WD 2012/ 011875PCT/ S&2011/ 000261 COVPOUNDS FOR PHOTODYNAM C THERAPY

Techni cal Field Thepresentinventiongenerallyrelatesto 5 photodynam c

t her apy. wo 20ediigysl ar the present invention rel ates topoosehotifoassiti on
nmetal -1igand conpl exes for use in photodynam c therapy. Background

10Phot odynam ¢ therapy (PDT) has been used widely in the treatnent of a
variety of cancers including, cutaneous cancers, Karposi's sarconsg,
esophageal cancer and non-snall cell lung cancer. PDT invol ves the

| ocal i zation of a phot coNMEOUNDS HOR NPHOTODENAMDC EHERRPE, a porphyrin) at
a tunmour site, followed by optical excitation of the nolecule at a
relatively | ong wavel ength of for exanple 2=650nm Typi cally, upon
optical excitation, the molecul eqgneXeiieeifiygn a ground singlet state to
an excited singlet 20 state. The photoeXC|te singlet state of the dye

nol ecul e t hen dé&wws toreasént pl eingeateéon gedauakﬂytheréEatehenl¢m
species esent in a.tissue with round, triplet state is. nolecula

oxygen. Eﬁ tﬁ@yﬁﬁgFﬁs T a%% %r8k9§£% n%b%cﬁngﬁpe lﬁvﬁﬂ&hqﬁty,
25 an ener @¢1bRaRsHey dRkes Praceithat REtaLLsi§AcdPhehpsenskt ifzer use
revert to |tsEglound singlet state, and create an excited singlet state
oxygen nol éguPEotIdYFaEtl CoXigeiRbYs non- sel ectively cytotoxic. The cytotoxic
action of the singlet oxygen ultimately kills cells present in a 30 tissue
t hrough apoptosis or necrosis. Transition netal conplex based photo
sensitizers may al so cause DNA cl eaBaglkgreandi on | eading to cell death. WO
2012/ 011875PCT/ SG2011/ 000261 The DNA cl eavage reaction by transition
metal tOnpl ex baSEF PHOTEnsFRERETPY |Hv%WV|ﬁ@ Eﬁ?hléﬁegxfﬁéﬁeé%oéflnay
proceed vi apne BghanisStde patveysy b Bahkb95|@hclhﬁ%n@xcbh%@deéﬁﬁron'C
state of the conplex nolecule, through 5 efficient intersystem crossing,
coul d genercatnecgxci t Edrpeispl'et seatemsi thecpbaptek tdancean avt i vane

nol ecul ar qQx n frogm.its st bIe triplet(302)to the reactive singlet
(102)state B¥gg'f§%g'ﬂfnﬁ¥ocess ‘Alternatively, the redox active

phot o- act i vat ed roanphiexol®kecutRecolbdal edaicecd 0 ol eculpan toxpgen tlitie
generate a reactive hydroxyl radical by a photo-redox nmechani sm

Howevet 2 e%stF%ﬁfPDTfPHer%b%%?%%'aﬁbréﬁ%ﬁ%@“HéVe &t nuber iU Si §rithircant

di sadvant a%sllolv;édoaw Cl&:'pacrycaqx' g gonpoungds o UsRlide BT are ;
difficult t'o 15 synthesise in |large anounts; have |ow purity and aqueous

sol ubi | i tyr@dradtlaﬂedyoﬁlqn%ma“ﬁelawtﬂ”heaﬁ/vaimﬂ e&?@tntplcﬁf AgEginm. which is

out si de the opthgp sue trggs ar.enc mnndo A ;ogoo }900 m X fre .tissue
penetration is most &f é@tl%% 20k ot he %%%% FRY IS T B appréci at ed

that thereeeditlesi arm@eda i grbigdastinboketa sexaﬂmmd i eRcise@asyniy0et
synthesi ze in large amounts; has high purity and i nproved aqueous
sol ubi ¥Pty St&te-i s |W#9ﬁ%%t%v%+e%b% dFateopit shesouf medgcule

especi al 'y .s@ 1 Ry dy S;eg;%ptgjgga £ 25 700 nm where tissue penetration is

effective. Summary ccordlng t first aspect, there is provided a
met al -1 i gand cofpleexoTonhpei Sieng chemiaresl t spacmfesalprwe@mmrexed tuistshneat
| east one SChIf%l%%%iA&g%ggLfg ta%ngls molecular oxygen. When the
photosensitizer and an oxygen molecule are in proximity,
25 an energy transfer takes place that ©permits the
photosensitizer to revert to its ground singlet state, and
create an excited singlet state oxygen molecule. Singlet
oxygen 1is non-selectively cytotoxic. The cytotoxic action
of the singlet oxygen ultimately kills cells present in a
30 tissue through apoptosis or necrosis. Transition metal
complex based photo sensitizers may also cause DNA

'

cleavage reaction leading to cell death.



an additional nitrogen atomfroma heterocycle and at WO

2012/ 011875PCT/ SG2011/ 000261 | east one heteroaromatic nucleic acid

i nt er cal avong1ymissy. It is an advantage of the presssrodiosesosure
that the aromatic heterocyclic noiety of the Schiff base ligand 5 increases
t he nunber of conjugated bonds. The increase in the nunber of doubl e bonds
is believed to increase the photosensitivity of the conmpound, particularly
relative to known non heterocyclic Schiff base nmetal |igand conpl exes. It
is a further advartage ofldheagh seeostientbat tthasi0iont aktaompoaplwit h t he
Schiff base |igand conprising an additional nitrogen atomfrom a

het er ocycl &35€0s PNt SHRSANFE e Trark T e Em Yy PeteE R4 t X X%fhn (Sehi R Ybase
netal |iga I t . CONt aj i,tio i su as
Ul phur - contSy T B Sohi 1 Cbase et al 11 gand 18 Comm exper o8 == ERAS
further adexatiagel cflederaisc| ssate tHatthehecommb bdx conpeexle) t hhtrieeigBehi f f
base |igand caonpri sing an additional nitrogen at froma heterocycle is

al so easy tegfslgﬁ‘t%%si & S3EYS H yé%rozf’sflﬁ?%herco n9EGE TGt hgxé%/lgtcﬁdosure
that the cempourd istatsoousefid asmghek Nnthaepesat i ¥etr agdhtackhone duherapy.
The use of the conpound as an adjunctive therapy during surgery provides
penetrati oP¥alged sitenihta pasbéat twHelett(he: idehpbiRd T FSCEEYRi FadIBS |t
is yet a funthe ant.age of fhe-discl re - ou C

pr oduced ag §2%%%%g%u§'tgiaﬁ%p%a§1i §§8§§§'aé%g%%%ﬁ{§3ﬁﬁ¥9% tgge %%d%§lt is
still a furddwEveadveindageaof i theedi scooplee t hatlddel«onpouhds areeluce

phot ochem cally active in the 30 wavel ength of, 390 to %SOn but. .nore
speci 1 8al MPISTUHRE rRGY SR of F60IERY 300 AmT ST T | BEGECHEhe PG i s
effective. L, WQ 202/ N1 IBIBPGH FEN1H 000261 According to a second
aspect, there is provided a pharmaceutical conposition conprising the
conpound accor difnyaven,heekipsingsgédh , tharagenkiar @psindacies have a

phar meceut | saldy. aceeptable, carrier. 4pheordingto a third aspachy there is
provi ded use of "a conpound of a conpoSition as Géscribed ab6ve i the
manuf act ur exafsta medicamenindor fhe tueat nent pbTcameer. difficuAecondi ng to
a fourth aspect, there is_provided use of a conpound or a conposition as

descri bed aBBVESSE Shel10L1ARAGE KIME Tf BeVRdilC¥ndtiT ¥of #RE A¥Eeént of

a precancerso]ypi1itAGCOLHNg ke achi{thaa8pect it heng | s, RIOWRd, usg of a
conpound or .conposi‘tion as descri bed above in tlae manufacture of a

medi canent ~fed0rnhe wheah mést @fitsedel dhel®rddgener i fone transpasegowdi ng

to a sixth aspect, th i ovi ded use of _a conpound or.conposition as
descri bed ab émfno%hggﬁ%ngggg?ﬁfeeiﬁegf ngéﬁggﬁegge?%gr?ﬁéo?régingﬁftof
human papi ldfaseviivals (HPV) warts. 20According to a seventh aspect, there
is provided the use of a conpound or conposition as described above in the

manuf aéfure of & HABUITCHEEMTIR 1 R%e 1T et renPCofPRIERIATEFsGP@ér Ehere
According 1 A 1IN Doaspactond Nete bs: PLOVR.A 29,1 d, COOPELSING A
conpound or a conposition as described above, together wth instructions
for use. Defintitdsorre in large amounts; has high purity and improved
aqueous solubility, and is active in the wavelength of,
390 to 750nm, and especially so in the region of 600 to

25 700 nm where tissue penetration is effective.

Summary
According to a first aspect, there is provided a
metal-ligand = complex comprising a transition metal
30 complexed with at least one Schiff base ligand comprising

an additional nitrogen atom from a heterocycle and at



The follow ng are sone definitions that may be 30 hel pful in understanding
the description of the present invention. These are intended as general
definiti ome2ainmdisBould in no way limt the scope of thecprsezentooészeyention
WO 2012/ 011875PCT/ SG2011/ 000261 to those terns al one, but are put forth for
a better understanding of the foll ow ng description. Unl ess the
context requires otherwi se or specifically stated to the contrary,

i ntegers, steps, or elenents of 5 the invention recited herein as singular

integers, SteRps Or ofkenmeHise KdLadat @NCORPags 1BOt hasiguliak eavad 1RIHURRY
forms of the recited integers, steps or elenents. The term

"transiti omoigttal:" refers to any elenent in the d-block of the periodic

taple which ingludes groups 2 J0.1or 12 onpthe periodig LableypIhe derm
phar maceuti cal 'y acceptable carfier™ rs inténded t0 1rnclfudé solvents,

di sper si on arethiaa,i ccoatitrgscyant - basi ety alofandhant sehungalbagentls gargbt oni
agents, absorption del ayi ng agents and, absorption _enhanci ng agents 15 and

the |ike. TRETFSSSS SR A AhdCayeng3=¢or PpRar maclifi Cariryagct ive

substances ¢z WelihpKROWE | BohBecardondXCeRt hasOiaLy as any, £ROYEOT igpal
media or agent is inconpatible with the conpound, use thereof in the

t her apeut i @HREqeegpiyd laxity cohpoumdsompyuadcopdirhgctdaadyancdgsdvs tof

treatnment and is _contenpl ated.. .Suppl,.e tary act.ive al so be incorporated
into the Cgﬁ%@. t1%h sh%r%ef opcryecslel it ICélocr%]vlewf‘ralf{]ibo‘—"ng./e In%etlasl elslp%acrll&;ﬁ%/ml%cloe ’F Ot ul at e -

parenteral conpgs ti®ns FArther addesagegeurdf {19 mifocleaseeothat the
admnistration and uniformty 25 of dosage. "Dosage unit form' as used

her ei nlPef &S alo pAPRIBAI M tdi skt &lniftls RaFE ed 288 NGhi EARYT HOSAGe ST or
Ent]eciondi vi %‘!ﬁ%it_ti%r%%] tﬁf@i@%én €3¢ BnUM dort 09t AlRieRYF RLedE! ecphped quantity
npound(s) I1s calculated to
vivo, particularly relative to known Schiff base metal
ligand complexes that do not contain additional nitrogeq,
such as sulphur-containing Schiff base metal 1ligand

15 complexes.

It is a further advantage of the disclosure that the
metal complex with the Schiff base ligand comprising an
additional nitrogen atom from a heterocycle is also easy
to synthesise.

20 It is yet a further advantage of the disclosure that
the compound 1is alsc useful as an 1intraoperative

b adjunctive therapy. The use o0f the compound as an
adjunctive therapy during surgery provides penetration at
a site in a patient where the compound is required.

25 It is yet a further advantage of the disclosure that
the compound can be produced at a high purity and has
improvéd agueous solubility.

It is still a further advantage of the disclosure
that the compounds are photochemically active in the

30 wavelength of, 390 to 750nm, but more specifically in the
region of 600 to 700 nm, where tissue penetration is

effective.



30 produce the desired therapeutic effect in association with WO

2012/ 011875PCT/ SG2011/ 000261 the requi red pharnaceutical carrier. The
conpound(wp 20my1besf or mul at ed for conveni ent and ef f ect ipee/sadminvoedst at i on
in effective anobunts with a suitable pharmaceutically acceptable carrier in
an acceptabl e dosage unit. In the 5 case of conpositions containing

suppl enentary active ingredients, the dosages are determ ned by reference
to the usual dose and manner of admi nistration of the said ingredients. The
t erm " precancer Adcefrerisict ota lessenohtomsbech, a th:rmal i gnantotinked ies
presuned to develop in .a significant nunber of |nstances and that may, or

may not bePPEEHGHCFABIE el | HEHI 0rohy nFeRiostdhRe chah§es (TR
affected ti33ue8.q;lfy Pardiqylar, s widhouisbeing beunda by khartol hawhng.a a
precancer may be classified by: (1) 15 evidence that the precancer is
associ at ed phatrimagreuticeddse g adegk adfl ecareemriey.2) when a precancer
progresses to cancer, . .the resulting,cancer arjses fromcell i t.hi_n the
precancir; (3) &P g&ﬁl@ertodi%f%}]slgq rOR T he! n{égﬁﬁ? %lssgﬁeovfl?ﬂg\#l \t/L\lInieck?Ll t
arises; (4x acpmpgeangerodi fif eesmboomt 20nt hes careriibeido wbbeb iindevrsd ops,
al though it has sone, but not all, of the nolecul ar and phenotypic

properti es Mamat acarrEc e igz @aHE @ erto Hha HerRHRETRE it HRL S whi ch t he

precancer can be AAagnasedo a fourch IBSeLerMehbhol onensibiygsd ido be
construed as 25 neani ng responsive to a [1ght source. In the case of
conpounds adcor dcogpbontherpreesemtpds stiosure, dgghmtidswhsalbdve” iins the be
construed as neaning that_upon optjcal excitatio t he _conpound i s excited
from algromusﬁa%ﬁl%e stHte-3 o I&(%éje%%’??% s%ﬂﬁl eghgt a?é.eagg"ﬁ% teor%m s
"nucleic agjr@d'am&rrc,al ating noiety" refers to part of a conpound that can
be inserted (intercalated) in between adjacent planes formed by double
stranded WO 20PHQLIB7RPCH SG2DUArDoaseact: behaekeiie REPH L Ms6r of
deoxyr | bonuc! el G 86l th (WA JMElQLl08, Pald | RGs e der Mudiie! el agid
intercal ati'ng noifety” in the context of this -specification covers any

nmol ecul ar nireifis oo | ST ng ated ieasteronefessemtel at o= frhatt So¢omasgaltasd
systerrg which is capable of co-stacking wth bases of a nucleic acid.

Pref er 4Bl y, 3885713 *® ci d intercal ating noi ety has at |east one

essential ly flataconjdigat et sysiemnWaksbcts eapabl e sobreR-sfeackiseg o t h
bases of a nucleic acid or nucleic acid anafogue..The 10 nucleic acid

i nt er cal at iang gairEtYndray T o MRIIRSES I icemagal dfrssup-sd eV S r ot t H*Syr oup
consi sting _of | yaromat es an t |y re-pr bl y
the inter cgfaamgf(r)aé/ets%reent Pgl I% g‘gﬁ%;,lcg %ngcf ?ng?%?%pg:}fgxg%g{%gggxenp ar?y
het er opol y gyt lesndrey eonsiEty )ofwaartys sui t abl e 15 nunber of rings, such as
1, for exanple 2, such as 3, for exanple 4, such as 5, for exanp ,_such

| e
as 7, £Br exanplAF®rEiith B AofEVERAR SSHEtherhoTe het BrONIITS ot?ﬂﬁ es
may be substdd uted Witk ONeq 0 MRERpSSE eeb8dLETr amsthe L@rouR RNsirstimg of
hydroxyl, brono, 20 fluoro, chloro,” iodo, nercapto, thio, cyano, alkylthio,
het er ocycl ejararfdgturet epbareyl medaedoxyt | foar bt koykeatakkyl oal Rerfdin
al kynyl, nitro m no, al koxyl and am do. O her exenplary nucleic acid
i ntercal at |C$fgs% Tti es may be selected fromthe group consisting of
phenant hrol i ne, Z&-phenazi Be, fhesaghbhi digescacrttlepres,is provided a
oxal opéri docar bazol es, porphyrins, psoralens and any of the afor en]akgltcil oned
i nt er caPat dfist sGRBPFEGERE Vil t ROBRBUBFE it e@ sl BRBTE F4VBm ERe i €

consi sting dr fi - i _mercapto, thio, cyano,
al kyl t hi o, %O‘age’t Vet?%%%/tc é(;f,q'glr%ykl1 ,lrh%rlg"}%%%/rlp% O%%]; gg%ll , carboal koyl , al kyl,
al kenyl , al kynyl, nitro, am no, al koxyl and/or am do. In sone enbodi nents
the "nucleic acid WD 2012/011875P ¢=_{fsl(i“?izlotl1(4110500261 i ntercal ating noi ety"
may be a conjugated pol ycyclic heteroaronati ¢ bidentate |igand. The
term"Schiff basgleisréntendes torencespassdarfiunetivasal tgreaup tdiat be
contains a carbon-nitrogen double 5 bond with the nitrogen atom connected

to an aPyl melrfuy| igr otpdemtieasthng f thesedemayibel Peprdsehfed RRE 3"
general fpr-rprk%eanﬁ C=NpR3 s WhGre i'??cérﬁj%ﬂgéy eﬁéréhkﬂefﬁrrﬁ%&-ons and The
term "Schi ff base i gand conprising an additional nitrogen atomfroma

het er ocycl eSharld nitr ngemagonitiaiini nopel s Suhe f L babe" presemttendeden ol on
enconpass a Schiff base coupled to one or nore additional nitrogen atons.
That is, one or nore nitrogen atons other than the nitrogen atom present in
the formula RIRRZC=N-R3 (hereinafter "additional nitrogen atom'). This
additional nitrogen atomis the



15 heteroatom present in a heterocyclic ring which is coupled to the Schiff
base by an aliphatic group, preferably a short chain aliphatic group such
as a net hwb 2012187l or propyl or butyl group. ThroughowCTiSIG2611/000261
specification, unless the context 20 requires otherw se, the word
"conprise", or variations such as "conprises" or "conprising", wll be
understood to inply the inclusion of a stated step or elenent or integer or
group of steps or elenents or integers, but not the exclusion of any other
step or el epenthosei nteegrey afdogeoupb25 ofrel emgnt §oothi nfeyerds. PPREST i n
the context of this specificatiaqn,.the term"canpr.ising"” neans "includin
pri nci pal | Wgsﬁﬁt%?lﬁgc%s; el %%&P&W‘g. s et i [ Ted in the art
wi || appreci at eghhatst hed nugitdan deser idedobies eihsésosuspeptiithlca 1y
variations 30 and nodifications other than those specifically descri %ed. It
is to be ustietstodd t RAE t¥R G FRENE | R TCAEFSdesS BFPS sufh v%+¥%?r?%?lso nd
modi 11 cati ons. 3 RN 01I8PRGT/ RGO 00020hau1ar TiEcbayen! | @R RSSO

i ncl udes alf'of*'the s eps, features, conpositi or?s and conpounds referred to
or indicated ialéméstspecidaxchyi emcdmdisd dbakthy singelbectanel pluamsd any
and all conbinatiaons _or any two .or 5 nore of said st.eps Qr features.

Thewor d" suBSELESt P&l IW‘%&@%&F&&WGICSG@? B T &9 | donposi ti on whi ch
is "substantially free" fromY nay be conpletely free fromY. Were
necessary, the word sybstantialdion Rk bo add.ed 44 omlQidgegefinition
of the invention. Unl ess specified otherw se, the terns "conprising"
and "conpr itse" d-anidogr afirethe ale niardianttskilrer edficlarin¢ MERItr3WP s epr esent

"open"_or "i nclzusive" | angua SU(IC t hat they include recited el enents but
al so pe?f m 01875 K8 (iR T Addi ti6hal", unrecited el ements. As used
herein, the term"about”, in the context of concentrations of conponents of

the formulationsy,JdyRieGal | v JiRans ctut ikA%16f thegdriek valdigidmre is
typically +/- 5% oef tﬁe stated valcueu, lm)rec';}}j: ypi cae!%%y +/- 20 4% of the
st ated val usmtenoreal typi tablyde/ s@xeaft thed S3pe el 9al Bedifer € AFHEH 1 y,

+/- 2% of the. t ed val.ue, i +[- 1% | ue,
and eveg nﬁ"r”?etf_%cgﬁﬁv%lﬂ/eﬁnglyg%?g?r—gﬁégg?;?%%gr\}%Ue.]lgliﬁ{r%rﬁjg oﬁgaétrﬁ?ss'va "

di scl osur e,y A i re o Yy sa gt 25ahe dbsekpsedni rndanange fayargts |t
shoul d be understood that the description in ran%g, format is nerely for
conveni éncerghd thcevittyeand T8FouldenoP i heSEoRst PERHE as?ah i FHIFET bl e

| imtation &&%eﬁfﬁ%g ltggt%%cléléﬁgté%eg@&is/%c\g@mi NGlown the the
u

descri pti o ofF & range s be 30 considered to have specifically.,
di scl osed aldt .t expassi bheosab- pangey asovegit agnahdnefdaaPrn@astitcals

val ues mnt@ﬂ%é%ggt{bn e'wf@ﬂ eé%gpl%bﬁ%%%ﬁd}ni&EEOftﬁegggge JYch A%

therapeutic compositions and methods of treatment and
20 prophylaxis is contemplated. Supplementary active
compounds may also be incorporated into the compositions
according to the present invention. It 1is especially
advantageous to formulate parenteral compositions in
dosage unit form for ease of administration and uniformity

25 of dosage.
"Dosage unit form" as used herein refers to
physically discrete units suited as unitary dosages for
the individual to be treated; each unit containing a
predetérmined quantity of compound(s) 1is calculated to

30 produce the desired therapeutic effect in association with



WO 2012/ 011875PCT/ SG2011/ 000261 from1 to 6 should be considered to have
specifically disclosed sub-ranges such as from1l to 3, from1l to 4, froml
to 5, frowo2otxmifg7sfrom2- to 6, from3 to 6 etc., as welh/sazoitndizéi dual
nunbers within that range, for 5exanple, 1, 2, 3, 4, 5 and 6. This applies
regardl ess of the breadth of the range. Certain enbodi nents may al so
be descri bed broadly and generically herein. Each of the narrower species
and subgeneric groupings falling within the generic disclosure 10 also form
part of thendi sed@sifed Phiagmbrehtdes 1t hea generi c Tdescrdomidm of) t hey
enbodi mrents with a proviso gr negative limtation rennvig% any subj.ect

nattgr.froﬁ?tﬁ@ﬁﬂ%ﬂﬁieqeﬁ%?dpé§§?ﬁﬁe%ﬁeﬁﬁé? %?f%ﬁ?lY%ea &P%é&r t&fal is
speci fically r%FEEETeE‘é_iQ%re'a ouh?sD sckesure ofiieabhenalhErhgdimentslly
Exenpl ary, non-limting enbodiments of a nmetal-ligand conplex conprising a
transiti onagetalt abdepl @xediei t Knatah eastcepnabSehi désdbase uniigandl Rz ofpei si ng
an addi%ional 20 n'trogen at?n1fron1a Qgteroc clg anfegén{egst Qne ;i ve
het er oat on&fE nuti ei CCHRPA FAPBF cal“ti1ig 1ol %t y" W TS ow Be’ deScribed.
Pref erabl y ihbebetieneeycl ehbatqyyedesane @ddidnional Byt rogearatom to the
Schiff base l'igand is an 25 aromatic heterocycle. In a preferred enbodi nent
t he conpoufi@ei utat hdopsr mNd PanpREL)(B) FEX NARPD2 B8ORS nthR 5§14
transitionigg%%baehtgs a Schiff base |igand conprising an additi onal
nitrogen ato roma heterocycle, WD 2012/011875PCT/ SG2011/000261 B is a
het er oaromati ¢ mhel diernacipréecimeent atengravitet 3 Mesdisoranfaeimonhighdan is
selected fromO to 5. 5In one errbodimant,t N1és sel ect.ed fron1th%i%r%%p
consi sty ngMt-1ERaNY, PO SO TREUTRS, Ph, AFBS R, 18, 2 DY F9RG 2P T,
Mo, Te, RupuRerDd,oAJ, i8Rtah@esW £84 Bhakr, iy andrAumaRrefgsabl ye Mis
sel ected fromthe group consisting 10of Cu(l), Cu(ll), Ru, V, Ti, Zr,
| ant hani deg.ecPaiiizRPlePt €11y ic®bi D) cand> AP FF OSKBBE Cprdteardas yin MEhs
Q). aprcddlgne eobodi meny e SqRiAT, Dase; 119200 Lalpl | 5 0ga AR
addi tional nirtrogen atom firom a heterocycle conprises an imne nitrogen and
an addi ti onale nitbragennat omef rpreaatbehetes pcyicd e.cRrsefiefiady y byt:he (1 ne
acts as_a |linker between a Eair of aromatic groups. I n one enbod%nent, at
| east brie 6VCKECE ondtdt groGps B €T ocy FiCQﬂﬁQQ¥%qﬁ9gn%éF i s3alicyl
group or 2-hydrxacetophenenybngeoup. (2hn whdX ef epredappbedigiRitrdshe s
heterocyclic group 20 conprises pyridine or benzimn dazol e. I n_one
preferred ésbodimest, &hei miarrltinkesangetoaplieeshetimencehespyitéilfe and
the Salycy%h%roggécancer; (3) a precancer differs from the normal
tissue from which it arises; (4) a precancer differs from
20 the cancer into which it develops, although it has some,
but not all, of the molecular and phenotypic properties
that characterize the cancer; (5) there is a method by
which the precancer can be diagnosed.
The term “photosensitive” 1s to be construed as
25 meaning responsive to a light source. In the case of
compounds according to the present disclosure,
“photosensitive” 1is to be construed as meaning that upon
optical excitation, the compound is excited from a ground
singlet state - to an excited singlet state.
30 The term "nucleic acid intercalating moiety" referxs
to part of a compound that can be inserted (intercalated)

in between adjacent planes formed by double stranded



I n another preferred enbodi ment, an imno-linker is

coupl edbet weent hepyri di neandt he2- 25 hydr oxyacet ophenonyl group. In another
enbodi nenvot2be/3esvsf f base | i gand cont ai ni ng addi ti onal poiriscagamoaisom from
a heterocycle is selected fromN-salicyl-2-imnoethyl pyridi ne(HSALI EP) or N-
sal i cyl-2-i m nonet hyl pyri di ne( HSALI MP) or N-sal i cy1l-2- 30

i m noet hyl benzi m dazol e( HSALI EB) or N-sal i cyl- 2-

i m nonet hyl benzi m dazol e( HSALI MB) or

hydr oxyacetraphenalel)c 2-ddidnoaRuy)py drdi RedtARIdcl)@idic Wacid (DNA)
2012/ 011875PCT/ SG2011/ 000261 , , , .
( 2- hydr oxy @6tGptiereny) L L7 9 noABEhYASHTR i C %%%?%%PFNP?oﬂntercalatlng

N- ( 2- hydromg% LophepodyD) - Zond ¢ QO%tfhymeZ' 20l HAR! EBYy B { 2y

hydr oxyacet o onyl)-2-im none | benzi m daz: HAPI EB) , I n anot
enbodinentnwﬂm@udwalewzlamchompensahgtEng k&a$uy0n©npssse$lalhgtéﬂ@ﬁyclic
aromatic intercalating nojety. Preferably, the heterocyclic aromati

i nt er cal at I°g M%A%et i§y§tF@Ctéﬁ”f#bnﬁ?héi@Q%ﬁb C8%SI% %@a%¥l??|§9ﬁﬁb
pyrazine, aglded Nef azepimR1ead riadiine, Ieferably, a nucleic acid
benzodi azi ne, bi pyri di ne, di azi ne, i soqui nol i ne,

oxazi ne, phéﬁ@wﬁWﬁﬁkﬁQ#@QOh@ﬁaﬁﬁﬁrom@ﬁeEﬁipéﬁéﬁﬁneonﬁte?ﬁ%ﬁﬁﬁ%a¥ﬁﬁlrﬂiat
i di |
e T

t hi azi ne" I nat | erred enb nment;the nuclelc
acid inter (b@l%ts ngf mai ehycisiselaedidedotr omc2,e2' ¢ bapydi dayxlal@rgue The

1, 10- phenant hrol.ine or 2, 9-di ne 1-1,10- phenanthrollne

di pyri - [ FEIEIS %qu]laE?HSQLP¥ﬁEgOPQ& r|QﬁV[3°§Prb§% agz<hemigiddnazi ne

or their d%rﬂo\{%lily@§ec@9ancf:%6@ht hete eg@ed&rmﬁngsétsl I@§t§ 1/z0Mri=he gr oup
: e

consi sting of 3. Preferab anion is Cl04.
In a prefemansd elnﬂbb@lrmmyarmat@ﬁpomm hagetlher@trreuctm@fﬂabem Whe

2012/011875P%T§%§3]égoogggéntlally consists of a heteropolyaromate.

Exemplary heteropolyaromates may consist of any suitable
15 number of rings, such as 1, for example 2, such as 3, for
example 4, such as 5, for example 6, such as 7, for
example 8, such as more than 8. Furthermore
heteropolyaromates may be substituted with one or more
selected from the group consisting of hydroxyl, bromo,
20 fluoro, chloro, iodo, mercapto, thio, c¢yano, alkylthic,
heterocycle, aryl, heteroaryl, carboxyl, carboalkoyl,
alkyl, alkenyl, alkynyl, nitro, amino, alkoxyl and amido.
Other exemplary nucleic acid intercalating moieties may be
selected from the group consisting of phenanthroline,
25 phenazine, phenanthridine, acridones, oxalo-
pyridocarbazoles, porphyrins, psoralens and any of the
aforementioned intercalators substituted with one or more
selected from the group consisting of hydroxyl, bromo,
fluoro, chloro, iodo, mercapto, thio, cyano, alkylthic,
30 heterocycle, aryl, heteroaryl, carboxyl, carboalkoYi,
alkyl, alkenyl, alkynyl, nitro, amino, alkoxyl and/or

amido. In some embodiments the “nucleic acid



I n anot her preferred enbodi nent the conpound has the structure: In yet
anot her preferred enbodi nent the conpound has 10 the structure: 15 20

30 WO 204208 TEGRCT/ SG2011/ 000261 I n still a further pprsicesmedoet

enbodi ment the conpound has the structure: In still a further preferred
enbodi ment the conpound has the structure: 15 20 WO

2012/ 011875PCT/ SG2011/ 000261 In still a further preferred enbodi nent the
conpound has the structure:

intercalating moiety” may be a conjugated polycyclic
heteroaromatic bidentate ligand.
The term “Schiff base” 1is intended to encompass a
functional group that contains a carbon-nitrogen double
5 bond with the nitrogen atom connected to an aryl or alkyl
group. The Schiff bases may be represented by the general
formula R;R,C=N-R3, where R; is an aryl or alkyl group.
The term “Schiff base ligand comprising an additional
~nitrogen atom from a heterocycle” or “nitrogen containing
10 Schiff base” 1is intended to encompass a Schiff base
coupled to one or more additional nitrogen atoms. That is,
one or more nitrogen atoms other than the nitrogen atém
present in the formula R1R2C=N-R3 (hereinafter “additional
nitrogen atom”). This additional nitrogen atom 1s the
15 heterocatom present in a heterocyclic ring which is coupled
to the Schiff base by an aliphatic group, preferably a
short chain aliphatic group such as a methyl or ethyl or
propyl or butyl group.
Throughout this specification, unless the context
20 requires otherwise, the word "comprise", or variations
such as "comprises" or "comprising", will be understood to
imply the inclusion of a stated step or element or integer
or group of steps or elements or integers, but not the
exclusion of any other step or element or integer or group
25 of elements or integers. Thus, 1in the context of this
specification, the term “comprising” means “including
principally, but not necessarily solely”.
Those skilled in the art will appreciate that the
invention described herein 1is susceptible to variatiops
30 and modifications other than those specifically described.
It 1is to be understood that the invention includes all

such variations and modifications.



C104 5 In still a further preferred enbodi nent the conpound has the
structure: 10 Preferably, the conpound is photosensitive to |light of 15
a wavel engohoofoiigzem about 10-1000nm In a preferred enpodisment/obéral
conpound i s photosensitive to |light of a wavel ength sel ected from 10-400nm
390- 750nm or 700-800nM Preferably, the wavelength is from 390-750nm
I n anot her enbodinent, there is provided a netal-20 |igand conpl ex
conprising a transition netal conplexed WD 2012/011875PCT/ SG011/000261
with at | east omaeni tirpgercicont aassg Sobibhfiebasallli gand avide at siteast one
nucl ei ¢ acid intercal ating noi et I n anot her enbodi nen t@g present

o]

di scl osur e {FRGWEEES aCﬁﬁ&%ﬁﬁé@dF%%ala%%npSQWPPBHdéonrﬁq 5K he*RomPdund of

5 formula | lynaduigxt urng Wity @ phasgecept igal by, acceptablausanyi er oxl n
accordance wth the present i1nvention,the conmpounds of the invention nmay be

used i n corbildegcitanedivt h astcheanknewd taldat penpingehess Sui tad etdgeRts are
listed,_ 10 for e>%arrpl.(zzjl,3 in th%rTQ%aNb&%g | ndex: An Encycl opedi a of
Cheni cal s, "BFr&gS &Ad“BiS5C8gi Ol €53t AR >Edi ti on, 2006, the entire contents
of which are ingerporaledd her eisudyr arafierience. Caphbsnat imons of exctlinde
agents, including conpounds of 15 the invention, may be synerqgistic.

Conbi nat i on§ o8P 1g&Eilve a@eﬁtsEhaﬁoﬂéoééﬁéﬁﬁinW%%%Ped‘bitﬁ§Ps§%HﬁP@§ﬁébusly

or sequent isglly. fnmnquvgﬂgan¥gDQ%ﬁﬁﬁe@gf§ni§£éétiQﬁohnC&UdGWH@ﬁg“iOn
c.),

(subcut aneous, i ntravenous, oral  admni stration, 20 transderm
appl i cat i omeckspiacal, ctleansicord geksberapondély; biadeeadabl et ¢dplfanem or
rectal _adm ni stratiaqn., Dep ing .on the route of adm nistration, the

for mul &Y i o &ndFe ﬁnégﬁﬁﬁbﬁgngﬁf B&VEoared with a material to protect the

cormpound from t kg 1aeld oapetiengyNesthagh dse and- 104 hete s Naiodtplr icand" i ons
whi ch may inactivate the therapeutic activity of the conpound. The conpound

may al so bensdni"sosraries "par émter SIFRYIGE licitr ajetiiteidal [fpereoct, are
intended to represent "open" or "inclusive" language such
that they include recited elements but also permit

15 inclusion of additional, unrecited elements.

As used herein, the term "about", in the context of
concentrations of components of the formulations,
typically means +/- 10% of the stated value, more
typically +/- 5% of the stated value, more typically +/-

20 4% of the stated wvalue, more typically +/- 3% of the
stated value, more typically, +/- 2% of the stated value,
even more typically +/- 1% of the stated value, and even
more typically +/- 0.5% of the stated value.

Throughout this disclosure, certain embodiments may

25 Dbe disclosed in a range format. It should be understood
that the description in range format 1is merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be

30 considered to have specifically disclosed all the possible
sub-ranges as well as individual numerical values within

that range. For example, description of a range such as



Phar maceuti cal conpositions suitable for injection include sterile aqueous
sol utions (where water soluble) or 30 dispersions and sterile powders for
t he ext emwonrarausyspreparati on of sterile injectabl e solPariScas 1000261

di spersions. ldeally, the conposition is stable under the WO

2012/ 011875PCT/ SG2011/ 000261 conditi ons of manufacture and storage and may
include a preservative to stabilise the 'conposition against the

contam nating action of mcroorgani snms such as bacteria and fungi. 5In one
embodi nent frome TormpouAd steyubd &dni npssedededy t@j deiconsPrAifRE2EaTe of

i njectable solutions, the carrier can bhe ol vent _or, di Si40 ium
cont ai ni ngd+f& oéﬁanﬁbbb,_W%ers, é’tlﬁgnoals, gé If/lo?ﬁ (Tor 3éxa$r‘g e, lglng'/(?:rggél ,
propyl ene ghygol;, @nd | igubd pokyetdeytene 10tgl pooltrcaand the bi ke, ,
suitable m xtures thereof, and vegetable oils. The proper fluidity can be
mai nt ai nedasf oveékanp$ e, LYl thduase HIMREEDat g Such R | &GS n, T6Y t he
mai ntengnchg;n tllge rnequj red particl e size @hitgeaﬁg@fegf rdhapanssan cand by
the use’ of “durfactant's.”'Preventi oh I5 of the action of m croor gani sms can
be achi evedhby birealdtti g vae aasganti-bacterial and/or anti-fungal agents.

Sui tabl e agents are well known to those skilled in_the art iocl , for
exanpl e, par abeﬁ?,rtéﬁporeﬁmd&ﬁ‘lﬂqtspﬁ%ar%la}f%%n]%?/l d?ﬂ?%%ﬁg%d gg?ﬁ%ﬁ%&c aglgi:ad,

t hi mer osal ;.204¢11h8130 hick@in.n MK Cagesire may rowepr efsgratiles t aniancl ude
i sotoni c agents, for “exanple, sugars, polyalcohols such as mannitol, '
sorbitol, sodigemegtiicordaidimashel Toriesi ¥1Rin PEBEoA§BE Taks OGS I t he

i nj ectabl e _conposi tions _can br.ought,. in i ng N Jdhe

conpos i off &y agflé)ﬁtm Zgav{/%i c%%deltgl%s a%%?%isiu%}né,' fglrhl%xa%ﬁlldel, al urn'trllqieum
nonost ear atenand ged@déniption ofSterd | embojeneabt e wsahutd opsorancber
prepared by incorporating the conpound in the rggui red q:rng)unt inma n

appr opr i at &e98diwént Lt Fe bhe" oF SEOVIRGI rARY ofiU6P 56 iyt et

di erfﬁf(s3 enurrer at ed
above, as %‘Hsf,edreéé)ié%@g By fiddwread stenidi satd oaxcGeaar aldosrial

di spersions are prepared by incorporating the conpound into a sterile WO
2012/ 011875RCHS@FIH00026kaidific e ighileh cont ai ns a basi ¢ di spersion

medi urrggnd the required other ingredients fromthose enunerated above.
Preferably, the pharmaceuti cal conposition may further include a suitable
buffer to mninmse aci dbbsbBydsatgsos. opftibablleEbhblémeagents are wel | known

to those skilled in the art and include, but are not Ifi m'tecjC tlo_,l. and
phosphat es, ci t rate®laar ot estBhe i xEIPeE PRBF 80P & metal=-ig

Si ngl eor'”“'édn&ll%@%%@&&@&kgnsé)f e pharmaceuhical GOMROSidONwaesorati ng to

t he i nvention rmay carried out. One skilled in the art woul d be able,

by routine leeperi mert aSicbnf ft obdeter hi gendf f eetpyesingn-aoxiadHoskRje t evel s

of the_conpound and/or_conp@sition of_ the i io nd_an il st i on
pat t er A%whiTBhH- 3R bet i thP%‘ 6 tHea ]?on%yct%gée d?%@asgg t(;al%%néiych C’Erﬂée
conpounds }hadh Lamosid i ens1aie appld cablercalatindumbhety it i Ihowe
apparent to one of ordinary skill in the art that the optimal course of
treat nent, Buckesesr RS nunber of doses of the conpound or conposition of
the invention givenper.fay fama defdnedaguher ofngays.pean s be an
ascertai ned using convention course of tredatnent determ nation tests.

In a pref eragst eidrogli ment robencearmpounds dhet Behprifdsdms<li $&besdr & Sard>
soluble _in a solvent selected fromthe group_consistin f ter., nol
and pr gyl enePBEBE HF ycBELSRBSY CpPef eﬁéﬁbl 33 tﬁéeggﬁﬁgﬁndgm%aor?\q%ee%& sg%}ltl]%ed in
a sol vent at oo SORE end ret i one sebested fromthe group consisting of about
0.05MMto SmM about 0.1mMto 4mM about 0.2mMto 3mM about 0.3mMto 2niv
about 0.4mMMto 1.5mM about 0.5nmMMto 1nmM about 0.6mMMto 1nM about 0. 7nmM
30 to 1nmM about 0.8mMto 1nM and 0. 9pM L p AMxPredesably, the
concentration is 1nM

30 wherein, M i1s a transition metal;
L is a Schiff base ligand comprising an additional

nitrogen atom from a heterocycle,

10



WO 2012/ 011875PCT/ SG2011/ 000261 General ly, an effective dosage per 24
hours nmay be in the range of about 0.0001 ng to about 1000 ng per kg body
wei ght ; swotatdopis7about 0. 001 ng to about 750 ngy per kgPhodg20miogizh] about
0.01 ng to about 500 ny per kg body 5 weight; about 0.1 ng to about 500 ng
per kg body wei ght; about 0.1 ng to about 250 ng per kg body weight; or
about 1.0 ng to about 250 ngy per kg body weight. Mre suitably, an

ef fective dosage per 24 hours may be in the range O about 1.0 ng to about
200 ng per kg badyiwei ghtheabeoubrdmBti® ngutbeaboutclB0 ngtperakgtbody

wei ght; about 1.0 to about 50 ng per kg body weight; about 1.0 ng to
about 25 ny permRéggMdy wei ght; about 5.0 ng to about 50 ngy per kg body
wei ght; about 5x0;00,40.abeWt 28470 per kg body weight; or about 5.0 ng to
about 15 ng per kg body weight. 15Alternatively, an effective dosage nay be
up to about 500nylisRsckectexadplos Ogé&werdal |y, an effective dosage is

expect to be Ln the range of abput 25 to about .50 ut 0
about ggOWQ /nQ?nab8U? Z%Q?%gé%%ﬁ "3 ng?%ﬂ%ﬁgggﬂgﬁggqégﬁébgﬁg 2%%%5 ng,
about 50 teoakeut 1350y Nk, 20, and,abeyt IS5, twiabaout ¥EONUImR. Eu, GdThere
is provided the use of a conpound or conposition as _descri bed above in the
nanufacturQYQfL&rn@ébcéﬁbn@MLOﬂkbhém%Wé%ﬁne%?'o@gcaﬁﬁerTaTh@'cgﬁce Smay be
sel ected from the group consisting 25 of skin cancer, lung cancer, stonmach
cancer, prostae cancer,- cervical cancer, vulvar cancer, penile cancer and
pancreatic canc@referably,| M aipr eferadbdnbodinngite, sheuskicancéarcendi s

sel ected fraom squanous, c carcin , -pasal,_cell_carcin a

mel anoh. CVE)%@E%?Olf@V??ET/S 01%?30 261 Er’ r%ﬁé?h(%%Ethggﬁéﬁéiéancer
i's non-smalph (gehl Ipyn®)carcersrrsnal Meel lbddmggancem 'is Cu (I a
preferred enbodi ment the cancer is |ocated on the head or neck of a

subj ect, includilig dwe ABPOPLREREd &he 5SERHBhr P30 chhedrS 6PTPRe SENY,

mouth, tongye. . RASA Y1 L 9.0 gLAr Al ANg, LOLAX, e Ay B0} 200Ukt sha
conpound according to e 'di scPosure provi des an alternative treatnent for
such -cancers amdiresrehiorates thel needafiditdoséi goditgpdamd akedsi | Fravi kg

surgerg the effects of which_10 ginnottge fully renedi ed by coaq%yé% and
r econst? uctieFE TG ery. |t CFELETRAMYher CRAvahTaye ofCthe i s& osurd that

even if sup@erydrs 4 6l nedragrbhgtpeelgicied .t reat ment ERposUEBnEaNGEs s,

t he conpounds described herein may be used intraoperatively to inprove

pati ent outleermss orEsTHerd ¢ s2 vt HedoFpePaisésSoheicgarpsLAd HF1d6mdsi ti on
as descri bed.ahove_in_ the n ur e of %EQkﬁ%ﬂ? trgafpent of
a pr ecancero%hﬁ% ﬁ?ecsaanlglecrﬁrmélr%gl se gctzeg1 rom om%énqésﬁécﬁésﬁe]ﬁ;se (sqtrgfirmus
cell carcinem &n sitphefaaiigd ¢ kebatidsens, adtd ni cetheptytiscor gBampett' s
20 oesophagus. | There is provided LQ; use of a conpound or conposition
as des%gibé@mﬂﬁﬁﬁ?ﬁIPKQﬁgHﬁ%uﬁ%uﬁﬁﬂ%iqﬁ ¥ i cament for the treatment of
macul ar degener atj oy, Prglekablyy t BepABEMEAL , degenermain®n i1siedr macul ar
degeneration. 25There is provided the use of a conpound or conpositi9n as
descri bed atwond ddh ety aeam dftec tRrel bifnea andi tdeameia l Fo¥ ! tFeOUR eat ment  of
human papill oma virus (HPV) warts. The . be, se d t group
consi sting of c&ﬁhnﬁn%é? § é?%ﬁ%ﬁ*gu?égéégT?R¥fa?”ha#§§£§v%§§8§£ P%%nae);
30 filiformoMpltesi pl andawesmrts EMerrucaypediis)e nosame wartsg genid-al
warts (Condyl oma acum natum Verruca acum nata) and periugual warts. WO
2012/ 01187 3PCHSCEFEWEEIERY! I5HEte i s provided the use of a conpound or
conposition as |-bed ahome B t Of 1 8- ar4i cayyentifigig t he
treat ment gflaagg?ﬁé%ig%?derﬁﬁ%¢2fg?§bly, {ﬁg g%%n dig%rder i's selecé%d
from acne \addjarisialr osateagesureomlafage, i hetskiosycdsl ak gedsSlasdc®bus

gl ands, mm%g%%g?& dkiﬁJﬁiﬁ%?%gﬁ#5géé@§§é%§¥gfgg’ rQégﬁgkgggis<§ypp%ﬁativa,

psori asi s, age
salicyl-2-iminomethylpyridine (HSALIMP)or N-salicyl-2-
30 iminoethylbenzimidaiole (HSALIEB) or N-salicyl-2-
iminomethylbenzimidazole (HSALIMB) or N-(2-

hydroxyacetophenonyl)-2-iminoethylpyridine (HHAPIEP)or N-

11



I n anot her enbodi nent there is provided a kit conprising the conpound or
conposition as descri bed above 10 together with instructions for use.

Pr ef er ablwo 20t»1k$7s may al so contai n one or nore furtherpctriseransuscc
agents. In a further preferred enbodinent, there is provided a

phot odynam ¢ therapy kit conprising the conpound or conposition as

descri bed above together with instructions 15 for use. Preferably, the kit
may contain one or nore further therapeutic agents. Brief Description of

Dr awi ngs The -ageorpatdte peawmgds -J- usirraiee: ray b ywel dised( 2 Emodh ment and
serve to explain the principles of the disclosed enbodi nent. However, it is
to be undefStlgodAFAXNATE HRAANRYY 1dref desi gned nmerely for the purposes of

iIlustratiqn,; R4 ane et iy Pe 1consisued as a definition of theyimits of
t he inventi onl. 25|§$/rgure 1l ils an EP (CGek Ri dge Thernal -El i psoid (PI ot

Progr an) vihew rofx yeargiaurice: r{aCu(1SALA-NR) (rpdmest) Hy( 108607 1 m iR G2HEBP 1B B)
accordance wth the present disclosure; Figure2isanabsarptiaonspectr.aof
30[0u(sg\u MP) ( biTBY) Oc%fﬁ)%u?f%)? 15T 5WTPP§-%?|&:E, aﬁé%wlﬂééf,caﬁﬁﬁf% upon
addi tion ofnd@EINAcAHHise . 3 MMet MORRN2/O01EEaRET/SGI0LHRA26E PONA] =
(0- 2.4) nmM Arrow shows the absorbance changi ng upon increasi ng DNA
concent r at Mt N-nset : plisfeoraglpng / (&he 6f )ReEeTPER@AI 1 or EREMAT At i on
of DNA wit - per i t peipt s Eul L. Lin | 5

{1 tting of Thetsararny moREy B g e B o B 2 i s 2

showi ng t hefextentanine) eapagezaheSC UG DNA (Oadeg)inby cempoundns, |1,

11 and IV under different |jght. conditions by conpounds according to the
di scl o8 e PSP FidfurE 14 C%er(’J )E)“g}réec't rop b?éng' g})aéf’g%u§ﬂ8%lﬁ‘§'?he~ rext ent

of cl eavage,qf; i$fe ,PUCLOL N { Qr D e Py cpRBAHAENY01Vhe, VI | AR r¥dingynder
different light conditions. 15 Exanples Non-limting exanples of the
i nventi on WHdrisk rfaur t hepuldieer i bedyrhdgreat er PaEEilE, by PeF&Cdice o

specific anpl es, whic % t b r as ji,n. any 20 way lLimting
t he scopeEg%Jq}hoe J'|nne\/ent!|¥1(4)jr?1%~1I8 %%ﬁ%éi S%Pg%{agtaazﬁgl ﬁuri‘#llﬁca% |%gn' pr 6cesa|§ml).
Synt hesi s afonchidtfi dissecHdagaods (HL) 25
N-sal i cylidi ne-2-i m noet hyl pyri di ne SAL| EP) was prepared by refl uxipng
sal i cylal dehyde Hdhd 2 aRFROEERGE pyé'ﬂi?hém?%\ta :gh"f‘ml eﬂucr]a%llico i 17
et hanol . The,dd.gand vas, ugededisr ect | didhey nexbnst e mig fiout 3Pi sejati on.
WO 2012/ 011875PCT/ SG20171/ 000563, &
1,10-phenanthroline or 2,9-dimethyl-1,10-phenanthroline or
dipyrido-[3,2-d:2’,3"'-f]-quinoxaline or dipyrido-[3, 2-
a:2’,3’'-c]-phenazine or their derivatives.
20 In another embodiment X 1s selected from the group

consisting of Cl0,, NO3, Cl°, Br, I, Pof_. Preferably,

the anion is Cl04 .

In a preferred embodiment, the compound has the
structure:
: I
CH AN
: [
N N~ C104
’.xéu2+'
—H;N N| N
N
\_/ _

30
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N-salic_ylidine-2-imnonethyl p_yridi ne(HSALI MP) was prepared by refl uxing
sal i cyl al dehyde and 2-picolyl amne in a 1:1 nolar ratio in dry ethSnol.
The | i gansowar/ussed directly in the next step without i polracGeenoodet

N- ( 2- hydr oxyacet ophenonyl) - 2-i m nonet hyl pyri di ne (HHAPI MP) was prepared by
refl uxing 2-hydroxy acetophenone and 2- picolyl amne in a 1:1 nolar ratio
in dry ethanol. The ligand was used directly in the next step w thout 10

i sol ati on. N-(2-hydroxyacet ophenonyl)-2-i m noet hyl pyri di ne( HHAPI EP) was
prepared by ref |tuxiargptZrdry dp oxFe aced ophepanacand the arwpmoeimy| hpyr ittiene in
a 1:1 nmolar ratio in dry ethanol. 15 The |igand was used directly in the
next step WENGIHILSSol ation. 2). Synthesis of binary conplex [Cu(L)](0104)
.NH20 [Cu (SALIEP) ] (C104) . O b5HZO™R0 HSALIEP solution in dry ethanol
(8 mmol ) was added drop wise to the o et hanolic solution of copper(Il)
perchlorate (8 mmol). The resul ting ni{Xtur S irred for 1 hour at room
temperature. Dark green solfid predipitfate | was fi tered, washed with

et hanol~and drid 25in air. [Cu ( TPA@%NJfN ¢9H20 HSALI MP solution in
dry ethanol (2.5 mmol) was addeﬁggpopcmwse e| dry ethanolic solution of
copper(11) 30 perchlorate ( §5 I'). The ting mxture was stirred for
1 hour at room tenperature. /green SO

2012/ 011875PCT/ SG2011/ 000261 precipitated was filtered, washed w th ethanol
and dried in air. [Cu (HAPIMP)] (Cl04) .H20 5 HHAPI MP solution in dry

et hanol (10 mMolIn weast addethdr opreifsered tewd adiiynegttharniod i cospbutnibomasf
copper()l1) perchlorate (10 mol). The resulting m xture was refluxed for 1
hour . rkqﬁqn%ﬂ¥%ﬁ§¥§ﬁ'solid precipitated was filtered, washed with
ethanol and dried in air. 10 [ Cu( HAPI ER)] (C104) HHAPI EP solution in dry

et hanol (10 nmol) was added drop w sg the dry ethanolic solution of
copper(1l) perchlorate (10 mml ). Thk sulting mxture was refluxed 15 for
1 hour. Dark green solid eci pit at’ed s filtered, washed wi th ethanol and
dried in air. 3). Syntheasis of t@rna?y canmpl gxes| [ Cu(L) (B) 1(C104) . nH20,
where B = 2, 2' bi pyridi ne (|bi py) '1,.10- phe hr olame 20(phen) [Cu
(SALIEF% (bip_y) .1 (C104)| (I olOnﬂé?ﬁhnolicsolu i onof 0. 397g( 1. Ommol )
[Cu(SAL EP)](0104) . 0. 5H20,|0. ¥56g(L-Omopl ) 287 2™

res

In still a further preferred embodiment the compound

20 has the structure:

cic,

25 v L) k/

30
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25 bi pyridine dissolved in 10 mMl of ethanol was added dropw se. The
resultant m xture was refluxed for | hour. The green crystalline solid that
was separwpediauismas filtered, washed with ethanol andpairscdeii@de2éThe
conpound was recrystallised fromethanol. Yield 75% (Found: C, 3053.02;

H, 3.90; N, 10.05. Calc.for C24H2101N405Cu: C, WD

2012/ 011875PCT/ SG2011/ 000261 52.94; H, 3.86; N, 10.29%. IR cm 1(KBr
disc): 1626 vs (C=N). [Cu (SALIEP) (phen)] (C104) (11) 5

TolOntet hanel i esiol it & 0@ hEI8gffe Semmdq  p@OSANEEP) [t 0dmpOuBE20.250. 09 ¢
(0.5 nmol) 1,10- phenanthrline dissolved in 10 m of ethanol was added drop
Wi se. The tESUSLANCEMTREure was refluxed for | hour. The green crystalline
solid was separated out in 75%yield. 10 The solid was filtered, washed

wi th ethanol and air dried. The corrpound was recrystallised from ethanol.
The green crystalline solid that was parated out was filtered, washed
with ethanol and air dried. The Gonpg was recrystallised from ethanol.
Yield 75% (Found: C, 54.60; 15H: | c. for C26H21CLN4050u:
C, 54.92; H 3.69; N, 9.85%. IR cpml(oKBr : 625 vs (C=N). [Cu

(SALI MP) (bippy) 1 (C104) (jI11) 20 "rolOmliet | i cg@d,utionof0.117g(0. 3nmmol )
[ Cu(SALI MP)] (0104) .H20, Q.0468 [g (0 3u?frm)|) 2, 2 b| pyridine dissolved in
10 M of ethanol was added |dr ;

roomtenperature for 30 m nut&g. /

separated out was filtered, wastied with etha and air dried. The conmpound
was recrystallised fromethanol. Yield 85% (Found: C, 52.16; H, 3.63; N,
10. 31. | c. for 023H1901N4050u: C, 52.07; H, 3.58; N, 10.56%. IR

cm 1(KBr disc): 1631 vs (C=N). 30 [Cu (SALI MP) (phen) ] (C104) .H20. C2H5CH
(1) WD 2012/011875PCT/ SG2011/ 000

Tol0mtet hardl i Esbtit ﬁo%%@@f?g}?’éegﬁ%?‘? FERCSALTIR) 1=10164FP R0, "6054 ¢
(0.3 nmmol) 4, 1Q+ Rhengd.hrline dissolved in 10 m of ethanol was added drop
w se. The resultant m xture was stirred at room5 tenperature for 30

m nutes. The green crystalline solid that was separated out was filtered,
Washedll&vith et hanol and air dried. The conpound was recrystallised from

et hano Yield 85% (Found: C, 52.24; H 3.66; N, 8.91. Cab, for
C27H27C1LNAO7Cu: C, 52.42; H, 3.88§; 0699. IR 10cm 1(KBr disc): 1633 vs
(CN. [Cu (RAPINE ) (bi py) (C104) To 10nl nethanolic sol ution of

bi pyridine 15 dissolved in (10 m f m&{hanpl As added drop wise. The
resultant mxture was stirrled at Noomte per g gf* 30 m nutes. The green

crystalline solid was separjat ed Et}e sol hs |filtered, washed with

0. 406g( 1.0 mmol ) [Cu(HAPINT GQLLO , 0456 g (1.0 mmmol) 2, 2'
n

nmet hanol and air dried. Thel coghpo nd wasreerystal ¥ised fromnethanol. 20
Yield 85% (Found: C, 53.01; N90 N, 1p. 08} Cab, for C24H21CLN4O5Cu: C,
52.94; H, 3.86; N, 10.29% ml( KBr d 1604 vs (C=N)

[ Cu( HAPI MP) (phen) . 1 (c104) (VI)

15

20

14



25 To 10nml net hanolic solution of0.406g(1.0 nol) [Cu(HAPI MP)](0104) . H20,
0.180 g (1.0 mmol ) 1, 10 phenanthroline dissolved in 10 mM of nethanol was
added dr opownpaniisihe resultant m xture was stirred at r@®@omSGeop®nasure for
30 mnutes. The green crystalline solid 30 was separated out. The solid was
filtered, washed with nethanol and air dried. The conpound was
recrystallised WD 2012/011875PCT/ SG&011/000261 from net hanol. Yield 83%
(Found: C, 54.98; H, 3.73; N, 9.77. Cab, for C26H21CLN4AO5Cu: C, 54.92; H,
3.69; N, 9I85%tilllR actiuttkBr dircerrksDIemsodOefit Sheu (HAMPER PBiSpy)
(0104) (wIl1) 0.402 g ¥1:0 mmol ) of [Cu(HAPIEP)] (0104) was dissolved in 60
m of war mtABt RARBFTY¥6 this solution 0.156 ‘g (1.0 nmol) 2, 2' bipyridine
dissolved in 10 m of methanol was added drop wi se. The resultant sol ution
was refluxed for 1 10 hour. The solvent was evaporated by rotary
evaporation. The green crystalline solid separated was filtered, washed
with nmethanol and air dried. The conp-[ad was recrystallised from nethanol .

Yield 75% (Found: C, 53.82; H, 4.16 9.97. Calc. for C25H23CLN4O050u: C,
53.76; H, 154.12; N, 10.03%. IR <c Br di sc): 99 vs (C=N). [Cu

(HAPI EP) (phen) ] (C104) [VII1J*0s ¥ (0.
was di ssolved in 60 m of | warm net|hanol®. To
nmml) 1, 10 phenanthroline dissol yed in 10~
wi se. The resultant solut{on was refluggd for
evaporated by rotary evaporay/fony The€ green,
filtered, washed wth nethangl a air driegl. The conpound 25 was
recrystallised from net hanol YYield 75% (F 7 C, 55.73; H 4.01; N,
9.57. Calc. for C27H23CIN4O50u: C, 55.67; H, 3.95; N, 9.62%. IR cm 1(KBr
disc): 1599 vs (C=N). 30 Crystal structureof conpound

[ Cu( SALI MP) (phen)] (C104) .H20. C2H5CH. WD 2012/ 011875PCT/ SG2011/ 000261
Thecryst al struct ur eof conpound [ Cu( SALI MP) (phen) 1(0104) . H20. 02HSOL1 was
obt ai ned by siggl el chystpdt a%réiféff@@t e dogedemitquehe Scngbeucrystad  was
obt ai-ned sl ow evaporation of ethanolic solution of the 5 conplex. The

di ffracti othexperiuami were carried out on 'a Bruker SMATR CCD
diffraigoneter with a MoKa seal ed tube. The program SMART was used for
collecting franes of data, indexing reflection, and determning lattice
paranmeters; SAINT was used for integration of the intensity of 10
reflections and scaling. SADABS was used for absorption

| )of [Cu(HAPIEP)] (d ad
sollution 0.180 g (0.05 20
met A8nol was added drop

1 hour. The sol vent was
talline solid separated was

Clo,

Preferably, the compound is photosensitive to light of

15 a wavelength of from about 10-1000nm. In a preferred

embodiment the compound 1s photosensitive to light of a

wavelength selected from 10-400nm, 390-750nm or 700—800nﬁ.
Preferably, the wavelength is from 390-750nm.

In another‘ embodiment, there 1is provided a metal-

20 ligand complex comprising a transition metal complexed

15



correction, and SHELXTL was used for space group and structure
determ nation and | east refinenent on F2. Selected crystall ographic data of

experi menweal2oatias’ss are conpiled in Table 2. 15 PCT/B&hO /000261 y St al
data and structure refinenent for conpound [ Cu(SALI M) (phen)] (C104) .H20
(1v). | dentification code 9295a Empirical formula

with at least one nitrogen-containing Schiff base ligand
and at least one nucleic acid intercalating moiety.

In another embodiment the present disclosure provides
a pharmaceutical composition comprising the compound of

5 formula I in admixture with a pharmaceutically acceptable
carrier.

In accordance ' with the present invention, the
compounds of the invention may be used in combination with
other known treatment agents. Suitable agents are listed,

10 for example, in the The Merck Index: An Enéyclopedia of
Chemicals, Drugs, and Biologicals, 1l4th Edition, 2006, the
entire contents of which are 1incorporated herein Dby
reference. _

Combinations of active agents, including compounds of

15 the invention, may be synergistic. Combinations of active
agents may be co-administered either simultaneously or
sequentially.

Convenient modes of administration include injection
(subcutaneous, intravenous, etc.), oral administration,

20 transdermal application, topical creams or gels or
powders, biodegradable implant, or rectal administration.
Depending on the route of administration, the formulation
and/or compound may be coated with a material to protect
the compound from the action of enzymes, acids and other

25 natural conditions which may inactivate the therapeutic
activity of the compound. The compound may also be
administered parenterally or intraperitoneally. '

Pharmaceutical compositions suitable for injection
include sterile agqueous solutions (where water soluble) or

30 dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or

dispersions. Ideally, the composition is stable under the.

16



027 H25.50 A Cu N4 06.25 20 Fornmul a wei ght 605. 00 Tenperature 223(2)K
Wavel ength 0. 71073 A Crystal system Ot horhonbic Space group Pbca
25 WO 2012/011875 PCT/SG2011/000261

conditions of manufacture and storage and may include a
preservative to stabilise the ‘composition against the
contaminating action of microorganisms such as bacteria
and fungi.

5 In one embodiment, the compound may be administered
by injection, In the case of injectable solutions, the
carrier can be a solvent or dispersion medium containing,
for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyetheyleﬁe

10 | glycol, and the 1like), suitable mixtures thereof, and
vegetable oils. The proper fluidity can be maintained,
for example, by the use of a coating such as lecithin, by
the maintenance of the required particle size in the case
of dispersion and by the use of surfactants. Prevention

15 of the action of microorganisms can - be achieved by
including various anti-bacterial and/or anti-fungal
agents. Suitable agents are well known to those skilled in
the art and include, for example, parabens, chlorobutanol,
phenol, benzyl alcohol, ascorbic acid, thimercsal, and the

20 like. In many cases, it may be preferable to 1include
isotonic agents, for example, sugars, polyalcohols such as
mannitol, sorbitol, sodium chloride in the composition.
Prolonged absorption of the injectable compositions can be
brought about by including in the composition an agent

25 which delays absorption, for example, aluminium
monostearate and gelatin. ,

Sterile injectable solutions <can be prepared by
incorporating the compound in the required amount in an
appropriate -solvent with one or a combination of

30 ingredients enumerated above, as required, followed by
filtered sterilisation. Generally, dispersions are

prepared by incorporating the compound into a sterile

17



Unit cell dinensions a=20.0374(7) A i=900. b=12. 4850(5) A i=900.
€c=20.9085(8) A 1=900. Volunme 5230.6(3)A3 8 30 Density(cal cul at ed)
1. 537 My/w® 2012/011875 PCT/SG2011/000261

vehicle which contains a basic dispersion medium and the
required other ingredients from those enumerated above.

Preferably, the pharmaceutical composition may
further include a suitable Dbuffer to minimise acid

5 hydrolysis. Suitable buffer agents are well known to those
skilled in the art and include, but are not limited to,
phosphates, citrates, carbonates and mixtures thereof.

Single or multiple administrations of the
pharmaceutical composition according to the invention may

10 be carried out. One skilled in the art would be able, by
routine experimentation, to determine effective, non-toxic
dosage levels of the compound and/or composition of the
invention and an administration pattern which would be
suitable for treating the diseases to which the compounds

15 and compositions are applicable.

Further, it will be apparent to one of ordinary skill
in the art that the optimal course of treatment, such as
the number of doses of the compound or composition of the
invention given per day for a defined number of days, can

20 be ascertained using convention <course of treatment
determination tests.

In a preferred embodiment the compounds of the
present disclosure are soluble in a solvent selected from
the group consisting of water, ethanol and propylene

25 glycol. Most preferably, the compounds can be dissolved
in a solvent at a concentration selected from the group
consisting of about 0.05mM to 5mM; about 0.lmM to 4mM;
about 0.2mM to 3mM; about 0.3mM to 2mM; about 0.4mM to
1.5mM; about 0.5mM to 1mM; about 0.6mM to 1mM; about 0.7mM

30 to 1mM; about 0.8mM to ImM and 0.9mM to 1mM. Preferably,

the concentration is 1mM.

18



Absorption coefficient 0.989 Mm 1 F(000) 2492 Crystal size0.60 x 0.20 x
0.12 nmB Theta range for data collection 1.95 to 27.50. WO

2012/ 0118¥bRGR/3E2811/ 000261

| ndependent refl ections 5Conpl eteness to theta = 27. 500 Absorption
correction Max. and mn. transm ssion Refinenent nethod Data /
restraints / paranmeters 10Goodness-of-fit on F2 Final R indices
[1>2sigma(l)] R indices (all data) Largest diff. peak and hole

- 26<=h<=20, - 15cekez16.1 35492 S04 R Nd92§486Er92.49 HéSem meppbei cal

equi val ents 0.8905 and 0.5884 Full-matrix | east-squares on F2 6000 / 2 /
357 1.044 the range of about 0.0001 mg to about 1000 mg per kg body

10

15

20

25

30

weight; suitably, about 0.001 mg to about 750 mg per kg
body weight; about 0.01 mg to about 500 mg per kg body
weight; about 0.1 mg to about 500 mg per kg body weight;
about 0.1 mg to about 250 mg per kg body weight; or about
1.0 mg to about 250 mg per kg body weight. More suitably,
an effective dosage per 24 hours may be in the range Jf
about 1.0 mg to about 200 mg per kg body weight; about 1.0
mg to about 100 mg per kg body weight; aboﬁt 1.0 mg to
about 50 mg per kg body Weight; about 1.0 mg to about 25
mg per kg body weight; about 5.0 mg to about 50 mg per kg
body weight; about 5.0 mg to about 20 mg per kg body
weight; or about 5.0 mg to about 15 mg per kg body weight.

Alternatively, an effective dosage may be up to about
500mg/m2. For example, generally, an effective dosage 1is
expected to be in the range of about 25 to about 500mg/m2,
about 25 to about 350mg/m2, about 25 to about 300mg/m2,
about 25 to about 250mg/m2, about 50 to about 250mg/m2,

and about 75 to about 150mg/mZ.

There 1is provided the use of a compound or composition
as described above in the manufacture of a medicament for
the treatment of cancer.

The cancer may be selected from the group consisting
of skin cancer, 1lung cancer, stomach cancer, prostate
cancer, cervical cancer, vulvar cancer, penile cancer and
pancreatic cancer.

In a preferred embodiment, the skin cancer is selected
from squamous cell carcinoma, basal cell carcinoma and

melanoma.

19
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RL = 0.0545, wR2 = 0.1525 R1 = 0.0688, wR2 = 0.1618 0.749 and -0.539 e. A-3
15 20 Table 2. Sone sel ected bond di stances (i) and bond angles () of
conmpound WOR(BALISP) (phen)] (CL104). 1. 120 (IV) Cu(1l)-0(1pCcTsGRHMNIRs1
25Cu(1)-N(1) Qu(1)-N(3) Qu(1)-N(4) (1)-CQ(1)-N(2) (1)-Cu(1)-N(1)
30N(2)-Cu(1)-N(1) (1)-CQu(1)-N(3) (2)-Cu(1)-N(3) (1)-Cu(1)-N(3)
(1)-Cu(1)-N(4) 35N(2)-Cu(1)-N(4) (1)-Cu(1)-N(4) 1.921(2) 1.940(2) 2.033
(3) 2.036(3) 2.253 (3) 93.53 (10) 159.99 (10) 82.07 (11) 88.29 (10) 177.30
(11) 96.89 (10prkGer2219) 99e441G49) 938nO8r (13 MA-small cell lung

2012/ 011875PCT/ SG2011/ 000261
cancer or small cell lung cancer.’
In a preferred embodiment the cancer is located on the
head or neck of a subject, including but not limited to
5 tumours or cancers of the 1lip, mouth, tongue, nasal
cavities, throat and thorax. Advantageously, the compound
according to the disclosure provides an alternative
treatment for such cancers and ameliorates the need fér
disfiguring and debilitating surgery, the effects of which

10 cannot be fully remedied. by cosmetic and reconstructive
surgery. It 1is a further advantage of the disclosure that
even 1f surgery 1is retained as the preferred treatment for
such cancers, the compounds described herein may be used
intraoperatively to improve patient outcomes.

15 There 1is provided the use of a compound or composition
as described above in the manufacture of a medicament for
the treatment of a precancer. The precancer may be
selected from Bowen’s disease (squamous cell carcinoma in
situ) actinic keratosis, actinic cheilitis or Barrett's

20 oesophagus.

There 1s provided the use of a compound or composition
as described above in the manufacture of a2 medicament for
the treatment of macular degeneration. Preferably, the
macular degeneration is wet macular degeneration.

25 There 1s provided the use of a compound or composition
as described above in the manufacture of a medicament for
the treatment of human papilloma virus (HPV) warts. The
warts may be selected from the group consisting of common
warts (Verruca vulgaris); flat warts (Verruca Planae);

30 filiform warts; plantar warts (Verruca pedis); mosaic
warts; genital warts (Condyloma acuminatum, Verruca

acuminata) and periugual warts.

20



N(3)-Cu(1)-N(4)78.11(10) DNA bi nding study by absorption titrati on The DNA
bi ndi ng experinments were perforned at room5 tenperature. The DNA

concent r avpanizpais7aucl eoti de was deternm ned by absor pti enTspectio®60py
using the nol ar absorption coefficient (6600t-'cm) at 260 nm Absorption
titration experinments of Cu(ll) conmplexes (I - VIII) in buffer(5nM
Tris-HCL, 50mM NaCl, pH7.2) were perfornmed by 10 using a fixed copper
concentration to which increments of the DNA was added to a maximumratio
of 8:1 [DNA]: [ capper i¢omHx]dedCapern:dNA 504 utbapsumer erakbopeditdon
incubate for 10 m nutes before the absorption spectra were, recor de% %see
Fi gure 2).2%59RfeE1Mad mhvei Hai AiCcIRSERC RS ToppePett FFNEBhpréxes (|
-VIIl) to at.ed .usj t Vi ng ti ong L QORNG /
(Ea - Ef) %Dﬁﬁse%%#ﬁ%)%gg?n[%(%ﬁ% )ﬁmx%greg%m]n?s t he
concent r at dasoatieDNAisn basecpadr s{ré&a, afnand Byadries t hecs@s@sent SUr ee,

and bound tal conplex extinction coefficients,respectively.ln_ platsof
25[ DNA]Y (E amaﬁﬁ'vrerg;éﬁ% [%\ﬂ]’, §Tqﬁ§g§ic\/eﬁeg§lc?ﬂlésragt'aon ot" sl"opé l%st’he
intercept. skin rAPSRERLEOHN tikhati-erifehhoth nasadsedt1o moppleatike,
interaction of the conplexes | - VIII with CT DNA Intercalation of a
conpl ex t oPBRAlgEAEn aldlbpriss @&ty B3¢ MsbAmRHhSand r ed :

shi ft (bat hochrogi s a y band, due togstr Siacki 09 kic
i nteraction of %%%85135%%18921%@}@%%11/ 0261 grso tic lchr om)phoré-L of the
| i gand andcoeriasecpailiss odmbbiénd The eximgntsicfidy poshdertsabeHusbgivees an

estimate of the strength of an intercal ative binding._ Fiqure 2 _sho t he
decr eas® i YOS Fantet s peBEFaYEr 18 EomdundSF L | vﬁqfqarF?]?%? a’siFiéea nt of

CT DNA whi ghconisel ales Wrt bddtar ealat ion-fe camowpkddilc Wigdndhe CT DNA.
The simlar Spectral changes were observed for all eight ternary copper
(11) conpl exes Ificenfountdey praferyed Temoe@iRARY, cHPPEE( LF) PESTPICELeS Wi t h

1, 10- 10 phenant hr.al.i ne bi r ex 11, 1V, V I'1),,show
hi gher ext %&Ot&dyﬁlﬁ%&r oﬁ%%&anpgﬁe Ec(eér arl%ggppeé??l)kggﬁgfl}e{ées Ovfllfsth 2,
2' bi pyri dicegpas iDNArbi adledebeotipkeax abovie 1t odk anelr Vi hbecause aafi drisgher

bi ndi ng ability of 1, 10- phenanthroline at the m nor groove of 15 DNA. The
intrins?c &Qdi 1 ¥Rt um BRATBIAGENg comt dntt (BRYvaiUSL Tt PRE cohplMEXes

fol  ow the Same Or del. a3 RRSQr VR the trend of hypochrom sm DNA

cl eavage study by gel electrophoresis 20 The DNA cl eavage activity of the
conpl exes was studied using SC pUCL19 DNA in a nediumof Tris-HCL / Nad

buffer with a conpl ex con%el_rﬁerfahie%%rg%&%% Io.cft @ram%r&%ﬁé eavage reactions
wer e

were carried out under aefobi ¢ conditrons an Itored by agarose gel
el ectrophor esi s.THNA 2 @lavagey | nabathndar kiandstnatbe presencd afed i ght
was carried out. The photo-induced DNA cl eavage acti Vlt%ﬁ& t he conmpl exes

vas stélli eMEACERSTYT adPat i BRTBE CofpleRdS Wi t A fonBERR PE 19ght
different gﬁ‘éf‘édl%%d“ HH NG dzChem phot O eact ot andplbanpsichar 3Q MHu4 es
an

exposure 3 nonitore y gel electrophoresis(Figure. 3 and 4). Table 3
shows the speci bireatinoss efrel | ghtigsed: mye2012f011875PCH SEXEY 060261

illustration, and are not to be construed as a definition

of the limits of the invention.

25 Figure 1 is an ORTEP (Cak Ridge Thermal—Ellipsoid
Plot Program) view - of compound
[Cu (SALIMP) (phen)] (ClO4) .H20.CoHsOH 1in accordance with the

present disclosure;

Figure 2 is an absorption spectra of
30 [Cu (SALIMP) (bipy)] (compound III) in 5mM Tris-HCl, 50mM
NaCl, (pH7.2) upon addition of CT-DNA. [Cu] = 0.3 mM,

21



Tabl e 3: Light Specification . LZCGUVA WA |anp centered at -350 nm

LZC- 420 Lanp centered at -420 nm LZC- VIS Cool white fluorescent tubes
wi t h cut swof2b122111680 nm for "red only" Red sleeve filterci/scroamoasi on.
VWhenci rcul ar pl asm dDNAI ssubj ectedto 5 el ectrophoresis, relatively fast
mgration is obderved for the intact supercoiled DNA (SC, type I). If

sci ssion occurs on one strand (nicking), the super coiled DNA will relax to
generate a slower noving open circular form (NC, type Il). If both strands
are cl eavedpna]l i=near-f or m) ( typpe Abrdd | yhohat tmegrat esribetoeenhtyppent and

type Il will be generated. The four conpounds (I, I, 1]l _and LV)
were foundUBRA clRésrsde infact PNVe uRBBFEBAFRTCEREIt | c}%‘.se&l'l tEﬁJeo?%urOf

conmpounds r,_sho traong t.0 4 ed@{\!ﬁ e act Lvi in the
presence OEB%X?((?"‘BSO r?ir) Vf%i'gh[t%t@rqd fs?r}glr:ﬁcrfef can %%%?ﬁd%@%d%% 1;é%ﬂgavage
activity inaohpecRl.eserperamhenicailbl davavebength ;of fhight 1(ne600 nbheatere
conversion of type | gsuper coiled, SC) to type Il (nicked circular) was
observed . fAStéan pé $86nAESM the results 20 in Table 4 and Figure 3, the
results of lanes 2, 5, 7 and 10-12 show the best results conpared to the
control in | aneFigucsmpourid 3 \Bawase } SUREOR O SPOW st eAg2PhefeviAduEEE DNA

cl eavage actjvity in the presence_of t hree vel engt h | sed in
the experiRBhERt285T401%8 V495 %ﬁvﬁgepgu&@f@ d@(ﬁlq@lg@é) gérﬁpé%ﬁfh)l g)(es I,
11, 111 angzlV ghder odisf f arenturi@act i @nf eonslit | onsghtaneondnbeenReaeti on
%orml %ormll Condition .
compounds according to the disclosure, and Figure 4. Gel
10 electrophoresis diagram showing the extent of cleavage of

SC pUC19 DNA (0.5ug) by compound V, VI, VII and VIII under

different light conditions.

15
Examples

Non-limiting examples of the invention will be
further described in greater detail by reference to
specific Examples, which should not be construed as in any

20 way limiting the scope of the invention.
Synthesis route and purification process

1). Synthesis of Schiff base ligands (HL)

25
N-salicylidine-2-iminoethylpyridine (HSALIEP) was prepared
by refluxing salicylaldehyde and 2-
aminoethyl pyridine in a 1:1 molar ratio in dry ethanol.
The ligand was used directly in the next step without

30 isolation.

22



(SC) (NC) WD 2012/011875PCT/ SG2011/000261 1 DNA control 94 6 2 DNA+I, (UVA)
11 89 3 DNA+I, (420nm) 64 36 4 DNA+I, (Vis) 70 , 30 5 DNA+I |, (420nm) 34 66 6
DNA+I |, ( Mve)202/01883'5 PCT/SG2011/000261

N-salicylidine-2-iminomethylpyridine (HSALIMP) was
prepared by refluxing salicylaldehyde and 2-picolyl amine
in a 1:1 molar ratio in dry ethanol. The ligand was used

directly in the next step without isolation.

N- (2-hydroxyacetophenonyl)-2-iminomethylpyridine (HHAPIMP)
was prepared by refluxing 2-hydroxy acetophenone and é—
picolyl amine in a 1:1 molar ratio in dry ethanol. The
- ligand was used directly 1in the next step without

10 isolation.

N- (2-hydroxyacetophenonyl)-2-iminoethylpyridine (HHAPIEP)
was prepared by refluxing 2-hydroxy acetophenone and 2-
aminoethyl pyridine in a 1:1 molar ratio in dry ethanol.

15 The ligand was used directly in the next step without
isolation.

2). Synthesis of binary complex [Cu(L)] (Cl04) .nH>0

[Cu (SALIEP) ] (C104) .0.5H20

20 HSALIEP solution in dry ethanol (8 mmol) was added drop
wise to the dry ethanolic solution of copper(II)
perchlorate (8 mmol). The resulting mixture was stirred
for 1 hour at room temperature. Dark green solid
precipitated was filtered, washed with ethanol and dried

25 in air.

[Cu (SALIMP) ] (C104) . H;0

HSALIMP solution in dry ethanol (2.5 mmol) was added drop

wise to the dry ethanolic solution of copper(II)
30 perchlorate (2.5 mmol). The resulting mixture was stirred

for 1 hour at room temperature. Dark green solid
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7 DNA+I 11, (UVA) 10 90 8 DNA+I |1, (420nm) 63 37 9 DNA+I |1, (Vis) 43 57 10
DNA+I V, (UVA) 1 99 11 DNAHIV, (420nm) 2 98 12 DNA+HI V, (Vis) 5 95

Control expeviymmamrs with SC DNA with the four conpoundspCYisGY11/08261 and
VII1) in dark do not show any appreci able DNA cl eavage activity. Al the
four conpounds 5 are found to be efficient photo cleaver of DNA in the
presence of UVA (-350 nm light and have significant photo i nduced DNA

cl eavage activity in the presence of visible wavel ength of light (- 600
nm- A conyeksiigitafedypead fsuperedpi lwabheSC)wibht pp@alnlol( mrkedrdiedcul ar)
and 10 type IIl (linear form was observed for all four compounds (V, VI,
VI and VI FF) 84 -t he presence of UVA (-350 nm |ight.

[Cu (HAPIMP) ] (C10O4) . H20

5 HHAPIMP solution in dry ethanol (10 mmol) was added drop
wise to the dry ethanolic solution of copper(Il)
perchlorate (10 mmcl). The resulting mixture was refluxed
for 1 hour. Dark bluish green solid precipitated was
filtered, washed with ethanol and dried in air.

10v
[Cu (HAPIEP) ] (C10y)
HHAPIEP solution in dry ethanol (10 mmol) was added drop
wise to the dry ethanolic solution of copper(II)
perchlorate (10 mmol). The resulting mixture was refluxed

15 for 1 hour. Dark green solid precipitated was filtered,

washed with ethanol and dried in air.

3). Synthesis of ternary complexes [Cu(L) (B)] (Cl0O4) .nH-0,

where B = 2,2'bipyridine (bipy) or 1,10-phenanthroline

20 (phen)

[Cu (SALIEP) (bipy)] (C104) (I)
To 10ml ethanolic solution of 0.397¢g (1.0 mmol)

[Cu (SALIEP)] (Cl04) .0.5H20, 0.156 g (1.0 mmol) 2, 2!
25 bipyridine dissolved in 10 ml of ethanol was added
dropwise. The resultant mixture was refluxed for lhour.
The green crystalline solid that was separated out was
filtered, washed with ethanol and air dried. The compound
was recrystailised from ethanol. Yield 75%. (Found: C,

30 53.02; H, 3.90; N, 10.05. Calc. for C24H21C1N405CUZ C,
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Table 5:Different reaction conditions used to study 15 cl eavage of pUC19
DNA(O. 5pg) by conplexes V, VI, VII and VIII using Cel electrophoresis Lane
nunber Rewotznmi@&yadition 1 DNA control 2 DNA+V (UVA) 3PDRAEY1(14ABGGM 4
DNA+V (Vis) 5- DNA+VI (UVA) 6 DNA+VI (420nm) 7 DNA+VI (Vis) 8 DNA+VII(UWVA) 9
DNA+VI | (420nm) WD 2012/ 011875PCT/ SG2011/ 000261 10 DNA+VI1 (Vis) 11

DNA+VI | |

10

20

25

30

52.94; H, 3.86; N, 10.29%). IR, cm '(KBr disc): 1626 vs
(C=N).

[Cu(SALIEP) (phen)] (C104) (II)

To 10ml ethanolic solution of 0.198g (0.5 mmol)
[Cu(SALIEP) ] (Cl0O4) .0.5H0, 0.09 g (0.5 mmol) 1,10-
phenanthrline dissolved in 10 ml of ethanol was added drop
wise. The resultant mixture was refluxed for 1lhour. The
green crystalline solid was separated out in 75% yield.
The solid was filtered, washed with ethanol and air dried.
The compound was recrystallised from ethancol. The green
crystalline solid that was separated out was filtered,
washed with ethanol and air dried. The compound was
recrystallised from ethanol. Yield 75%. (Found: C, 54.60;
H, 3.73; N, 9.62. Calc. for CygH2CINsOsCu: C, 54.92; H,
3.69; N, 9.85%). IR, cm P (KBr disc): 1625 vs (C=N).

[Cu (SALIMP) (bipy) ] (C104) (III)
To 10ml ethanolic solution of 0.117g (0.3 mmol)

[Cu(SALIMP) ] (Cl04) .H0, 0.0468 g (0.3 mmo1l) 2, 2
bipyridine dissolved in 10 ml of ethanol was added drop
wise. The resultant mixture was stirred at room
temperature for 30 minutes. The green crystalline solid
that was separated out was filtered, washed with ethanol
and air dried. The compound was recrystallised from
ethanol. Yield 85%. (Found: C, 52.16; H, 3.63; N, 10.31.
Calc. for Cy3Hi1oCIN4OsCu: C, 52.07; H, 3.58; N, 10.56%). IR,
cm P (KBr disc): 1631 vs (C=N).

[Cu (SALIMP) (phen) ] (C104) .H20. C,Hs;0H (IV)
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(UVA) 12 DNA+VIII (420nnm) 13 DNA+VIII (Vis) Solubility testing of
conpounds -1V in various solvent systens comonly used for fornmulation. 5
Tabl e 6 swowsi2tes7sol ubility of conpounds in accor dance pPairSic20h®ogeesent

di scl osure in various solvents. The poor solubility of conpound IV in all
the sol vent systens can be explained fromits crystal structure. Crystal
structure of conmpound IV (Figure 1) shows the asymmetric unit 10 contains
one cation C25H19N4A0Cu, one ani on Cl104, one ethanol and a quarter water

mol ecul e. The Hydmndgeretronesl P esesdludiggonpewnd oviare |isted i mmbahle 7.
Hydr ogen bondi ng between the sol vent of crystallization C2H50H and _t he

ani on C104-{CreiRéd- 1178 1d6HednH2%par i AgPy4sol vbl e (%35 diRper ent sdi%ent s.
The sol ubi Lty 0f nt1e co he {empev exshangisng dube an
C104- vvithlpot %‘gr ftani orrll(s\e rsgt}c as lbrSeoir(ﬁr%?P SflAP?ého%(l theggorrpounds a@r&ﬂe1
capabl e of wpmevi di igea Lmddsbtani onmieserreavhemasnl yssparedg] ,3t solnggire. 20
Tabl e 6. Sol vents Conpound | ound Il _Conpound |11 Cg und |V H20
Sol ubl € smt&mp@rg&%a e'%gﬁar?ﬁg@l%T%%Iqéhﬁﬂﬁrﬁrharﬁqysﬁr% UbISE N y
Sol ubl e Solwhlte Wwpar kephyaSehul e was filtered, washed with ethanol
and ailr dried. The compound was recrystallised from
ethanol. Yield 85%. (Found: C, 52.24; H, 3.66; N, 8.91.
Calc. for C,7H,7CIN4O,Cu: C, 52.42; H, 3.88; N, 9.06%). IR,

10 cm ! (KBr disc): 1633 vs (C=N).

[Cu (HAPIMP) (bipy) ] (C104) (V)
To 10ml methanolic solution of 0.406g (1.0 mmol)
[Cu(HAPIMP)] (C10O4) .H,O, 0.156 g (1.0 mmol) 2, 2' bipyridine
15 dissolved in 10 ml of methanol was added drop wise. The
resultant mixture was stirred at room temperature for 30
minutes. The green crystalline solid was separated out.
The solid was filtered, washed with methanol and air
dried. The compound was recrystallised from methanol.
20 Yield 85%. (Found: C, 53.01; H, 3.90; N, 10.08. Calc. for
Co4H2:C1N4OsCu: C, 52.94; H, 3.86; N, 10.29%). IR, cm ' (KBr
disc): 1604 vs (C=N).

[Cu (HAPIMP) (phen) ] (C104) (VI)

25 To 10ml methanolic solution of 0.406g (1.0 mmol)
[Cu (HAPIMP) ] (C104) .H0, 0.180 g (1.0 mmol) 1, 10
phenanthroline dissolved in 10 ml of methanol was added
drop wise. The resultant mixture was stirred at room
temperature for 30 minutes. The green crystalline solid

30 was separated out. The solid was filtered, washed with

methanol and air dried. The compound was recrystallised
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90% Et hanol Sol ubl e Very Sol ubl e Sol ubl e Sparingly Sol ubl e 100% Et hanol
Very Sol ubl e Very Sol ubl e Sol ubl e Sparingly Sol ubl e Et hanol: Sol uble Very
Spari ngl ywépardyngd7s WO 2012/ 011875PCT/ SG2011/ 000261 Pr epylsenegloyeei 60: 40
Sol ubl e Sol ubl e Sol ubl e 100% Pr opyl enegl ycol Sol ubl e Sol ubl e Sol ubl e
Sparingl Soluble Table 7. Hydrogen bond distances (A) and bond angles ()
of conpound (Cu(SALI MP) (phen)] (C104).H20 (1V)

from methanol. Yield 83%. (Found: C, 54.98; H, 3.73; N,
9.77. Calc. for Co6H2:C1N4OsCu: * C, 54.92; H, 3.69; N,
9.85%). IR, cm ~(KBr disc): 1599 vs (C=N).

5 [Cu(HAPIEP) (bipy)] (C104) (VII) .
0.402 g (1.0 mmol) of [Cu(HAPIEP)] (ClO4) was dissolved in
60 ml of warm methanol. To this solution 0.156 g (1.0

mmol) 2, 2' bipyridine dissolved in 10 ml of methanol was

added drop wise. The resultant solution was refluxed for 1
10 hour. The solvent was evaporated by rotary evaporation.

The green crystalline solid separated was filtered, washed

with methanol and air dried. The compound was

recrystallised from methanol. Yield 75%. (Found: C, 53.82;

H, 4.16; N, 9.97. Calc. for C,sHy3CINsOsCu: C, 53.76; H,
15 4.12; N, 10.03%). IR, cm ' (KBr disc): 1599 vs (C=N).

[Cu (HAPIEP) (phen) ] (C104) (VIII)
0.201 ¢ (0.05 mmol)of [Cu(HAPIEP)] (Cl0O4) was dissolved in
60 ml of warm methanol. To this solution 0.180 g (0.05
20 mmol) 1, 10 phenanthroline dissolved in 10 ml of methanol
was added drop wise. The resultant solution was refluxed
for 1  hour. The solvent was evaporated by rotary
evaporation. The green crystalline solid separated was
filtered, washed with methanol and air dried. The compound
25 was recrystallised from methanol. Yield 75%. (Found: C,
55.73; H, 4.01; N, 9.57. Calc. for Cy7H3CIN,OsCu: C, 55.67;
H, 3.95; N, 9.62%). IR, cm '(KBr disc): 1599 vs (C=N).

30 Crystal structure _ of compound

[Cu (SALIMP) (phen) ] (C10,) .H,0.C,Hs0H.
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DH..Ad(DH d(H..A) d(D...A) <(DHA) 0(1S)- 0.82 2.32 3.096(6) 158.9
H(1S)...0(4) 0(1S)- 0.82 2.59 3.263(5) 140.3 H(1S)...0(2) 5
Conpar at iwe 28tadys7en the stability of sul phur contai ni ngcssieéfiobese net al
| i gand conpl exes and netal conplex with

The crystal structure of compound
[Cu (SALIMP) (phen)] (Cl0O4) .H20.CoHsOH was obtained by single
crystal X-ray diffraction technique. Single crystal was
obtained slow evaporation of ethanolic solution of the

5 complex. The diffraction experiments were carried out on a

Bruker SMATR  CCD diffractometer with a MoKa sealed tube.

The program SMART was used for collecting frames of data,
indexing reflection, and determining lattice parameters;
SAINT was used for integration of the 1intensity of

10 reflections and scaling. SADABS was used for absorption
correction, and SHELXTL was used for space group and
structure determination and least refinement on FZ2.
Selected crystallographic data of experimental details are

compiled in Table 2.

15
Table 1. Crystal data and structure refinement for compound
[Cu (SALIMP) (phen)] (C1l0,) .H,O (IV).
Identification code 9295a
Empirical formula C27 H25.50 Cl Cu N4 06.25
20 Formula weight 605.00
Temperature 223(2) K
Wavelength 0.71073 A
Crystal system Orthorhombic ,
Space group Pbca
25 Unit cell dimensions a = 20.0374(7) A  T= 90°.
b = 12.4850(5) & = 90°.
c =20.9085(8) A T = 90°.
Volume - | 5230.6(3) A3
Z 8
30 Density (calculated) 1?537 Mg /m3
Absorption coefficient 0.989 mm~1
F(000) 2492
Crystal size 0.60 x 0.20 x 0.12 mm?

Theta range for data collection 1.95 to 27.50°.
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Schi ff base |ligand containing additional nitrogen atom 10 from a

het erocycl e From Table 8 below it can be seen that imne C=Ninfra
red stretwbizog/diisgguencies in the netal conpl exes wth $chstGhohasest i gand
conprising an additional nitrogen 15 atomfrom a heterocycle; conpounds
-1V of the present disclosure are higher than those of sul phur containing
Schiff base netal |igand conplexes (a-e) reported in the literature. Hi gher
stretching frequenci es denonstrate greater bond strength of C=N bond which
indicate that the 20 C=N bond in the netal,conphgxes w i Schhif base

| i gand conpri St ng an "addi tional ni trogen ‘atom froma heterocycle (i.e.
conpounds R7f¥)<=t’e nore stabl e under physiol ogical conditions. Crystal
structuresygaf g&gpon%f She.conpl exes |istethgon 25 Table 8 have been

det er m ned. T}He ond length data suggests that Cu-N bond in_the netal

conpl ex wi ERASRIAIT tHASEIEF T conpri si P A RddBFt i orial® APt rogen atom from

a WO 2012(Q44876RCHsSE3041400026% . bet eraxyxlse is stronger than Cu-S bond

i n sul phur containing Schiff base netal |igand _conplexes. '

denonst r at @gs?ﬁ%t%g'toéffegfja%ri lity of théeeIgrf‘rs-tegflp15(1)rr‘fl)fe%eoén \%—\naﬁvéi%gchsi f f

base |igandagonptd siing anaashtidsional 5 nbt&§Vgeandt Onr§dém a heterocycl e

over sul ph r;fci:ogrgeat{gm%gh%hlff base mnet ahﬂ-&é%@ﬁ%?@i%%%ua?@?'@nsﬁf
on

Compound S ructure Istances (i) Imne C= requenc 7 ( cm(1l ) Cu-
S 1612 2D2649/ feefraints / parameters 6000 / 2 / 357 :
10 Goodness-of-fit on Fe 1.044
Final R indices [I>2sigma(I)] R1 = 0.0545, wR2 = 0.1525
R indices (all data) R1 = 0.0688, wR2 = 0.1618
Largest diff. peak and hole 0.749 and -0.539 e.A™3
15

20 Table 2. Some selected bond distances (11) and bond angles
(°) of compound [Cu(SALIMP) (phen)] (Cl0;) .H0 (IV)

Cu(1)-0(1) 1.921(2)
Cu (1) -N(2) 1.940(2)
25 Cu(l)-N(1) 2.033(3) ,
Cu(1)-N(3) 2.036(3)
Cu(l)-N(4) 2.253(3)
O(1)-Cu(l)-N(2)  93.53(10)
0(1)-Cu(1)-N(1) 159.99(10)
30 N(2)-Cu(l)-N(1) 82.07(11)
O(1)-Cu(l)-N(3) 88.29(10)
N(2)-Cu(l)-N(3) 177.30(11)
N(1)-Cu(1l)-N({3) 96.89(10)
O(1)-Cu(1)-N(4) 106.92(9)
35  N(2)-Cu(l)-N(4)  99.44(10)
N(1)-Cu(1)-N(4)  93.08(10)
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N(3)-Cu(l)-N(4) 78.11(10)

DNA binding study by absorption titration

The DNA binding experiments were performed at room
temperature. The DNA concentration per nucleotide was
determined by absofption spectroscopy using the molar
absorption coefficient (6600M*cm™) at 260 nm. Absorption
titration experiments of Cu(II) complexes (I - VIII) in

buffer (5mM Tris-HCl, 50mM NaCl, pH7.2) were performed by

using a fixed copper concentration to which increments of

the DNA was added to a maximum ratio of 8:1 [DNA]: [copper
complex]. Copper-DNA solutions were allowed to incubate
for 10 minutes before the absorption spectra were recorded

(see Figure 2).

The intrinsic binding constant K, of copper (II) complexes
(I - VIII) to DNA was calculated using the following the

equation:
[DNA] / (€a - €¢) = [DNA] / (& - €) + 1/[Kp(en - €f)

where [DNA] is the concentration of DNA in base pairs, €,

¢ and g, are the apparent, free, and bound metal complex
extinction coefficients, respectively. In plots of
[DNA]/(es - €:) versus [DNA], K, is given by the ratio of
slope to the ‘intercept.

Bbsorption titration method was used to monitor the
interaction of the complexes I - VIII with CT DNA.
Intercalation of a complex to DNA generally results in
hypochromism and red shift. (bathochromism) of the

absorption band due to strong stacking interaction of
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aromatic chromophore of the ligand and the base pairs of
DNA. The extent of hypochromism thus gives an estimate of
the strength of an intercalative binding.

Figure 2 shows the decrease in absorbance spectra of
compound III with - increasing amount of CT DNA which
correlates with intercalation of compound III with the CT
DNA. The similar spectral changes were observed for all
eight ternary copper (II) complexes (compounds I - VIII).
The ternary copper(I1) complexes with 1, 10~

‘ phenanthroline as DNA binder (complex II, IV, VI and VIII)

show higher extent of hypochromism than the ternary

copper(II) complexes with 2, 2' bipyridine as DNA binder
(complex I, III, V and VII) because of higher binding
ability of 1, 10- phenanthroline at the minor groove of
DNA. The intrinsic equilibrium DNA binding constant (Kp)
values of the complexes follow the same order as observed

in the trend of hypochromism.

DNA cleavage study by gel electrophoresis
The DNA cleavage activity of the complexes was studied

using SC pUCLl9 DNA in a medium of Tris-HCl / NaCl buffer

with a complex concentration of 200 upum. The cleavage
reactions were carried out under aerobic conditions and
were monitored by agarose gel electrophoresis. DNA
cleavage in both dark and in the presence of 1light was
carried out.. The photo-induced DNA cleavage activity of
the complexes was studied after irradiation of complexes
with monochromatic 1light of different wavelength using
Luzchem photoreactor and lamps for 30 minutes exposure
and monitored by gel electrophoresis(Figure. 3 and 4).

Table 3 shows the specifications of light used:
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Table 3:
Light Specification

LZC-UVA UVA lamp centered at ~350 nm

LzC-420 Lamp centered at ~420 nm.

Lz2C-VIS Cool white fluorescen

t

Fh

cuts off at 600 nm

s

"red only" irradiation.

C

tubes with Red sleeve filter

- 10

15

20

25

When circular plasmid DNA is subjected to
electrophoresis, relatively fast migration is obderved for
the intact supercoiled DNA (SC, type I). If scission
occurs on one strand (nicking), the super coiled DNA will
relax to generate a slower moving open circular form (NC,
type II). If both strands are cleaved, a linear form (type
III) that migrates between type I and type II will be
generated.

The four compounds (I, II, III and IV) were found DNA
cleavage 1inactive under dark condition. All the four
compounds however show strong photo induced DNA cleavage
activity in the presence of UVA (~350 nm) light and
significant photo induced DNA cleavage activity 1in the
presence of visible wavelength of light (~ 600 nm) where
conversion of type I (super coiled, SC) to type II (nicked
circular) was observed . As can be seen from the results
in Table 4 and Figure 3, the results of lanes 2, 5, 7 and
10-12 show the best results compared to the control in
lane 1. Compound IV was found to show strong photo induced
DNA cleavage activity 1in the presence of all three

wavelength of light used in the experiment.

Table 4: Cleavage of pUCl9 DNA(0.5ung) by complexes I, II,
III and IV under different reaction conditions.

Lane number Reaction $Form-1 $Form-II
Condition (SC) (NC)
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1 DNA control 94 o
2 DNA+I, (UVA) C 111 89
3 DNA+I, (420nm) 64 36
4 DNA+I, (Vis) 70 30 '
5 DNA+II, (420nm) 34 66
6 DNA+II, (Vis) 67 33
7 DNA+III, (UVA) 10 90
8 DNA+IIXI, (420nm) 63 37
9 DNA+III, (Vis) 43 57
10 DNA+IV, (UVA) 1 99
11 DNA+IV, (420nm) 2 98
12 DNA+IV, (Vis) 5 95

Control experiments with SC DNA with the four
compounds (V, VI, VII and VIII) in dark do not show any
appreciable DNA cleavage activity. All the four compounds
are found to be efficient photo cleaver of DNA in the
presence of UVA (~350 nm) light and have significant
photo induced DNA cleavage activity in the presence of
visible wavelength of light (~ ©00 nm). A conversion of
type I (super coiled, SC) to type II (nicked circular) and
type III (linear form) was observed for all four compounds
(V, VI, VII and VIII) in the presence of UVA (~350 nm)
light.

Table 5: Different reaction conditions used to study
cleavage of pUC19 DNA(0.5ug) by complexes V, VI, VII and
VIII using Gel electrophoresis

Lane number Reaction
Condition

DNA control

DNA+V (UVA)

DNA+V (420nm)

DNA+V (Vis)

DNA+VI (UVA)

DNA+VI (420nm)

DNA+VI (Vis)

DNA+VII (UVA)

OO |~J|OY| O W N

DNA+VII (420nm)
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Solubility testing of compounds I-IV in various solvent
systems commonly used for formulation.

Table 6 shows the solubility of compounds in accordance

with the present disclosure in various solvents. The poor

solubility of compound IV in all the solvent systems can

be explained from its crystal structure. Crystal structure

of compound IV (Figure 1) shows the asymmetric unit

contains one cation C25H19N40Cu, one anion Cl04, one

ethanol and a quarter water molecule. The Hydrogen bonds
present in compound IV are listed in Table 7. Hydrogen
bonding between the solvent of crystallization C,HsOH and
makes

the anion Cl0, the compound sparingly soluble in

different solvents. The solubility of the compound can be

improved by exchanging the anion Cl0; with other anions

such as NO;~ or Br~ All of the compounds are capable of
providing a 1mM solution, even when only sparingly
soluble.
Table 6.
Solvents Compound | Compound Compound Compound
I II ITI Iv
H,0O Soluble Soluble Soluble Sparingly
Soluble
H,O0:Ethanol Soluble Very Soluble Sparingly
1:1 Soluble Soluble
90% Ethanol Soluble Very Soluble Sparingly
, Soluble Soluble
100% Ethanol Very Very Soluble Sparingly
Soluble Soluble Soluble
Ethanol: Soluble Very Sparingly | Sparingly
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Propyleneglycol Soluble Soluble Soluble
60:40
100% Soluble Soluble Soluble Sparingly
Propyleneglycol , ) Soluble

Table 7. Hydrogen bond distances (A) and bond angles (°) of
compound [Cu(SALIMP) (phen)] (C10,4) .H0 (IV)

..A d(D-H) d(H...A) d(D...A) < (DHA)

- 0.82 2.32 3.096(6) 158.9

- 0.82 2.59 3.263(5) 140.3

)

)

) :
)
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Comparative study on the stability of sulphur containing
Schiff base metal ligand complexes and metal complex with
Schiff base 1ligand containing additional nitrogen atom
from a heterocycle

From Table 8 below it can be seen that imine C=N
infra red stretching frequencies in the metal complexes
with Schiff base ligand comprising an additional nitrogen
atom from a heterocycle; compounds I-IV of the present
disclosure are higher than those of sulphur containiﬁg
Schiff base metal ligand complexes (a-e) reported in the
literature. Higher stretching freguencies demonstrate
greater bond strength of C=N bond which indicate that the
C=N bond in the metal complexes with Schiff base ligand
comprising an additional nitrogen atom from a heterocycle
(i.e. compounds I-IV) are more stable under physiological
conditions.

rystal structures of somé of the complexes listed in
Table 8 haQe been determined. The Dbond length data
suggests that Cu-N bond in the metal complex with Schiff

base ligand comprising an additional nitrogen atom from a
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structure reported, datanot accessibl e 1614 [Ref2] WO
2012/ 011875PCT/ S&011/ 000261 CH Ili * HC , Is- )cd. - - 0 S--"

WO 2012/011875 PCT/SG2011/000261

heterocycle is stronger than Cu-S Dbond in sulphur
containing Schiff base metal ligand complexes. This also
demonstrates the greater stability of the metal complexes
with a Schiff ©base ligand comprising an additional
5 nitrogen atom from a heterocycle over sulphur-containing

Schiff base metal ligand complexes.

Table 8.
Compound Structure Bond Imine
distances |C=
(A) IR
frequenc
y (cm™)
Cu - Si1l612
2.7649 [Ref 1]
Cu - N*
1.949
(a)
Cu - Stlel2
2.7887 [Ref 1]
Cu - N!
1.941
(b)
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Cu - Si1l6elz2
2.3523 [Ref 1]

Cu - N
1.967

Not 1605
determine [Ref 2]
d

Crystal 1614
structure [Ref 2]
reported,
data not
accessibl
e
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Not 1631 !
determine
d
(III)
Cu-N* 1633
2.033
Cu-N?
1.940
CH
I
N .
—— 2 ”””’
\ /"
(IV)
Ref 1 - Journal of Inorganic Biochemistry, 2004, 98, 377
- 386
Ref 2 - J. Am. Chem. Soc. 2003, 125, 12118 - 12124
5
10

39




(1) WO 2012/ 011875PCT/ SG2011/ 000261 (111) 111 N., \..- N' (41/ 1110
............. "NN.,,,,%1 1 Not deternine d 1631’
WO 2012/011875 PCT/SG2011/000261

Applications

The compounds disclosed herein provide a novel
compound for use in photodynamic therapy.

Advantageously, the compounds can be produced at a

5 high purity and has improved agqueous solubility.

Advantageously, the compounds are photochemically
active in the wavelength 390 - 750 nm, and especially in
the region of 600 to 700 nm where tissue penetration 1is
effective.

10 | Advantageously, a métal complex with a Schiff base
ligand comprising an additional nitrogen atom from a
heterocycle 1is stable in vivo, particularly relative to
known Schiff base metal ligand complexes that do not
contain additional nitrogen, such as sulphur-containing

15 Schiff base metal ligand complexes.

It will be apparent that various other modifications
and adaptations of the invention will be apparent to the
person skilled 1in the art after reading the foregoing
disclosure without departing from the spirit and scope of

20 the invention and it is intended that all such
modifications and adaptations come within the scope of the

appended claims.
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Claims
1. A metal-ligand complex comprising a transition metal
complexed with at least one Schiff base ligand comprising
an additional nitrogen atom fronlia heterocycle and at
least one heterocaromatic nucleic acid intercalating

moiety.

2. The compound as c¢laimed in claim 1, wherein the

heterocycle is an aromatic heterocycle.
3. The compound as claimed in claim 2, of the formula I:
[M(L) (B)] (X).nH20

wherein, M is a transition metal:

L is a Schiff base ligand comprising an additional
nitrogen atom from a heterocycle, |

B is a hetercaromatic nucleic acid intercalating
moiety,

X is an anion, and

n is selected from 0 to 5.

4, The compound of claim 3, wherein M is selected from
the group consisting of Ti, VvV, Mn, Fe, Co, Ni, Cu, ZIn,
Tb, Eu, Gd4, Dy, Lu, Zr, Nb, Mo, Te, Ru, Rh, Dd, Ag, Sn,
Ta, W, Re, Os, Ir, Pt, Au.

5. The compound as claimed in claim 4, wherein M is
selected from Cu(I), Cu(II), Ru, V, Ti, Zr, lanthanides,
Fe(III), Pt(II), Pd(0) and Pd(II).

- b. The compound as claimed in claim 4 or claim 5,

wherein M is Cu(II).
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7. The compound as claimed in any one of claims 2 to 6,

wherein the Schiff base ligand comprising an additional
nitrogen atom from a heterocycle comprises an imine

nitrogen and additional nitrogen atom from a heterocycle.

8. The compound as claimed in claim 7, wherein the imine

acts as a linker between a pair of aromatic groups.

9. The compound as claimed in claim 8, wherein at least
one o0f the aromatic groups 1s heterocyclic while the

other is salicyl group or 2-hydroxyacetophenonyl group.

10. The compound as claimed in claim 9, wherein the

heterocyclic group comprises pyridine.

11. The compound as claimed in <c¢laim 10, wherein an
imino linker 1is cbmplexed between the pyridine and the

salicyl group.

12. The compound as claimed in claim 10, wherein an
imino- linker is coupled between the pyridine and the 2-

hydroxyacetophenonyl group.

13. The compound as claimed in any one of claims 2 to 12,
wherein the heterocyclic Schiff base ligand is selected
from N-salicyl-2-iminoethylpyridine (HSALIEP) or N-
salicyl-2-iminomethylpyridine (HSALIMP)or N-(2-
hydroxyacetophenonyl)-2-iminocethylpyridine (HHAPIEP)or N-
(2-hydroxyacetophenonyl)~2-~-iminomethylpyridine (HHAPIMP) .

14. The compound as claimed in any one of the preceding

"claims, wherein the nucleic acid intercalating moiety

comprises a heterocyclic aromatic intercalating moiety.

42
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Appl i cat iwn2012/011875The conpounds di scl osed herei n provi geTacaemsbosonmpound
for use in photodynam c therapy. Advantageously, the conpounds can be
produced_at a hi gh purity and has inproved aqueo solubility.

Advant agéous| ffriet hgorﬁ %BHnoass. aFgaﬁr oph%n‘icc]?ﬂ%r%/ Ezti VEI§ e t\}i}gvg'l engt h
390 - 75QchRercaRdiesPearahbyikn theekegianinl 6R0id0y 700 nmawkesed i ssue
penetration is éeffective. 10Advantageously, a netal conplex with a Schiff
base |i gdmermconphesi rir @iP ad@ionisgsaling t r oen Qiond Irom aPéRErdSycle is
stable in vivQ, parti .arly relative to 0 Schi b tal_ |igand
conpl exeéactrﬁéitm&d n% g%éﬁ?éi ngé%j%%{i%‘g%al bnlr}f-érlg(;dglganﬁigdch%a?mﬁne’

sul phur - gontzdingi,ng Lis&phifdlhase nmetal  bkgandegconplexesnthridind,t will be
apparent that variqus other nodifications and adaptati ons of the invention
will be RPFEREHTO1NFe pREBBRASKIFI edbsH HE Sar tPAFLRE- r@é((ﬁlﬁgmtene

foregoi n%y@r@q!eqswe, W oL 5 departing fropbtRgespirit fndc3Gongof 20 the
inventionand it is intended that all such nodifications and adaptations
cone Wit hitd adie zsicepe tofi adigcappartaerdt aiatsionC digmweofl. A netal -1i gand
conplex conprising a transition netal conplexed wth at |east one Schiff
base |igand conprising an additional nitrogen atomfroma heterocycle and
at 510 easts.ongrhet@gss @t A6 nuckeea aei drntefcabat ithg mRiceiefling?. The
compound as clainmed in claim11, wherein the heterocycle is an aromatic
heterocy&kﬁlmﬁ) wherein the nucleic acid intercaldting moiety 1s

selected from 2,2’ -bipyridyl or 1,10-phenanthroline.

17. The compound as claimed in any one of claims 3 to

15 16, wherein X is Cl0O, .

18. The compound as claimed claim 17, wherein the

compound has the structure:

. |
CH S

N N C10,
\J e
W P
25
19. The compound as claimed claim 17, wherein the
compound has the structure:
i T
30 S

C10,
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3. The compound as clainmed in claim2, of the formula I: [ML)(B)](X).nH20
15wherein, Mis a transition netal; L is a Schiff base |igand %Eﬂ%§P§Vﬂ§Déh
addi ti onavonbiyages atom from a heterocycle, B is a het ecoscaommioeenucl ei c
acid intercalating noiety, 20X is an anion, and n is selected fromO to 5.
4. The caonpound of claim3, wherein Mis selected_fromthe group . consisting
of Ti, V<On, TBE EP™AGUNy, 3TN, 8RS EuCleym D},7r|_u,WhErr,e%Nb, ¥ Te, Ru,
Rh, Dd, AmpdhnddadVeHRe st@cddre P, Au. 5. The conpound as clainmed in
claim4, whérein Mis selected fromCu(l), CQu(ll), Ru, V, Ti, Zr,

| ant hani des, 30Fe(I11),Pd(0) and Pd(lI1). 6. The conpound as clained in

claim4 or claim5, wherein Mis . 7. The conpound as clained in any
one of clainms 2 to 6, , wherein th iff base ligand conprising an
additsonal nitrogen atom froma ocyc conprises an imne nitrogen

and addi tional nitrogen aton1fr§ a heter

ocy le.|5 8. The conpound as
clainmed in claim7, wherlein the \nmné aci

a |inker between a pair of

aromati c groups. 9. |The co odhqags”cl imed (R™claim8, wherein at
| east 10 one of the aronati oqps”|5*h% cyclic while the other is
salicyl group or 2-hydroxyacet gphenonyl i 0. The compound as cl ai ned
inclaim9, wherein the het yclic gro nprises pyridine. 15 11. The

conmpound as clainmed in claim 10, wherein an imno |linker is conplexed

bet wegn the pyridine and the salicyl group. 20 12. The conpound as cl ai nmed
in claim10, wherein an imno- linker is coupled between the pyridine and
the 2- hydroxydet cpieoid grdupclaimedq3. cTpémcodpoundhgsedinai éd i n any
one of cl aj w2 Wher s he heterocyclic Schiff base ligand is
sel ect ed C?r m%ﬁésg]alj%ytf-?ez-l m n%el{}ﬁ%/'l pyri di ne( HSALI EP) or N

sal i cyl- 2-i m nonet hyl pyri di ne (HSALI MP) or N-(2-

hydroxyacetophenonyl)-z-ininoethylp! i di ne( HHAPI EP) or

N( 2- hydr oxyacet ophenony1) - 2-i m norfe | pyri di ne( HHAPI MP) . 30 14. The
comppynd as cl ainmed in any -one of pr ecedi ng | ai ms, wherein the
nucleic acid intercal atilng noi ef, I Se het er ocyclic aromatic
intercal ating noiety. | o
PCVS&011/ 000261 WO 2012/ 011875PCT/ SG201%:L 0L
clained in claim14, wharein the , hgteroc
nmoi ety is selected fromit he graup-consi-sjim

\_/

aromatic intercal ating
tfiazi ne, pyrazi ne,

3

20
22. The compound as claimed c¢laim 17, wherein the
compound has the structure:
H,C
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e
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acridi ne, azepine, aziridine, benzodi azine, bipyridine, 5 d|a2|n

i soqui nol i ne, , oxazine, phenanthridine, phenanthroline, pipeP&¥/Sfa011/000261
pt eri di neyoporymes7spyri di ne; pyrrole, pyrrolidine, quin®CIs&201qwooreli zi ne,
t hi adi azi ne, thiazine, and conbi nations thereof. 10 16. The conpound as

clainmed in an ne of the preceding clains, wherein the_ nucleic acid
intercalégi ¥%ﬁ?et%9W%P Y&t ected f 6h?9d2'CBvar|&3p omherein the

1, 10- phenamidydld Nys the dirudhierconpound as claimed in any one of clains
3 to 1516, wherein X is Cl04. 18. The conpound as clained claim 17,
wherein the conpound has the structure: 25 19. The conpound as cl ai ned
claim17, wherein the conpound has _tfe structure:

PCVSG2011/ 000261 WO 2012/ 011875PG 2011/ 000261 20. The compound as
clainmed claim17, wherei the ' 10 21. The
conmpound as clalned cl aijm 17w = sgnpound has the structure: 20
22. The conpound as cl ai|ned cld|n11? ereijn the_conpound has the
structure: N> )
PCTI SG2011/ 000261 WD 2012/ 011¢& 75PCﬂuSGZOl

. N
\_ 7/
5
24. The compound as claimed claim 17, wherein the
compound has the structure:
10
H,C
AN :
(.
N. ! Clo,
Cu??
\_/'
25. The compound as claimed c¢laim 17, wherein the
compound has the structure:
15
HC
3\C
e
N i clo,
Cu?
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23. The conpound as clainmed claim17, wherein the conpound has the

structure: 24. The conpound as clained claim 17, wherein the conpound has
t he strucwonrei12/011€25. The conpound as cl ainmed claim17, waerseronitohe@sconpound
has the structure: 26. The compound as clainmed in any one of clains

1- 25, wherein said conmpound is photosensitive to light of a 5 wavel ength
from 10- 1000nm 27. The conpound as clained in claim26, wherein said
light is of a wavelength from 10-400nm 10 28. The conpound as clainmed in
cl ai m 26,2&vherdih SAPECERGhE S SlgFinedvaiel angt TS off 3982286nmM~229. The
conmpound al 4N I , where] 1d.Light i f. a.wayel ength from
700- SOOnﬁ%l%lq%gsgABph%Iﬁ%%&éﬁ?i (:l\z,aglf1 ég%gég?lgékhggnp#?sﬁﬁ t exgo?pound as
cl ai med iwewaeranteh ofrat airU0A@R9, in admi-xture with a pharmaceutically
acceptable carrier. 20 31. Use of a conpound as clainmed in any one of
clainms 1 to 29 or a conposition as clainmed in claim30 in the manufacture
of a nmedicamentind okohpeuhheaidTeRt 10he8aNGEr claim 3%, ThReWEEnaSsLiQi med in
claim 31, wherein the cancer 25 is selected fromthe group consisting of
ski n canderghtl ury Chrceravetomidh teereek(-4?Ovmat e cancer and pancreatic
cancer. 33. The use as clained . in claim32, wherein the skin 30 cancer
is selected fromsquanmous cell carcinoma, basal cell carcinoma and

nmel anone.28. 1k dIbmpusadasa<| algefetn i acim3r, Wher enarehe |duigd cancer
is non-small cell lung cancer or small cell_lung 35cancer. 35. Use of a
conmpound HIE aifrerf i L IO O I m? A tO B or a conposition as
claimed in claim30 in the manufacture of a nedi canent for the treatnent of
a 5 precancer. 36. The use as clained in claim35, wherein the precancer is
sel ect ed 7% omBonenbypdiisdases (sqaameds ioel Fleamcidomawharsiitiu)saird .
Barrett's oesophagus.. 37. Use .aof co Ir r_conposition as clained in
any one (S)j‘fl@tailr%%létao %veolre%gtgbn%%%l? {Ilpd(#nfg%&%lpai med in claim30 in the
manufigct ure of a medi canent for the treatment of macul ar degeneration. 38.
Use of a conpound as clainmed in any one of clains 1 to 29 or a conposition
as clai metl i n 2| RRFHBICERC1Frel | CABRADE AL OF e COMPE 1Fedidc dPEntCFHROY

t reat ment, ofc fitRdl Papl LA ML Y1 bESC(ERY) 1vabl 99, 4% g Gl Garpound as
claimed in any one of clailns 1 to 29 or a conmposition as clainmed in claim
30 in the Emdecterts of L by rediastrente foarthertreat nent of a skin disorder.
40. A kit conprising a conmpound as clainmed in any one of clains 1 to 29 or
a conposition as clained in claim30, together with instructions for use.

30 4320 The ki tusxs &f abmedmpBusbaia® 40,2 Wher eim dhe khe eentlidisnsone or nore

further therapeutic agents. . . .
to 29 or a composition as claimed in claim 30 in the

manufacture of a medicament for the treatment of cancer.

32. The use as claimed in claim 31, wherein the cancer
25 1is selected from the group consisting of skin cancer,
lung cancer, stomach cancer, prostate cancer and

pancreatic cancer.

33. The use as claimed in claim 32, wherein the skin
30 cancer 1s selected from squamous cell carcinoma, basal

cell carcinoma and melanoma.

34. The use as claimed in clainl 32, wherein the 1lung
cancer 1is non-small cell lung cancer or small cell lung

35 cancer.
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35. Use of a compound as claimed in any one of claims 1
to 29 or a composition as claimed in claim 30 in the
manufacture of a medicament for the treatment of a

precancer.

36. The wuse as claimed in claim 35, wherein the
precancer 1s selected from Bowen’s disease (squamous cell

carcinoma in situ) or Barrett's oesophagus.

37. Use of a compound or composition as claimed in any
one of claims 1 to 29 or a composition as claimed in
claim 30 in the manufacture of a medicament for the

treatment of macular degeneration.

38. Use of a compound as claimed in any one of claims 1
to 29 or a composition as claimed in claim 30 in the

manufacture of a medicament for the treatment of human

" papilloma virus (HPV) warts.

39. Use of a compound as claimed in any one of claims 1
to 29 or a composition as claimed in claim 30 in the
manufacture of a medicament for the treatment of a skin

disorder.
40. A kit comprising a compound as claimed in any one of
claims 1 to 29 or a composition as claimed in claim 30,

together with instructions for use.

41. The kit as claimed in claim 40, wherein the kit

contains one or more further therapeutic agents.
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