal. 5 The

| i gand may be a nonodentate, bidentate, tridentate, tetradentate and

pent adentate |igand. The donor atom can include oxygen, nitrogen, sul phur,
phosphorus, and carbon. Brief Description of the Draw ngs 10Sever al

enbodi nents of the invention will be described wth reference to the

drawi ngs, in which: Figure 1 illustrates the synthesis of the nultidentate
| i gands made conveniently stereospecificdthrough acid-catal yzed

depol yneri zation of oligoneric proanthocyanidins (OPCs) where Ar' =

3, 4- di hydr oxyphenyroupRelectgghforall kyl , 15al koxy, aryl, or phenoxyl group, Rl
and R2 = any al kyl group; Figure 2 illustrates tal conplexes fornmed from
the chiral 1igands the e d|ne spcmhere M 3 any netal, particularly
transition metal, Mantharite 6rxagiénldes Hz epresents any |ligands on
the metal; n = 0 td 6 R1pR2 7, R3 al kyl or al koxyl group or
hydr ogen at om

where X is selected from —OH and —-NH,, and R4, Ry, R3 are any group.

5  The group identified as Ar may comprise:

0
~£::[o>;%oom

The compound may, in a particularly advantageous embodiment, have the general

formula:
HO 0. AT
“OH
OH Sj
Ol S
s 40H
HO 0 r

10

The compound may further form a metal complex with a metal selected from the
group consisting of: alkali metals, alkali earth metals, transition metals, lanthanides,
actinides, and metalloids. Preferably the complex is a coordination complex bonding

15  with at least near oxygen atoms of hydroxyl groups.
The compound may further include a ligand (or donor atom) bound to the metal.
The ligand may be a monodentate, bidentate, tridentate, tetradentate and

20 pentadentate ligand. The donor atom can include oxygen, nitrogen, sulphur,

phosphorus, and carbon.



20Figure 3 is the IR spectra of extracted OPCs with protected groups

follow ng nodification with term nal al kynes; Figure 4 illustrates various
reacti on wohenwg3moecor di ng to the enbodi nents for convePsiTaR2006/055902

proant hocyani di ns from mangsteen peels to nultidentate |igands; Fi gure
5 illustrates a schene for synthesis of a nultidentate EC252 |i gand

25derived from depol yneri zati on of oligoneric proanthocyani dins, where Ar'
= 3, 4-di hydroxyphenyl; and 12 Detail ed Description the Invention

A i goneric proanthocyanidins (OPCs) are nmjor secondary netabolites found
abundantly in plant kingdom including those of agricultural byproducts

| i ke mangost een pericarps, peanut skins, and grape seeds etc. OPC
illustrated in Figure 5 1, is typicallyoconposed of repeating units of

epi catechin or catechin. It has been found that the hydroxyl groups shown
on the A ring lofactdidangervirea sixti espeichot He Pt yketon| theresis raneMided ea
illustrated i nofp@tHdthating As€anB8ddnl ARIRD: hdedrdiYori@k: chel ating transition
netals to formchiral conplexes. 100PCs can be transforned either to
multi-dentate chiral |igands, or immobilized in inorganic or organic

pol ymer matrixes for eade S and re-use. The potentia
application of OPCs as chir iliarly in the pharmaceutical industry and
ot her applications have pot to ijnpact the environnent in a positive
manner. 15The OPC nol ecul ar ™ upe itstrated in Figure 1 has

epi catechin as the nononeric it, Wth type 4-8 linkage, including the A
ring, a Cring, and a Bring ion theanononmeric unit. In the structure of
Figure 1, the Bring is Ar = (HO)2C6H3, and n = 2 to 50. |In one enbodi nent,
with sinple protection of the ortho-di hydroxyl groups on the B ring from
conpetitive bi'HEHY IPPRREANE &SUPEitHeduBHicraI9Tqup gelRteq KB B ORHRE SEH¥hi ch can
be used wi th efrfaagtiroxypheatl al dirgidogypbegd inGlkogdbényd psenoletgoalk@en peri car ps
have been fou i A1 ar . L my B type
| i nkage pol yn&ﬂ(g&%P 8@@&@3% e@ﬁl%le\/%\fefj %ﬂ?@génr’ g-eal# u ééolmg% %nt?'lﬁﬁ;cl“@ie?ﬂﬁoo, A E
K.; Chia, F. mthepfunciqpalggourrendd i gomreric Proant hocyani di ns from Mangost een

10 wherein A is selected from any moiety or moieties containing iodine, phosphorus,

sulphur, arsenic, carbon, nitrogen or oxygen and said first unit and said second unit

are connected by A.

The group identified as Ar may comprise:

0
“[:j:o>;>=ocw

15
The compound may, in a particularly advantageous embodiment, have the general
formula:
HO 0._AT
“OH
OH Sj
OH S8
HO 0 r
20

The compound may further form a metal complex with a metal selected from the

group consisting of: alkali metals, alkali earth metals, transition metals, lanthanides,



25Peri carps. Journal of Agricultural and Food Chem stry (2007), 55(19),

7689- 7694.). The epicatechin ligands and their netal conplexes can be used
in any cawealzgtio3sseacti ons including but not |imted toPaSyRINE0/NF5002

hydr ogenati on, epoxidation, 30 oxidation, reduction, substitution,

addi tion, coupling, carbon carbon bond form ng, carbon oxygen bond form ng,
carbon nitrogen bond form ng reactions, kinetic resolution, carbon carbon
doubl e bond netat hesis, and carbon carbon triple bond netathesis. 13
Exanples Instrunments: 1H and 130{11-1} NWMR spectra were recorded in
deuterated nethanol with a Bruker A0300 spectroneter (Karlsruhe, Gernany)
at 300 and 75 WMHz, 5 respectively. The el ectrospray ionization nass
spectra were obtained froma Finnigan / 1MAT LCQ ion trap nmass spectroneter
(San Jose, CA, USA) equipped with an el ectrospray ionization (ESI) source.
The heat ed capictinidasyarghetelipidsa ffecferelle thewomplak sedcaptdirRBQTC e X oBiiNg
respectively. fifd@t febdtIneSRyMBEms R Bedréd Jrbgy® rniz 50 to 2000 were .
recorded. 10 The mangost een peri carps proanthocyani dins were di ssolved in
met hanol and the solution was introduced into the ion spray source with a
syringe (100 pihg.cohfudE nspdctheainaietes lgantlifor éshoustbmgbdand i tgametAT LCQ i on
trap mass spectroneter (San Jose, CA, USA) equipped with TSP 4000 HPLC
system which includes UV6000LP 15 PDA detector, P4000 quaternary punp and
A53000 aut osanpFeliganth@apelt edl BaAMIENAley Rigftalyr Bijeriaipt é%@dﬁ@?té A8d nt ai ned
at 250 C and 4ehtabidhtaté eBpRLt | TRl YonoNidtérogRA inSludpekajes d nibgdh) samhurf or
sheat h gas fIowosf%%Sa‘,ﬂr;1 g% |85i for auxiliary gas flowrate. The full scan
mass spectra 6 Pniz 5022800 wer e acquired both in positive and negative
ion node with a scan speed of one scan per second. MALDI - 20 TOF nass
spectra were |l ected gn a_Vo er- DE STR nmass spectroneter equi pped with
del ayed extrazé)ri?f(repeét‘fﬂpyﬂlffﬂ?i%’@?a%'agsat 337 nm The length of one |aser
pul se was 3 ns. The neasurenents were carried out using the follow ng

condi t i ons0 po¥iverly émpediments o the devgption] wijhke gatabert V“ktg/ rgteeearetattion

vol tage, 100 pubveEess, pavhicepectrum The sanpl es were dissol ved in nethanol (4
nmg/ mL). Sodium chloride 25 and 2, 5-di hydroxybenzoic acid as matrix were

used to enhance i eRufON IBkrhRY theAGHBISOrIR Ml iBAGH MBALCINAHichey (1. 0 pL,
0.1 M was added to s

anpl.e solution (1.0 nL) fol] owed by addition of equal
vol ume of net hanoISteEe(?F’{%%IﬂBn ypugh %Q'S'G?tﬂ'kj’%box‘iﬁr%&%ﬁ”@“ i 89( PUARGPHE) . The
resul ti ng sol uti oprogdth@eyphidinnéQP@es)apwrat’ed driddihydtaxgrheod.dRi ntaoy takegl,

spect r ophofomet er gy - M iSoSREREGRyrIRY R, érﬂ%ﬁ%ﬁ?aﬁ!ﬁigﬂﬁp?‘ 30 Shi madzu UK1601
spectrophotoneter fitted with a quartz cell. H gh resolution MS spectrum

was obtained fro Wolg)! - i I 0k, DKV
Doubl e Focusi ng %Fg%s_%glﬁlgﬁra(etér\é? o ﬁ;égﬂ&éon%ﬁe{/deﬁﬁﬁﬁ%%@?ﬁ Sg?{%tg e()rf.th%/ean
degr ee of p0| ynmer ie@aepqlragpt%ﬂ@psgg\{l § any metal, particularly transition metal, lanthanides or

actinides, L, represents any ligands on the metal; n = 0 to 6; Ry Ry, R3, and Ry,

= any alkyl or alkoxyl group or hydrogen atom;

20 Figure 3 is the IR spectra of extracted OPCs with protected groups following

modification with terminal alkynes;

Figure 4 illustrates various reaction schemes according to the embodiments for

conversion of proanthocyanidins from mangsteen peels to multidentate ligands;

Figure 5 illustrates a scheme for synthesis of a multidentate EC,S, ligand
25 derived from depolymerization of oligomeric proanthocyanidins, where Ar =

3,4-dihydroxyphenyl; and

Figure 6 illustrates a scheme for synthesis of metal complexes of the chiral

ligand shown in Figure 5.



In a small glass vial, proanthocyanidins solution (50 pL, 2.0 ng/nL in

nmet hanol ) was m xed together with nethanol acidified with concentrated HCl
(50 pL, 3we%1m7$dsoand 100 pL of benzyl nercaptan (5% vPeTiiRorevisaeml ). The
vial was sealed with an inert Teflon cap. The reaction was carried out at
40 C for 30 mn and then kept at room5 tenperature for 10 h; then, the
reaction mxtures were kept in the freezer (-20 C) until 10 pL was injected
directly for reverse-phase HPLC anal ysis. The thiolysis nedia were further
anal yzed using LC M5 with a Shimadzu 250 nmx 4.6 nmi.d., 5 pm 018 col um
(Kyoto, Japan). The binary nobile phases consisted of A (2% acetic acid in
water, v/v) and B (nethanol), which were delivered in a |linear gradient of
B from15 10to 80% (v/v) in 45 mn. The1low rate was set at 1.0 nL/m n.
The foll owi ng exanpl es are based on the schematic reactions illustrated in
Fi gure 4. Ext rRetnilexhDeserigtion thedaverdionof nanci ost een pericarp

proant hocvanid ins. 15 OPCs isolated from mangsteen peels are an i deal

sour ce becauseligpmetntpadantodanidinantdPCsB dray/ peajom sedohlay ometabadlitek atpandéind

epi catechin a [, C L0 i JTelativ I f

pol yneri zat i o%bhgl%?ﬂgéqﬁanﬁ%%s{“g r?h]b\e%l&b;dérﬁggsfﬁé(sf. g# %aﬁéuggggﬁ)?&@cgé'r%und and
Soxhl et def at teanogstedd ReERaIPE PEA UL SKQANhYrPRe sEigds plentPRi ilgirated indddufer e
fsubsinentT Ihsy exty gpicay d@bhp_asldaﬂ dftr!éﬁe%tiﬁ% urﬂtﬁ&ﬁ‘?piieéte&mﬁ 8 cetdohid ||t3na24 bf%_@r@o )

or : e m xt iltered, and t trate was pool ed.. The acetone
0 the Tl tr at bR S Rerapb e sRar LU ReA g 3 FerPReb R ied at
3000g for 15 rPRs Mhlecuarptneiere divstratersindddure ¢t @rd pasittbn2é idepltyuficdeteladjod d
extracted w t R diifdH REQTREBANGIERopRRE M) to further renove xanthones and
ot her |ipophilic conpounds. The water phase was coll ected and concentrated
to 60 nL. The crude proanthocyanidin fraction (20 nL) was filtered through
a Sartoriu® MORGacdn 4 trpmsfqpoed sithiey té imuttiedeniakepstonal liddnild, exdl ikinnigitked)in and t hen
| oaded on a Se - ini f 0 Ll ibrat ed

w h 30" NEOH it By o oidarp gBFlH el AL BB ntbeed TRORBBIH ot or
(1:1) until tReFkpiRMe’ POPREg dBplopyxbiay. inTthe PRYEGFEER! ghdyalt RBE PRI di ns
were then el utggicatidnd hatpitdhtialas Bipatiehd ofdfronniddPinElpbsitivEBarmeet one was
renoved on a rotary evaporator at 40 C, and the resulting residue was
freeze-dried to give a light brown powder (4.2 g overall yield). The

nmoi st ure cdnt eife PRCnavigodaresiniuojwis itlistratedr ineldgure behag8erdcgfecBbandl thhrus, t he

yield of the qhi@aeBes ifit, RIIOEBE RACKHRYDinBBdiLPIHRANENOE YA LRS) BWRS in 15 0. 66%

of dry matter., The purjty neasured by U/ vis calorinetri t hods, anal ysi s
Showed! that ¢ Hee BRETHRE Ulibnr e CGYE o BB L i B GHE R ettt o)
equi val ents. = F@l $0whege thbodiméntathi simplanatestion dfitiadrihorijhytiloeyl GFUss wer e
treated to pr Qﬂ“ﬂ%ﬁ EPHG fr rﬂtdoﬁﬁftitiw%fnﬁﬂb’ of eI GWEEiRI g&rﬂgriébﬁ%in?d

a eophi e . The foll

depol ynmeri zed w t nuc p eint presence of an aci oW ng

exanpl es d# i ndiaheap Re usRIprG£ERCt 8¥ catalyzing opgaRie &RECHHg: t he hydroxyl groups in
the repeat units of the OPCs; and 2. Depol ynerization using nucl eophiles

Mangosteen pericarps have been found to contain a large amount of OPCs that are
uniformly B type linkage polymers of epicatechin with stereo regularity (Fu, C.; Loo,
A. E. K;; Chia, F. P. P.; Huang, D. Oligomeric Proanthocyanidins from Mangosteen

25  Pericarps. Journal of Agricultural and Food Chemistry (2007), 55(19), 7689-
7694.).

The epicatechin ligands and their metal complexes can be used in any catalytic
reactions including but not limited to asymmetric hydrogenation, epoxidation,
30 oxidation, reduction, substitution, addition, coupling, carbon carbon bond forming,
carbon oxygen bond forming, carbon nitrogen bond forming reactions, kinetic
resolution, carbon carbon double bond metathesis, and carbon carbon triple bond

metathesis.



to forminternediary products (e.g., nulti-dentate |igands/ other
derivatives) from 10 which, for exanple, netal conplexes such as those

il lustratwo20rvi@gare 2 can be synthesi zed. Further fromCcrThBmao/Hiwer medi ary
products additional conpounds can be derived. |I. Protection of the HO
groups in proanthocvanidins with term nal al kvnes. 15 digoneric

proant hocyandin (2.0 g, isolated from mangosteen pericarp) was dissolved in
DMSO (25 .0 nmL-250 nmL). To the solution, propynoate nmethyl ester (0.64 g)
and N, N-di net hyl pyri di ne (DVAP, 0.843 g) were added. The m xture was
stirred at roomtenperature for one week and extracted with diethyl ether
after 1.0 nL 20 acetic acid was added to quench the reaction. The diethyl
et her extract was dried over sodium sul phate and the volatiles were renoved
to yield small amount of residue and was di scarded. The DMSO sol uti on was
precipitated iExamplgster to give dark brown solid. The solid and the
solution were extracted with ethyl acetate three tinmes (overall 100 m),

the ethyl acetate |a er, was vashed with water three tipes 25 and dried
over sodi um sUNEFHRTS TR G H}I %@Rv%’PgraeW%rﬁd?%ﬂ“&ﬂ' Ip SeYEREdP SRS ol i d

whi ch was was hvétt wEtrhkedlﬁeﬂﬂoglsped:tlwfetdrr(r(emmhemﬁzerramd)cbltlaed andded Mzcuum  The
product is o r h n ter and

et hyl acet afqu\%se%ﬁgh ¢l -Eﬁgspragﬁloqfi?notn ﬁgsg ?%ée}gg a"?ﬂ!e L{%ltagn dl fF;eﬁ@a%uum
overni ght to dilvgan/MAJrla '8‘1‘ t%wa@rspp@t@@ler%@mee B2, UPheequrprghaitnvR

spect rﬁ sﬂowI %Sblé?@sﬁﬁpr@ﬁhaﬁcﬁn yﬁnes@bwm@dh@mi adplatyl bmtﬁt/dilagﬁdvdrél Fi g:,ll’e
3, with the | ower, li IR s r  MOPC- P nd t he per line
bei ng the | R Spatepehfertirie B8y SERREH B A e aiarestliah the P

repr esent at i vdo 86q0urareiresordéd. MOPC- P. 16 . Depol vVIer i zatl on of OPCs 5By
sel ecting gyoper carbon and thiol nucleophiles, the inventors were able to
obtain a nunb of novel epjcatechin derivatives b cid de i zation
OBt ol B TS ola iRl SRR SEl ool VR e A5 0 R m 22
aci d depol ymersotieri was otroQdREs intd O iguseray sourbaiwitr atsgsngee(t@d al). LEALS i on
schemes of -t NeycRveESiaeRiRh Johh RiREh Aﬁr&a@chaﬁ)amggl BRodi) ki om

mangost een peel to multidentate dr oxy (g) en% Aci d
depol yner i zat i85 CEhASY Sﬂlépp&fdé"’"@ %OIQQ:IHPLH syeteRanbich H‘S'@,deSZUY O8L.Four s
React i on sthermp/a detettof, h‘empm Q]SEtQmeryOf)urﬁ’p And i AB3OOY laupydnete] eTiy adate®s

g?g}?ﬁ;??zli_ dll%%a z%r&}l%ﬂd SsPraP/ voltabge v(/]erte rr(?al al(r:%eS (:9500t
’ Nitrogen is operated at 80 psi for sheath gas flow rate and 20 psi for auxiliary gas

C and 4.5 kV, respectively.

flow rate. The full scan mass spectra from m/z 50-2000 were acquired both in
positive and negative ion mode with a scan speed of one scan per second. MALDI-
20 TOF mass spectra were collected on a Voyager-DE STR mass spectrometer
equipped with delayed extraction and a N, laser set at 337 nm. The length of one
laser pulse was 3 ns. The measurements were carried out using the following
conditions: positive polarity, linear flight path 21 kV acceleration voltage, 100 pulses
per spectrum. The samples were dissolved in methanol (4 mg/mL). Sodium chloride
25 and 2, 5-dihydroxybenzoic acid as matrix were used to enhance ion formation.
Aqueous solution of sodium chloride (1.0 yL, 0.1 M) was added to sample solution
(1.0 mL) followed by addition of equal volume of methanol solution of 2, 5-
dihydroxybenzoic acid (10mg/mL). The resulting solution (1.0 pyL) was evaporated
and introduced into the spectrophotometer. UV-Vis spectra were recorded using a
30 Shimadzu UK1601 spectrophotometer fitted with a quartz cell. High resolution MS
spectrum was obtained from Finnigan (MAT 95XL-T) high resolution (60,000), 5KV

Double Focusing Reversed Nier-Johnson Geometry Mass Spectrometer.

Mean degree of polymerization analysis
35



15 produces conpound 19; or in the presence of 3,4-diethylpryrrole produces
conpound 20. Reaction schene c, in the presence of 3,5-dinethoxyphenol
produces worzpountevsB2; or in the presence of 3,5-di met horganBlileresspeoduces
compound 4'. Thereafter with reaction scheme d in the presence of

4- (N, N-di met hyl am no) pyri di ne, HCEOOOOOH3, CH3CN, rt. 12 hrs, produces
conpound 21, 23 or 5, respectively. 20 Reaction schene e in the presence
of o-thioaniline produces conpound 25. Reaction schene f in the presence of
cyst eam ne produces conmpound 27. Reaction schenme g in the presence of

1, 2-di t hi oet hane produces conpound 29 and conpound 8. Follow ng from
reaction schene d, reaction schene e, and reaction schene f, with reaction
scherme h in the presence of 3-tert-butyll4salicyl al dehyde, CH3OH, AcCH, 1
25drop, rt, produces conpound 24, 26, and conpound 28, respectively. 17
Referring to Fngumell glasedaproartdwciadidingGokitien 20 et & mogal iatrwabyl) wes nal
phase silica Qﬂké&ﬁ@g&l‘iﬁr@ﬁﬁﬁﬁ&{aﬁ&rb\éud\%& th%&dc@rﬁt?a@édqqm (50 £, @ 3%, V\GaRd r ast,
when pyrrol e was used as nucl eop m. xtures were obt ai ned £053|bly

due to pol yner 109 atiob RePE B FHIEN (éé’rfﬁblﬁ‘dﬂ"éhai‘g') S Vi MES St Wity 3y 'ge
fl avonoi dal alTe#drocaps Thd\esactionlwag, catriee et @rd@ “CHore3® mib ane rentkept atasen of such
conpounds, Ottérheé?&[]r%' fBreEé h 1ﬂ¥r9'?ﬁ’é %%Lt.dnﬂﬁﬁh%sq\?erré }(@ptt .r}’ﬁ%)e f&é?é?é%”%?oom T

Kasai, R ; hanongi ne

unpr ecedent ed lF’F"ach’hd‘laéé{UecéﬁdK’dP?W@VF?VGF??th"iéser'éDd{Csa’BfYSWhTéie iAo pl ant,
Tri ?onost eEmn weeé eirtberdaniyiet ﬁ@%@em/ms vlue.tat s?.]gaaaﬁj 2563nm294 5-204.3., b, unt 1 Ci nle /
isoficine (Jo er man A, nove
10°11 avonot dalC B REMGISYS dirFhrraRedy o o Boeageato A PogsRhaatt 1 ane
phyl | ospadi ne i Watkagyiv) and B (nRiireahlagthich V\@re defipgred injg, linedNgikagksay ef$hirom 1o

Phyl | ospadigie,to GO%IEW)FA 2/ ARoTrEowb A8 két of H OMLIMR, Sea- G ass Phyl | osphadi x
iwat ensis. Agric iol. Chem 1980, 44, 3019-3020.). The bioactivity of

t hese conpounds remains | argely unexpl ored. Conpounds 18, 19 and 20 have
two netal chelTaeifeligwing essn@ascrabased bb thestimmiatialeaa®onk iligsiratksi in Bigpredpar e
bimetallic catal ysts. The HPLC chromat ograns of the conpounds all gave rise
to one sharp peak indicati ng a si ngI e enantl omer for Corrpounds 18, 19 and
20. The o-di hykstigiien andpuifisation ofmanapstean, pericarn proanthgeyanidingd sel ecti vel y
with nethyis 20 propiolate in the pr esence of 4-N, N-d| met hyl am nopyri di ne
(DVAP) under it I o made
this way. The;e’%a% gst&g%g fr&#%da éggngrage ﬁeg%)?%%g\%eeqﬁﬁ{;? '?38%% sgt ed
chiral confi guicatrapity &ttyr@-'ﬂteﬂ“@anﬁd'P'@@?eﬂ@d tppicetgenic g dle Mencgese Lyt with NVR
resonance si gnahsvef dgiRe 9RpdynftBzAliem Conpound 23 can be further
converted to conpound 24 in high yield through 25reaction with

3-tert-butyl -2-hydroxybenzal dehyde which has a chiral tridentate pocket for
metal ions20 Theshargosteérobergarpa 2P egpfiedhe sverec gopolads SOB et 2gfatt@Dwitind 8 wer e

al so prepar ed.Hav@r $i186h RiL). CCTHPQ&HQm sbiRs Q/&é@%ﬂl@q@eﬁtly @ﬂ%cfé@ geé si on of
conpound 27 to 30conpound 28 we y acconpli she General Procedure

re
for the acid defYIEyTEFsIoNE Wals" 671'*3 éjtéoqorf“lt)ﬁ%r ‘b? egﬁ‘?\@@‘t%‘? was PlEsesth 38R sul f ur
nucl eophi | es. twyfitritesves m@bletl herhe licetahe ldp@a dibrat, wdsBevap&rated Qo yi2@, slurdb, 27,

29, and 30. e t 0 g) was
m xed with I\/EOVYE?? %%Oéi@fﬁg[?an? ﬁ?égﬁggg@ﬁd -F%G%yg&gg%ﬁt)‘ﬁ%na%ﬁnuc%gdphl | es.
The mi xtur® \Ndlgwﬁé'at“éd%ftact%@v'fhoﬂ'CB'OWF@thﬁm H sti %90 AY) THErther| iefRYe was
neutralized W@mh&ae&l\éd&ahﬁmupbwn%o%p@umf (0] =3 watemﬁasex\wsaedueaed/\fahdn et hyl

acetate. The corrbl r gani C raction us, sodi um
S ot e, | Bvananntae & 8L TS BeARBo RS nafioR P wh WEE T BRIRe *oni oh
was purified \/thrphgft@ﬁertmw&Nhrmmt%mﬂalpﬂwslt(/(ﬂ&qrgﬁlﬁwsem Soikedi Kingoine) arst endescr i bed
under i ndi vi dygdgeg QPP EBEIBMet HB0T Qiuthr BSditig 8 gl drdBNSE equilibrated with

30 MeOH/water (1:1) for 4 h. The column was washed with MeOH/water (1:1) until the

eluent turned colorless. The adsorbed proanthocyanidins were then eluted with
aqueous acetone (70%, 500 mL). The acetone was removed on a rotary evaporator
at 40 °C, and the resulting residue was freeze-dried to give a light brown powder (4.2
g overall yield). The moisture content in mangosteen was determined to be 68.3%,

35 and thus, the yield of the oligomeric proanthocyanidins (Proanthocyanidins) was



General Procedure for selective protection of the ortho-di hydroxvl groups
in 10chiral ligands 4, 19, and 22: Under nitrogen atnosphere, a 50 nL

acet oni t rwbeosd7sesoon of chiral ligand 4 (1 mmo!) and nerhyliBpnepisetate (1.1
mol ) was added 4-N-di net hyl am nopyridine (DVAP) (1.5mmol). The m xture was
stirred at roomtenperature for 8h. The volatiles were 15 renoved under
reduced pressure and the residue was purified by col um chronmat ography on

silica gel to afford the chiral ligand 5. Simlarly, chiral ligand 19 is
converted to chiral ligand 21, and chiral ligand 22 is converted to chiral

| igand 23. General Procedure the preparation of Schiff bases 24, 26, 28. 20
To a solution of chiral ligand 5 (1 mmol) in MeOH (5 nL) was successively

added 3- tert-butyl-2-hydroxybenzal dehydé (1.1 nmol) and one drop of acetic
acid. The reaction mxture was refluxed for 8 h and the sol vent was then
renoved under G@&duciedly pratters uthe. pulltyemeasyried g UNads glprinfetrisdndiods ianallisis t o

afford chiral §hbﬂ@d1ﬂat3ﬂe ekrBctZamhins bar 9§9@%ﬂb @Mcat&:hin éﬁbnda?ﬂ@%va?e@ﬂé’\as

prepared fromchiral ligand 25, and chiral |igand fromchiral |igand 27.
[1'l. Spectral data of the conpounds: 30 Conpound 18 OH 19 HO

Following the extraction and purification, the OPCs were treated to produce
5 derivatives thereon. The OPCs were generally depolymerized with a nucleophile in
the presence of an acid. The following examples delineate the approach of: -
1. Protecting the hydroxyl groups in the repeat units of the OPCs; and
2. Depolymerization using nucleophiles
to form intermediary products (e.g., multi-dentate ligands/ other derivatives) from
10  which, for example, metal complexes such as those illustrated in Figure 2 can be
synthesized. Further from these intermediary products additional compounds can be

derived.

I. Protection of the HO groups in proanthocyanidins with terminal alkynes.

15
Oligomeric proanthocyandin (2.0 g, isolated from mangosteen pericarp) was
dissolved in DMSO (25 .0 mL-250 mL). To the solution, propynoate methyl ester
(0.64 g) and N,N-dimethylpyridine (DMAP, 0.843 g) were added. The mixture was
stirred at room temperature for one week and extracted with diethyl ether after 1.0 mL
20 acetic acid was added to quench the reaction. The diethyl ether extract was dried
over sodium sulphate and the volatiles were removed to yield small amount of
residue and was discarded. The DMSO solution was precipitated into water to give
dark brown solid. The solid and the solution were extracted with ethyl acetate three
times (overall 100 mL), the ethyl acetate layer was washed with water three times
25 and dried over sodium sulphate. The volatiles were evaporated to give brown solid
which was washed with diethyl ether three times and dried under vacuum. The
product is coded as MOPC-P. The residue that is not soluble in water and ethyl
acetate was washed with water multiple times and dried in vacuum overnight to give
1.0 gram of powder labelled MOPC-P2. The IR and NMR spectra show desired
30 product were obtained and are illustrated in Figure 3, with the lower line being the IR
spectrum for MOPC-P, and the upper line being the IR spectrum of MOPC-P2.

The following diagram shows the representative structure of MOPC-P.



OH 18 (2R, 3R 4R)-2-(3', 4'-dihydroxyphenyl)-4-(3",

4" -di met hy1l- 1H pyrazol -5- yl)chroman-3, 5, 7-triol was purified with colum
chr omat ogwapby/a7345bi ca gel , Et OAchexanes 2:1 and then PCT/IB2010/055902

di chl or onet hane- nmet hanol 8:1) as a yellow solid. M5 (ESI, 5383 EM 1-1]-.

1H NMR (300 MHz, acetone-d6): 6 = 6.86(d, 1H, 0(2')-H J = 1.8), 6.73(d,
1H, 0(5')-H J = 8.6), 6.65(d, 1H, 0(6')-H J = 8.6), 6.04(d, 1H, 0(6)-H J
= 2.3), 6.03(d, 1H, 0(8)-H J = 2.3), 5.34(d, 1H 0(2)-H, J = 2.3), 4.59(s,
1H, 0(4)-H), 4.22(brs, 1H 0(3)-H, 2.18(s, 3H -CH3), 1.94(s, 3H -CH3).
130{1H} NMR (75 MHz, acetone-d6): 6 159.2, 158.4, 157.0, 147.4, 144.5,
129.6, 128.1, 117.8, 114.5, 113.8, 10112.8, 95.7, 95.2, 94.3, 74.1, 69.5,
56.8, 10.0, 6.9. IR (KBr): 3368, 2969, 1619, 1519, 1448, 1283, 1154, 1109,
1075, 842, 795, 764, 668, 630, 535 cm 1. Compound 19 HO OH CH 20 (2R, 3R
4R) - 2- (3, 4-di hydroxyphenyl)-4-(4-ethyl -3, 5-dinethyl-1H pyrrol -2-
yl)chroman-3, 5, 7-triol was purified with columm chhosat ography (silica
gel, EtOAchexanes 2:1 ag@l then dichl or onet hane- net ol 9:1) as a red

solid. M5 (ESI, -c): 4 ovt 1-1]-. 1H NWMR (300 8cef) opg-d6): 6 = 6.97
(s, 1H, 0(2')- K_~86.576 J= 8.2, 5 1H, W(6)° Z%?d J = 8. 2Ft 1H,
0(5')-H), 6.00 (& “H),, 5.98 (s, 1~ 4.81 (s, 1H, 0(2)-H),
4.29 (s, 1H, 0(4)% s, 1HHBQ): H e, J2= 7.5, 2H,
0(10)-H), 2.06(s,Hog 1. T J= 7.5, 3H,
0(11)-H). 130{1H} NN a&,.etone d6) AT ] b4, 156. 64,

144. 44, 144.25, 131.46 §, 120. 63, 120. 03« 11. 77, 99. 31,

95. 67, 94.85, 74.91H°4 7.15, 17.39, 15. '{’? | R (KBr):

3367, 2968, 1619, 1518 1-7 1446, 1374, 1284,
822, 767. 672, 544 cm ¢

/0,1108 1062, 1021,

ll. Depolymerization of OPCs

5 By selecting proper carbon and thiol nucleophiles, the inventors were able to obtain a
number of novel epicatechin derivatives by acid depolymerization of mangosteen
OPCs. Figure 4 illustrates the various reaction schemes of acid depolymerization of
OPCs.

10 Figure 4 illustrates several reaction schemes of the conversion of oligomeric
proanthocyanidins (OPCs) from mangosteen peel to multidentate ligands. Ar’ = 3,4-
dihydroxylphenyl. Acid depolymerization conditions are 0.22% HCI in methanol 45°C,
2 to 8 hours. Reaction scheme «, in the presence of 2,3-dimethyl pyrazole produces
compound 18. Reaction scheme b in the presence of 3-ethyl-2,4-dimethylpyrrole

15 produces compound 19; or in the presence of 3,4-diethylpryrrole produces compound
20. Reaction scheme c, in the presence of 3,5-dimethoxyphenol produces compound
22; or in the presence of 3,5-dimethoxyaniline produces compound 4. Thereafter
with reaction scheme dJ in the presence of 4-(N,N-dimethylamino)pyridine,
HC=CCOOCH;, CH;CN, rt. 12 hrs, produces compound 21, 23 or &, respectively.

20 Reaction scheme e in the presence of o-thioaniline produces compound 25. Reaction
scheme f'in the presence of cysteamine produces compound 27. Reaction scheme g
in the presence of 1,2-dithioethane produces compound 29 and compound 8.
Following from reaction scheme d, reaction scheme e, and reaction scheme f, with
reaction scheme # in the presence of 3-tert-butyl-salicylaldehyde, CH;OH, AcOH, 1

25  drop, rt, produces compound 24, 26, and compound 28, respectively.



Conpound 20 20 15(2R, 3R, 4R)-4-(3, 4-diethyl-1Hpyrrol-2-y1)-2-(3,

4-di hydr oxyphenyl )chroman-3, 5, 7-triol was purified with colum

chr omat ogwapby/a7345bi ca gel , Et OAc- hexanes 2:1 and t henPCT/IB2010/055902

di chl or onet hane-net hanol 9:1) as a red solid. M5 (ESI, -c): 410 EM 1-1] -
IHNVR (300 MHz, CD3CN): 6 = 6.90 (s, 1H 0(2')-H), 6.76 (d, J= 8.2, 1H,
0(6')-H), 6.72 (d, J =8.2 Hz, 1H, 0(5)-H), 5.98 (s, 1H, 0(6)-H), 5.92 (s,
1H, 0(8)-H), 5.30 (s, 1H, 200(2)-H), 4.18 (s, 1H, 0(4)-H, 4.16 (s, 1H
0(3)-H" 2.39(m 4H, -0H2), 1.08(t, J = 7.5, 3H, -CH3), 1.00(t, 3HJ = 7.5,
3H, -CH3). Conmpound 21 21 Methyl 2-(5-((2R, 3R 4R)-4-(4-ethyl -3,

5-di met hyl- 1Hpyrrol -2-y1)-3, 5, 7- tri hyd roxychroman-2-yl)benzo[d][1,

3] di oxol-2-yl)acetate was purified with18 col utm chromat ography (silica
gel, dichl oronet hane-net hanol 13:1) as a red solid. M5 (ESI, -c): 494

EM 1-1]-. 1H NpdRer(r800 FigHie, 4, zeepaings th5)19 agd 20 @ere(isplatetHpy no(meal phade siliga 77 (s,

2H, 0( 5') H, %@n’)n chDoma@) h%%th%a‘tlsgéc%ry %é'lld Q{éo%)rasm)wh&l &lrol(eQVaS\].rseG? 4 1H
0(6)H, 5 97(d, J_I hile blagk t% bt | Jy ti

0(4)-H, 3.97 FIW '%)E’%S Tpyctur gotaingq poéf%)d ?—1509 "t?ﬂzi“aﬂrea&‘m 1. 5 J2=
3.8, 2H, 0(14)Gdpoudis3®B, (@cnd 20 are ria@ﬂﬂaﬁono.ikﬁl alkaloids. Katyrally, ii@)e &g threde 06( s,

3H, 0( 9)'H)5 ﬁ%ﬁle& asg’%f sQJ(:ﬂ'?c})mlﬁgundg' %ﬁhéﬂ%nglr’“ﬁ_'(ﬂaggrqo:lad |_ll)o‘olel’t)er{v;tl_\l}eB\HVR (75
MHz, acetone- 164.5, 151.4, 152,

(Kanchanapoom, T, Kasal R.; Chumsrl P.; Kraisintu, K.; Yamasaki, K.
Lotthanongine, an unprecedented flavonoidal alkaloid from the roots of Thai
medicinal plant, Trigonostemon reidioides.Tetrahedron Lett. 2002, 43, 2941-2943.),
ficine / isoficine (Johns, S. R.; Russel, J. H.; Hefferman, M. L. Ficine, A novel

10 flavonoidal alkaloid from Tetrahedron Lett. 1965, 24, 1987-1991.), and phyllospadine
(Takagi, M.; Funahashi, S.; Ohta, K.; Nakabayashi, T. Phyllospadine, a New
Flavonoidal Alkaloid from the Sea-Grass Phyllosphadix iwatensis. Agric. Biol. Chem.
1980, 44, 3019-3020.). The bioactivity of these compounds remains largely
unexplored. Compounds 18, 19 and 20 have two metal chelating sites and are

15  potential as ligands to prepare bimetallic catalysts. The HPLC chromatograms of the
compounds all gave rise to one sharp peak indicating a single enantiomer for
Compounds 18, 19 and 20.

The o-dihydroxyl group on B ring (Figure 2) can be blocked selectively with methyl
20 propiolate in the presence of 4-N,N-dimethylaminopyridine (DMAP) under mild
conditions. For example, compounds 21 and 23 were made this way. They exist as
two diastereomers due to two equally populated chiral configuration at O-C*-O
indicated by two equal intensity '"H NMR resonance signals around 6.52-6.48 ppm.
Compound 23 can be further converted to compound 24 in high yield through
25  reaction with 3-tert-butyl-2-hydroxybenzaldehyde which has a chiral tridentate pocket

for metal ions.
Using thiol as nucleophiles, compounds 25, 27, 29 and 8 were also prepared.
Conversion of compound 25 to compound 26, and conversion of compound 27 to

30 compound 28 were readily accomplished.

General Procedure for the acid depolymerization of OPCs in the presence of

carbon and sulfur nucleophiles. Synthesis of the chiral ligands 4, 18, 19, 20, 22,

25, 27, 29, and 30.

35



131.8, 129.9 ,122.7 ,121.8,110.1,109.3,109.2, 97.7, 96.6, 92.6, 83.0, 75.5,
52.8, 41.1, 25.6, 20.8, 13.8, 8.8, 5.9. IR (KBr): 3332, 2973, 2934, 1694,
1497, 14400 208763950314, 1252, 1153, 1106, 1048, 991, 84@CTABH)10/685802 633,
546 cm 1. 15 Conmpound 22 HO OH OH

18

Under nitrogen atmosphere, the mangosteen OPCs (9.0 g) was mixed with MeOH (2
00mL), hydrochloric acid (36%, 2 mL), and nuclephiles. The mixture was heated at
50°C for 8 hrs with stirring. The filtrate was neutralized with 0.1M NaHCO; to pH 7.0
before it was extracted with ethyl acetate. The combined organic fraction was dried
5 over anhydrous sodium sulphate. Evaporation of the ethyl acetate gave dark brown
residue, which was purified with column chromatography (detailed conditions were

described under individual compounds) to afford the chiral ligands

General Procedure for selective protection of the ortho-dihydroxyl groups in

10 chiral ligands 4, 19, and 22:

Under nitrogen atmosphere, a 50 mL acetonitrile solution of chiral ligand 4 (1Tmmol)
and methyl propiolate (1.1 mmol) was added 4-N-dimethylaminopyridine (DMAP)
(1.5mmol). The mixture was stirred at room temperature for 8h. The volatiles were
15 removed under reduced pressure and the residue was purified by column
chromatography on silica gel to afford the chiral ligand 5. Similarly, chiral ligand 19 is

converted to chiral ligand 21, and chiral ligand 22 is converted to chiral ligand 23.

General Procedure the preparation of Schiff bases 24, 26, 28.

20
To a solution of chiral ligand 5 (1 mmol) in MeOH (5 mL) was successively added 3-
tert-butyl-2-hydroxybenzaldehyde (1.1 mmol) and one drop of acetic acid. The
reaction mixture was refluxed for 8 h and the solvent was then removed under
reduced pressure. The residue was purified by further to afford chiral ligand 24. In
25  similar fashion, chiral ligand 26 was prepared from chiral ligand 25, and chiral ligand
28 from chiral ligand 27.

lll. Spectral data of the compounds:

30 Compound 18



220CH3 22 (2R, 3R, 4S5)-2-(3, 4-di hydroxyphenyl)-4-(2-hydroxy-4,

6- di met hoxyphenyl)-3, 4- di hydro-2H chronene-3, 5, 7-triol was purified

wi t h col uwo 20twosmbogr aphy (silica gel, EtOAc- hexanes PCI/IRmdo/Diteon

di chl or onet hane- nmet hanol 8:1) as a light yellow solid. M5 (ESI, -c): 441
[M1-1]-. 1H NWR (300 MHz, acetone-d6): 6 = 6.98 (d, J = 1.8 5Hz, 1H,
0(2')-H), 6.75 (d, J=8.0, 1H O0O(6')-H), 6.72 (d, J = 1.8 Hz, 1H O0O(5)-H),
5.97 (s, 1H, 0(6)-H), 5.91 (m 3H, 0(8)-H, 0(3")-H O0(5")-H), 5.04 (s, 1H,
0(2)-H, 4.61 (s, 10

1H,0(4)-H),3.91(s,1H,0(3)-H), 3. 74(s, 6H, 00H3) . 130{ 1H} NMR ( 75MHz,
acetone-d6):6161. 18, 158. 33- 158. 81, 146. 06, 145. 84, 133. 10, 119. 81, 116. 15,

115. 84, 96.79, 96.05, 92.85, 77.51, 73.35, 56.91, 55.95, 37.38. IR 3391,
2938, 1615, 1516, 1466, 1361, 1282, 1202, 1146, 1092, 1056, 1018, 818, 632,
540 cm 1. HRMS: calcd. for 023H2109 441.1180; found 441.1190. Conpound 4

HO OH OH
@OH
HO o™ OH

“OH

18

(2R, 3R, 4R)-2-(3’, 4'-dihydroxyphenyl)-4-(3”, 4”-dimethyl-1H-pyrazol-5-
yl)chroman-3, 5, 7-triol was purified with column chromatography (silica gel, EtOAc-
hexanes 2:1 and then dichloromethane-methanol 8:1) as a yellow solid. MS (ESI, ¢):
5 383 [M-H]. "H-NMR (300 MHz, acetone-ds): & = 6.86(d, 1H, C(2’)-H, J = 1.8), 6.73(d,

1H, C(5’)-H, J = 8.6), 6.65(d, 1H, C(6°)-H, J = 8.6), 6.04(d, 1H, C(6)-H, J =2.3),
6.03(d, 1H, C(8)-H, J = 2.3), 5.34(d, 1H, C(2)-H, J = 2.3), 4.59(s, 1H, C(4)-H),
4.22(brs, 1H, C(3)-H), 2.18(s, 3H, -CHs), 1.94(s, 3H, -CHs). *C{"HINMR (75 MHz,
acetone-d6): & 159.2, 158.4, 157.0, 147 4, 1445, 129.6, 128.1, 117.8, 114.5, 113.8,

10 112.8,95.7,95.2,94.3, 74.1, 69.5, 56.8, 10.0, 6.9. IR (KBr): 3368, 2969, 1619, 1519,
1448, 1283, 1154, 1109, 1075, 842, 795, 764, 668, 630, 535 cm™.

Compound 19

©:OH
HO O OH

19



OCH3 4' 15 (2R, 3R, 4S)-4-(2-am no-4, 6-dinethoxyphenyl)-2-(3,

4-di hydr oxyphenyl ) chroman-3, 5, 7-triol (4) was purified with colum
chr omat ogwapby/a7345bi ca gel , Et OAc- hexanes 2:1 and t henPCT/IB2010/055902

di chl or onet hane- net hanol 9:1) as a light brown solid. M5 (ESI, -c): 440
[M1-1]-. 1H NWR (300 MHz, acetone-d6): 6 = 6.98 (d, J = 1.8 Hz, 1H, 20

0(2')-H), 6.75 (d, J= 8.0, 1H, 0(6')-H), 6.72 (d, J = 1.8 Hz, 1H, 0(5)-H),
5.97 (s, 1H, 0(6)-H), 5.91 (m 3H, 0(8)-H 0(3")-H, 0(5")-H), 5.04 (s, 1H,
0(2)-H), 4.61 (s, 1H 0(4)-H), 3.91 (s, 1H 0(3)-H), 3.74 (s, 6H, O00H3).
130{ 1H} NMR (75 MHz, acetone-d6): 25 6 = 159.6 (20, 3', 0-4'), 131.0 (40,
01", 05", 0-2", 0-6"), 155.6-156.1 (40, 0-5, 0-7, (0-1'), 127.9 (0-6'),

118.4 (0-5'), 114.7 06, 08), 89.1 (0-3"Rp 76.4 (0-2), 71.9 0-8a, (0-2'),
(0-3), 0-4"), 144.1, 143.8 (0113.9 (0-4a), 95.2-94.2 55.4 (0-10), 54.5
(0-9), 23 36.(3R{ (3R}) 4R)-R(},KBrJihyBEOPheMIRB(4-tBUB, $BUTethyiSttEpyricl@s, 1341,
1283, 1244, 13{}nrotan(s, 51A&R1 wddSkified Bflcolkbhléhrondidyraghg dsilich 98I, ERAE. 632,
542, 494 cm1 qpoun 23 _ _
hexanes 2:1 and then dichloromethane-methanol 9:1) as a red solid. MS (ESI, -c):
410 [M-H]". "H-NMR (300 MHz, acetone-de): 8 = 6.97 (s, 1H, C(2)-H), 6.76 (d, J= 8.2,
5 1H, C(6’)-H), 6.71 (d, J = 8.2 Hz, 1H, C(5°)-H), 6.00 (s, 1H, C(6)-H), 5.98 (s, 1H, C(8)-
H), 4.81 (s, 1H, C(2)-H), 4.29 (s, 1H, C(4)-H), 3.98 (s, 1H, C(3)-H), , 2.36(dd, J,= 7.3,
Jo= 7.5, 2H, C(10)-H), 2.06(s, 3H, C(9)-H), 1.99(s, 3H, C(12)-H), 1.03(t, J= 7.5, 3H,
C(11)-H). PC{'HINMR (75 MHz, acetone-dg): & 157.41, 157.14, 156.64, 144.44,
144.25, 131.26, 125.45, 120.63, 120.03, 114.61, 111.77, 99.31, 95.67, 94.85, 74.91,
10 71.4,37.15, 17.39, 15.30, 9.98, 8.55. IR (KBr): 3367, 2968, 1619, 1519, 1497, 1446,
1374, 1284, 1153, 1108, 1062, 1021, 822, 767, 672, 544 cm™".

Compound 20

@OH
HO o OH

20

15 (2R, 3R, 4R)-4-(3, 4-diethyl-1H-pyrrol-2-yl)-2-(3, 4-dihydroxyphenyl)chroman-3,
5, 7-triol was purified with column chromatography (silica gel, EtOAc- hexanes 2:1
and then dichloromethane-methanol 9:1) as a red solid. MS (ESI, -c): 410 [M-H]. "H-
NMR (300 MHz, CDsCN): & =6.90 (s, 1H, C(2’)-H), 6.76 (d, J= 8.2, 1H, C(6’)-H), 6.72
(d, J = 8.2 Hz, 1H, C(5')}-H), 5.98 (s, 1H, C(6)-H), 5.92 (s, 1H, C(8)-H), 5.30 (s, 1H,

20 C(2)-H), 4.18 (s, 1H, C(4)-H), 4.16 (s, 1H, C(3)-H), , 2.39(m, 4H, -CH2), 1.08(t, J =
7.5, 3H, -CHa), 1.00(t, 3H J = 7.5, 3H, -CHs).



OCH3 23 Methyl 2-(5-((2R 3R 4S)-3, 5, 7-trihydroxy-4-(2-hydroxy-4,

6- di met hoxyphenyl) chroman-2-yl)benzo[d][1, 3]dioxol-2-yl)acetate was

puri fi ed wbt2h1100B25mm chr omat ogr aphy (silica gel, EtOAc- PheABRMB&0FIR) as a
white solid. Ms (ESI, -c): 525 10 1H NWVR (300 MHz,
acetone-d6): = 7.06 (s, 1H, 0(2')-H, 6.79 (d, J = 8.0, 1H, 0(6')-H), 6.79
(d, J =8.0 Hz, 1H O(5')-H, 6.51 (t, J =5.3 Hz, 1H O0(11)-H), 6.12 (s,
1H, 0(6)-H), 6.01 (s, 3H, 0(6)-H 0(3")-H, 0(5")-H), 5.10 (s, 1H, 0(2)-H,
4.62 (s, 1H, 15 0(4)-H), 3.90 (s, 1H, 0(3)-H), 3.72 (m 9H, O00H3), 3.01
(dd, 0(12)-H). 130{1H}NWR (75 MHz, acetone-d6): 169.83, 159.42, 148.45,
147.88, 135.89, 121.74, 109.00-109.71, 96.82, 73.34, 56.94, 55.96, 52.78,
41.09, 37.47. IR (KBr): 3415, 1619, 14983 1465, 1442, 1363, 1316, 1251,
1203, 1174, 949, 857, 816, 789, 754, 535, 537, 497 cm1l. Conpound 5 J1 =
0.8, J2 = 5. 3,Conmpound?2183, 161. 25, 158. 21- 96. 11, 92.81, 77.64, 3001,
2953, 2843, 1736, 1148, 1094, 1049, 1038, 24 Methyl 2-(5-((2R, 3R

4S) - 4- (2- am no- 4, 6-di met hoxyphenyl)p3, 5, 7-trihydroxy chroman-2-yl)
benzo[d][1, 3]dioxol-2-yl)acetgt ified with colum chronat ography
(silica gel, dichloronethape-ng ®s a yellow solid. M5 (ESI,
-c): 524 EM1-1]-. e-d6): =6.95 (s, 1H, 0(2')-H,
6.76 5(d, J =8.1, 1 3 , J =8.1 Hz, 1H 0O(5)-H), 6.47
(m 1H, 0(11)-H), 6.02 1HoH(6)-H), 6.01 (s, 1H, 0(6)-H, 5.96
(0(3")-H), 5.82(0(5")-H .07 (s, 1H O0(2)H, 4.59 (s, 1H, 0(4)-H, 3.81
(s, 4H, 0(3)-H, 0(13)-HRrN3I¥FZ (s, 6H 0(14)-H 0(15)- H, 2.98 (dd, J1 =
2.1, J2 = 3.0, 2H, 0(12)- 130{1H} NMR (75 MHz, acetone-d6): 10

21

Methyl 2-(5-((2R, 3R, 4R)-4-(4-ethyl-3, 5-dimethyl-1H-pyrrol-2-yl)-3, 5, 7-
trihydroxychroman-2-yl)benzo[d][1, 3]dioxol-2-yl)acetate was purified with

5 column chromatography (silica gel, dichloromethane-methanol 13:1) as a red solid.
MS (ESI, -c): 494 [M-H]. "H-NMR (300 MHz, acetone-dg): & 7.02 (s, 1H, C(2')-H),
6.77 (s, 2H, C(5’)-H, C(6°)-H), 6.50 (t, J= 5.3, 1H, C(13)-H), 6.01 (d, J= 2.4, 1H, C(6)-
H), 5.97(d, J= 2.4, 1H, C(8)-H), 4.85 (s, 1H, C(2)-H), 4.29 (s, 1H, C(4)-H), 3.97 (s, 1H,
C(3)-H), 3.65(s, 3H, C(16)-H), 3.04 (dd, J,= 1.5, Jo= 3.8, 2H, C(14)-H), 2.35 (dd, J, =

10 7.5, J,=17.5, 2H, C(10)-H), 2.06(s, 3H, C(9)-H), 1.98 (s, 3H, C(12)-H), 1.29 (s, 3H,
C(11)-H). *C{"HINMR (75 MHz, acetone-de): 5 164.5, 151.4, 152.6, 148.7, 131.8,
129.9 , 122.7 , 121.8, 110.1, 109.3, 109.2, 97.7, 96.6, 92.6, 83.0, 75.5, 52.8, 411,
25.6, 20.8, 13.8, 8.8, 5.9. IR (KBr): 3332, 2973, 2934, 1694, 1497, 1440, 1376, 1314,
1252, 1153, 1106, 1048, 991, 840, 765, 698, 633, 546 cm™.

15

Compound 22




169. 81, 161.06 , 158.99, 158.03, 157.75, 157.60, 148.40, 147.83, 135.75,
109.67, 109.61, 109.46, 108.98, 96.96, 96.45, 96.21, 95.85, 77.28, 73.82,
52.78, 41wWO040113638%4. | R (KBr): 3368, 2936, 2841, 1731, P60AB2014/8559021440,
1202, 1147, 1036, 812, 788, 753, 631, 537 cm1l. 121.63, 55.72, 1236,
Conpound 24 15 24 Methyl 2-(5-((2R, 3R
4S5)-4-(2-((E)-3-tert-butyl -2-hydroxybenzyl i deneam no) -4, 6-
di met hoxyphenyl)-3,5, 7-tri hydroxychr oman- 2-yl ) benzo[ d] [ 1, 3] di ox01l- 2-
yl )acetate was purified via washing with hexane as a yellow solid. M5 (ESI,
-c): 684 1H NWR (300 MHz, acetone-d6): = 8.96 (s, 1H, 0(16)-H), 7.43 (s,
1H, 0(18)- 20 H), 7.40 (s, 1H, 0(20)-H), 7.08 (s, 1H 0(2')-H, 6.90 (t, J
= 7.7, 0(19)-H), 6.76 (m 3H O0(5'), 0(@), 0(13)-H), 6.51(t, J = 2.3, 2H,
2H, 0(11), 0(23)-H), 6.00 (d, J =2.3, 1H 0(6)-H), 5.96 (d, J = 2.3, 1H
0(8)-H), 5. 18((BR2IR,HS)-243,74(hydoxyhhenl)-d42-hydrogy, G(B)ethdxyplersh)-X ¢; 3H,
-00H3) , 3. 70 (dfinydPbloH-cRRRane-33 502-tidl wad prifed Jith QbiaMh chlomatbgABhy &ilic®H.
-tBu). 130{1H} NWVR é?S MHz, acetone-d6): 168.13, 163.74 180_. 30, 156. 44,
25156. 17, 147.95> FQ0% "gxanes 45 @ thi%ﬂ'?'ﬁ%r?mit@i’?eo@?thi@b.8(3?):"‘5 §deNtosllon 18, 30,
108. 3, 107. 87,5010 MSBESI,94). F4h, [MBH] . 2NV (06 MHEZL a&fignesh): 38 6.98.(d10 = BD. 43,
36.01, 34.42, 1314482128 6.75 (d, J= 8.0, 1H, C(6")-H), 6.72 (d, J = 1.8 Hz, TH, C(5')-H), 5.97

(s, 1H, C(6)-H), 5.91 (m, 3H, C(8)-H, C(3")-H, C(5”)-H), 5.04 (s, 1H, C(2)-H), 4.61 (s,

1H, C(4)-H), 3.91 (s, 1H, C(3)-H), 3.74 (s, 6H, OCHs). C{'H}NMR (75 MHz,

acetone-dg): & 161.18, 158.33-158.81, 146.06, 145.84, 133.10, 119.81, 116.15,

115.84, 96.79, 96.05, 92.85, 77.51, 73.35, 56.91, 55.95, 37.38. IR: 3391, 2938, 1615,

10 1516, 1466, 1361, 1282, 1202, 1146, 1092, 1056, 1018, 818, 632, 540 cm™. HRMS:

calcd. for Cy3H»10Og 441.1180; found 441.1190.

Compound 4

15
(2R, 3R, 48)-4-(2-amino-4, 6-dimethoxyphenyl)-2-(3, 4-dihydroxyphenyl)
chroman-3, 5, 7-triol (4) was purified with column chromatography (silica gel,
EtOAc- hexanes 2:1 and then dichloromethane-methanol 9:1) as a light brown solid.
MS (ESI, -c): 440 [M-H]". '"H-NMR (300 MHz, acetone-d¢): 5 = 6.98 (d, J = 1.8 Hz, 1H,

20 C(2)-H), 6.75 (d, J= 8.0, 1H, C(6’)-H), 6.72 (d, J = 1.8 Hz, 1H, C(5')-H), 5.97 (s, 1H,
C(6)-H), 5.91 (m, 3H, C(8)-H, C(3”)-H, C(5”)-H), 5.04 (s, 1H, C(2)-H), 4.61 (s, 1H,
C(4)-H), 3.91 (s, 1H, C(3)-H), 3.74 (s, 6H, OCH;). PC{'H}NMR (75 MHz, acetone-ds):
6 = 159.6 (2C, C-2”, C-6”), 155.6-156.1 (4C, C-5, C-7, C-8a, C-4"), 144.1, 143.8 (C-
3’, C-4),131.0 (C-1"), 127.9 (C-6), 118.4 (C-5"), 114.7 (C-2’), 113.9 (C-4a), 95.2-94 .2

25  (4C, C17, C5”, C6, C8), 89.1 (C-3”), 76.4 (C-2), 71.9 (C-3), 55.4 (C-10), 54.5 (C-9),



IR (KBr): 3368, 2936, 2841, 1731, 1607, 1497, 1440, 1236, 1202, 1147, 1036,
812, 788, 753, 631, 537 cm1l. Conpound 25 (2R, 3S,

45S) - 4- ( 2-woizoopthaesyl t hi o) - 2- (3, 4-di hydr oxyphenyl ) chr omeeT8B2089/0559¢x i ol was
purified with columm chromatography (silica gel, Et0OAc- hexanes 2:1 and

t hen di chl or onet hane- net hanol 8:1) as a yellow solid. M5 (ESI, -c): 412

EM 1-1]-. 1H NWR (300 MHz, acetone-d6): = 7.41 (dd, J= 1.7, 1.7, 1H,
0(13)-H), 6.77 (d, J = 1.7, 1H 100(2')-H), 7.12 (dd, J= 0.7, 1.7, 1H,
0(11)-H), 6.94 (dd, J = 1.5, 1.7, 1H O0(12)-H), 6.86 (m 2H, 0(5')-H,
0(6')-H), 6.57 (m 0(10)-H), 6.60 (d, J= 2.3, 1H, 0(6)-H, 6.00 (d, J=
2.3,1H, 0(8)-H), 5.66 (s,1H 0(2)-H), 4.34 (s,1H, 0(4)-H, 3.94 (s, 1H,
0(3)-H). 130{1H}NWR (75 MHz, acetone-d6p3 159.80, 159.32, 158.38, 152.29,

146. 20, 146.04,138. 74, 132.78,
36.1 (C-4). IR (KBr): 3368, 2938, 2841, 1607, 1516, 1465, 1341, 1283, 1244, 1204,

1150, 1116, 1091, 1061, 1018, 933, 821, 792, 667, 632, 542, 494 cm”

Compound 23

23

Methyl 2-(5-((2R, 3R, 4S)-3, 5, 7-trihydroxy-4-(2-hydroxy-4, 6-dimethoxyphenyl)
chroman-2-yl)benzo[d][1, 3]dioxol-2-yl)acetate was purified with column
chromatography (silica gel, EtOAc- hexanes 3:2) as a white solid. MS (ESI, -c): 525
[M-H]". "H-NMR (300 MHz, acetone-de): & = 7.06 (s, 1H, C(2’)-H), 6.79 (d, J = 8.0, 1H,

10 C(6)-H), 6.79 (d, J = 8.0 Hz, 1H, C(5’)-H), 6.51 (t, J = 5.3 Hz, 1H, C(11)-H), 6.12 (s,
1H, C(6)-H), 6.01 (s, 3H, C(6)-H, C(3”)-H, C(5”)-H), 5.10 (s, 1H, C(2)-H), 4.62 (s, 1H,
C(4)-H), 3.90 (s, 1H, C(3)-H), 3.72 (m, 9H, OCH3), 3.01 (dd, J, = 0.8, J, = 5.3, 2H,
C(12)-H). PC{'HINMR (75 MHz, acetone-d¢): 5 169.83, 162.83, 161.25 158.21-
159.42, 148.45, 147.88, 135.89, 121.74, 109.00-109.71, 96.82, 96.11, 92.81, 77.64,

15 73.34, 56.94, 55.96, 52.78, 41.09, 37.47. IR (KBr): 3415, 3001, 2953, 2843, 1736,
1619, 1498, 1465, 1442, 1363, 1316, 1251, 1203, 1174, 1148, 1094, 1049, 1038,
949, 857, 816, 789, 754, 535, 537, 497 cm™.

Compound 5




132. 01, 119. 98, 118.06, 116.68, 116.33, 116.13, 115. 98,

1599. 91,

97. 36,

996. 65, 75.79, 71.12, 45.25. IR (KBr): 3360, 1692, 1607, 1517, 1476, 1447,
1367, 12880 200373950148, 1092, 1062, 1040, 1017, 973, 85PCTEBM10/4H902 754,

704, 671, 537 cm1l. 26 Conmpound 26 (2R

3S)-4-(24(E)-3-tert-butyl-2-hydroxybenzyli deneam no) phenyl thio)-2-(3, 4-
di hydr oxyphenyl )chroman-3, 5, 7-triol was purified with colum
12:1) as a yell ow
solid. Ms (ESI, -c): 572 [M1-1]- 1H NWR (300 MHz, acetone-d6):
1H, 0(13)-H), 7.92(d, J=2.6, 1H, 0(14)- 10 H), 7.43(m 3H,0(9, 10, 16)-H),
7.36(m 2H,0(11,12)-H), 7.12(s,1H0(2')-H), 6.92(t, 1H, 0(15)-H)),

chromat ography 5(silica gel, dichloronethane-nethanol

J=8.1, 1H, 0(5')-H), 6.71(d, J=8.1, 1H, 20(6')-H, 6.15(d,

=. 8. 85(s,
6.79(d,

J=2.2, 1H

0(6)-H), 6.03(d, J=2.2, 1H, 0(8)-H), 5.60(s, 1H 0(2)-H, 4.82(s, 1H,

0(4)H), 4. 01( Methy2-(6(@R, 3B, 4Sk442:4r5inogt{6-dirmethoxybBedyl i, VRtriygraz

acet one-d6):

10

20

25

chroman-2-yl) benzo[d][1, 3]dioxol-2-yl)acetate was purified with column
chromatography (silica gel, dichloromethane-methanol 11:1) as a yellow solid. MS
(ESI, -c): 524 [M-HJ". "H-NMR (300 MHz, acetone-ds): & = 6.95 (s, 1H, C(2')-H), 6.76
(d, J=8.1, 1H, C(6°)-H), 6.74 (d, J = 8.1 Hz, 1H, C(5’)-H), 6.47 (m, 1H, C(11)-H), 6.02
(s, 1H, C(6)-H), 6.01 (s, 1H, C(6)-H), 5.96 (C(3”)-H), 5.82(C(5")-H), 5.07 (s, 1H, C(2)-
H), 4.59 (s, 1H, C(4)-H), 3.81 (s, 4H, C(3)-H, C(13)-H), 3.72 (s, 6H, C(14)-H, C(15)-
H), 2.98 (dd, J; = 2.1, J; = 3.0, 2H, C(12)-H). *C{"H}NMR (75 MHz, acetone-ds): &
169.81, 161.06 , 158.99, 158.03, 157.75, 157.60, 148.40, 147.83, 135.75, 121.63,
109.67, 109.61, 109.46, 108.98, 96.96, 96.45, 96.21, 95.85, 77.28, 73.82, 55.72,
52.78, 41.04, 36.84. IR (KBr): 3368, 2936, 2841, 1731, 1607, 1497, 1440, 1236,
1202, 1147, 1036, 812, 788, 753, 631, 537 cm™.

Compound 24
15

24
Methyl 2-(5-((2R, 3R, 4S)-4-(2-((E)-3-tert-butyl-2-hydroxybenzylideneamino)-4, 6-
dimethoxyphenyl)-3, 5, 7-trihydroxychroman-2-yl)benzo[d][1, 3]dioxol-2-

yl)acetate was purified via washing with hexane as a yellow solid. MS (ESI, -c): 684
[M-H]". "H-NMR (300 MHz, acetone-d6): & = 8.96 (s, 1H, C(16)-H), 7.43 (s, 1H, C(18)-
H), 7.40 (s, 1H, C(20)-H), 7.08 (s, 1H, C(2')-H), 6.90 (t, J = 7.7, C(19)-H), 6.76 (m,
3H, C(5), C(6"), C(13)-H), 6.51(t, J = 2.3, 2H, 2H, C(11), C(23)-H), 6.00 (d, J = 2.3,
1H, C(6)-H), 5.96 (d, J = 2.3, 1H, C(8)-H), 5.18(C(2)-H), 4.75(C(4)-H), 3.89 (s, 1H,
C(3)-H), 3.84 (s, 3H, -OCHj3), 3.70 (s, 6H, -OCHj3), 3.01 (d, J = 5.3, C(24)-H), 1.46 (s,
9H, -tBu). C{1H}NMR (75 MHz, acetone-d6): & 168.13, 163.74, 160.30, 156.44,
156.17, 147.82, 146.92, 145.03, 134.48, 131.02, 130.00, 120.03, 118.30, 108.3,
107.87, 107.32, 94.74, 94.27, 75.96, 71.65, 55.78, 51.10, 39.43, 36.01, 34.42, 31.16.



164. 12, 158. 43, 157.85, 156. 80, 147. 32, 144. 48, 137. 05, 130.78, 129.79, 122. 31,
118.62,114.55, 114.54, 97.31, 95.91, 94.91, 74.67, 65.97, 44.85, 34.49,
29. 65. | RvO(2KBro73958367, 2957, 1697, 1607, 1520, 1441, 1B64/1B2010/055902

1282, 1197, 1146, 1100, 1061,

25

IR (KBr): 3368, 2936, 2841, 1731, 1607, 1497, 1440, 1236, 1202, 1147, 1036, 812,
788, 753, 631, 537 cm”".

Compound 25
5

@iOH
HO SN OH
“OH
OH §

HMD

25

(2R, 3S, 4S)-4-(2-aminophenylthio)-2-(3, 4-dihydroxyphenyl)chroman-3, 5, 7-triol
was purified with column chromatography (silica gel, EtOAc- hexanes 2:1 and then
dichloromethane-methanol 8:1) as a yellow solid. MS (ESI, -c): 412 [M-H]. "H-NMR
(300 MHz, acetone-dg): & = 7.41 (dd, J= 1.7, 1.7, 1H, C(13)-H), 6.77 (d, J = 1.7, 1H,

10 C(2)-H),7.12(dd,J=0.7, 1.7, 1H, C(11)-H), 6.94 (dd, J = 1.5, 1.7, 1H, C(12)-H), 6.86
(m, 2H, C(5’)-H, C(6’)-H), 6.57 (m, C(10)-H), 6.60 (d, J= 2.3, 1H, C(6)-H), 6.00 (d, J=
2.3, 1H, C(8)-H), 5.66 (s, 1H, C(2)-H), 4.34 (s, 1H, C(4)-H), 3.94 (s, 1H, C(3)-H).
BC{'HINMR (75 MHz, acetone-dg): & 159.80, 159.32, 158.38, 152.29, 146.20,
146.04, 138.74, 132.78, 132.01, 119.98, 118.06, 116.68, 116.33, 116.13, 115.98,

15 99.91, 97.36, 996.65, 75.79, 71.12, 45.25. IR (KBr): 3360, 1692, 1607, 1517, 1476,
1447, 1367, 1283, 1187, 1148, 1092, 1062, 1040, 1017, 973, 852, 821, 787, 754,
704, 671, 537 cm™.



1018, 973, 855, 821, 795, 751, 670, 540 cm 1. 15
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26

Compound 26

[::I:OH
HO o OH

‘e
v

OH
OH S,
N
/
H
26

Conmpound 27

PCT/IB2010/055902

(2R, 3S)-4-(2-((E)-3-tert-butyl-2-hydroxybenzylideneamino)phenylthio)-2-(3, 4-
dihydroxyphenyl)chroman-3, 5, 7-triol was purified with column chromatography
5 (silica gel, dichloromethane-methanol 12:1) as a yellow solid. MS (ESI, -c): 572 [M-H]
. "H-NMR (300 MHz, acetone-d¢): & =.8.85(s, 1H, C(13)-H), 7.92(d, J=2.6, 1H, C(14)-
H), 7.43(m, 3H, C(9, 10, 16)-H), 7.36(m, 2H, C(11, 12)-H), 7.12(s, 1H, C(2')-H),
6.92(t, 1H, C(15)-H), 6.79(d, J=8.1, 1H, C(5’)-H), 6.71(d, J=8.1, 1H, C(6’)-H, 6.15(d,
J=2.2, 1H, C(6)-H), 6.03(d, J=2.2, 1H, C(8)-H), 5.60(s, 1H, C(2)-H), 4.82(s, 1H, C(4)-
10  H), 4.01(s, 1H, C(3)-H), 1.44(s, 9H, tBu). *C{"HINMR (75 MHz, acetone-ds): &
164.12, 158.43, 157.85, 156.80, 147.32, 144 .48, 137.05, 130.78, 129.79, 122.31,
118.62, 114.55, 114.54, 97.31, 95.91, 94.91, 74.67, 65.97, 44.85, 34.49, 29.65. IR
(KBr): 3367, 2957, 1697, 1607, 1520, 1441, 1364, 1282, 1197, 1146, 1100, 1061,

1018, 973, 855, 821, 795, 751, 670, 540 cm”".
15

Compound 27

@OH
HO O OH

“OH
OH S
HoN

27

(2R, 3S, 4S)-4-(2-aminoethylthio)-2-(3, 4-dihydroxyphenyl)chroman-3, 5, 7-triol

was purified with reversed phased column chromatography (gradient elution of



27 (2R, 3S, 4S)-4-(2-am noethylthio)-2-(3, 4-dihydroxyphenyl)chroman-3, 5,

7-triol

el uti on oWo 2B7A/avesBl H20 (1: 4,

AcOH MeOH (1:1, v/v),
acet one,
(ESI, +c):
6.82 -
0(8)-H), 5.95 (d, J
2.3 Hz, 1H, 0(4)-H,
4H, S-01j 2-0H2-N);
143. 7,

viv),
and then concentr at

1H NMVR (300 MHz, D20):

6. 01

5. 14
1H,

2.3 Hz, 1H, 0(6)-H),
3.86 (d, J 2.3 Hz,

130{11- 1} - NMR (75 MH27 D20):
143.5, 130.3, 118.8, 115.9, 114.2, 98.7, 96.1, 95.2, 73.9, 70.1,

was purified with reversed phased col um chronat ography (gradi ent
0.4% aq. AcOH MeOH @4TAB20u6/0359020. 4% aq.
). The pure fractions were conbined,
using pH 6.5 Na2HPO4 buffer,
the extract was dried in vacuumto furnish 15 as a red solid. M
366 [M1-H.
6.77 (m 2H, 0(5 )-H and 0(6")-H),

neutralized
ed. After extraction with

=56.92 (d, 1H 0(2')-H),

(d, J = 2.3 Hz, 1H,
(s, 1H, 0(2)-H), 4.00 (d, J
0(3)-H), 3.30 - 2.80 (m

= 156. 6, 156.2, 155.1,

40. 6, 38.4, 28e0HHP (KBvv), BBS24. ALBEIMeQH1620¢/v)164%,2q1 A63/MEQBIA(1:11284,
1192, 1150, 1%3 1%%&;@ %QéltiZns %&%mogigiﬁed,&gétraliZ&%sir@% 6.§M2Hﬂ%uﬁéﬂ 1.

Compound 28 1
4S) - 4- (24(E)- &

as a yellow ché{é)d’

8.59 (s, 1H, ogﬁs
1H, 0(5")-H), &
(s,

dhen cpiney'fated AIE SUSHRALYD PRRAneathe RUTASH YRR driRf &) vasuyms, 4
di hydr oxyphenytb jurhisrotias BredSplid? MSr (ESI, +op86@IM+iH]i BHNVRa30BEHE YOS H hexane

14, )2 Mo AN RO (050200
1)), 59%5(d7d (315 HBHIM. Q@) 114 67 9H) @D 6 Y =133 6. 05

1H, 0(8)-Hz 18, &2)-A% 3.88k, (B HE) 1H, 20H--H843 .6+ 2.B6(Mm UK )s=¢h-c4-N8 (d, J

2.1 Hz, 1IH OGHrdidumi 72mbs o s U hse 3 B5.4( M3 7 1435, 1303, 1188,

115.9, 114.2, 98.7, 96.1, 95.2, 73.9, 70.1, 40.6, 38.4, 28.7. IR (KBr): 3352, 3189,

10

656, 540, 482 cm™.

Compound 28

tBu

15

1620, 1519, 1468, 1384, 1284, 1192, 1150, 1094, 1063, 1017, 988, 888, 825, 783,

(2R, 3S, 48)-4-(2-((E)-3-tert-butyl-2-hydroxybenzylideneamino)ethylthio)-2-(3, 4

dihydroxyphenyl)chroman-3, 5, 7-triol was purified via washing with hexane as a
yellow solid. MS (ESI, +c): 526 [M-H]". "H-NMR (300 MHz, (CD;),CO) & 8.59 (s, 1H,
C(13)-H), 7.63 — 7.23 (m, 2H, C(6”)-H and C(4”)-H), 7.11 (s, 1H, C(5”)-H), 6.87 —
6.79 (m, 3H, C(6’)-H, C(5')-H and C(2’)-H), 6.05 (s, 1H, C(8)-H), 5.92 (s, 1H, C(6)-H),

20

5.34 (s, 1H, C(2)-H), 4.18 (d, J = 2.1 Hz, 1H, C(4)-H), 4.12 (s, 1H, C(3)-H), 3.87 (m,

2H, C(11)-H), 3.21 — 3.00 (m, 2H, C(10)-H), 1.42 (s, 9H, (CHs)s). *C{"H}-NMR (75

MHz, (CD5),CO):

167.4, 157.9, 157.4, 156.2, 144.5, 144 .4, 136.6, 131.0, 130.0,

118.8, 118.4, 117.8, 114.6, 114.4, 99.0, 95.6, 94.7, 74.4, 70.7, 58.5, 42.1, 34 .3, 32.7.
IR (KBr) : 3370, 2957, 2739, 1703, 1610, 1518, 1437, 1375, 1281, 1198, 1145, 1092,

25

1062, 823, 753, 679, 545, 483 cm™ .



2H, 0(11)-H), 3.21 - 3.00 (m 2H, 0(10)-H), 1.42 (s, 9H (CH3)3).
130{11-1}-NVR (75 MHz, (0D3)200): 167.4, 157.9, 157.4,156.2, 144.5,

144. 4, 136N6,208107695030. 0, 118.8, 118.4, 117.8, 114.6, 11#C4J1B8A0/05595. 6,
94.7, 74.4, 70.7, 58.5, 42.1, 34.3, 32.7. IR (KBr) : 3370, 2957, 2739,
1703, 1610, 1518, 1437, 1375, 1281, 1198, 1145, 1092, 28 Conpound 29 HO

28

Compound 29

@iOH
HO\@"\“‘\ OH

“OH
OH 8

/

HS

29

(2R, 3S, 4S)-2-(3, 4-dihydroxyphenyl)-4-(2-mercaptoethylthio)chroman-3, 5, 7-
triol was purified with column chromatography (silica gel, EtOAc- hexanes 2:1 and

5  then dichloromethane-methanol 9:1) as a red solid. MS (ESI, -c): 381 [M-H]. "H-NMR
(300 MHz, CD;0OD): 8=6.99 (d, J = 1.65 Hz, 1H, C(2’)-H), 6.83 (dd, J, = 1.65 Hz, J,=
8.0 Hz, 1H, C(6’)-H), 6.78 (d, J = 8.0 Hz, 1H, C(5’)-H), 5.96 (d, J = 2.31 Hz, 1H, C(8)-
H), 5.90 (d, J = 2.31 Hz, 1H, C(6)-H), 5.26 (s, 1H, C(2)-H), 4.02 (d, J = 2.31 Hz, 1H,
C(4)-H), 3.98 (dd, J, = 0.9 Hz, J, = 2.31 Hz, 1H, C(3)-H), 2.80-3.08 (m, 4H,

10  SCH,CH,S). *C{'"H}NMR (75 MHz, CDsCOCDs): & 159.17, 158.67, 157.34, 145.76,
145.68, 132.19, 119.62, 115.84, 115.63, 100.20, 96.90, 95.93, 75.56, 72.04, 43.32,
37.32, 25.88. IR (KBr): 3369, 1626, 1516, 1470, 1280, 1146, 1091, 1059, 1016, 852,
821,783 cm™.

15 Compound 8




OH OH 29 (2R 3S, 495)-2-(3,

4-di hydr oxyphenyl ) -4-(2-nmercaptoet hylthio)chroman-3, 5, 7- triol was

puri fi ed wbt2h1100B25mm chr omat ogr aphy (silica gel, EtOAc- PheaABRMae029®@2 and 5
t hen di chl or onet hane-net hanol 9:1) as a red solid. M5 (ESI, -c): 381
[M1-1]-. 1H NWR (300 MHz, CD30D): 6 = 6.99 (d, J = 1.65 Hz, 1H, 0(2')-H),
6.83 (dd, J1 = 1.65 Hz, J2 = 8.0 Hz, 1H O0O(6')-H), 6.78(d, J= 8.0 Hz, 1H,
0(5')-H), 5.96 (d, J= 2.31 Hz, 1H, 0(8)H), 5.90 (d, J = 2.31 Hz, 1H,
0(6)-H, 5.26 (s, 1H, 0(2)-H, 4.02 (d, J = 2.31 Hz, 1H, 0(4)-H, 3.98 (dd,
J1 =0.9 Hz, J2 = 2.31 Hz, 1H, 0(3)-H), 2.80-3.08 (m 4H, 10 50H20H25).
130{1H} NMR (75 MHz, 0D3000D3): 6 159.17, 158.67, 157.34, 145.76, 145.68,
132.19, 119.62, 115.84, 115.63, 100.20, 296. 90, 95.93, 75.56, 72.04, 43.32,
37.32, 25.88. IR (KBr): 3369, 1626, 1516, 1470, 1280, 1146, 1091, 1059,
1016, 852, 821, 783 cm1. 15 Conpound 8 29 (2R 2'R 3S, 3'S, 4S, 4'S)-4,

- (et hane- 1, 1, b3§( §L=S| f4%”%®h))41)4) RS- 1(32 d rblsésulfanedlyl))bls(z 3, 4-
dlhydroxypheny %chro trio

chr omat ogr aphy™ Vﬁ’?’f"@ﬁ”@’é’ﬁ’“”&?a&ﬁ ' Sr 5%?'}129{?\% WE‘F%Q’HBICO'BmT)ChEQ?aQQFa@BV sol i d.
MS (ESI, -c): (§6@ dehtdichblometiGangirheidRol(B00asMHrmd CRBOD) (ES, <) A6OIMHI, J = 1.8

I(-|(zj: 2H_0(%) - 1!4)NM@@%&+@CDJ<§D>-517801% ﬁ]gsﬂ A & @% o). Hh% ;3 ZI)S

(056”5, Bom iy 50 . 6 P 218 Gy By e 3 0(5?5()@ ) <soz+3)<:<ﬁ;H> 311
(dg, J= 15.6 Hzo1 @HH, S08J20H229 (s, 33 1C(DIMR, 466, (MHH, CCR3D).05 @, 5T (H8H), 158. 8,
10 157. 16, 146, 00,. 145 1062,
820 cm 1. 1196"3g1 (”%3’921%%2?%@8?'1%%%&%% '1'@% (%MH&%%?%P@SQ?EA%ES 8373,
96. 85, 157.16, 146.00, 145.81, 132.05, 119.36, 116.05, 115.33, 100.30, 96.85, 95.75, 75.63,

10 72.26, 43.68, 33.94. IR (KBr) : 3392, 1610, 1519, 1445, 1373, 1283, 1148, 1099,

1062, 820 cm™.

Extraction and purification of pine bark proanthocyanidins, production of EC,S,

ligands, and preparation and analysis of various metal-EC,S, complexes.

15
This embodiment describes the extraction and purification of pine bark
proanthocyanidins and synthesis of EC,S; ligands (Compound 8), and preparation of

a metal-EC,S, complexes.

20 In a flask (50 mL), Pine Bark OPCs (2.8 g) was dissolved in 1% HCI Dioxane-water
solution (v/v=1:1, 30 mL), 1, 2- ethanedithiol (180 mL, 2.1 mmol) was then added.
The mixture was kept at room temperature for 12 h with stirring. The reaction solution
was dissolved in ethyl acetate (150 mL) and washed with 0.1M NaHCO;. The organic
fraction was dried over anhydrous sodium sulphate. Evaporation of the ethyl acetate

25 gave dark brown residue, which was purified with column chromatography (silica gel,
dichloromethane-methanol 8:1) to afford EC,S; (100 mg, 7%) as a white solid.
Analysis of the product revealed "H-NMR (300 MHz, CD;0D): & 7.01 (s, 1H), 6.84 (d,
J=8.0Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H), 5.97 (s, 1H), 5.92 (s, 1H), 5.29 (s, 1H), 4.05
(s, 1H), 3.35 (s, 3H), 2.96-3.18 (m, 2H) ppm. C NMR (75 MHz, CD;OD): & 159.1,

30 158.8, 157.2, 146.0, 145.8, 132.0, 119.4, 116.0, 115.3, 100.3, 96.8, 95.8, 75.6, 72.3,
43.7, 33.9 ppm. HRMS calcd for Cs,H29012%°S,: 669.1106, found, 669.1107.



1283, 95.75, 1148, 75.63, 1099, Extraction and urification of sine bark
roant hoc ani dins roduction of EC S ands and re aration and anal sis of
vari ous rmeDabHAZ3Bocom | exes. 15 This enbodi ment descri P€3/1B20a0/@36062act | On
and purification of pine bark proanthocyanidins and synthesis of E0252
| i gands (Conpound 8), and preparation of a netal -E0252 conpl exes. 20In a
flask (50 nmL), Pine Bark OPCs (2.8 g) was dissolved in 1% HCl D oxane-water
solution (v/v=1l:1, 30 nL), 1, 2- ethanedithiol (180 nL, 2.1 mmol) was then
added. The m xture was kept at roomtenperature for 12 h with stirring. The
reaction solution was dissolved in ethyl acetate (150 nL) and washed with
0. 1M NaHCO3. The organic fraction was dried over anhydrous sodi um sul phate.
Evaporati on of the ethyl acetate 25 gavé0dark brown residue, which was
purified with colum chromatography (silica gel, dichloronethane-nethanol
8:1) to afford E0252 (100 ng, 7% as a white solid. Analysis of the product
reveal ed 1H NVR (300 MHz,9HCD30D): 6 7.01 (s, 1H), 6.84 (d, J= 8.0Hz, 1H),
6.78 (d, J= 8.0 Hz, 1H) PP (s, 1H), 5.92 (s, 1H), 5.29 (s, 1H), 4.05 (s,
1H), 3.35 (s, 3|5|) 643. 18 (m 2H) ppm 130 NWR (75 MHz, CD30D): 6 159.1,
30158. 8, 157. 2, Y 145.8, 132.0, 119.4, 116.0, 115.3, 100.3, 96.8,
95.8, 75.6, 72. 3% %on33- 9 ppm HRMS cal cd for 032H290123252: 669. 1106,
found, 669.1107. &30sOH OH

o/Pd\j

30-Pd

Compound 8 prepared from Pine Bark OPCs (4.91 mg) was dissolved in MeOH and 1
equivalent of Pd(ll) acetate was dissolved in MeOH as well. They were then added in
the presence of N, to prepare the Pd- Compound 8 complex (Compound 30-Pd). 'H-
5 NMR (300 MHz, CD;0OD): & 7.39 (d, 2H), 7.23 (d, 1H), 6.65 (s, 1H), 6.54 (s, 1H), 5.10
(s, 1H), 4.28 (s, 1H), 3.35 (s, 3H), 2.77-2.99 (m, 2H) ppm. The ESI-MS (anionic
mode) Compound 30-Pd (*®PdCa,H2,01,*S,) complex at m/z 773.3, calcd 774.0.

Superoxide Dismutase Assay of various metal-EC,S, complexes.

10
EC.S; synthesized from Pine Bark OPCs (400 pM) was mixed at room temperature in
MeOH with 400 uM of Iron(ll), Manganese(ll), Nickel(Il) and Copper(ll) acetate salts
respectively, in metal-ligand molar ratio of 1:1, followed by shaking for 10 seconds to
prepare the four metal-EC,S, complexes and their SOD activity was analyzed by
15 using the SOD assay described below. The EC,S; and the four metal acetates were

also analyzed for SOD activity for comparisons.

Samples (20 pL of 400 pM) were manually pipetted into individual wells of a 96-well
flat-bottom microplate in triplicates, followed by dispensing 160 uL hydroethidine (HE)
20  working solution (31.7 uM) prepared in pH 7.4 phosphate buffer into all the wells.
The microplate was incubated at 37 °C for 10 minutes, before 20 uL xanthine oxidase
(XO) (0.185 U/mL) prepared in pH 7.4 phosphate buffer was dispensed. The total
liquid volume per well was 200 pL. Phosphate buffer control (20 uL) in presence and

absence of XO were also run together in the same plate. The microplate was shaken



30- Pd Conpound 8 prepared fromPine Bark OPCs (4.91 ng) was dissolved in
MeOH and 1 equivalent of Pd(l1) acetate was dissolved in MeOH as well. They
wer e t herwaddad789s50t he presence of N2 to prepare the PdPCTIRmoUngsI®@ conpl ex
(Compound 30-Pd). 1H 5 NWMR (300 MHz, CD30D): 6 7.39 (d, 2H), 7.23 (d, 1H),
6.65 (s, 1H), 6.54 (s, 1H), 5.10 (s, 1H), 4.28 (s, 1H), 3.35 (s, 3H),
2.77-2.99 (m 2H) ppm The ESI-Ms (ani oni c node) Conpound 30-Pd
(106PdC32H2701232S2) conplex at mz 773.3, calcd 774.0. Su eroxide

D snmut ase Assa of various netal-EC S corn |exes. 10 EC2S2 synt hesi zed from
Pine Bark OPCs (400 pM was m xed at roomtenperature in MeOH with 400 Al
of Iron(11), Manganese(ll), N ckel (11) and Copper(ll) acetate salts
respectively, in nmetal-ligand nolar ratid¢é of 1:1, followed by shaking for
10 seconds to prepare the four netal - EC2S2 conpl exes and their SOD activity
was anal yzed Hgr 1D5esindg atdrentSaly abwwyFlderseoendeatehrity vs theheecB@e82vend t he

four netal acejrﬂirﬁt%s%ﬁ@nﬁu{%@mﬁt%@yﬁ& yH@Enué%t@ﬁ&dré@cé%eré)ardepﬁ?t!mgfolSons
Sampl es (20 tL_of 400 wer e manual I[n&%lt?ette into indjvidual wells of a

96-wel | flat- ch?f(t"bﬁtFFWF@? dpt at® el FYRS] &8re TRV RREY BYPWAI9BR LS ng 160
t L hydr oet hi didfieox{delign 20H®&OW KE N gsisp lexditaiiom («laxﬂejeﬂgl;hl\@f 8% par @d emisgeh 7. 4

phosphat e huf f\ﬁefvglle Ore?ézig Jnﬁ‘@xt‘é@tjut]ﬁng JJIH%e aﬁ&PJ(% s%?at.bﬁ‘&’sﬁ;ﬁ%r%ﬂd@t 37 C

for 10 m nutes xant hi ne oxI dase prepared in
pH 7.4 phosphatas Bifidessd Rebs ngp'giimsladhe artﬁénfted%fals D gimier syperevige weld wel | was
200 4. Phosphajeecobsifnieair byclaBtid @bnelat tkk) fIlJofbsBérﬂi?p&ﬁiQ& antﬂ\/eaQ$wn@reacsfoD<O wer e

al so run t Ogetrrhllrenlic ||snr tsre"r?t ?wouldpco%%gte W|ttr1ﬁ-|énfo(r: ?lugter%m énwtc. |nr?1|b|t?ﬂ]1'e for 10
seconds at an I ntensi uorescence |n hen recorded

every 3 m nut exidpinn @ﬂEmeﬁlutur@sn wﬂecrlieﬁeSyth@rag%/oflﬂvorm@ﬂ@aoﬂrmt@wI uor escence
reader frogp Bi oTek Instruments, Inc. The kinetic experinents were conducted
by followi ng the rate of oxi datl on of HE to E+ using excitation wavel ength
of 485 nm and en?redizeihe gatgaing| disgethilusreseense mpduped Enthgrricsrigtecei€ent rati on
of HE, di snut abohted inQfreseH@edfo0 Wk dsBsSted 8418), duietbnt © doeinfiBigh griddhiewad n t he

absence of a %Cptegl to f?l%ﬂt?xu%?er 8])( Iugagro\!(\i‘aéo(%hgeraféoé}sfmgr%gcel%)fe torodh?edglﬁrlﬁr ate the

fl uorescent pro d conpet e
with HE for t r@owp@rtxyﬁqérdentmw gbenseiohKPap depechad ‘d:ameanlvdﬁntlt@m"/esul ting

It R a dtecr e?ﬁfellhﬁblﬁcﬂe That&e of fidoldded RS %@aﬁ&edpﬁ alusssh s%le@%a%%bé’té@aé he dat a,
e rate o rescence ro S ontro

e bace of xS ERET e 2t R ay et AT S 08l SoG 3o Foh's was
rel ated to thelefdieanagtieal ofetred redapuindged higeratated Zinngf L. uidvarg c@nEendor oduced
i the phosphal et {81 16O 16}, NoRPARASSAyMIES IRAAKRG,ES VDI ank,

equivalent to 100% 15 inhibiti'on. The rate of fluorescence produced in the
t est ed sanpl eCanastydeaint Syrerexide Ameh, ﬂh@“gé:p@@ﬁh%[gem@? A'nkAoHi4666m was
cal cul ated,d o determ ne their SOD activity. For detailed anal ytical rret hod

i's docurrent ed jn literat Kondo
cous v o g e Bl o B v BT e gt doot Tob-
mimetic activity with percentage of inhibition being 90%, 77.8%, 76.3% and 72.5%

respectively.

25 Oxygen Radical Absorbance Assay

Peroxyl radical scavenging capacity of the EC,S, was determined using oxygen
radical absorbance capacity (ORAC) assay (Huang, D.; Ou, B.; Hampsch-Woodill,
M.; Flanagan, J. A.; Prior, R. L. High-throughput assay of oxygen radical absorbance
30 capacity (ORAC) using a multichannel liquid handling system coupled with a
microplate fluorescence reader in 96-well format.  Journal of Agricultural and Food
Chemistry (2002), 50(16), 4437-4444.). The kinetic curves from the ORAC assay
show dose dependent fashion with clear lag phase comparable to Trolox standard.
The net area under the curve has excellent linear relationship with the concentration
35 of ECyS,. The ORAC value calculated from the individual concentration is 10.79



Capaci ty agai nst Superoxide Anion, J. Agric. Food Chem 2009, 57,
2661-2667.) 20 Al the four Cu(ll), M(I1l), Ni(Il) and Fe(ll)- EC252
conpl exeswohomwadsgood SOD minetic activity with percent 2g&/1B1010/0359¢2 t i on
being 90% 77.8% 76.3% and 72.5% respectively. 25 Oxygen Radi cal

Absor bance Assay Peroxyl radical scavenging capacity of the EC252 was
det erm ned usi ng oxygen radi cal absorbance capacity (ORAC) assay (Huang,

D.; Qu, B.; Hanpsch-Wodill, M; Flanagan, J. A ; Prior, R L.
Hi gh-t hroughput assay of oxygen radi cal absorbance 30capacity (ORAC) using
a multichannel liquid handling systemcoupled with a mcroplate

fluorescence reader in 96-well format. Journal of Agricultural and Food
Chem stry (2002), 50(16), 4437-4444.). Bhe kinetic curves fromthe ORAC
assay show dose dependent fashion with clear |ag phase conparable to Trol ox
standard. The #9688 kp@dEuhdeel sahelec ihivds HeshighesiePRaGtvalue rrerarted dorapuronshi p

wi th the conceptibalahoddmpe@asEC252. The ORAC val ue cal cul ated fromthe

i ndi vi dual concentration is 10.79 32 0.58 pnol TE / pnol sanple. This is

t he hi ghest ORAC val ue reported for pure antioxi dant conpounds. The

i nventi on pr ovihddéseationipneidee AS ingpeabiteslreatativecto tcostiy agithetic shird gahi<fochi r al

ligands fors 5 08%BRELLdforlse trieBIQ(?esatﬂgnrvﬁtﬁ)ll ﬁ@ﬁer‘it&@ i ¥“otshea]@w Ldivdgntate

| i gands easily derived tromcheap and natura occurring oli'goneric
proant hocyani diofs fepespnd seatyfallyurogryring Cgomay sepantocyanidins; {YPwPk h (R or
S) - BINAP, a stpetually,egrclhas Bomélsinila@amihf@ustds)raBagppl “be@édean chiral
asymret 11 ¢ or ARl £rol, AL capdlEhasTRE G bloknB §idolS P ot A eRae f oW
steps to synt hed1Ze, "“wWhereds, iSYTeadr PP availapl e trofm Tobi omass. The
EC252 | i gand P/NARdales e feinr siapsPiongynBesike. GF@seasaPPCoiRi rdedily agaitabigifrom i s t wo
times highgy tdsusEC, indicating that it is a good antioxidant. The netal
conpl exes of EC252 |igand show good SOD mnetic activity and may fulfil the
role as synthetic | ow 15npl ecul ar wei ght SODs.

The EC,S; ligand synthesized from Pine Bark OPCs’ antioxidant activity is two times

higher than EC, indicating that it is a good antioxidant. The metal complexes of EC,S,
ligand show good SOD mimetic activity and may fulfil the role as synthetic low

15  molecular weight SODs.

In conclusion, the Compound 8 with potential application as antioxidant has been
obtained from plant materials. The new molecule can be easily separated from
complex mixtures of plant materials by normal silica gel chromatography.
20
The ligand Compound 30 and their metal complexes (eg, compound 30-Pd,
compound 30-Pt, etc) can be used in any catalytic reactions including but not limited
to asymmetric hydrogenation, epoxidation, oxidation, reduction, substitution, addition,
coupling, carbon carbon bond forming, carbon oxygen bond forming, carbon nitrogen
25 bond forming reactions, kinetic resolution, carbon carbon double bond metathesis,

and carbon carbon triple bond metathesis.

The Compound 8 and its metal complexes (Figure 6) may serve as new therapeutic
agents for cancer, for example, Compound 30-Pt complex). The Compound 30-Tc

30 complex may be used for radiotherapy.

Having described the invention by reference to the foregoing embodiments, a skilled
addressee will understand that further chiral ligands may be synthesised with

alternative reagents, without departing from the spirit and scope of the invention.



In conclusion, the Conpound 8 with potential application as antioxi dant has
been obtained fromplant materials. The new nol ecul e can be easily

separ at edwbromvwsespl ex m xtures of plant materials by necwmaB2madbisee gel
chromat ography. 20 The |igand Conpound 30 and their netal conpl exes (eg,
conpound 30-Pd, conmpound 30-Pt, etc) can be used in any catalytic reactions
including but not limted to asymretric hydrogenati on, epoxidation,

oxi dation, reduction, substitution, addition, coupling, carbon carbon bond
form ng, carbon oxygen bond form ng, carbon nitrogen 25bond form ng
reactions, kinetic resolution, carbon carbon double bond netathesis, and
carbon carbon triple bond netathesis. The Conpound 8 and its netal

conpl exes (Figure 6) nay serve as new tl38rapeutic agents for cancer, for
exanpl e, Compound 30-Pt conpl ex). The Conpound 30-Tc 30conpl ex may be used
for radi otherapy. Having described the invention by reference to the
foregoi ng enbddeimesit s, a skilled addressee will understand that further
chiral ligands may be synthesised with alternative reagents, wthout
departing from.thea nsghddifbr nesdifyisg @ pemmiund hevingneesat urateof 33 Clains 1. A net hod
for nodifying a conpound having repeat units of Swherein Ar represents a
substituted functional group selected fromthe group conprising a phenyl, a
hydr oxyphenyl , a di hydreo 210 alkoxy, an ester, an alkyl group, and
an al koxyphenyl group; the
with a nucleophile in the p

acid. 102. A nethod as clained in
claim1 wherein the nucl eopk ected froma group of conmpounds

cont ai ni ng: sul phur, carbon, |09?ne phosphorus, and arsenic
atoms. 3. A nethod as cl ai med |n cla|n12 wherein the nucleophile is a

conpound

5 wherein Ar represents a substituted functional group selected from the group
comprising a phenyl, a hydroxyphenyl, a dihydroxyphenyl, an alkoxy, an ester,
an alkyl group, and an alkoxyphenyl group; the method comprising

depolymerizing the compound with a nucleophile in the presence of acid.

10 2. A method as claimed in claim 1 wherein the nucleophile is selected from a
group of compounds containing: sulphur, carbon, nitrogen, iodine, phosphorus,

and arsenic atoms.

3. A method as claimed in claim 2 wherein the nucleophile is a compound
15 containing carbon, and is selected from a group consisting of: heterocyclic
compounds, aromatic compounds, acyclic organic compounds and small

inorganic anions.

4. A method as claimed in claim 1 further comprising selectively protecting the

20 hydroxyl groups in the repeat unit
i
i
HO o} _-Ar
; TOR'
)
i
OH '

by adding a mixture of the compound having the repeat units in a polar aprotic

solvent to 4-N,N-dimethylaminopyridine and methyl propiolate.



15 contai ning carbon, and is selected froma group consisting of:

het erocycl i ¢ conpounds, aronmatic conpounds, acyclic organi c conpounds and
smal | i nowganiiew7aesbons. 4. A nethod as cl ai ned in cl ai mPCTB20L6V@35902
conprising selectively protecting the 20hydroxyl groups in the repeat unit
34 5. A method of synthesising a catechin froman oligoneric

pr oant hocyani din, conprising nodi fying sel ected polar oxygen contai ni ng
groups with an unsaturated hydrocarbon or hydrocarbon derivative conpound
to prevent 5 conpetitive binding of metals thereto, to forma nodified

ol i goneri c proant hocyani din, and depol ynerising the nodified oligoneric
proant hocyanidin to formsaid catechin in the formof a chiral ligand. A
met hod as clainmed in claim5 wherein th&4oligoneric proanthocyanidin is an
ol i gonmeri c proanthocyanidin, and the internmediate oligoner is a nodified
ol i goneri c proanthocyanidin. A method as clained in claim5 wherein the

unsat urat ed hygdr oaamb@bg %9@9%&% rESa 26c86h ¢Qmf 5@@.@@.9%&%&@%% of: a
term nal alkyne and a terninal al derivative. A nethod as ¢lained in

claim5 wherein tARE"RR5EPT MESHINGn oY Ct?%é”l?h%?r%‘r |°8”tﬁ'f“88n9rﬂ6?§yé(‘ﬂl‘d?’h is by
reaction wth propysossted rigtiloydrbas erhy@nedrbyn dpiivaiiveokcaigdund Aonprtvent as

cl ai med i n ol ai m Bouhanel bk BPIhE AR Ol % o I BRITRG! Sigomeri

proant hocyanidin is react In a po protlc sol'vent propynoat e
met hyl ester and RORPEPGYRRIG 35 dPeRiYRersing Hetmprsdied sligomarigirganthpcydnidion 5
wherei n the ol i gomEbinesdid @adthihaeyarirtliona BEal kARY.ENi ent |y have epi cat echin
as the nmononeric unit. A nethod as clainmed in claim210 wherein the sel ected
pol ar oxygen cont ai ni ng groups conprise at |east one hydroxyl group on the
B ring of the Gepi édanadedd 5. claimed inhalgim powhelredn the dligameatic Riaenthogyapidiviihan n t he
step of deppl yner bigohric titsantiBEjahidRd Ak i O NREinfedRt BRIVRRAIigiN nioauﬂed

depol yneri zed with a nuc quﬁhlle in t he presence of an acid.
ollgomerlc proa ocyanl

7. A method as claimed in claim 5 wherein the unsaturated hydrocarbon
compound is selected from a group consisting of: a terminal alkyne and a

15 terminal alkyne derivative.

8. A method as claimed in claim 5 wherein the modification of the oligomeric
proanthocyanidin is by reaction with propynoate methyl ester (methyl
propiolate).

20

9. A method as claimed in claim 5 wherein the modification of the oligomeric

proanthocyanidin is by reaction in a polar aprotic solvent with propynoate methyl

ester and N,N-dimethylpyridine.

25 10. A method as claimed in claim 5 wherein the oligomeric proanthocyanidin may

conveniently have epicatechin as the monomeric unit.

11. A method as claimed in claim 10 wherein the selected polar oxygen containing
groups comprise at least one hydroxyl group on the B ring of the epicatechin.
30
12. A method as claimed in claim 5 wherein in the step of depolymerizing, the
modified oligomeric anthocyanidin is depolymerized with a nucleophile in the

presence of an acid.



13. A method as clained in claim12 wherein the nucleophile is selected
froma group of conpounds containing: sul phur, carbon, nitrogen, iodine,
phosphor w80 2anidh7a958eni c. 514. A nethod as clainmed in cl aCABI1whEee@ n t he
nucl eophile is selected froma group of carbon nucl eophiles containing:

het er ocycl i ¢ conpounds, aromatic conpounds, acyclic organic conpounds and
smal | inorganic anions. 15. A catechin netal conplex conprising a catechin
formed according to the 10 nethod of claimb5 conplexed with a netal
selected fromone or nore of an alkali netal, and alkali earth netal, a
transition nmetal, a |anthanide, an actinide, or a netalloid. 16. A conpound
havi ng at | east one unit of a general formula: HO OHA wherein Ar
represents a substituted functional grodp selected froma group consisting
of : a hydroxyphenyl, a di hydroxyl phenyl, an al koxyphenyl, ester, alkyl,

al koxyphenyl ; 1@ndAwhethed as plaimegriesleint $2 wherglysthé nutlephifeun celegrélfrograup. 17.
A conpound as cl aigRgg of &nﬁﬁo@hd@o%ﬁtamafﬁﬂﬂhuﬁcérﬁ% WL Serd idate! &%@Mo'n%
cont ai ni ng i odi ne, D %ﬁ orus, sul phur, oxygen, nitrogen, hydrogen, carbon,
and any conbi nati 8% #i¥feof . 2518. A conpound as clained in claim17
wherein the nucl eophile A cont ai ns carbon, and the nucleophile is selected
froma group conshshing of c|a.%abﬁe@@aﬁ?%eémﬂé FulailRy is GRIBRAEA! POn
doubl e bonds, carbon-car triple bon nit rogen- carbon single bonds,

ni trogen- car bon d8HP &f 15arhaR NuslaPRbeR coidinie hetarpavelicheptPounsity gEMAlar hon

si ngl e bond oxygeBobEdubad) acl@liddbrgarddehpo Gritis Bam sma0pdtgadnsds Si ngl e bond,
carbon iodi ne single bond, and any conbi nation thereof. 36

15. A catechin metal complex comprising a catechin formed according to the
10 method of claim 5 complexed with a metal selected from one or more of an
alkali metal, and alkali earth metal, a transition metal, a lanthanide, an actinide,

or a metalloid.

16. A compound having at least one unit of a general formula:

15
HO O. _Ar
; “oRr
OH A
wherein Ar represents a substituted functional group selected from a group
consisting of: a hydroxyphenyl, a dihydroxylphenyl, an alkoxyphenyl, ester,
alkyl, alkoxyphenyl; and wherein A represents a substituted functional group.
20

17. A compound as claimed in claim 16 wherein A includes a nucleophile
containing iodine, phosphorus, sulphur, oxygen, nitrogen, hydrogen, carbon,

and any combination thereof.

25 18. A compound as claimed in claim 17 wherein the nucleophile A contains carbon,
and the nucleophile is selected from a group consisting of: carbon-carbon
single bonds, carbon-carbon double bonds, carbon-carbon triple bonds,
nitrogen-carbon single bonds, nitrogen-carbon double bonds, sulphur-carbon
single bond, oxygen-carbon single bond oxygen-carbon double bond, carbon-

30 phosphine single bond, carbon iodine single bond, and any combination

thereof.



19. A compound as clainmed in claim116 further including at |east one netal
sel ected froma group consisting of: alkali netals, alkali earth netals,
transi ti oMoreetial739s0l ant hani des, actini des, and net al | oi @#sT/1B2@Q@055902c 0onpound
as claimed in claim19 wherein the conmpound further includes a |igand bound
to the netal, where the ligand is selected froma group consisting of: a
nonodent ate, bidentate, tridentate, tetradentate, and pentadentate |igand.
1021. A conpound having at |east one unit of a general fornmula: OHA
wherein Ar represents a substituted functional group selected froma group
consi sting of: a hydroxyphenyl, a di hydroxyphenyl, an al koxyphenyl, ester,
15al kyl , al koxyphenyl; where R is selected from hydrogen, any carbon
contai ning noiety or other functional gmBéup; and wherein A is selected from
one of: any noiety or noieties containing iodine or phosphorus; a group
having the fornmula - SCH2ZCRARB , where RA is any functional group or

20nmi eti es Comba'ﬁ%@&p&#ﬂQ&b@Mﬁh|Q&QHP@fmﬂ@ﬁmaﬁmmfmﬁﬂ%t&kﬂMﬁm%@@&&!n'ng
sul phur, or n|trOﬁ§n and @éc ic, heterocyclic, go y%¥é ic or

pol yhet erocyclic méat%f"“p %’”@'P ﬁ)fkf’é‘??i"r‘n‘bet"’l'%é" beail metals. wnsen pRisls, wher e
RB i s any group, &nthaMdéssadinldpdung metallsidd. r ogen as a secondary or tertiary
am ne or an imne; a group having the fornmula -S-RC-YRB , where Y
i s sul phur, or nitrogen as a 25secondary or tertiary am ne or an |n1ne RB
is any group, 2Bnd AREMPRUIGAF GABEHIN Claim 1196Ml}§r%§?ier?@mt’%é‘dff@fﬂ}%|”é'“dfﬁ@ YRB
where Y is sul phUhganGrbomidttb(tlgaerﬁetaISWEeréﬁfeQ@Qraj'|§{ s@lectéirdnh a@lgyoup RbMEsting  an

imne, RBis any gF Olf']%hoéien%t %lderﬁa ntYdechtaeF[)etragerg gugndspeeln%% qgeqlgan

10 21. A compound having at least one unit of a general formula:

HO O JAr

OH
wherein Ar represents a substituted functional group selected from a group
consisting of: a hydroxyphenyl, a dihydroxyphenyl, an alkoxyphenyl, ester,
15 alkyl, alkoxyphenyl; where R’ is selected from hydrogen, any carbon containing
moiety or other functional group; and
wherein A is selected from one of:
- any moiety or moieties containing iodine or phosphorus;
- a group having the formula —SCH,CRARg , where R, is any functional group or
20 moieties containing functional groups, and Rg is any group containing sulphur,
or nitrogen and/or a cyclic, heterocyclic, polycyclic or polyheterocyclic moiety;
- a group having the formula —S-CH,CH-YRjy , where Rg is any group, and Y is
sulphur, or nitrogen as a secondary or tertiary amine or an imine;
- a group having the formula —S-Rc-YRg , where Y is sulphur, or nitrogen as a
25 secondary or tertiary amine or an imine, Rg is any group, and R¢ is any group;
- a group having the formula —Rc-YRg , where Y is sulphur, or nitrogen as a
secondary or tertiary amine or an imine, Rg is any group, and R¢ is any group

- agroup selected from:

OCH, |
HI HN SRy He Ao
e af
R R
1 2 0

CH;



OCH3 N ?HN.) _H2NS 37 where X is selected from-OH and -NH2, and Rl1, R2,
R3 are any group. 22. A conpound as clainmed in claim2l1 wherein the group
i denti fi eslOas11A739s8y conpri se: 23. A conpound as cl aipe@dB2mo/e3saizm 21
wherein compound may, in a particularly advantageous enbodi nent, have the
general formula: HOO O, Ar 24. A conpound as clainmed in claim?21 conpl exed
with a netal selected fromthe group consisting of: alkali netals, alkali
earth netals, transition netals, |anthanides, actinides, and netall oids.
1525. A compound as clainmed in claim?24 further including at |east one

| i gand bound to the netal. 26. A conpound as clained in claim25 where the
ligand is a nultidentate |igand. 2027. A conpound as clained in claim?24
further including a donor atom bound to3fhe netal, the donor atom being
sel ected from oxygen, nitrogen, sul phur, phosphorus, and carbon. 28. A
conpound havi ng fi weereatislseeatesifeonuriPil ancofNHRZ, gethBT. 412, RS preLdng groug

22. A compound as claimed in claim 21 wherein the group identified as Ar may

comprise:

0
~‘©:o>}‘ocm

5
23. A compound as claimed in claim 21 wherein compound may, in a particularly
advantageous embodiment, have the general formula:
HO 0. AT
“OH
10

24. A compound as claimed in claim 21 complexed with a metal selected from the
group consisting of: alkali metals, alkali earth metals, transition metals,

lanthanides, actinides, and metalloids.

15 25. A compound as claimed in claim 24 further including at least one ligand bound

to the metal.

26. A compound as claimed in claim 25 where the ligand is a multidentate ligand.

20 27. A compound as claimed in claim 24 further including a donor atom bound to the
metal, the donor atom being selected from oxygen, nitrogen, sulphur,

phosphorus, and carbon.

28. A compound having first and second units of a general formula:
25



OHA wherein Ar represents a substituted functional group selected froma
group consisting of: a hydroxyphenyl, a di hydroxyphenyl, an al koxyphenyl,
ester, alwplptiad7Bseyphenyl; where R is sel ected from hydragsng/osag2 car bon
contai ning 5noiety or other functional group; and wherein Ais selected
fromat |east a noiety containing: iodine, phosphorus, sul phur, arsenic,
carbon, nitrogen, oxygen and said first unit and said second unit are
connected by A

HO 0. JAr

OH
wherein Ar represents a substituted functional group selected from a group
consisting of: a hydroxyphenyl, a dihydroxyphenyl, an alkoxyphenyl, ester,
alkyl, alkoxyphenyl; where R’ is selected from hydrogen, any carbon containing
5 moiety or other functional group; and
wherein A is selected from at least a moiety containing: iodine, phosphorus,
sulphur, arsenic, carbon, nitrogen, oxygen and said first unit and said second

unit are connected by A.



