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bact eri ochi orophyl the| r ratlon and their use in nethods of in vivo
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of viruses and m croorgani sns. 10%&&&#@%@) ABBREVI ATI ONS BChl =
bact eri ochl orophyll a (the My-containi ng -tetrahydroporphyrin of
the fornula (a) in Schene A hereinafter wherein Mis My, and having a

phytyl or _ g ) r position 173, a COOCH3 group at position
132, an Hsat_ .cfﬁ g%ﬁ%l&‘w& an acetyl group at positron 3, and an
ethyl at. position k. pRibd: devended | Yefates aodafovMatde¥i®atRes Beh! ciibi h yll

nodi fications in_the macrocycle, in the central netal atom and/ nal%dne

peri phery. Barictachiosarhylly itk renambing (and dleirauset inanethade off inedve ahdﬂody;datmh

Cantrar My 1 <0a BB ond’ilnpey ST 55 BN Rafi R o B e o

(the G 172-f neieroesdabigny/| | c acid derived fromBPhe). , . Chi (b) =
chl orophyll a (b) (the My-containing 17, 18-di hydroporphyrin of the formula
(b) in 4fhenme A hereinafter wherein Mis My, and having a phytyl group at

position 173,y W 132, an H atom at position 132, a
vi nyl group at pomhon'%hsw&L B}E ond at positions 7-8, and either a
met hyl at po#EGhlon bictan(;nbhhmo;&lry]lhw (tht Mg}smrttmmﬁg& %I&%%?ﬁrp@nﬁ%me
ohpor oanyl ol (HETE bt Y P it o i ) Vi vyt

di met hyl f or eaaﬂﬁgerﬁﬁt grcﬁipe&t;sdaxt@may A@mdem Bdup &t : osa%yhazf gaqmgograp

ger anyl geranyl gl ¢ glucose; HPLC. 'high pressure I|qU|
FITC  f1 d8r eposition 13 ,samaqetmkgrammat@osw1 hd BCHbY! aBEitiche®)i vati ve in whi ch

the central %hq%%[pvaqgr% —bae GelivaiiR o?‘%%%l p)nyth morﬁ%canons in the macrocycle, in the central
metal atom and/or in the periphery.
BChlide: bacteriochlorophyﬁide a (the C-17*-free carboxylic acid derived from BChl).
BPhe = bacteriopheophytin a (BCh! in which the central Mg is replaced by two H atoms).
20  BPheid: bacteriopheophorbide.a (the C-17>-free carboxylic acid derived from BPhe).
Chi (b) = chlorophyll a (b} (the Mg-containing 17,18-dihydroporphyrin of the formula (b)
in Scheme A hereinafter wherein M is Mg, and having.a phytyi group at position 17°, a

COOCH; group at position 13%, an H atom at position 132, a vinyl group at position 3, a
double bond at positions 7-8, and either 2 methyl at position 7 and an ethyl at position 8
25  (Chl a) or a formyl group at position 7 and an ethyl at position 8 (Chl b)).
Chlide: chlorophyllide a (the C-17*-free carboxylic acid derived from Chl).
DMF: dimethylformamide; ESI: electro spray ionization; et: ethyl; gg: geranylgeranyl;
glc: glucose; HPLC: high pressure liquid chromatography;  FITC: fluorescein
isothiocyanate. |
30  [M]-BChI = BCh! derivative in which the central Mg atom has been replaced by a metal M

as defined hereinafter.
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My, and then th etrapyrrol e nane foIIovved by the C—173 ester residue.
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el ectron t mppeafsefirst, fdﬂewnd:bmdﬂe centrad metal ptoms ifopt Mgy gl theotha tétiapimdle semes wi t h
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drug that absorbs light at a suitable wavel ength wi th non-hazardous
phot osefsi @f tbrig- B?h%@&} ion of the patient following

BACKGROUND OF THE INVENTION
Chlorophylls and Bac.:teriochlorophylls, the ubiquitbus pigments of photosynthesis,
have been studied intensively in order to understand their photophysics and photochemistry
0  (Scheer, 1991). Together with the more readily available but spectroscopically less
informative porphyrins, they have also been used to gain a more general insight into energy

‘and electron transfer, the mutual interactions of large aromatic molecules with central

I ﬁ"“"n

metals, and of the central metals with extra ligands. ‘

Photosensitizers are of interest for utilization in photodynamic therapy (PDT) of

S5~ tumors. This technique utilizes a combination of a non-toxic drug that absorbs light at a

suitable wavelength with non-hazardous photosensitizing irradiation of the patient following
administration of the drug.

Porphyrins have been shown to accumulate in tumor tissue and, upon irradiation of

the tumor tissue, to absorb light in sifu, providing a mean to detect tumors by location of

0 the fluorescence. A crude derivative of hematoporphyrin, known as hematoporphyrin

derivative or HPD, has been proposed both for detection and for photodynamic therapy of

tumors. A form of HPD said to be more effective comprises a portion of HPD having an

2



adm nistration of the drug. Porphyrins have been shown to accuéncplmgpezmn
t unor tissye“ﬁ_ﬂg 0#20n irradiation of the tunor tissue, to absorb Iight in
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ef fective conpr.i fd D i . 27 Y 20 01/40232
PCT/ | L0O/ 00815 %%%SF%&@? i Wgﬁ%ﬁ%{s eg@é rlB% f&%’égig‘ﬁ%‘DPs°f?’/§b°%ﬁﬂ%“B¥’gs GPriging
Patent No. 4.ifféQiohb brgdnRRs sch s bactertd el ciarp@nenitreenenbachersesshi3es 1 n

US Patent _No. 4,753,958 for taqpi ca}2i treatnment of skin diseases, and’in
Matt hews &t AptvatiyodflPD) ontaining pi bigh ipsopogifony ph etgr-inked shemstepormburin afEng
i nfectious or L& USis St @S hid bl WS | %t UF e as

hemat oporphyror121 5 g‘éva.i vat I%éal%}ﬂ%% %éon@ggﬁﬁﬁgwg %@gﬁa )g'ro ﬁorjté:&gl\rq%&es Inc,,
et her - | i nked Vreemivep &CpKyndda). (HP) ol i goners is commercially avail able

(Photofrin IT, Quarda, Logi c.Technol ogi es | ng. Vapcouyer, BC, Canada). In
order to opti i Zelt REEHET PBIRERCE BEOTHEE by PPRIAM ¢et i ihepapsmds

and di agnos Hi'aﬁﬁtlys(ta@@;éﬁ\fe?él pr?hﬁ!ﬂV drivartiRb hMlﬁ:tﬁeyl?ﬁlioli}Q%ﬁ inp%ﬂ}ﬁpfopg Iple 'tHere

whi ch, for exanple, ere O'is a central netal "atom conpl exed ‘t'o"the"f our
pyrrol e APngs, aasedtrelr mefab atem i gomplexed dabthe i foure pymolef ringse apd/or dhee pediptgeal ar e

dified and/ar..th 15 di hyg ted to Chi derjvati
(ohl or  nsy o opttaps TR FACRAICHIES (N RAHREE BROY e nbhorails B dibiRpasiniag yo
Chl orophy! | @htiddsiestives (it o Riahydrogenitedid RER dedvativelBRsibIchIBriAger ties in

conparison to poréhyri ns, but are less readily available and nore”difficult
to handle. The 15tigeanspliand Srcterinchiomphyl | desivativent haye ssupepork quopenesBammer |

1991 d of %%%tr@ ' ' il 1987;
Doug%e?’? Y, 015 ; ?%%P&@?@Pyﬂdt f@eg%gsl 1)Iégthslg \éal%agé Eéﬁ%@é&%‘“ﬁ\f@?&’@eig%;
Pandey el5 al poterit®®4f cHioophiil detivatives (ShB28 and Bominbe 1091 GnO 8F BacktibchibRIpARAY Of

cancer, has heen . studi ed. e hei.r i ntense absorption in favorable
spectral. reg %Wét“(eéége‘?m%ﬁgf-nﬁég%ab&“ lﬁ’g%rIQPQW%%PQW?’%BWI%&, 1993;

treatment, CRIcREORDYY;Ipadihy dak! 29949 aidaah @E[))Qrw,l 1993 Ehrdfd hﬁé%ﬁnc%iseaﬁdhﬂéé oy §EN

identified as excellent sénsitizers for PDT of tunors. exes ot*cyclic
t et rapyrr ol eeanggrt hasrheemstudied. e to thein inknsevelrserptibu ihi fabrable spisetral pepigs Y650 and.

17, 18- di hydr oRPL BIYRS Thef Hehd depPhabRCll SRS hios R L SR bS oo phgl O
20  derivatives have been identified as excellent sensitizers for PDT of tumors.

Complexes of cyclic tetrapyrroles with metals other than Mg were studied in.the
porphyrin and 17,18-dihydroporphyrin series to understand’ their spectrocospic and redox
properties (Hynninen, 1991). Bacteriochlorophylis are of potential advantage compared to

 the chlorophylls because they show intense neﬁr—infrared bands, i.e. at considerably longer
25  wavelengths than chlorophyll derivatives.

PCT Intemational Application Publication No. WO 90/12573 to Dougherty
describes derivatives of bacteriochlorophyll-a or -b ar of the corresponding bacteriochlorins
devoid of the central metal atom or in which the central' metal atom may be a non-
_paramagnetic metal selected from Mg, Sn°* and Zn™, and the C-17%-carboxyl group is

30  esterified with a saturated or unsaturated hydrocarbyl residue of 8-25C, for thé manufacture .
of a composition for use in a method to effect the destruction or impairment of undesﬁed

target biological substrates, which method comprises photosensitizing said substrate with an



properties (Hynninen, 1991). Bacteriochl orophylls are of potential r
advant age conpared to the chlorophylls because they show i ntense
near-infrared bands, i.e. at considerably I|onger 25 vvavel y??oiq'ﬂ

chl or ophyl haat i ves. PCT International Application Pu
90/ 12573 tgv ﬁh grty descri bes derivatives of bacteri OC%F H'WIIl a or -b

or of the Cézfeeeépmn%feaat&maﬁzel RbASd b SYRAAioRToflRE thBA! M,Luﬁ@m& atom
or in which the central netal atom may be a non- paramagnétic netal

sel ect ed f rredinfiggis a vGrvelength haghabsorbag ﬂlﬁed@-"it?@—f@aa How ffeiive ip impairdyr
esterified S { o r I i d 8- 25C,
for the nandl%{ggc}{ ﬁlre eﬁb%{a%' gggg%%igﬁﬁ% géfﬁég%q‘i%ég Sgﬁat q% lfsﬁl%? . gﬁmg‘i@%’fm’t he
destruct i ortherapy Epdidiagaodicolt indebé metkd tha gleiough csnb e lZnSubshiplates Sof Whi ch
met hod corrprlses hoto enS| |2| sa’n‘g substr at.e W|th an 3. WD 01/40232 2 7
MAY 2004 Pesterp ‘i‘ ‘Ef &t ngé“ BR§tISH dSHYAIVERRavE #0F been exemplifiedd by
irradiatio f yt r n V, and
absor bed b;h oga\“lmt(i)hﬁlerllﬂ\éltgt&lI 5§u ?%& Igaﬁrérye?kg‘e?éeﬂgﬁ \i}{e'ﬂ%osIJ eﬂggﬁt%oﬁ ﬁgﬂé{t?@y t he
substrate. alpphtadmwcbﬂwuﬂﬂé corrpounds are sal d to be useful in.

phot odynam ¢ rapy anai ? OStI T be not ed f'that althou Sn2'
and Zn2 conpl ex fdgy “norpl el cﬁ?% b ﬁyf? 155' © PRPSSFE 8 SN EHB net al

deri vat i vegehgatgurOindd agder aioasdll fight @dnditiens, we SBEkYmoRiid0ste 1bilet 4RI have
preparation described in the specification of said patent gﬁl i cati on WO

90/ 12579, @ﬁa@whﬁolpnfﬁx qEratyny gisdscidn diiglptoiate fprmation,nwhevecqmpasehwitho.goxygen

at room r g t | et i es
are labile ang{oﬁb@hﬁnﬁasongv%n o&%lrwebélfaﬁ%ﬂﬁ%gyl e‘% S i 0? %m%%‘%al m%I
f or mati on, mttmunsgﬁwpmbhchpwtﬂahqhaeac@n,stidsendatlmpmeaﬂmdegradaﬁen iy eivd y@ul&iﬂﬁﬁé.
However, their .possible i |t|at|gLEJ I ol ogi.cal redo reactlons,

favorabl e JPLOf a”l“pﬁm e’F‘ftE’i“?c ‘é“r]i'ﬂﬁst AT Pthes SAPPOHIGF a%i& PYRLYTRS \#od o
result in tdne,mmnsemrlmT therRpy Al didghoftics RRACLLIIIRE Bf@éﬂ@ﬁhﬁékés%n@}fﬁ‘dterﬁtxﬁ'er
conmpounds, e.g. rins and_chl oro‘% yll's, for PDT therapy and

di agnost}i c§aenlas m} ving Hisguen fChemicakmodifisatian of basterivalorophyls iih exBoiedipl es
and in livi f c | p. S
apect ed { queh phfie, GeC lohBief il IS 3ot BRaler) Bl S 00 UREI i
limted duen&thbdsa'mkh@f:reﬁanaﬂoabifeuchnmdmdSbacfter[ochlb&)phj‘rlbﬁﬁyﬁﬁneﬁ,n1&91) such

fi hl | |
modi fied bacter IE?]IQOPE% Ing terit Ap?)llca?grﬁl Blll 1shed un(?er 1\)0 0584552 of the same applicant of

the present application describes new conjugates of chlorophylls and bacteriochlorophylls at

0 the C-17° position with amino acids, peptides and proteins for use in PDT therapy and
diagnostics. The amino acid, peptide or protein residue is linked difect]y or via a spacer to
the C-17%-carboxyl group of the chlorophyll or bactérioehlorophyll molecule. These
conjugates _ere prepared by methods which are mild enough to retein the acid-labile central
Mg atom. '

5 The C-13%-carbomethoxy group of chiorophylls and bacteriochlorophylls is
biosynthetically derived from the C-13 propionic acid side chain and part of the reactive §-
ketoester system present in most chlorophylls at the isocyclic ring. However, unlike the C-
17 propionic ester side chain, no methods have been available for either chemical or
enzymatic transesterification at the C-13* position. The only reaction previously known for

0 this greup was its cleavage, leading to the 132-demethoxycarbehyl- or pyro-chiorophylis.
German Patent Application No. DE 4121876 and PCT Publication No. WO 97/1908 1, both -

assigned to the present applicant, propose bacteriochlorophyll derivatives with modified

4
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bact eri ochl ofuspglyta slopafer te msdificaten e8ytraspsierificatioiny of acithlgbile pigméngs e the

t hi oesterifyj

; hdt%e Rhg-EMe bl gﬁmlopﬁ,ng} 132- car bonethoxy group of chl orophyl |
an

Disclosed herein are novel chlorophyll and bacteriochlorophyll

20  derivatives of the general formula I:

25

and pyro-derivatives thereof wherein the radical COXR,; at position 13 is absent,
30 wherein
Xis O, Sor NH;

M is a central metal atom or represents two H atoms;

5.



bacteri ochl orophyl| derivatives either alone or together with the G17;
propionic acid side 15 chain under anhydrous and anaerobic conditions in

t he presence of excess al cohol, nercaptan or ami ne and ugimngAY 2004 .
tetraet hyl 5 ?ﬂate as cat al yst This procedure is mld ei?}g,ﬂg‘p o allow,
for the no |ca transesterification of acid | &6 8‘:}ents

i ke the nat I ve_My- cont a| n| ng.chl orophyl | s. I os herein are npovel ..
chl or ophyl | and%&'&%’rqf%”r?hdﬁ‘&?ﬁﬂepﬂy’%ﬂﬂﬁmﬂa? 36#‘”91‘?3‘5’5%@% 1%y nul a
1 25 71 y3 1 RiFOr3aid Pl dRyrF o- deri vatives thereof wherein the

radi cal COXR, at position 13 |s absent 30 wherein Xis 0, Sor NHHL Mis
a central netal Raisomthyt orfoppdsent s t wo H atoms; 5 2 7 MAY 2004 WD 01140232

PCT/ 1 L0O0/ 00811 d,R5 are.eac ndependen acetyl .. vi,nyl, ethyl,

1- hydr oxyet hyl %‘édﬁﬁe%ﬁ%ﬁp%s}mnéghprg;eﬁt%gngpé %%?“%E"y%’t“ﬂy dr adical: R4 is
met hyl eor fOfnyR;michez dﬁtsmdomﬁ”ﬁéntpﬂesélecmﬂsfmﬁﬁlerge@rpaﬁﬁﬁit&lgaﬂ optional -
doubl e bond; and i the sane or different, are selected fromthe

group consi sting of (()@Cacelhy@safhyldﬁé}e%ﬂwwm. straight erbrapched mturated ght
or branched, Sabyy tﬁ%tedogpdaﬁa@vtsasahﬁsh bﬂa@o?&aké aédﬁapaéle&éateémlam o Of

nor e radlcals se m hal'ogen, oXo (=0), .
i nterrupted by mme(=tﬁ) W@H&t@@b&mdﬁh, Qelireemmdecwyomeoor Iﬁowrhhtmwms by

carbocyclic or het ti residue of .an am no acid, an
ol i gopept i de or® i%&%@ﬁcﬁgﬁg@h AP 1"’&’51‘3 %%}%D?CE?'BUJF?“%SP of a
derivatpve thereof sg)eedsRide bf anacibe agld, caumhg&ptpn@émr@dpipepﬁdﬂ@maﬁgia
N- pr ot ect ed derjvatives, wherein said hydroxyl ated am no acid or derivative
hydroxy group or of a derivative thereof selected from the group consisting of esters :

and N-protected derivatives, wherein said hydroxylated amino acid or derivative
thereof is linked to the COQ" fesidue of the Chl or BChl derivative through said
hydroxy group;

(iii) a residue of a peptide as defined in (ii) linked to the COO" residue via a

Cy-Cas hydrocarbyl as defined in (i) wherein said C;-Cys saturated or unsaturated

o dd

hydrocarbyl residue optionally substituted by one or more radicals selected from
halogen, oxo (=0), OH, CHO, COOH or NH;, or such a residue interrupted by one
or more heteroatoms selected from O, S and NH, or by a phenyl ring is further
) substituted by an end functional group selected from OH, CGQH, or NH;;
(tv) a residue of a cell- or tissue-specific ligand selected from an oligo-
peptide and a protein directly linked to the COO" residue or via a C;-Cas hydrocarbyl
as defined in (i) ﬁrhere'm said C;-Cys saturated or unsaturated hydrocarbyl residue

optionally substituted by one or more radicals selected from halogen, oxo (=0), OH,

It

CHO, COOH or NH;, or such a residue interrupted by one or more heteroatoms
selected f'rcm O, S and NH, or by a phenyl ring, is further substituted by an end -
functional group selected from OH, COOH, or NH; ; and

v)a reeidue of a mono-, oligo- or polysaccharide or from polyoxyethylene
directly linked to the COO" residue or via a C;-Cys hydrocarbyl as defined in (j)
o] wherein said C;-Cps saturated or unsaturated hydrocarbyl residue optionally
substituted by one or more radicals selected from halogen, oxo (=0), OH, CHO,

COOH or NH,, or such a residue interrupted by one or more heteroatoms selected



thereof ig linked to the COO iesidue of the Chl or BChl defi?VﬁH‘f t hr ough
sai d hydroxy‘mg@w' 5 (iii) aresidue of a peptide as defined In %)
li nked to'the Pesidue via a C-C25 hydr ocar byl as def i HESHILOp0(8)1
wherein said Cl-C25 saturated or unsaturated hydrocarbyl residue . _
optional |y subst iftomt € Stand ¥, arbyno pleenyladis & firthed sebitReted bPan ch@lig@8Enal 0X0

(=0), OR CHO, COOH or NH2, or C esjidue interrupted by one or nore

het er oat ons sel e&@@*gw&omﬁgﬂgom0wﬁby a phenyl ring is further

substi t ut ed Jith &8 Ipf‘d%ikofthﬁiﬁil I OMA meHyPWRerSIR) i 61§ pﬁﬁﬁ,ﬂ%«%y | &fth.«lf\llé%aué i v)
cted ' Tro

a residue of a cell- or tissue-specific |1gand s€le an ol 1 go-
pepti de and o4 2painejagiddi perdide gr # prokainiox of defeati@@Oheneefi due or via a Cl - C25

hydrocar Qyl as i ned | F boribE s hd. Cl- .sat ur at or. unsatur at ed
hydr ocar byl resi ﬂﬁﬁfé: Gglgg?qngﬁgﬂoy sugg{l{l‘l{%ﬁéﬁm%ﬂgﬁé I%Peﬁﬁl?‘geigﬁ'ﬂﬁ 1’§°.thy{

sel ect ed fr amihtht algead linx ait (poSitionsOF:8 TepEsits GORbtblY b, ar® the delivafivése st due
I nterrupted E%/: one, or re heteroatorns selected fromO, S and NH, or by a

phenyl i ngthiosoptygl ared bs IsRectyely- ckherpmpaunds of fprmpda I whereingRoig peetl, Be ied
from OH, CORNip®r RNHE ethd Nl =05 CHl f - i go- 0r .

pol ysacchari de yg))’r R rwgrﬁthol %lgxy%t Eﬁ%ﬁ%dﬂgi ?Igckl}ﬁj;rléggﬁﬁﬁ%dgteog'[%h%e%esr%%i due
or via a Cl bayt&ridehbiwaphsl byl as defined in (i) wherein said Cl-C25

sat ur at ?8 or unsq.éurate h roca\réb |. -resi due o(}ptionally substituted by one
or more'fadical s 88F wretal YATMIS s Fompund of dprmudg { may-bhepbsewtomay be theH2,
or such a r asidUgiafind bf B8 heGrd) ¥hIGRPBhA! andMabte RGNS Mot 7 MAY
2004 WO 01/ 40232 ]%éT/ | LOO/ 00851 frgﬁ%, S ang NH, rg‘?ﬂtygy a %hé%{/ﬁq}a?r?g,a i's
further subgivaleni metabselegied dioth the seavpenndisting 0bBd, GeINicCe,dZd, ey BORLEA)Sn or

NH2 ; with NBrovi so that R is not nmethyl when R2 is ethyl, phytyl,
geranyl geranyl of the residue of an amno acid, a peptide or a protein or

of derivatives t1ik¢ @dsentSintdirios GOt &f af R iasseltedi@Fifh Pr&idsd Forvinay!
R4 is nmethyl or for R5 is ethyl and the dotted |ine at "positions 7-8

|, .
represehts B"’E@f%‘l”bgggﬁcfyﬂthﬁt@ ehigophyHliage brejeripchlorophilf deriyatiyds| oftha genelal
tivel : .Q)] R3, i acetyl, R4 i
rothy! . Fo ol ERIDGHEEE s 6 i bldtets MABHERE ISR T Y e

derivatives of (a) reacting an appropriate (bacterio)chlorophyll, metal~(bacterio)chlorophyll or

(bacterio)pheophytin derivative carrying at position C-13* a COOCH; group and at position
C-17* 2 COOR; group, with an alcobol R;OH, wheréin R, and Rj are as defined above,

20 with the proviso that R, is not methyl, in the presence of tetraethyl-ortho-titanate, wherein
the reaction is performed either in 2 solvent such as peroxide-free tetrahydrofuran (THF) or
dimethylformamide (DMF), in which case the C-13%:COOR;, C-17>-COOR, diester is
preferentially obtained, or the alcohol R;OH is used in large excess and serves as the
solvent, in which case the C-13%-COOR;, C-17°-COOR, diester is obtained; and

15 b separﬁting the desired products from the reaction mixture.

For the preparation of compounds of formula 1 wherein X is S, the corresponding
mercaptans of the formula RiSH are used, and for the compounds wherein X is N, the
corresponding amines RyNH, are used.

_’I‘he procedures of the invenfion can be used in combination with other known

‘0 procedures for the modification of the molecule, for example conjiigation at the C-17°

position as described in EP 0584552, modifications at the periphery of the molecule and/or



bacteria chlorophyll a. 10 The central nmetal atom Min the conmpound of
formula | may be absent, may be the native My atom of the natural

chl orophyl | and bacteriochl orophyl| pignents, or it nmay bejay \girvabent
netal selected fromthe group consisting of Pd, Co, NI, Cu, Zn, Hg, Er, It,
Eu, Sri  and Mh. The present invention also -relates to a new

transesteri %@@&%%np FRGRARPIE 8¢ dés@:?oed R W 2PALES I Oﬁefetabm ae[ﬁamamt &C

chl or ophyl | acteriochlorophyll derivatives of the general formula I
above, V\her@qcl‘mgeO@h@cnsaimtqbﬂtomesmmmb@rngmshﬁeﬁﬁcm of: (a) reacting

an_appropriate (BAckshokahl APl aBhaln(Bashea géggég‘;ege%g@rgmup

(bacteri o) pheophy eril Ive carrying I on

and at posi msteampho@)sar%ﬁxzas ﬁ{ﬁﬁﬁp@noaqd,dmgnbéncager@ bommpﬁldgﬂpstwhmeeénd , and
R2 are as defined abo ow that R not in the
presence of?® gfé@?‘ﬁ%f’ﬁ ar(SlF%eﬂ ﬁrféffe"éﬁ r??“’s?shaé‘%%%%‘fa IBﬁarf'%le%aé‘rdT or ned

either in allﬁ@ét\é&ﬁbﬁa§ﬂélhﬂﬂ%@ﬂh@&ﬂc@ﬁPDT@ﬂd @tﬁérrpabmsbﬁﬁﬁzar agplicakidhy. or
di et hyI formam d 2 C 172- COOR2 di ester

case the C
is preferential cg[at\)/F%ﬁoﬁéﬁStaWc‘tﬂ"é‘"ed?EIBWSFdﬁI@SFﬁt@ 5308 i n | arge excess
and serves ﬁr’éce%é“ﬁar 4RQhBAkon ba Whiteh BSBpYICor GadiSockliFhyl SerkditocOGOR
di ester is obtained, ?5 (b) "separating the desired products fromthe
reaction m%@gmralf@unulghe preparation of conmpounds of formula | wherein X
is S, the corresponding nercapt arE of the fgrnula RLSH are used, and for
t he conpounds wherein X is N, the orrespon' ng am nes RINH2 -are used. The
procedures of the invention can B >Rihi nation with other knowmn FO
procedures for the nodification e~ Rsor exanpl e conjugation at
the C-173 position as described nodi fications at the

peri phery of the nol ecul e and/ or L 2004 transnetal ation, for
exanpl e as described in WO 9711¢ 0 denet al at i on or exchange
of the central netal atomis carig ' etransesterlflcatlon . The
new chl orophyl| and bacteri ochl or-ph cofjpolNigds of the invention are for
use as photosensitizers as the QuUt J A0l diggnosti c agents for exanple
agai nst cancer. and age-rel ated ng w Pation, and for Killi ng

cells, viruses and bacteria in §a Ies ape—y

ving tissues as well known in
the are of PDT and other phot o3 NSig i i

wherein _
M is a cenfral metﬁl atom selected from the group consisting of Pd, Co, Ni, Cu, Zn,
Hg, Er, It, Eu, Sn and Mu or represents two H atoms; - |
R; and Rs are each, independently, acetyl, vinyl, ethyl, 1-hydroxyethyl or an ether
or ester of said 1-hydroxyethyl radical, : .
R4 1s methyl or formyl,;
the dotted line at positions 7-8 represents an optional double bond; and
Ry and R; are different and are selected from the group consisting of:
(i) 2 C1-Cas hydrocarbyl radical that may be straight of branched, saturated
or ‘unsaturated, optionally substituted by one or more radicals selected from
halogen, oxo (=0), OH, CHO, COOH or NH,, or mterrupted by one or more

heteroatoms selected from O, S and NH, orby carbocyclic or heterocycllc moieties;



According to a first aspect, there is provided a transesterification
process for the preparation of a synthetic chlorophyll or

bact eri ochl orophyl| derivative of the general formula |: 217 BROQ®swherein M
is a central netal atom selected fromthe group consisting of Pd, Co, N,
Cu, Zn, Hg, Er, It, Eu, Sn and M1 or represents two H atons; R3 and' Rs are
each, independently, acetyl, vinyl, ethyl, 1-hydroxyethyl or an ether or

t f d 1- 1exided | tt d
ester of sai Giy)ch iyt diwndnﬁdbﬁéﬁi,aﬂngoﬁeﬁfﬁfewle b)gngﬁdg’&gﬁxﬂﬁggo €

l'i ne at p03|t|ons 7-8 represents an optional - doub
are diff er eRYdIgKYIZMB o5 Y 2darivative Giereofiscleptest fpor dinsgrotp nepsiting of dstas O - C25

hydr ocar byl tral hed. saturated or
u%sat ur at gdaﬁcﬁl{ ﬁ%keghla;ﬁeg@‘{ i ’t‘(]' gm‘iﬁ%’d@?‘ g acyd or dar@éived from
hal ogen, OXthef%@)]s litkdd tohihe COEHSdudNbE thedthl Hit ﬂCﬁPBérF‘gtlog tlﬁ' PLaigor €

het eroat ons_, sel ected fromO, S and NH, or by carbocyclic or erocyclic
noi eti es; shydrexygeupioos (i) a residue of an amno acid, an oI | gopept | de

| tide d t th f
el el ed Prbm ¢ rGRERalant s Peoe S5 SitadlBitD) Blted s GO gt e | ves,
wher ei n sai dl-h,yﬂhﬁiwdzaaﬁﬂ(is TR 1}jw%rcﬁ19§dld' e satﬁﬁa%de&f uds% ugiteci“ad to

the COO residue of the Chl or BChl™ derivative thiou roXy group;
(iii) a reshﬁ%f@c%’byldeﬁéﬁ Peféonally qulbpstifetad by quei 9r llﬂpﬁ‘fk@élcﬂb &eh@t@@d@mr esi due

A s AN T RS

or unsatura I’ES1 ue o ngl’ nor e

radical s Sebﬁﬁicﬁdh&kﬁjﬂonhﬁém ﬁ@mOO( Q)audCHH, gl)hn%lﬁg fuffersuch a
residue interrupted by one - or nore heteroatom; selected fromO0, S and NH,

or by a pheshsti bebB{%l‘?ﬂdrft“Né!Oﬂalﬁ%‘ﬂl selestasfiom Qb GOQAHE Qhﬂﬁnonal gr oup
et ected, 1o Okl o bl G5 2Rl 5, n ot
peptide and a protein directly linked to the COOQ™ residue or via a Cj-Cps
hydrocarbyl as dofined in (i) wherein said Cy-Cps saturated or unsaturated
’ hydroc;arbyl residue optionally substituted by one or more radicals selected from
- halogen, oxo (=0), OH, CHO, COOH or NH;, or such a residee interrupted by one
or more heteroatoms selected from O, S and NH, or by a phenyl ring, is further
substituted by an end functional group selected from OH, COOH, or NH; ; and
(v) a residue of a mono-, oligo- or polysaccharide or from polyoxyethylene
-directly linked to the COO" residue or via a C-C;s hydrocarbyl as defined in (i)
wherein said C;-Cps saturated or unsaturated hydrocarbyl residue optionally
substituted by one or more radicals selected from halogen, oxo (=0), OH, CHO,
COOH or NH, or such a residue interrupted by one or more heteroatoms selected
from O, S and NH, or by a phenyl ring, is further substituted by an end functional
group selected from OH, COOH, or NH;;
comprising the reaction under anacrobic conditions of a (bacterio)chlorophyll, metal-
(bacterio)chlorophyll or (bacterio)pheophytin derivative carrying at position C-13% a
COOCH3 group and at position C-17% a COOR, group, with an alcohol RyOH, with the
proviso that R; is not methyl, in the presence of tetracthyl-ortho-titanate, wherein the
_reaction is performed in an aprotic solvent such as peroxide-free tetrahydrofuran (THF) or
dimethylformamide (DMF), thus obtaining the desired C-13’-COOR;, C-17-COOR,
diester, which is then separated from the réaction mixture.

8a



peptide and a protein directly linked to the COO residue or via a G -C25
hydr ocar byl as defined in (i) wherein said O -C25 saturated or unsaturated
hydr ocar byl residue optionally substituted by one or nore xaqjsgajs, sel ected
from hal ogen, oxo (=0, OH, CHO COON or NH2, or such a residue
interrupted by one. or nore heteroatons selected fromO, S and NH, or by a
phenyl ring, is further Aﬁa':lgé'ti ouéts%d y an end functional group selected
fromO01-, COOH, or NH2 ; an T%§ 2o B8 ARTES Hereds piged a Bpnsgyerifisption
pol ysacchargreesofor flie@reppatiyo sy Lkt Chio@pliyBCdrbictbrhdikBebphll ddiRatde@fr esi due
or via a Cl-C25 hydrocarbyl as defined in (i) wherein said Cy-C25
sat ur at ed &F‘eﬁg‘&i[@%‘fléﬂ hydrocar byl residue optionally substituted by one
or nore radicals selected fromhgfogen, oxg(=0, OH CHO COOH or NH2, or
such a residue interrupted by ong or npre heteroatons selected fromO0, S
SuRstg t.yuted by an end functional
t he reacti on under

anaerobi c conditions of a (bactgyf hl gNopH{y! |, netal -
(bacterio)chlorophyll or (bactg io)pﬁﬁ;phyti iferivative carrying at
position G132 a COOCH3 group &nd atr pQ_sitf n C172 a COOR2 group, with an

al cohol ROH, with the provisd¥ha
tetraethyl -ortho-titanate, whe
sol vent such as peroxide-free e (THF) or dinethyl formam de
(DVF), thus obtaining the -desir&§ , G-172-000R2 diester, which
is then separated fromthe rpaction m Xtur®y 8a 2 7 MAY 2004 According to a
second aspect, there is proyl-edIﬂﬂmbﬁnsesté?ification process for the
preparation of a synthetiRy@0Cor ophyl| or bacteriochl orophyl!| derivative of
the general formula I: | wherein Mis a central netal atom selected from

t he groupvisosigi sting of Pd, Co, Ni, Cu, Zn, Hg, Er, It, Eu,. Sn and M or
represents t are each, independently, acetyl, vinyl,

V\@QH atorg% R3 and {
ethyl, 1-hydr d4¥et figAralmetal, atopyselected fremths sronp sensistingiof BloKe.dvh ¥, Zadi cal ;
Hg, Er, It, Eu, Sn and Mn or represents two H atoms;

t2 met hyl , in the presence of
on is perforned in an aprotic

R3 and Rs are each, independently, acetyl, vinyl, ethyl, 1-hydroxyethyl or an ether
or ester of said 1-hydroxyethyl radical;

R, is methyl or formyl;

the dotted line at positions 7-8 represents an optional double bond; and

R and R; are identical and are selected from the group consisting of:

(1) a C-Cys hydrocarbyl radical that may be straight or branched, saturated
or unsaturated, optionally- substituted by one or more radicals selected from
‘halogen, oxo (=0), OH, CHO, COOH or NH,, or interrupted by one or more
heteroatoms selected from O, S and NH, or by carbocyclic or heterocyclic moieties;

(ii) a residue of an amino acid, an oligopeptide or a polypeptide containing é
‘hydroxy group or of a derivative thereof selected from the group consisting of esters
and N-protected deﬁvaﬁvcs, wherein said hydroxylated amin(; acid or derivative
tbereof is linked to the COO" residue of the Chl or BChI derivative through said
‘hydroxy group;

8b



R4 is nmethyl or fornyl; the dotted line at positions 7-8 represents an

opti onal double bond; and Rl and R2 are identical and are selected from
the group consisting of (i) a Cl-C25 hydrocarbyl radical 2thajaynmy be
straight or branched, saturated or unsaturated, optionally, substituted by
one or nore radicals selected from hal ogen, oxo (=0), OR CHO COCH or
-NH2, or interrupted by one or nore heteroatons selected fromO, S and NH,
or by carbocycl (iii) eredidiciTagitplide as Rifgkd &6 (i i of an ami no
acid, :an ol ggopeptide or a po ypeﬁ@%ﬁﬁlggﬁ%ﬁﬁgﬁ%@@%wa&p or of a
derivative Iagﬁﬁg‘gfjf%@@c%ﬁm@mﬁhdepaidmscggaﬂwed of Sheitdrateand N

- pr ot ect ed p0gk i wher ei.n said hydroxylated am no acid or derivative
thereof is ?I 'n'Eegi t@@ﬁ%“@ﬁ?ﬂ#‘&@%ﬂ%ﬁm@e@ﬂmw Bdiehlscietectedtfrore t hr ough
sai d hydr balpget, oup (=6 GH, CHB.YCAA of N, ) ordubifs Irg@eof@gngg%l de as

defined in éii) linked to the COO residie via a ¥& Byl as
def i ned i n%f FOTGAEERItPmsasaleotd B0% ©aSUMENH, of bynsalidayRHAS is gear byl

resi due opg, bst.it uted by one or -nore radicalsS selecte rom

hal ogen, 0%(%&?:%, @,GH&Q&CWWWF“@%Q%CQQﬂmﬁﬂHz;i nterrupted by

one or nore het@)oieiduesst £eERIof hepyl ring is
@) e o ﬁmgpeéﬁ@@%mg&; o1 ic Pty Bl ko

further substituted by an end function grou COCOH, or
NH2; (iv) oPePHde Ané af Prateime|directy linked Uo- thee €00 Cresidganst sl actpd,f rom an

ol i go- pepty pryotein.ditectly.linked to the COO residue or via a
Cl - hydr%@gr EyB Zass gg‘t?[feﬁebuié? ("Yttﬁe}/%e Eisbasg satuatesds of qunsataragel] or

unsat ur at echydrycdibat adsiide dptishal ifuf ' one, Qr _nore
radical s selected from hgﬁogeﬁ?a@g& (:o%’,w‘c‘iéfpﬁjé %lf’bé?lem,%oﬁ'r such a
resi due i ntiozgpt @@ G).0PH, CHO, GOOH e NI at such cebided Bilerhipéd By one and NH,

or by- a phepyl i I.s furthe substjtuted by an end functional group

sel ected f fd(%n%ﬂ ,I{%%&ﬁm%lsd ,m’ghg”(d/}“‘%lmé’ifdl!eﬂ Bhenyl mweois, fughérgo- or
pol ysaccharsubgitated by afeRPlestoral il 9 | EBG ' the COO residue
or via a Cl-C25 hyd'{r/o_car byl as d%?‘(_)i Eeﬁe?tgd??ﬁlé%n‘g?%%gﬁ’éﬁgQS

saturat ed or un$etaresidad ofig dnwwoardligo- oepb&mhmﬁb@nﬂd%ogugﬂﬁﬁéﬂeed by one

or more T A e ufifla e B 3G TS P Ve 8- D hiyaamno o defined in G
wherein said C;-Cps saturated or unsaturated hydrocarbyl residue optionally
substituted by one or more radicals selected from halogen, oxo (=0), OH, CHO,
COOH or NH,, or such a residue interrupted by one or mofc heteroatoms selected
fiom O, S and NH, or by a phenyl ring, is further substituted by an end functional

_ group selected from OH, COOH, or NH,:

cc_)mpxisingAthe reaction l;nder anaerobic conditions of a (i)actedo)chlorophylL metal-
.(bacterio)chlorophyll or (bacterio)pheophytin derivative camrying at position C-13% a
COOCH; group and at position C-17* a COOR; group, with an alcohol RyOH, with the
proviso that R, is not methyl, in the presence of tetracthyl-ortho-titanate, thus obtaining the
desired C—132—COOR1, C-17-COOR; diester, and wherein the alcohol R,QH may be used

as the solvent.

8c



COON or NH2, or such a residue interrupted by one or nore heteroatons
selected fromO, S and NH, or by a phenyl ring, is further substituted by
an end functional group selected from COH COON, or NHZ; corép*f |M§Lfn { he
reaction under anaerobic conditions of a (bacterio)chlorophyll, ‘1
(bacterio)chl orophyl|l or (bacterio)pheophytin derivative carryi ng at
position C-132 a COOCH3 group and at position G172 a COOR2 group, with an

et r act HRTEY DS CRIERQ f&ﬁ%ﬁ%éﬂ?&vﬁﬁ%i th desi ted C 130 com -
C172- OOORI
sol vent . %‘ggﬁlg e@%’ Mﬁ%@ﬁ?%@%@oé@gy %]W}&'H °1-D

show t oxj Epmpenféﬁﬁémé RERC kA& GHibatdn Wit %CP@BPE&H%H QIB%K thutpd e

squares) anonma cells after incubation.wth tbb-Pd ei d-tbb
(1A, t l:mPtE(iH midRN8) dPdBPheiB)et (FD), Bohiold(1EY). S(eﬂsiljzer&:wnter added liD)lipoSemes. t i zer s

wer e added i.n | i posones ility was determ by [ 3H) -t hym di ne
|ncorpor%ﬁﬁﬁplhﬁtv@39‘$&mﬁnﬁg§y Eﬁﬁ@%‘d'?ﬁ cerpofation 1ntq - + -) and.

Prohe Loy ack 1k, LaBfeCyoRERs, te S € -C11 225, es;b%fv%%&éf%@f faBPg. ser
cells- %E%gam- uated Y8 ofl PHBPHeidadr ight [(biagk trhunples), derki (waktepdinglés) af

DETAI LED | PTT ON THE | NVENTI ON The present jnvention relates to new
C- 132- Caneuse MR relagapmeellsrfgelloviatdlity wasstetermiged by Wi PYatonf

chl orophyl | and bacteriochl orophyl | conpounds wherein )(.is O Sor N In
one enbodi nent of the invention, RE and R2 are identical; in another

enbodi T DRS IﬁPﬁGN@F'I‘EEW?EWQW ment of the present i nventi on,
R1 and"%ig A[% E S: ro carbyl radical. As used her e| n, "hydrocar byI

means any st r'Hhegbtesmt ibvantioh gelates o umeant él'dI?iJFCOP@a,t GF HE e@0XRs | and Gell37g

aromati c,, drocarbyl radicals, preferab 25 £a bon h as
AP e A S R R b R

or al kerwﬁerelﬁl)&érgl rRycloal kyl, aryl such as phenyl or .an aral kyl group
such as benzyl or. su%st i tuted benzyl e.g. tert-butyl benzyl. When Rl and-
R2 are d| f f erlardne eabodmept affthe abbmomeRhgdd, Ridre 1deaticat;ah amthaeembodlment,
they are dlﬁ:'erent o .
In one embodiment of thc prcsent mventlou, R, and Rzmay be a hydrocarbyl radical’

" As used herein, “hydrocaxbyl” means any straight or branched saturated or. unsaturated-
'mcludmc, aromauc hydrocarbyl radlcals preferably of 1-25 caxbon atoms ‘such as alkyl,
preferably of 14 carbon atoms, e.g. methy], ethyl propy], butyl, or a.llceny], alkynyl,
cycloalkyl, aryl such-as pheuyl or an ara]kyl group such as benzyl or subsututed benzyl, e.g.

: 'tert-butylbenzyL When R; and R, are dxﬂ'ercnt, Rl is preferably methyl, the radical present
in natural Chl and BChl compounds aud Rz is prefcrably ethyl ora radlcal derived rom
“natural Ch[ and Behl compounds €8 gerany{gcranyl 2, 6—d1methyl 2 6~octad1enyl) or
phytyl (2,6, 10, ,14-tetramethylhexadec-14-en-16-yl). When Ry and R, are diffecent R; and R,
may also be a hydrocarbon chain substituted by one or more radicals selected from halogen

gd



in natural: Chi and BChl conpounds, and R2 is preferably ethyl or a %9' cal
derived from natural Chl and Bchl compounds, e.g. geranyl ger?a
(2, 6- di met hy|Y¥O8Y¥2iZadi enyl ) or phytyl (2,6, 10, 14-tetranet hy?m@f@tsll | 4- en
16 yl). Wien Rt and R2 are different RL and R2 nmmy al so be a hydrocarbon
chain substit yifdishy BNE] Qhd TOSLOHREKS E-Q), swﬁ@ccadaﬂ 5@N[‘Habloﬁﬁﬂ a%%p%ioiaﬂym
2004 WD 01/40232 PCT/iL00/00811 such as F, Br, , or OR oxo (=0,
CHO, COCH or Mytitugpd lydtq@araﬂ GpinipaErRted b$9b§t¢t%éaefﬁ§ahw&aﬁrgaﬁn Qi i an
interrupted b [ I ‘

Yi o lerJél A& %gmfo P frb&'l %}gﬁs,g{rgf%,ﬂy}r gt{ﬂerlcyaebhyi?neglycol,

ol i gooxyet hyl en‘ég Ge of 4'to 10 car

pent aoxygéhyl enb;g&aymychc e)g phpngd,fogbmtemwlrg eg;?rridglmm;atws or het gr o;:KcI I C,
e.g. pyri noi ef i no odi nen may be . the
resi due of an am niﬁ‘ %FPF‘E?‘(? mﬁm gzé 1?3% b@éheofes B?)?Ezé’bﬂ“ﬂ%’) 2 At 8F @i ng

a hydroxy gr opghtids Y6likAse ﬁzﬂfpeﬂﬁde)tdaﬁﬁﬁﬁlg@hﬂ?&:y érﬁ{éﬁ’sduﬂl?as SrinB SR ARS and
containing them or .a derivative of said am no aci pept i de’ sel ect eaé1

fromesters, eargsmeabkmpnd@tc@p@xm@ew @rfbdeél@{ﬂé@ of gaif waino\asisl Qxﬁmptademeiehed

N-protecting rou r ho or trit

and said hydrg 4 tte’ésdegh@%% Xtgrlsbl ?rﬁﬁﬁ)tte Lat‘%’dlg?ﬁ}(fes et 25%’ %WO‘I‘ i
linked to thef&%m@equn-b@iyldﬂyecﬁbbbeﬁfo@%uﬁﬁrmﬂanmm dxbhﬂaucgiamlma&imrroxy
group. Exanmples of such am no acid derivatives are serine neth ester

Nt er t - bul§| oRgriide 196 privasige itheseof N fipked o the FORL sramof the<Gld or ﬁ/fgh!@w‘re

nmet hyl ester, f
such a pepti d%@é‘%h&s hgr b(%)bgllréﬁzj %xa&n‘én&?? ngcléglﬁ%ﬂéyz{%fcﬁ%%twe?é}? %E%wt ﬁero

prepared as stmmbh@dbmymrEFﬁyDﬁﬁﬂam—trtﬂy}qseﬂn@ neefheyt E:fﬁd‘ Hrosidbmeihpleester, titeNChi
or BChl derivative is esIerlé‘&gﬁvmth serln or. with N- ¢

but yl oxycar bolfirutexy tosing methyl ¢ster, and ap 5 ff sugh a ‘&2‘5%93@8[’3’1?%“
residue of a %ggts ﬁ&r&%ﬂ%m?ran Myd@%pme)as 'dbé&hﬁ&i in%EE h?s:%&l e

t hrough a Ci- ocar byl radical as defined above, case the
hydr ocar b} radha:hhem,ethﬁeéihhssr aBERadesivativgr iss eﬁtchﬁyépw;thlebeem@%r with N-tert-

pol ypept.i de/ p% ein nd Ihas an end functional group selected from CH COON
and NH2, thr EW eRd™ unct i onal group the peptide or protein is
linked by an est erInoe[ fithietl @mbbdin@nt, RN aad Gh edayTher the Gesi@iEberdi pBptide @ligape R2
may be the residue of a cell-speC|f|c or tissue-specific |igand sel ected

from pept i desPalvreptidedtlinked to Hiei € ofr BCH tarepeh f*l%dcbthdEﬂfﬁfbﬁbtadlcal as defined

above, in which case the hydrocarbyl radical serves as a spacer for said peptide or

20 polypeptide/protein and has an end functional group selected from OH, COOH and NH,,

through which end functional group the peptide or protein is linked by an ester or amide
bond.

In another further embodiment, R; and R, may be the residue of a cell-specific or

tissue-specific ligand selected from peptides and proteins, which are exemplified by, but not

- 25  limited to, hormone peptides, e.g. melanocyte-stimulating hormones (melanotropins), and

antibodies, e.g. immunoglobulins and 'tumor~speciﬁc antibodies. - Also in this case, the

peptide or protein may be linked to the Chl or BChl through a C,—Czs hydrocarbyl radical as

defined above, in which case the hydrocarbyl radical serves as a spacer for said peptide or

polypeptide/protein and has an end functional group selected from OH, COOH and NH,,

30  through which end functional group the peptide or protein is linked by an ester or amide
bond.



25 limted to, hornone peptides, e.g. nelanocyte-stinulating hornones ¢

(nmel anotropins), and antibodies, e.g. inmunoglobulins and tunor-specific
antibodies. Also in this case, the peptide or protein nayZBeMﬂﬁﬁﬁﬁd t.0 the
Chl or BChl through a Cl1-C25 hydrocarbyl radical as defined above, in '
whi ch casé“qﬁﬁﬁﬁgrocarbyl radi cal serves as a spacer forPGHIISOPBH | de or
pol ypepti de/ protein and has an end functional group selected from OH COON
and NH2, 30 thr eyighy Mg @xﬂﬁbdﬁdﬂé’:ﬁ@}kpﬂﬁ'l{gﬁﬁwﬁﬁemereﬁéi@éf‘jaemgﬁo-pﬁyﬂécﬁ'd} s

| i nked by an ester or amde bond. 9| 2 = Y 2004 WO 01/ 40232

PCT/ | LOO/ O@@lysackhkaride idirectly licked taghe £ dphtbe Chl e BG dnakevulessr theoughe Gresi due .
of a nobno- . 0]igQo- .0 | charide,directl I nked.t.p the -,0f the .
Ohi o Bon Loty Rt il BRGRE B ABEY enddMitiche B dfosalaiadls

above. In ghiebehetd ed enbodi nent, the nonosaccharide is glucosamne. 5 The

invention further relates to pyroderivatives of_ the Cil d BChl conpounds
of the>formul aghPW’%@n\ﬁl‘iﬂﬁrS%ﬁ% BTPRerEatyey ?lft\iiﬁicéh I‘%&gaﬁoﬁﬁ’ﬁﬁ‘iqﬁd’}fy

(COOCH3)  gkUR Ry AL Rln $REm@BtheRE W&M&xﬁé}%{j@%@é&g%ﬁt om

These. pyroderivatives are obtained fromthe G 132- 172 and
C- 132- COORpatu@ 102 -20@ BTh! cdimpenngis Ss gépladed byray Eheioon Theseppyrotigrivativesi 4rh

Prvent on. SCBIBOUE e el ToPPRE of P RRiRLoBed 172G 0PBY T 7HE0RR 35
posi tion odlestersSofpliehRneot bybdyrolySswith palidd(seBBcliw@d) ng a Chi or  BChl

C- 173, C 133 diester derivative carrying a_ natjve carbonet hoxy %rig\tig'at t he
C-133 Positi onFo the Rreparatienof dbe sstess b therinyention{eprapqyngds wherehy Byl , in

the presence,QbierifiGlibRg! iy £-187 %@%@gé‘%&exéﬂﬁﬁ[ﬁaﬂ}'eﬁ%& Eﬁ%ﬁg{}] g r(i(:) or an,

performed in an aprotic solvent s peroxi'de-free tetr
(THF) or dBGH K1 FpCridiriddete( DivivhiiveSayingla maive carcbmeetboxypgrepprae dheb@-16Hi s

t hod d i b | i th, et |, ,tert-butyl-be l al cohol
g‘r9 opgno?,S Pg?slﬁfgflb&?‘& tggfg%?e\éﬁoqt’l&ﬂh‘ﬂs E‘u‘a(?]ﬁewgﬁams%'r fsngo.t [P?‘FE%B% r PRESEEY Phent |
transest er idtiaediyl-SHhoAttatied, RyHerelnd ehedietction 1y perRmbd HOBS aproti® 86Heht"®eh as

si mul taneously with an al cohol RICH. The s%nt hesis follows the above O

procedupe, ppigrideiiise geteabtidnofivan (HED ers dimethylforammide EBE) deverst esters are
prepared b %retpglleﬁ by this method as described below with ethanol, fert-butyl-benzyl alcohol,

propanol, fert-butyloxycarbonyl-serine and serine.
In another embodiment, transesterification at both C-13° and C-17° positions is
performed simmitaneously with an alcohol R;OH-. The synthesis follows the above
0 procedure, but the alcohol is used as a solvent'. Several esters were prepared by this
method as described below including tbb, Pr, NtBoc-Ser, aﬁd ser esters.The reaction time
for the para-tert-butyl-benzyl alcohol and for n-propanocl were 48 and 12 h, respectively.
The type of alcohol and the temperature determine whether esterification will occur
more at the C-13° position or at both the C-17° and C-13* positions. Large R,OH alcohos
5  will preferentially esterify the C-13° position while small alcohols will esterify both the C;
- 17and C-13° positio.ns.
The preferable solvent according to the invention is THF. DMF is used when the
alcohol is insoluble in THF. The reaction mixture may be kept at 75 °C for several days s
such as in the cases of 1-propanol, para-fert-butyl-benzyl alcohol and N-tBoc-serine.
0 The separation of the products from the reaction mixture is carried out by standard

methods, for example by addition of diethyl ether and water untii phase separation occurs,

! Not applicable for MBoc-ser, which is a solid.
10 .



met hod as :described bel ow i ncluding tbb, Pr, NtBoc-Ser; andﬁ?r S gs. The
reaction“tine for the para-tert-butyl-benzyl alcohol and f Wﬁ%r@g nol
were 48 and PO402Regpectively. The type of al cohol and t HEHEAYISH ur e
determ ne whether esterification will occur nore at the G 133 position or
at both the GpletFoRNGGartdorSoPaRl 4duehis. phlady Gfh R ahR@heISthe coMiblided organic
preferentially esterify the G133 position while small" al cohols w ||
esterify bot hphakes vith W7QL svapotion st fesiolvewria vacpme, peredval efbthe exodsy gleohol in.

according to (t.he |nventi I\S, TH | n h@l oh S ..
I nsoluble in hl"aﬁaullﬁ[enqr&ie(gﬂ?ai)bﬁndr%% v%o#%@&’%@%‘é%ﬁseg% aééﬁf" 5;ﬂ%%\?8rﬁ‘?flvﬁays
such as in the MPSE$r edludn pliropatogiaphypar a- t ert - but yl - benzyl al cohol and

N-t Boc-serine. 0 The separation of the products fromthe reaction m xture
is carried out by standard methods, for exanple by addition of diethyl

et her and wat er ungi.l r.ati " : [4 .
Nt Boc-ser, which inltsﬂeatmgg%&gfi%gg %\%B(%%/l %%%F%C%MN%%D%} eq%%‘} I%%E)eﬂ O%Igil

three-fol d extyridint abelewated: thmpasureca slepreastbthoiO: 15’ eafbemethdxy resgue find foem the

conbi ned organi c, phases wth vapqration af fhe.solve I n _vacuum
renoval of .t HE‘%“QE‘J%@E"%I%#HB‘PMFNWW gﬁ“s B fezaip- Lhepigme frapdy BY ganyy
the desired, yri@aneshidebdifd, Htllated oBEhlatdies pY@hd/ e, by HPLC or “col um.

chromat ography. The transesterified Chl and BChl esters of the invention
can be fuldt her tr &hedhl wid BChipderivativae oltrined ksv/katk gracedyres eanrecnsed tidmselves of f

the C- 132 carbonethoxy residye.and f.ormth ro-derivatives of f.qrnul as
U and v i o AR HedoRfing 58 e 3L 0} 10F cor BB R GK b EbachFRocR ik (e
transest eri f isgfabid Mbletidésad 1y CiMBOhRImedodtleposi tion 173. 10 The Chl and BChl
derivatives obtained by both procedures can be_ used thensel ves as

sensitizers accor dVheg anssienis desited 24 His dsireg peRtide 0 ppeteia dp be afiachgd to one of
bridge/ 0t . .t : | |
Vnen an oot o Sotfidht i€ deftiq ofith' M AR Sanid dotrellie gl CEFEE BET G

to one ofl5 t heacpagtle mapn st be Hakeditd aaérireror hyydotherHyd ool @ninthiding fidog cacdith

resi due,. the Chl_. or Bchl 5 macrogycl.e first be |lipked to a.serine or
Ly ot her  hy dr SRR RES PR G PRATBLOn T e ERNE CSNAOURAS b3 SstiSatont it

transest eri f iygatdrRByRfiinkHe Aok CREEOSTBHRES, A Y pRBEEE frofet ik BenQhked to

the macrocycle through this amino acid residue.

Compounds of formula I wherein X is NH at one of the C-13* or C-17° positions,
20 may be obtained by catalytic condensation of a Chlide or Bchlide derivative with a
- compound Ry-NH,, e.g. an amine or the terminal amino group of a peptide or protein, in the
presence of TBTU in DMF at pH 8-9. One particular product is the amide conjugate of Pd-

BPhlide with N-glucosamine.
When a Chlide or Behlide derivative is reacted with a peptide or protein comprising
25  amino acid moieties containing hydroxyl, mercapto and/or amino radicals, it may not always
be clear whether the conjugation will be through an O or an NH group, but all such
conjugates are encompassed by the present invention, independent of the identification of

their structure,

For preparation of metal-substituited Chl and Bchl derivatives, the native Mg
30  central atom is replaced by the desired metal M prior to conjugation of the pigment to the
amino acid or cell;speciﬁc ligand. The substitution of the central Mg atom in chiorophyll
and its derivatives with Pd, Er, Cu, Ni, Zn, V, Co, Sn, Hg and other divalent metals is

11



the corresponding free acids (Chlide or Bchlide), and the peptide or

protein is then linked to the nmacrocycle through this am no acid residue.

Compounds of fornmula | wherein X is NH at one of the C 13 r GAii3 .
3T 35

positions, 20 may be obtained by catal ytic condensati on llde or

Bchl i de deWOMA 9% with a conpound R -NH2, e.g. an anmi ne BETALHR0§8} i nal
am no group of a peptide or protein, in the presence of TBTU in DW at,. pH

8-9. ne pagti§ b&k@# Wcéeﬁuﬁe?%.?ﬂh@ﬁiﬂﬁ%ﬁ SAkForing PlleopRPhA b aMalch

N- gl ucosam ne. 1 a Chlide or Bchlide dérivative is reacted with a
pepti de or ofrtb¢ alesiredomptal, s8-&gZo 2Getain AO G pePtap | Iat sbsauieopthanadi Hg2mBertoxy ! |

mer capt o and/ or .am adi > 1l sy Wﬂﬁﬁ] r..tihe
conj ugat i oﬁe%eﬁmrﬁe(ﬁ?ﬁ?ﬁ&ﬁ@%’aﬁy%g%rﬁ’ <151§nga 'H%%%‘?e %aﬁégﬁﬁéhg uc g?l‘goarrlljhugat es
ar e enconpas skevitived, the pétak Mg iatonechn ba,substidepk bdeht (f of Pd bydandimidrcat i on
of their structure. For pr%%grat.i O&;f rretaIIL-substitu ed Chl agﬁg Bchl
der i vat f vedrocediwe ayqives Mpamest vEH 2 G O P4 aFepie Wt (7B &t flepiedq
metal M pr#&ﬁcpeFﬂu@Q%&égﬁﬂ)gd)ﬁWb d7reoRi gnent to the amno acid or

| T [ [

cel I - speci I gan e substitution of the central My atomin
chl orophyl |  anWhet sRidisrd webstituead hydrecarhyl, iEmayCepntaig an znd fynctgmal grpupHg and

Car i ed ouEMDBCT BNk P dEHTied 6 P fedtod ol i il B R

pheophyt i nfyyhich b3 réatibn oPéithehthedesiina? dabetydgrov. f R, Avitleachlrexydgrddp oicet at e
I n absol ute ethanol at anbient _tenperature (_Hanbri%ht, 1975; Hynni nen,
1991). Pn epetherzompetndsrel esranEHrd AGHRYF pacghagide of of e ferpinal hyds. Tl gOUBent 1 al

My atom ca LSt | . Sk ¢
Vovol vi g B S DR s bl 6F sukaBlhel borlionba ST RE (cBPRCRIBEL by ¢
t enper at ur escasn oerhe nervial caxbdd@l Brohp IORL withhenariipo igeoup fabsthet oerepbund

hydrocarbyl, it may .cont.ain end functional group _through \A,Gich I t. may
o 1t acheiBAS RN aG: SOl e FTUEL Spisp Surpt B e M RO, U o s
fornmed by LeAGdr cBRpBind@uiH\Rran ol RIdY1 nal carboxyl group of R with an
hydroxyl group of "0 another conpound such as an amino acid or a saccharide

or of the terni Ka¢ nhydestery |amidesugndothiqrsteryi ofhthe isention Jiave thsu e optisal
anot her co al s%lﬂprh%h 284 pﬁgﬂo%sﬂﬁloclﬁgra&%ﬁgtﬁg g?ﬁlet}xspec&ve Chls and Bchls. Therefore,

once residing within the treated tissue, the new Chl and Bchl esters are expected to be
efficient photodynamic agents. They can thus be useful as photosensitizers as therapeutic
and diagnbstic agents, and for killing cells, viruses and bacteria in samples and living tissues,
0 as well known in the art for HPD and other photosensitizers. These compounds are usefirl,

for example, in sensitizing neoplastic cells or other abnormal tissue to destruction by

£

irradiation either in vivo or ex vivo using light of appropriate wavelenght. It is believed that
- the energy of photoactivation is transferred to’endogenous oxygen to convert it to singlet
. oxygen, which singiet oxygen is considered to be responsible for the cytotoxic effect. In
5 addition, the photoactivated forms of the (bacterio)chlor{-)phylls fluoresce, which
fluorescence can aid in localizing tumors or other sites to which the (bacterio)chlorophylls

are administered.
Examples of indications, known in the art, that can be treated with the new
(bacterio)chlorophyll derivatives of the invention, include destruction of tumor tissue in
0 solid tumors, dissolution of plaques in blood vesseis (see, e.g., US Patent No. 4,512,762),;
- treatment of topical conditions such as acne, atblete’s fobt, warts, papilloma, and psoriasis,

and treatment of biological products (such as blood for transfusion) for infectious agents.

12 .



reaction of the term nal carboxyl group of R, with an am no group of

anot her ctonpound such as an amno acid, or of the term nal ank MéYng]%‘up of
R a with a PABE®R}® group of another conpound such as an @dmmoEesd. 5
The new esters, am des and thioesters of the i nvention have the sane

opti cal absorptl h he agt.eri stics the respectjve
Chl s and Bchl s. ﬂ@?gg%cﬁ%“’?t"g‘ﬁ%%“ re‘ge ﬁf i}ﬁ Q{eﬁeﬁ%mtv? (=10 f??@?f’édj

new Chl and Bghl plRgbfestical ©ngopieiohefbr hmhemﬁfnfm%eﬁineﬂh&t@ﬂﬂémaﬁuﬁ% S.
They can thus be useful as phot osensjtizers _as therapeutic_ and di agnostlc

agents, and fteseq@%l taghoiaupy well-knowr wsthe At 105 cxamnle, 25 summatized 4o Remingiom ng
tissues, gﬂﬁﬁalce&faﬁl eﬁ'ceE h%dzﬁ:ﬁct PhiY; shng QZ@ndEaQ{er rPeHH'aPt Qaﬁg#sé&lﬁ&er'ﬁﬁ S

These conpoun are use exanpl e, in sensitizing neoplastic ce
or ot her é‘bn@nmpbsmorssue bbcnddmwcrudtsymnnm}ly, mrpmilmﬁarltgrmpcmdlerorlcnn%e weedr
ex vivo .usin ht of appropriate wavelenght. It is believed that the

energy of :ph ?Ric ¥tivation is transferred to endogenous oxygen to convert
it to singlet OXF&eﬁkagHU%!sCthe RELESS)CINEIBIN deSivaiRs nth9 iatuse® aRfe bl e
for the cytotoxic effect. In gobaddl t)l on, E@%‘e phot oagﬁ?vat ed fore %fﬁﬂ%le
(bact eri o) chﬂabﬁbprmyuhlagaﬁlbu@tpeeeeothme@hnﬁg meseecknosa isthe asi.d in | ocal i zing

h h, t:h
e o o Bub P RaRARHPBLRARH @b Sore bl g acgprding
treated wpthi b ditﬁ&h‘icn(:@@cﬁ:ﬁlﬂﬁihﬁ)l olithosthg ppighydenisedin MOS, Ok Wil Qadyiegaidian,

i ncl ude destructiaon of tunor tissue in soljd tunors, di ssol uti on of
pl aques in blopdhe vkaigepkthe sledvative ysed 4«381‘3!1&‘% warediqat, the gonditipgp be treatedatheent

ft I t : d
O o PPLR! R AR P SR8 n ORI 5 68 Yol AP g RRAL kB "
t ransf usi on) hyzuicxannf ectious agents. 12 ' WO 01/40232 2 7 NAY 2004

PCT/ 1 LOO/ 00811 The_(bact eri o) chl oroph deri vyat.i ve of the present .
i nvention are for rﬁhea‘f’@’&ﬁf’ﬁ{td’ ’Flaﬂ‘&‘ll? yi‘v&&t d lﬂ%l" QBAI0 Matetp Hhe *P@ﬁ‘m“m

adri ni St 13t i QOdtifntdisr m@maeﬁhoﬁmomw sﬂot&eﬁ&e& ArRdi bkl WrieBRbhius]
techni ques well-known in'the art, for exanple, as summarized IRl Rem gton S
Phar maceut i cdie @mpemdasan eadily haubtthﬁfhgm@ots absepsicorspecimma. , | at est
dit Th t b d t | | t I
gyl : Injpgc ti Oﬁ, or n&#dg‘ga%&é étglaflg? 8e Q%rrqbaétgﬁo%}ﬁoroﬁ%ﬁ cﬁnva(i%es 3 the lﬂV%laltEOIll c%g ar
be used in the tréatment of materials in vifro to kill harmful viruses or infectious agents,

such as harmfil bacteria, For example, blood and —blood plasma to be used for future
20 transfusion can be treated with a compound of the invention and irradiated fo effect
sterilization,

The conjugation of proteins, e.g., hormones, growth factors or their derivatives and
antibodies, and of cell nutrients, eg. tyrosine, to the Chl and Bcehl moiety 1s meant to
increase their retention in tumor and treated sites. Increasing the red shift allows for a

25  greater depth of penetration while keeping the ubiquity of the natural system. Replecement
of the Mg by other metals is meant to optimize the intrinsic and metabolic stability of the
Chl or Bchl moiety and its intersystem crossing to the excited triplet state, and also opens
the possibility for new diagnostic procedures.

Tumor-specific antibodies will preferentially target the Chl and Bchl moieties to ihe'

30  tumor or treated site, while hormones and cell nutrients may also be taken up by the normal
non-transformed counterparts. However, the cells selected as targets to hormones and celt

nutrients, such as melanocytes, are scattered among other cells under normal conditions and



For diagnosis, the (bacterio)chlorophyll derivatives may be used al one or
may be |abeled with a radioi sotope or other detecting neans as known in
the art. The anmount of (bacterio)chlorophyl!| derivative to beMAddilhi st .ered
will be accordin 10 to the experience accunul ated with other porphyrins *
used in PDW,Oﬂéﬁﬁ’g%vi || vary depending on the choice of thECiHEr“P{‘j'é&ll ve used
as active ingredient, the condition to be treated, the node of

admi ni Strat g 1hhGoRNA MRS mBaint | @k OflukdenRAlbRM um@Rd Whes | iadaermat of
the physician. The wavel enght "of irradiating light is preferably chosen to
mat ch t he nesticpiration Sofadsophuercasitizer tipcthe adligast oliswn &y epprpted phdtcease
sensi tizer. o] ticsak#.tl%f%h& Y v Edh%ﬁtrafui?{i it "We HormdiNG: s&e"@@e‘;lé‘.dc%n&%e ufepdi 1Y
be determ ne romits absorption spectrum In a dition 1o in Vivo use, the
(bact er i 0) cdikpiedassdringeniplifitative sf the PCikeffoovianhd tamoe site. Tigs ¢1mblds effectibhe

treatment of materials jn vitrq to kill  ,ha uL .viruses or jnfectiou
agents, > suds oéilgwﬁﬁﬁsuﬂowsamﬁaeémﬁ%?g @fféﬁﬂﬂ% e% th pergal Gavete, 6‘11%&3% to

b df | {Radi i i
e used [ ol udefip ablly wliRfiicd iBRUiEASh. U8 il Sskidl {chy BrGRATRRHACEnRE, thh1e

i nvention an to effect sterilization.” The conjugation of
prot ei ns, esig-direhted iGhi @s Bl cantble uberdcfion flworescench dabelingeof thettinoesitefy) dr other
anti bodies,, and of cell nutrients, e.g. tyrosine, to the Chi and Bchl
noiety is "to increase their retention in tunor and treated sites.

| ncreasi ng the rediagdivd tumblsonge beltabR 25 gemab®r withptld féw PEREtdndt Be whil e
keepi ng the ubiquity of the natural system Replacenent of the My by other
net al s 1% nehotesersitizsp ofnthe dvepion; for seVses £e2500y (A 2hisHly dages Apqn-metgstatic)y he
Chi or Bchl | ety t.S, I ' Cj i

state, and ZrEaEaonk B dAGLEKTHEIIAEORT) Aitchdie RRIL ) Bablyn

Tunor - speci thempantindgaerckghivad welpasafoeventivns biemotiserapg tind tadiotiierapgiclveBidd
noieties to the. 30 tunor or treated siite, while hornmones and cell

Ut 1 ents. mSyRE I BeBRTRieemeR [ (e Sl Y Veh AU A CROPASRe Lo bar t 5.
However, t h@acC&dnl tergseihe pheidsasitiking aRicdy info the hifatieste i (GPtHe usd Uf fle@ftsS,

such as_nel anocytes, are scattered anong. other cells under nornmal.

condi ti bhs wpvelepgth exciablgh b ansiB o mytietied sesexpesterd o wercoms the sheromingnef or med
B L R T L
I ncrease Melanoma tumors evolve from carcinogenic transformation (including UV-induced -

mutagenesis) of melanocytes. Normal melanocytes. comprise a few percent of the normal

human skin cell population and are normaily found in the basal cell layer between the

20 epidermis nad the dermis where each of them is surrounded by 30-40 keratinocytes and one

Langerhans cell. PDT faces particular difficult challenge with melanoma tumors since the

melanoma tumor cells’ may contain the insoluble black eumelanins {poly-5,6-indole

qm'nones), which have a broad absorption band around 540 nm and therefore compete with

any photosensitizer for the radiation at wavelengths shorter than 650 nm. In addition, the
25  melanin molecules can quench those oxygen radicals that have been formed and thereby |

prevent the intoxication of vital cell organelies. Consequently, PDT of melanotic

melanomas with-the commonly used HPD is not very promising. However, having their

maximum optical absorption at wavelength above 650 nm, excited Ch1s and Behls and their

synthetic derivatives should not be shaded by the melanin. Furthermore, melanoma tumor

30 cells (ie. transformed melabocytes) consume considerable amounts of tyrosine during the

synthesis of melanin, have -high affinity to melanotropins (the pituitary -, B-, and -

melanocyte stimulating hormones (MSH)) and to several known antibodies. Therefore,

14 _



dramatically relative to its concentration in the normnal tissue wher e
cells are nore dispersed, assuring anplification of the P T @ﬁl in the
tumor site. %@@ enabl es effective 5 use of |ight doses, Iovver than t he
damagi ng 1Y P¥ of the normal tissue, thus reducing t hePGRE A0S
spatially well-defined irradiation. In addition, having very strong i

fl uorescenc Iy c scence
L or e50eN oy Hiepe 25k S o, AbnElint 39 difpdSinblhclLeLEG

sui tabl e foBcttls , patvidaalt thav thé cd)rlgrganem/d&‘s dot sinchgBcdffett ligld pbwigtision by thezafls of
the invention for everal reason early stagg&é?on nmetastatic),

mal i gnant nEFEitHa 8“&&??@?%%1%“ P{J rm§aﬁ?‘§t‘?‘7éﬁ“§fea§ 3519 of GepiyTi0 iph)
phot odynam fhe nhdbioRR itkSiralaivd 8 @drhdl Glth Bshe)ehd pltoGRBMRUFONR expected to
chenot herapy and radi ot herapy have failed so far in nelanona treat ment ;
(c) ther%e ewrwase dioieallsr ;| several nel anoma specific ligands that can

target the phot nsi el site..and .t he e of
the |l ong 15 Wav(e)ﬁ?n%gﬁ?hge%gg}ng%:t@tséﬁ‘%vg 8}]‘%&%{' Aol e?mE%SI ns&%‘@%‘f ffg‘?

over cone t he BéIr deewntivag sf e intdntios mﬁ\paarou;aﬂa.tc 1B S REIetdl 2@5es of Whticeh due
to nmel anin absorptlon are screened ma tunors evolve from

car ci nogeni Beluding brai, r?éft“i“’é‘n FW@P@M@'SMEF%JE% espripgifeind fladdep pancers

mel anocyt es I}Hqﬁ rg@n gonprise a few percent of the nornal

human skin cell popul at |on and are normally found in the basal cell |ayer
bet weenl& he 20 dplaixerembsdxnadt, thecindeation sclatscto pherxlnadic tleatmens «funidfighkiaded by
30- 40 keratr t es_an Langerhans cell. PDT faces art cul ar
difficult e G ﬁt‘?t‘ﬁ‘g'f‘ e‘ttl?ﬁﬂ}esmglpﬂ'i"éist‘womﬁ’éF%H'bfPﬁ angwp celisdp | s

may cont ai nmtnlaes hd¥S QUK ek amtﬁmgre%ta&mﬁvés&at%aa - h3ed FhethisIpirDNRERY |
whi ch have a broad absorption band around 540 nm and therefore conpete with

any phot osesesjugatee of £b or Reh} de%mﬂﬁtamﬁwWHmksmm therpigrivam m@ifly nm

In additio t hose 0 en radical s that
have been f%tihfg‘&ﬁ ﬁ%ﬁ%@é’ﬁ%} sg'}\f/éel%gd‘&% n‘ﬁ’ﬁ’g‘r{% ‘tef%lﬁal FePcel |

or ganel |®s. ConSm%ﬁ&ﬂaﬁeutEDEoﬁﬁmﬁﬁdxﬁmﬁthcﬁnvemﬁinaﬁmm&dﬂxﬁﬁemd beethe pamaan| v
used 1UD is not very prom sing. _However, having their. nmaxi mum opti cat

absor pti on &t stepgew Eﬁ'@dr'rreaﬂﬁﬁﬁén BBd- e a@?%#ttoéﬂm@ﬁ@déﬁ&e Béministes
synthetic dgpjeV %&%@ﬁfé{ﬁ?ﬂ'ﬁn%t ded %&g&%@f E&“?hé*ﬁin?@fr{umgw

mel anoma t unor transtor nocyt es) consune onsr erable
amount s of diseasss ageeandiheaitigcankigionsofithdpatient, bt wikkbeniuch Idveer ehanicgiremtyfised ty to

nor mones.( MSRp9° sl bl s ot mgTirke ey S0RE cfiisetphf ol of

!0  administration are intravenous or direct injection mnto the solid tumor of the aqueous

solution of the active compound comprising conventional pharmaceutically acceptable
carriers and additives, and topical treatment of sltin tumors with suitable topical
compositions. : ,
The invention further relates to a method of photodynamic therapy of cancer which
15  comprises administering to a patient afflicted with a solid tumor cancer a pharmaceutical
composition comprising a Chl or Bchl derivative according to the invention, and thett
irradiating the tumor site with strong light sources at 670-780 nm.
Several applications are thus foreseen for the Chl and Bchl derivatives of the
invention, such as for photodestruction of benign or malignant cells or tissue by site-
10 directed photodﬁmamic therapy (SDP). The conjugate carries the Chl or the Bchl molecule
to the cells that cluster in tumor tissues upon transformation, but are well separated from

each other in normal tissues (€.g. melanocytes in melanoma). As a result; the photodynamic

15 .



2 7 MAY 2004 WD 01/40232 PCT/1B00/ 00811 they can be a good target to ..
tyrosine-, nelanocortin-, or antibody-conjugates of Chls andysBofhs,
provi ded that the conjugation does not. strongly affect |1gand recognition
by the celooigRptors. Since the concentration of the ngl a
I ncreases by a factor of nearly 40 in the nelanoma sites 5re|¥‘§°.§€‘e to

normal skin_tissue), the photodynamc effect is expected to 5 increase
drasti cal | yifectief th Bhatprensitiver it the rfumpr sanpbe highersbip prlesverfonaguitute than its
conpositio IS . ' IhSRAtdetRsmak [ ' or
phot odynamgge‘%ﬁ{;@ggéﬂé?h%%%%qs&#fg@g&g (E:égﬁl?edrf, [ n%f’%?%ﬁ% r%?%l&ér?,ggg%ari an,
br east andtieutmbosisaapectddita pe reduged esolpveh thas isavod-debtadtes forahe porsal Hesde. ot her

hor nbne-sepsi.tiye tunors. to | n one enbodi nent, the invention relates to
phot ody nanm-@d¢r e, grmst cefna‘hl? @B&Wfomﬁrﬁf?%gﬁ;.beﬁ%mﬂﬁ& BPET Sleef¥eRet  of
t he conpoudglfer hen-SRRIAE ArRLER TH APOERICR & dfS pabticulad TR ST taABE ot Glubor hdt UT €S.

Exanpl es of derivatives that can be used for this purpose are conjugates
of Chl or ®ehtacerstiblede sapseptignalsurgesyel anotropin, |inked to the pigment

noiety either wa.| Sef | - VI OSi O ' id h the
or m pal “am no Moty Sl yoadd BphAGE bt Bleb 1 BBl URE R er, THONER, | on
wi || be adaiohestveayeth extendhibe patgeeoft sendiyzatiom mal alted ngur-GR e Whe diphuimes-sysedeDT.
The amount of  conmpoupd tQ be m ni,st er.ed and, t.h route of admi nistration
will be def@i¥iEn a@ﬁﬁr@#n { gclelhéef_k‘f.awsoaﬂgtthﬂbfeﬂgs‘tfﬁfgegeﬂswh PR s,
age and) hegdshiptie®Relicd iheMA Fe§ gobl BandRtates Rir thib Hod¥bf PpPE nNuch | ower than
currently use dosage of Photofrin Il of about 20-40 ng HPD/ kg body

wei ght. The pr eFlr eamugaiep of the igfention aigralsei useith faraphotadestiustiom o€ nowral or
o e brer e . _ _ Hae »
rect 1N Geidgl} bl LS o8 QhdiCad umcrp&gggﬁ@ggg@ﬁe gl ut '“%pogtorsie)%? |

active conpo onpri Sing conventiona cal'ly acce
carriers asgbkgdscteciiesphoanidsttuopor af cdrtagatypendl adis ik éubtut ¢l 6Dinfectivé baenitst t abl e

topical ¢ ositionsg. The invention further relates t nmet hod Q

phot odynariof HPRRPE ) disPomBRb ROl Grieested eXI%BY PUtRment At o5 FEPmBly 2 1n
pati ent; af &l Bekebrink (chnjBgabdtd IpdcHiFDPolfRPERS, McRNAIKRGEHs 52bthef AEEBASH L1 ON
conprising a Chl or Bchl derivative according to the invention, and then

i rradiati négaedse touerllr osi tissueni-t spegifie gibadiegher 4w witkee Jizandss 2B.7 8tinen foSever al
app! i cati ofg, Al 1 Hind/QESHE 6P mbREubd for Wby AR pEEBles 48 Lot Bhdry CTialostd'®

and industrial applications; and for fluorescent labeling of animal cells or microorganisms or

particles for laboratory, diagnostic or industrial appiications. They can replace several of
b the currently used fluorescence tags, such as fluorescein isothiocyanate (FITC) or
phycoerythrine, due to their superior extinction coefficients and higher fluorescence yield.

For diagnostic purposes, the Chl and Bchl derivatives of the invention, can be L
radioactively-labeled by standard procedures, e.g., with “Ga, "I, *'T1, *mTc, and the
radioactive diagnostic agent is administered to the patient, preferably by i.v. injection. After
some hours, the locus of the cancer may be imaged by standard procedures.

The expected benefits of PDT using site-directed sensitizers as those of the
invention consist in dramatic decreases in side effects and in the applied doses of sensitizers.
Some particular advantages of using the proposed Chl and BChil derivatives of the
invention for PDT are as follows:

. A previously inaccessible functional grénp of the Chls and BChls, i.e. the C-13°
ester group has been rendered accessible, alone or in combination with the C-17° ester

group, for transesterification, thioester formation or amidation. The obtained pigments

16



I nvention, such as for photodestruction of benign or malignant cells or
tissue by site- O directed photodynamnic therapy (SDP).'ﬂme§quggﬁ@ﬁ
carries the | or_the Bchl nolecule to the cells that clus rﬁ n nmor
tissues upoROOMa%% or mation, but are well separated from ESEALWYOE n
normal tissues (e.g. nelanocytes in nelanoma). As a result, the

phot odynam g% her frviibie AMbHBn0IA0RE2 optichl 12hdRkGRAL fnkf fropbriief, Whits
photosensitizer in the tunor can be higher by orders of magnitude than its

ef fect in t hilowiog forthetbiegen rsljustagns efjiysranhilichydropnbicshabinge agd/or taxgefingt i on
that is destructive f Jo e . q;g&{,g HuﬂJQ

that is non-&dest?llljeg ic\%lpglg&rlgt%ag normlrﬁ;&&gg%eg]sa%ﬁggr&thesg Tl rgﬂlﬁt‘;{egﬁéces, :
t he phot ot o¥pifcabdthaptionbtidnuinionl iyrhutneo/atimal tiseues graatly dedreases/($A0-830 nohein the

non-specific irradiation., This lication is aof a particul | hportance
for tumcis mememens Prmamd iy BPOY oy BAiPER T JHERT chBtsarsD Aratbby i
therapy usi s ORALBD LG BIRC 856 Aduld bR Yt Mdpth o8 YehetraliSiP &) theSise BNRENET
way to ext eﬁ%rfgﬁe r ange onf EEsgse:nsitilzlationcg'%‘o thep nea)rﬁ- 1eRaThe hi ghs? nterS ‘
syst em cr ossénsgandarpensive figlg sGmicesand Bchl derivatives and their |ong '
wavel ength for Lmum absorpiion.make .t.hem yver ood .candi dates for this
mode of CPDTS- Thel RinATE B el 1 Trerivng s e IRCRE bAPhapf oo dhes
phot odest I Ugkddd thafl thdd® bIHRE pEFphyti| cufB@lenipliys@for @@t.s as wel | as of

m croorganisns-in culture with or wi thout SDP, .= enabling_selective

phot oded8 r ugt i onTlest preeqdues i oiildanguglt tacwstainsthe Ratig Mg atorsr Howven substitutigant s;
for targeti penQlcehi MBI oy bl e (0P RBbR A %afi HohshcB Mo et etOf
for exanple, a - of Bchl=serine conj ﬂga.e to specific pofypeptides,
such as hor oxypes paducidaaiuete adpgher tripld gietagisld ¢fahe phdteseositizer asdiean staiplisei f i c
anti bodies qr to other, |ligands, e.g., lectins; for fluorescent

| abel i ng{tag’ﬁicﬁﬂ%‘in ﬁﬂg’é‘ 3 for anal ytical purposes in |aboratory, -

di agnostic sand {oest hPBcRIP kiR 8N e idRAHéHSholl USRS RN eaded Rpbdifiiyof
animal cells or mcroorganisnms or particles for |aboratory, diagnostic or

i ndust r 1%l foppkéogaitionnf theThget cells andptherefore; dyweradoses shopuldebecpfficiant Ifyr eelled

fl uorescence tags,, such as,f [ 1.0 b QCs .El
phycoer yt hr P§2° dulél altﬂgmf)ﬁetih?} gﬁ%lgflg‘%rgﬁ ce“lx‘?ﬁfl(}#] %g}géf#%i %%%lsn a Hreﬁ‘lmg er
f | uor escenceasedifi@bbphdres arndi i) et dfere (herppasies in dther applicatinek. Bchl deri vati ves

of the invention, can be radioactively-]abeled by standard procedures,
e.g., with 87Ga, I aresgmprep Catifg b KigbcleaRAe Gt ﬁ?#]ﬁﬂaﬁnafg%@weﬁ%@em

i's adm ni st gpadnd Rl 16piPAlang Momnkék Sfe8i R0l y by i.v. injection. After
20 7. Usually, the irradiation in PDT is carried out with laser sources such as Ar-pumped

dye laser tuned to emit at 630 nm or gold-vapor laser (pulsed) that emits at 628 nm. The

high cost of this equipment limits the application of PDT to Iarger medical centers. The use

of red or near-IR absorbing photosensitizers according to the invention opens the way to

more conventional and low cost means, such as Xenon flash lamps, halogen lamps, diode
25 lasers or direct solar radiation.

8. Radioactively or actively labeled Chl and BChl derivatives can be used

simultamoﬁsly for both diagnostic and therapeutic purposes.

The invention will now be llustrated by the following non-limiting examples.
30

17



sone hours, the locus of the cancer may be inmaged by standard procedureges.
The expected benefits of PDT using site-directed sensitizers as those of
the invention consist in dramatic decreases in side effectsMidln thé

applied d@qﬁm&ézsensi tizers. Some particul ar advant age S%IM] ' t he ;
pr oposed I and BChl derivatives of the invention for % ar Zdogig fol | ows:
. A previously inaccessible functional group of the Chls and BChls, i ~e,
the C-133 ester group has been r Scessible, alone or in

conbi nat i Wi hrth C-17" ester group, for transesterification, thioester
formattion&n§¥—"ﬁ-iﬁ*’—ﬁ%ﬁ-ﬁ'@;ﬁs—e > The obtained pigments 16 } WD 01/40232 2 7 MAY 2004
PCT/ | LOO/ @981 1DjegteRi préfaentially avwwdiffele aabsier pEiish embbxplihescidpigiaupl @fnd

excited state properties, while allow n{g f&tr3 t e,bet:%tﬁr adj ust nent of
hydr ophi | (bestasielckiprapbylbdesxatvs wan rpigpared Py e fofiywisg methedie conpounds have
maxi mum opti c ' ; fhe; i cal '
absorption/ at tag%]eﬁ@t% %%IF]J) E@&ﬁ@ﬁ%ﬁ&ﬁ?ﬁﬁﬁ?ﬁ%gggﬁ é)rlggﬁlsé;p%ge%?ga?egw(aggo- 830
nm i n t heperbridofroertatialydiafnrm £FHF Lier i dingdyifomammde{DMF singhe pasgeé THF-

aggr egat es) .. .Toget her, wi ecreas |4 ght ter n i S uld

al low gre %?Jﬁgg'fﬂ‘ﬁ@f \Mpgﬁbé?ollgf'flgﬁgé)? ‘%gdu%gi %)?‘ clzl%géé"?d ?ﬁfeglﬁgtg%a%?%

expensi Vetifahgh hreS@iéd RThe Ractithablutiex tTheaikiare is keftfat T5 8O e 2, 8 drhd daysi bl e

and near-] R are approxinately. tgn irgi Iar%i:_r t t hose of the

por phyri i@ s¥er entl-Brogassl KB 4'5, utﬂtjae. odigobofor ArtBogderns. | SRt Yenough
to retai nglhgoNalikiifes Yk whiBMEYE by: &Y Radilibbi @RethyOdihdrRdCRRES @t M at om
by ot her neta?s-ls possi bl e "and can ehhance the yield of singlet oxygen
product i ophaskisepaation igks (it thiepifeld ertiactionof paueofts phage pitbteteEn@vitdryieg and ¢

can stabilize the conpounds siapificantly. 5. Th i d_Bghl sensitizers
of the in‘?/%etihe iCBWB"Eﬁ‘gBr%mﬁipg%Fsay |ncarcc?a?2§i3¥a§8%8? f’g}htg;mlv% gg%“&%ﬁ%i tion
of the tapgatmeel bfesred alchbig iekigh eacutm\@er0 R es shoul d be sufficient for
cell necrosis. In addition, they display superior photochem cal properties

over MY B SSEILL Y. fSa, L TeReReR AP P heretors e pLackical I

rate of cglchaiid} tohthe £R%E YRIckd(8S with the difference that the alcohol is used as a solvent”.
The reaction time for the para-ter-butyl-benzyl alcohol and for n-propanol are 48 and 12 b,
respectively.

Several esters were prepared by the above methods (2) and (b} using, for example,
methanol, ethanol, propanol, ferr-butyl-benzyl alcohol, fers-butyloxycarbonyl-serine and
serine. Examples of such esters.of formulas I, II and IIT according to Scheme B can bé
found in Table 1 herein. These derivatives can be used themselves in the application of the

~ invention or they can serve as bridge/spacer to link other snitable molecuies to the Chi and

BChi macrocycles.

(c) Treatment of the transesterified esters of formulas I, IT and 1T obtained as above with
pyridine at high temperatures provide the pyro-derivatives of formulas [V and V in Scheme

B, exampies of which can be found in Table 2 hereinafter.

Example 1: Pregaration of _13’-tert-butvl-benzyl-Pd-bacteriopheophorhide-a-17°-
methvl ester (tbb-Pd-BPheid-me) ( R, — tbb; R, .CH3: M — Pd).

2 Not applicable for MBoc-ser, which is a solid.
18



fromthe body (Spikes and Bommer, 1991). a0 7. Usually, the irradiation in
PDT is carried out with | aser sources such as Ar-punped dyg-,l ARerukuned to
emt at 630 rimor gol d-vapor |aser (pulsed) that emts at 628 nm The

hi gh cost YO P& 2equi prrent linits the application of PDT POTAxuogesiinedi cal
centers. The use of red or near-|R absorbing photosensitizers according to

the i ti . h,
e invention Q@%ﬁéwﬁgﬁlé%"%égﬂg%?f)ro@d’ﬁe @?ggg@, g be Iad]ﬁPl!leQ&{Cel Glepd {qut%{i] gv?ths ue

as Xenon flash lanps, ~h anps, asers or direc
radi ati on. 250 Bacfi paotien-dityibenzyh cidobel| {ibt)addier d0 Cays, ahel nBEh prodiaei thbtRdies

The T nvent BRI WD RIS n 63 op DLt R eGHtB o S Aebfomp ftene
exanpl es. 30051&/. ThMXm&og%&ab@@mé@asﬁdsmmgﬁéﬁ%ﬂdwwwﬁ%ma' |

procedures (a) Diesters preferentially nodified at the C 132 carboxylic
aci d gr 8up ester (tpiyBd Ehheidytbln wasdsalated aspdtsrrradusies may be prepared by the

fol |l ow ng %gﬁglﬁ%é@g@g%ﬁh@&ggprophyl | derivative (3 ng, 4 [err] nol) '

i s dissolv peroxi de-free tetrahydrofuran (TIIF) (or in
di met hyl f omreabd 8l enif BWVHPLCrsystam HHse=0f27 Bfsilich Béthlaukbse/@luesdolsg)s. (vA) 500- f ol d
surplus of alcohol and | p.I (4 M of tetraethyl-ortho- titanate are added
to the readtBi: dok (Al procomset G282 (SO0 387 (O753)Bxf 830 0,193 Qu 74(1Yay s,

i n case of @l- propanol, para-tert-butyl-benzyl alcohol or N-tBoc-serine,
respectively. Reaction mixtures are usually worked-up. by: (i) addition of

di et hyl Oet NENMRAS fynel (multiplitity, phimenes et 50 {spf-H)CR.6T &, 104H)) 8.6R(gaofp| d
extraction_of a ou se w.th ether: (jv)._dryin of the conbi ned
or gani ¢ phgs‘@s‘"\anyf:f'? f@a&uiﬂ{' \?)Wjaég rafr 6‘&# ’B%Hf’ﬁé’bétg@\}éﬁt 6.5% (3 dé Ut 5-2hd
(vi) renmovyd 19%.cexrcasy, aligohel 3.4y tw,m-mfilsqw%ﬁqﬁélﬁ ;3.580173-cooc

h C133 and C y be

Transesterifi cation at both. C 173 'ma perforned sinu t%ﬂ’eously
accor di ng BP6tReCRITLd JotloGe tRrCE:), §i 39n(st 2vEEH), fEadr €h ot (mhEE 2 CH,)al 60ke) | s

d : ' [ - -b | - benzyl
u5ed 2 2 S5 By BOC SRR Bl TR G Ll PRI CT DUy beny

5 MS (FAB): M = 860.0 (calculated 860.4 for CyeHso *N,%06'%Pd), 669.3 (35 %, M -
COO-tbb); 713.3 (18 %, M - thb); 877 (30 %, addition of O and H ); 819 (17 %, addition
. of O and H plus loss of HC(CHg)s).

Example 2. Preparation of 133—tert-butvl-beg_zgl-l’d—bacterioui_!eophvtin-a—l’?’-

)  geranvigeranvl ester (thbh-Pd-BPhe-os)

3 mg Pd-BPhe-gg was transesterified with 250 f of para;tert-blrtylbenzyl alcohol
(tbb). After 14 days at 75 °C tbb-Pd-BPhe-gg was isolated in 63 % after chromatography
on silica with acetone/toluene = 5:95 (v/v). _
Analytical data for tbb-Pd-BPhe-gg: t, = 16.3 min on HPLC (silica, gradient 3-10%
A m B, with A= toluene, B: toluene/methanol/n-propancl = 100:4:0.5 (v/v/v), flow rate = 1

w1

ml/min); 1y = 0.63 on silica with acetone/toluene = 5:95 (vw/v).

UV/VIS: donax {000} (Aret, assignment) = 332 (0.51 By), 384 (0.42, B,) , 528 (0.45, Q,) , 756

(1, Q.

'H-NMR: & [ppm)] (owultiplicity, assignment) = 9.58 (s, 5-H), 8.67 (s, 10-H), 7.49 and 7.24
) (2m, o- and m-H of 13°-tbb), 6.53 (5, 13%-H), 5,54 (5, 13°-CHb), 4.3?, 4.14,4.11, 3.97 (4m,

7-H, 8-H, 17-H and 18-H), 3.08 (s, 3-COCHj), 3.41 (s, 12-CHy), 3.39 (s, 2-CHz), 3.50 (s,

17°.COOCH3), 4.61 (ni, ge-OCHy), 5.15 (m, gg—OCHz—CI;I); 1.63 (s, gg-CHj), 2.59-1.98
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respectively. Several esters were prepared by the above nethods (a) and (b)
using, for exanple, nethanol, ethanol, propanol, tert-butyl-benzyl

al cohol, tert-butyl oxycarbonyl -serine and serine. Exanpl s’ (M“AYsmg'h esters.
of fornmul and |11l according "to Schenme B can be i o . Table 1 7
her ei n. Tﬁz%gﬂﬁ?rzi vatives can be used thenselves in the al{)p |c{5¢"?l(§n of the
i nvention or they can serve _as bridge/spacer to |ink other suitable -

nol ecul es (4t 1eCBL);1.181(s] 13B@H-CERIE)NCYEI @ *Tah )7 Hret-GHEY, 0618 {tHds = 7
transester'k_xfzjin?d?ﬁs ers of formulas I, Il and Il obtained as above wth
pyridine a gtttenperatures provide the pyro-derivatives of fornulas IV
and V in Sghegman)Ba 218 esicolhted Qhs.eds Hes Eoulhd fo,Faip) e22 (tevehnaf ter.
Exanpl e 1: Preparation of

133-: tert - 6@Gribbbenzyl - Pd- bact eri opheophor bi de- a- 173- nethyl ester

(tbb- Pds BPhei d-me) (R, -- tbb; RCH M- Pd). 2 Not applicable for

Nt Boc-ser, which is a solid. | | 18 2 7 NMAY 2004 WD 01/40232
PCT/ 1 LOO/ 00811 ol ow eneral ) .2 Bl

Pd- BPhe- rreﬁmle g lJrQ raH r(‘)? 3 l %I,r_fvll

(tbb). Aft esterl@rduiyBPhé-B® mai n product tbb-Pd- BPheid-ne was isolated in 65
%yield after chro aphy on . silic i th acet onel t ol uene 95 (vlv).
The di ester | 335 £ POBMOGIEE S BB oV b S GPPALAL (brOB) in 20 1

a- 173-t er t Thgt yAfgn2ay! dzgﬁ astBrC ( helpdBPhBREelds tikdted\ais 66 0bALRA aften

by- product. Anal ytical data for tbb-Pd- BPhei d-me: tr = 16.3 ni'h on
HPLC- sy&t eehrpimptogyaphy-omsilir with agpione/tplugne fi S¥8d¥/She/ t ol uene = 5: 95 (v/v).

W/ Vis: X : ' i = 33 Q (0. 19
NS gy B 558 4 i 55 L6 BB (019
5-H), 8.67508(v/&D-H), 8.63 (s, 20-H), 7.48 and 7.28 (2 d, 3JAB = JAB = 4
Hz, o- and.mH of tbbat C 13). 6.52 (s, “H),. 5.5 133-CH2) , 437,

4. 14? 4?21?%%‘0, DF&,(A% HS‘)gS@FE‘) f7§3|§ (Qﬁgzﬁgﬁﬁ,@é.ﬁs%sfﬁ_lﬁs&’di@@%??é 3.06
(3'-COCH3) ¢ ¢l (s,'12-CHs), 3.39 (s, 2-CH3), 2.60 - 2.01 (m 17" 2-CH2),

1.63 (in, ‘
5 'H-NMR: & [ppm] (multiplicity, assignment) = 9.59 (s, 5-H), 8.66 (s, 10-H), 6.53 (s, 13-

H), 4.38, 3.90, 3.89, 3.97 (4 m 7-H, 8-H, 17-H and 18-H), 3.08 (3'-COCHs), 3.42 (s, 12-
CH), 339, (s, 2-CHy), 4.71 (m, gg-OCH at 17°), 5.46 (m, gg-OCH-CH at 17°), 1.62 (s,
gg-CHs at 17°), 2.59-1.98 (¢ m, 17"%-CH;), 1.74-1.56 (m, propyl-OCH,CH, at 13%), 0.98 or
0.62 (m, propyt-CHs at 13%).

) MS (FAB) M' = 1014.4 (calculated 1014.4 for Cs;HmnN,Os'*Pd), 927 (<3 %) (M - COO-

. pr).

-
£

Example 4. Preparation of 13’-tert, -butvloxvcarbonvl-servl-Pd—BPhéid-a—1 7-methvl
ester (N-tBoc-ser-Pd-BPheid-me)

5 50 mg of zert. —Eutydoxycarbonylserine (N-tBoc-ser) were added to a pigment-
solution of Pd-BPheid-me in DMF. After 14 days at 75 °C N-tBoc-ser-Pd-BPheid-me was

isolated in 7 % yield by partition between water and ethyl-acetate and chromatography on
- silica with acetone/toluene = 5:95 (v/v).’ ’
Analytical data for N-tBoc-ser-Pd-BPheid-me: r; = 0.03 on system silica with
I acetone/tqluene = 10:90 (v/v)." ,
UV/Vis: (CHCls) Ammax [nm] (A, assigoment) = 332 (0,45, By), 387 (0,34, B,), 537 (0,16),
764 (1, Qy). '
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7-CH3), 0,98 (t, "JA13 =7 Hz, 8 -CH3), 118(s t bb-CH3 at 133) 5 M5
(FAB): M = 860.0 (calculated 860.4 for '2CA6' |—|so74N41606(])2|0?% @ﬁp9 3 (35
% IM" - COOtb © 713.3 (18 % M- - tbb); 877 (30 % 0 and
H: 819 (179848 F tion of 0 and H plus |oss of HC(CH3) 3) .PCES!hwrﬂmle.
Preparation of 133-tert-butyl-benzyl - Pd-bact eri onheoyhvtin-a 17

it h 350, pREb(EEANE rLbdlor (AR~ bors B of %ﬁg“ﬁa?“’%@‘éi‘*yE‘{d"??, c

t bb- Pd- BPhaddigonasHiand last efiC{CH:H:3 830h,5{10%:, additimmdf @fplaplogs oDHNtEdd);j 658 (M t h

acetone/tol ene =.5:.95 (v/v). Analytical data for tbb-Pd-BPhe-gg: tr = 16.3
mn on HPLé’L“t(E?qu BogsHi ent 3-10% 5 Ain B, with A= tol uene, B:
toluenelnethanolln propanol = 100:4:0.5 (v/v/v), flowrate =1 m/mn); rr
= 0.63 on S|I|ca W|th acetone/toluene 5: 95 (vlv) UV/\/s [nnj (A, ,,
assi gnnént (b g ¥: senyl-Pdabacterioyhes fmethyY Sgter (1, Q

Y). 'H NWVR,.5 [, i'h H‘U|Ip|ICIty assignnent) = 9.58 (s 5 H) 8.67 (s, |
0-H, 7. 49@1‘%%—%—% o- and mH of 133- tbb) 6.53 (s, 132-H), 5,54
(- 33308*8 ‘”%i*’?’“““?%‘gfa%%f (o oG e et od R
S, S

4.61 (zn, @quidofipyroacstiegeid %ﬂé'%ef-sef-ﬁd-é‘?h‘(l meg"g”heéliﬁlﬁﬂor%cs@"l acubwa&g ro2
7 MAY 2004 /

133- t bb- O( %‘%31 vﬁ%%gSS WE%LJQQ{UQR%&&D{ 2 thézesgﬂg)mac{&ﬁcz(r%ﬂly th}'ee EEIES

81- CH3- b NVenihFotig)-abdtate afid $Bie6 t0 (Yﬂd:iﬁ-&ﬂﬁ?b:ld?d&d.& 6 %)ofrom Pd-BPheid-me. The
12C51 c)14N4A1606106 9927, I\/Hr CoO-t . Preparation
of 135 E)r Lg@mﬂﬁawsae'efé?ﬂfd B isp Ty e PUE 60 67 e Bdfoation Ba

(pr - Pd- BPh@e 1éivaut of collidBRGPTe tigGearibRtd sep P EFheldirhd)ed With 1 m  of
1-propanol (prOoH) in 20 m TER After 14 days at 75 pr - Pd- BPhe- gg was

i sol at ed i Angigtios) ydats dfosf gegPd-BPheid-me: 1y = 0.65 on Cjs reverse-phase silica with
methanol/toluene = 5:95 (v/v).

S UV/Vis: (CHCl) Amax [nm] (A, assignment) =334 (0.36, B,), 387 (0.29, By), 534 (0.09,

Q), 765 (1, Q.
MS (EST) M" = 801.2 (calculited 801.3 for *Ca5'H4 " “N5'°0 5'%Pd); 698.3 (10 %, addition

of H and loss of serine).

)  Example 6. Preparation of 13’-methvl-Pd-bacteriophesphorbide-a-17°-n-propylester
(me-Pd-BPheid-pr) -
Using 7 % n-propanol in THF, the by-product pr—ﬁd—BPheid—me.was isolated during
the synthesis of pr-Pd-BPheid-pr in 5 % yield after chromatography on silica with
acetone/toluene = 5:95 (v/v).

Y

Analytical data of me-Pd-BPheid-pr: rr= 0.42 on silica with acetone/toluene = 10:90 (v/v).
UV/Vis: (DE) Amax [nm] (A, assignment) = 332 (0.50, B,), 385 (0.38, B,), 528 (0.15, Q,),
755 (1, Qy). 7

'H-NMR: & [ppm] = 9.57 (s, 5-H), 8.95 (s 10-H), 6.50 (s, 13%-H), 4.32, 4.24, 3.88 3 m, 7-
H, 8-H, 17-H and 18-H), 3.87 {m, propyl-OCH, at 13%), 3.07 (s, 3'-COCHj), 3.43 (s, 12-
) CHs), 3.38, (s, 2-CHs), 2.62 - 2.09 (m, 177°-CHy), 1.72-1.56 (m, propyl-OCH,CH,, at 17°-
' CHy), 1.68 (m, 7-CH), 0.98 or 0.63 (m, propyl-CH; at 17)
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0 chromat ography on silica with acetone/toluene = 5:95 (vlv).. Analyticgcal

data for tbb-Pd-BPhe-gg: rf = 0.44 on the system silica wth

acetone/tol uene = 5:95 (v/v). UY/Yis: [nn] (A .1, assi gndeénkdY 200832 (0, 50,

Br), 384 GfbdrhoasBl), 528 (0,47, Q), 756 (11 Q). 5 'H- p@g :

(multiplicity, assignnent) 9.59 (s, 5-H), 8.66 (s, 10- 7%% {i 13t -

Hy, 4.38, 3.90, 3.89, 3.97 (4 m7-H, 8-H 17-H and 1841) 308(3' COCHS)

3.42 (s, 325 (EHP)M" 3.718.6 (Calcule@MS).3 fer. 70 1ot 0. 0GP 6a73)27 %, 46 {m gg

OCHZ- CH at |7321 162(s gg-CH3 at 173), 2.59-1.98 (4 nn, 171-CH2),

1.74- 1.56 yl-OCH CHI at 133), 0.98 or 0.62 (m propyI-CHB at

133). D M5 (FAB) M = 1014.4 (calcul ated 1014.4 for C57H/nNAC6106Pd), 927

(<3 % (lVHr COO pr) Exarrple 4. Preparation of
[ B of] 1Pcznppopvl-dactenigchiorophyllide-ddi-mrpropylester

| oxycar bonyl seri ne (N-tBoc-ser)

- 11 %’l

n ' Pd-BPrei d-me in DMF. After 14 days at
75 C N t Boc- serFolemehﬁl généml pm&dur&c(d)b aboyd and start¥gyfianh BCRY withrat 100Hold

bet ween wat er and et hyl eta e an omat 0 ilica

acet one/ t SHpdiget ‘1‘1’5"@%0 \PfOAURH B gFﬁ’t‘%rPf ﬂ?g’i’fﬂgq”xﬂﬁ?r%a@%‘faﬂgd%%ﬁ& d- me:
rr 0.03. L 2Q I IVI's:
(OHC13) 1 ”9[*#E%’%ﬁ?@ﬁggﬁféﬁ“%ﬂ{3@5@?*@2%{°4?“ﬂ§?5%“‘*@%‘3 o1 Bl N S

(0,16), HEPESIKOB (RO mdn pD7F).1pbosedd: apetpng)\y 2004 PCT/ 1 LOO/ 00811 MS (ESI)

M = 901, 4 f 4 ,4 (40
% addi t%ﬁ'%ﬁ’gfﬁﬁa%t gdﬂross o prc(r%{:& ;o%gfﬁgé%%eb%}é g@ﬁ%gﬁg}}m p u_s I(oss
of Nt Boc) (Z(ﬁﬁm,ﬁnl:ﬂ’l SYacetonss 168Bl(Box- ser) _ 5 Exanpl e 5. Preparation of

133- O se Pd bact erl opheophor bi.de-a-173-meth 1 ester O ser-Pd-BPhei d-ne :
7Vis: (DE) Amax [1m] (A, assignment) = 357 (0.78, By) 392 (0.52, B,) 574 (0.23,

QJ), 771 (1, Q).

TH-NMR: § [ppm] (multiplicity, assignment) = 9.51 (s 5-H), 8.65 (s 10-H), 8.54 (s, 20-H),
6.57 (s 13%-H), 4.35 (m, 7-H, 8-H, 17-H and 18-H), 3.99 (propyl-OCH, at C-17* and C-
13%), 3.11 (3'-COCHy), 3.57 (s, 12-CHs), 3.46, (s, 2-CH;), 2.62-2.09 (m, 17%*-CH,), 1.63
(m, 7-CH:), 0.81 (t, *Jas = 7 Hz 8'-CHj)

MS (BSI): M" = 702.4 (calculated 702.4 for “C »'H 46N 4'°0 £**Mg); 616.4 (addition of H
and loss of COOCSH:). |

_ Exﬁmnle 3. Prénaration of 13°-tert -butvl-benzyl-Pd-bacteriopheopherbide-a-

17-tert.-batyl-benzvl ester (tbb-Pd-BPheid-tbb) “

The reaction of the Pd-BPheid-me in para-terf-butyl-benzyl alcohol for 48 h yielded .
tbb-Pd-BPheid-tbb (50 %) after chromatography on silica with acetone/toluene = 5:95 ’
(V).

Analytical data for tbb-Pd-BPheid-tbb: t, = 10,8 min on HPLC (silica, gradient 2-10% A in -
B, with A= toluene, B: toluene/methanol/n-propanol = 100:4:0.5 (v/v/v), , rr= 0,50 on
silica with acetone/toluene = 5:95 (v/v), flow rate = 1 ml/min).

UV/¥i5: (DE) Amax [00] (Am, assignment) = 332 (0.49, B,), 385 (0.36, By), 528 (0.15, Q,),
755(1, Qy).

'H-NMR: 3 [ppm] (multiplicity, assignment) = 9.58 (s, 5-H), 8.75 (s, 10-H), 8.63 (s, 20-H),
7.50 and 7.26 (2 m, o- and m-benzyl-H at C-13), 6.53 (s 13%-H), 5.53 (s, CH,-group 133j,
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The protection-group of the conpound of Exanple 4 was cl eaved off by
addition-of 2 m trifluoroacetic acid to the dry N-tBoc- sg E%?F e|d ne.
The trifluoroacetic acid was renoved within 15 mn by an ream and
the resi dud"@¥ %% ed carefully three tines 0 with ethyl - aBEVEO/0881H wat er
to yield ser-Pd-BPheid-nme (< 5 % from Pd-BPheid-ne. The - pi grrent was .
purified on I e n ) (4( £u p tion
can be | eftsggtkqs %‘(1)%,25' %gﬁ[ ??o?ﬁ%}!rist ﬁgjirﬁg%?ﬁ)%l\é{%; (selfrn’-? ﬁ" lﬁlﬁ

Anal ytical d&aeD, 5,06 (salmcmmnd{mz-ms)_s 88,65, HAHG), g&ﬁe@erwé%-m};el & lica

with methanol /[t 95, (v/ S,

assi gnrrent)(ni‘e'égweb%%% & %3 ?ﬁ%ﬁ% Clég %}ﬁ C?‘gzogg k@% (Z;'g]gl%ﬁ(tbby)
MS (ES!) Mre@8h,)2 (calculated 801.3 for 12C33 H4A1' 4N5160 s' 06Pd); 698.
(10 % addltlon of H and l.oss of serine) reparatlon of

106y
133- et hy| - PEF @5 &4 oﬁﬂ%e;ﬁm@t@w%i i@ri’sﬂﬁlﬁ%y (Ot ), 13- BQ-%BRAME*d- pr )
Using 7 % n; Il by- product pr - Pd- BPhei d- rre .was isol ated
during theN&%p?le%/o %D@hel d-pr in. 5 %yield after chronatography
on silica with acetonettol uene = 5:95 (vfv). 5 Anal ytical dat a of

me- Pd- BPhei d- pr r—1942 on SI|I30a W'tlh}zfi‘ etone/tol 10:90 (v/v).

W/ Vis: (- Peilreparatio DISLE 3 : ';, (0.38, Bx),
528 (0. 15, 9"1:: - 6 [ppr’r] = 9. 57 (s, 5-H), 8.95 (s
10H),650 88 (3in, 7- H 8-H 17-H and 18-H),

3.87 (mopr opyI m-lﬁamestexﬁ:)moreve? s(asted %thcfnﬁg}leld&c@ r(rgpaan folpw@g3the

e 0 oo operp sl pheclp) e ot fb gt vesgdedngy 1

pr opy! - er%ﬂ:%):na?«%gg égggnm&}@@hme@aﬁé@%ﬁgfgﬁ ) L00/ 00811 MS ( ES(I) ): M
- 756.8 ( Cal&i;l;n:?ctaledata for pr—Pfi Cl)':’arI-“he-%ng r§—8 (]5 lgi4?)121 ]s-:lillgla élw]ﬂ? gce?g-noefestopl(ljxéne 0 ?07 9(5) ((/ 2)7 M
UV/Vis: (DE) (A, assignment) = 332 (0.48, By) , 385 (0.41, By) , 527 (0.15, Qy), 755 (1,
15 Q.
IH_NMR: 8 [ppm] = 9.58 (s, 5-H), 8.75 (s, 10-H), 8.65 (s, 20-H), 6.50 (s, 13°-H), 4.38;
3.97, 3.89, 3.80 (4 m, 7-H,"8-H, 17-H and 18-H), 3.07 (s, 3'-COCH), 3.89-3,83 (m, 2 H,
propyl-OCH, at 17%), 3.42 (s, 12-CH3), 3.39, (s, 2-CH), 2.80 - 2.00 (m, 17'*-CHby), 1.74 -
© 1.56 (m, H propy-OCH;CH, at 17° and 15%), 1.63 (m, 7-CHs), 1.70 (s, 18-CH), 0.98 and
20 0.62 (t, *Jas = 7 Hz, propyl-CH; at 17° and 13%).
MS (EST): M* = 784.7 (calculated 784.4 for °C 40'H "N +'°0 ¢/*Pd); 697.5 (17 %, M -
COOGH:). |

Example 10: Pyro-bacteriochlorophvllide-a-17°-n-propylester (pyro-BChlide-pr)
25  ( formula V in Scheme B, central metal Mg instead of Pd)
After 6 days pyro-BChlide-pg vyielded pyro-BChlide-pr (30 %) after

chromatogrﬁphy on silica with acetone/toluene = 5:95 (v/v).
Analytical data of pyro-BChlide-pr: 1e = 0.76 on Cyq reverse phase silica with HEPES/KOH
(20 mM, pH 7.5)/acetone = 15:85 (/).

30 UVWVis: (DE) Ame [nm] (Ac, assignment) = 357 (0.75, By) 391 (0.52. B,) 575 (021, Q)
771 (1, Qy)



COOCH3) . Exanple 7. Preparation of

133- n- propyl - bact eri ochl orophyi |l i de-173-n-propyl ester r-BChli de- r
(central netal Minstead of Pd Follow ng the general proc rM‘iY above
and start{no fhAm BChl with a 100-fold surplus of n- proggﬁlﬁi@ e pr oduct .
pr-BChl i de-pr was obtained after 3 days in a yield of 40 "%a (e

chromat ography on C13 reverse phase SI I ica with a gradient 25 10%(phase
A HEPES/%(M&@ —acRtQn Aaalyti A a00%a
pr-BChli de-pr: ﬂ%ﬂgﬂﬂ %hrb\gys rever se @Ch‘?séea gﬁ)l ca leth EPES/ KO—If( (20
m pH 7. aguaéletsdm,el‘iiﬂ a8 18-41),3.11 (MG@@Hs (B (57 8 2-63Hs), B} (% A;CEs), 2.73 -

assi gnnent 35 y \ 7 ' (1,
). N & R D) b BT .38 (Gt G4 ?é”cgfa%l%ﬂﬁgﬁ%
10-H), q&oﬁﬁ,o@@zﬁ)w’) 6. 57 (s 132 H, 4.35 (m 7- K 8 H- 17-H and 18-H),
3.99 (prop I-OCHZ at G173 a ]33;30&‘ }(13 57 (s 12- CH3),
3.46, (s, MSEGBYMy= éifié(%?@“?ﬂﬁﬁd@? ot Chips) o] Ny 4( )7 0.81 (t, 37M
"' 7 H 8-CH3) MS (ESI): M = 702.4 (calculated 702.4 f or '12C 40' H 46' 4N
4160 624I\/g) 616 4 (addltlon of H and I0333 of COOCBH?). Exarrpl e S

Prepar at i ampld 2R Agtel j ' | efest: Hyheskirde- a

|.73-tert. ) 3Phel tbb The reacti on of the

Pd- BPhei d-{# ot & ohol for 48 1i vyiel ded

t bb- Pd- BPhei d- t(bj)P/(a‘éJM—BHieuﬁixé 6¥as ChicdEbo4s Aptith pura-#drt-butgibwizihalcohol to
acet onel t ol uene = vlé]é Anal tlcal Wa%ﬁ for tbb- Pd BPhei d- t bb: =
10,8 mn GHCIWE@‘R‘%BPP% §"9éﬁ‘fg O FyrA- e‘¥= SRPOE Product wag,ehjain 43

tol uene/ %‘E\?{‘B etk RQ condiltggs 40 909 (Vi fadtdo choﬁﬁmgrap%g éﬂﬁasvﬁkﬂ ' C;"

wi th acetone uene = /v), tlowrate = 1J, -
[am (A, |acetms’tql;mmerft5)95:(v®$2 (0. 49, By) 385 (0 36, B) 528 (0. 15, Q()

875 (s Thiabyicldsstogro-BEBPG ! B4 Soksis SRy MR oniens -2 os G 1)
C-133), 6.58%s BBFAL) [n@] bR, (Ssighhht)or GBP (4.50, 333,) 324 (0.37, B,) , 530 (0.15,

Qy), 755 (1, Q)

"H-NMR: § [ppm] (multiplicity, assignment) = 9.63 (s, 5-F), 8.73 (s, 10-K), 7.31 (5, o- and

m-benzyl-H at C-13°), 5.09 and 5.18 (dd Ty = 12 Hz, 15%H), 5.12 and 5.17 (dd, *Tay =6

Hz, CH, C-17%), 4.8, 436, 425, 402 (4 m, 7-H, 8-H, 17-H and 13-H), 3.07 (s, 3"

COCH;), 3.48 (s, 12-CHz), 3.40 (s, 2-CH), 2.78-2.33 (m, 17°*-CH,) 1.58 (m, 7-CHz),

| 0.99 (t, a5 = 8 Hz, 8-CHs), 1.68 (d, *Jan =7 Hz 18-CHy), 1.17 (ttbb-C(CHs)s)
MS (FAB): M+ = 802.1 (calculated 802 4 for *C 4s'H 1s™N 40 ,'*°Pd).

Iy

Example 12: Preparation of Pd-bacteriopheophorbide a-17°-N-glucosamide
(Pd-BPheid-Nalc) (formula VI in Scheme C)

i Another reaction mechanism results in derivatives where the ester group at C-17° ie
replaced by the more stable amide bond (see Scheme C).
| In a carefully dried apparatus, 60 mg (88 pmol) of the free acid Pd-BPheid were
dissolved in ﬁO ml dry DME. After the flask was cooled to 0 °C, 70 mg (324 pmol) of -
glucosamine hydrochloride were added. The pH-value, was adjusted to 3-9 with 31.2 pl

} (317 pmol) of diisopropyl-ethyl-amin. For measuring the pH, a drop of the reaction mixture
and a drop of water were mixed on a strip of pH-indicator paper. 30 mg {91 umol) of
TBTU (2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyiuronium tetraﬂuofoborate) were

2% -



WO 01/40232 2 7 MAY 2004 PCT/1L0O0/00811 5,21, 5,16, 5,13, 5,03 (4 a S

17' -CH2)-, 4.47, 4.22, 4.15, 3.97 (4 in, 7-H, 8-H 17-H and_ _18-H)., 3,06 (s,
31- COCHR), 3 ‘ﬁ%‘gg, 12-CH3), 3,38, (s, 2-CH3), 2,36 (m 172ToM&YPI™) 63
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Example 13: Phototoxicity of M-BChl derivatives to melanoma cells in cultures

Liposome preparation 7
L-o-Dipalmitoylphosphatidylcholine (DPPC) liposomes as carrier system for pigments
0  insoluble in water were prepared according to Toledano, 1998 and to Cuomo ef ol 1990.
1.4 x 10® moles (= 130 ug) of the phatosensitizer and 5 mg DPPC were dissolved in 400 pl
chioroform. Onto this were layered 250 ul H>O and 250 pl phosphate buffer (pH=7.2; 1,5
mM KH,POy; 7,6 mM Na;HPO;; 0,15 M NaCl), The chloroform was removed within 5 min
with a rapid stream of argon, while the mixture was sonicated and maintained at 45 °C.'
5  Sonication was continued for another 20 min and the liposomes loaded with' pigment were
recovered in the supernatant after centrifugation (16 000 x g, 10 min). The liposome
concentration was determined photometrically at 750 mn (according to Grossweiner and

Grossweiner, 1982).

0 Photodynamic activity in monolayer cell culture

MR melanoma cells (mice) were cultivated as monolayers in 96-well microtiter-plates in

DMEM (Dulbecco’s modified Eagle’s medium)/F1> 1/1 (v/v) at 37 °C in a moist atmosphere
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(0. 37, 5, ok (196 ML sachehfhe 58 S BTG Rckpeor op At el

assi gnment yeee fﬂstﬁﬁpt(:s tthebdalr} for &. he g véﬁhedlsﬁﬂi-l)oo ;Fl ob 1he(1ﬁednﬁn, tPdaEkd Wikl hmgayl
at C13'), % and 5.18 tgdd 2J, Hz, 132-H) 12 and 5.17 (dd, 3J,~
=6 Hz, Crbireshimesy QP%d'ﬂtﬁdzf@m b,ele"z tbwuglhthemonsofrthep?am mﬂuals- H) |

§7872(2H 2)mfs‘g%§m§” Pi)l“ﬁm%sﬁneh?mﬁl?ﬁiter léﬁgn@%@%ggfﬁ)ﬁ 3525 a0 =
7 Hz 18) CHay” was nfbv(dted umm@yumgmo mNHAﬁexSﬁ:?adﬂlt{onﬂlza{H AtteeldB02. 4

for '2C 44H N 4160..41a6P Exanple.12: Preparatio
Pd- bact eri op?‘neé:;)lr“fol;1 ity WT'/‘%)‘ eﬁ@&?ﬁ%oifgp’c e‘éﬁﬁé?ﬂpﬂﬁi wd PR dita vi
in Scheme @G [3/P1}Qh}hﬁiﬂmé ﬁﬁﬁlﬁ)bﬁﬁoﬂ‘ﬁﬁtﬁlﬁﬁlml{eﬁéﬁ'ét&l stsjezed)ﬂ/ﬁ& la¥es cshget he

ester group %t G173 is replaced by the nore stable am de boRd (see Scheme
0. ated at the end of the experiment for 2 h at 37 °C with 1 nCi/ml {*H] thymidine (in

- water). They were then wasbed twice with phosphate buffer, incubated with 7.5 % cold
3 trichloroacetic acid for 30 min at 4 °C, washed again with 95 % ethanol, and finally treated
with 200 ud IN NaOH for 10 min at 37 °C. 100 pl of the final suspension in NaéH were
removed, neutralized with 100 ul 1IN HCl, mxed with 4 ml scintillation liquid (2u:8 (v/v)
Xylene : scintillator Lumax mix) and 5 ml imidazole-buffer (O.i M).
The results are shown in Figs 1 and 2. Three of the sensitizers shown in Figs. 1 and
) 2 were phototoxic to mouse M2R melanoma cells (Pd-Bpheid-et (LDgg = 0.02 uM) and
tbb-Pd-Bpheid-me (LDg = 1.1 uM)), Pd-BPheid-ser (LD = 0.1 uM). tbb-Pd-BPheid-tbb
and Pd—BPheid—Nglc are ineffective under these condiﬁon§ because they formed aggregates @
in the liposomes which are ineffective for PDT.
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In a carefully dried apparatus, 60 ng (88 tinol) of the free acid Pd-BPheid
were dissolved in 20 ail dry DW. After the flask was cogl pdjkoyp, C, 70 ng
(324 nol)' of | ucosam ne hydrochl ori de were added. The pH val ue,, was

adj ust ed tBV‘B‘"g‘“ﬁzth 31.2 1,1 (317 nol) of diisopropyl - et USRI For
measuri ng the pH a drop of the reaction mxture and a drop of water were
m xed ongpRlyl g BbhdHinsdtliitiad SecBadest C-3% SinhfitnddudBlal COf3° ABTU 7
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chloroformp and water. Any rpgsdhtinaB)pleci pifate as reqoved by filtration.
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mel anona eMBsacrsnr-Edr[BPbﬁw L Hosome pr e @ atf on ser | Pd

L- a- D pal ni+e phat+ayrepat-tne—(BPPC T posongs ~as—¢ggy el system for
pi gment s ‘i%%ﬁpﬁﬁ"’é |n wat e were pre {ér accor cﬁrng tgdeoI pdano, 1998

and to CuqQmpeaii-Bphe- Il ff x 10 o 1130 }lge of #dhe

phot osensijti zer and rm DPPC were di Q\nl \/pd in. 400 g 1l chlofoform Onto

this were | PyRd-B8h&89 pd H2Q End 250 | aBosqhate hutcf er |@$H 7] 2; 1,5
Pr-BChl-pr 11 pr - pr Mg

; ) -

Table 2: Transesterification products of pyro-[M]-BPhe.

Compound: formula R, R; - M
' (Scheme B)
Pyro-BChl-gg v gg Mg
Pyro-Pd-BPhe-gg v ge Pd
Pyro-Pd-BPhe-tbb v - tbb Pd
Pyro-Pd-BPhe-pr v - pr Pd
Pyro-BChl-pr v - pr Mg
)
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mM KH2P04; 7,6 nM Na2HPO4; 0,15 M NaCl ), The chl orof orm was renoved wthin
5 mnwth arapid stream of argon, while the m xture was soni cated and i
mai nt ai ned at 45 C. 5 Sonication was continued for anothery 2@y nim and.t he

|'i posones yl, %vvlth- pi gnent were recovered in the supgy, msﬁfter
centri fugatl on f6 000 x g, 10 min). The liposone concentratlon Wwas
determ ned photonetrically at 750 nm (according to G osswei ner and -

G osswei ner, 1982). .0 Photodynanic activity in nmonolayer cell culture MR
mel anona ceIIs (mce)_\:were cultivated as nonol ayers in 9b welt
mcroliter-plates in ~OVEA (I begco's nodified Eagle's nediunm/F12 1/1
(vlv) at 37 Cin a m pere 25 2 7 MAY 2004 WD 01/40232
PGT/ 1 LO0/ 00811 cont aN 3N . The nmedium (pH 7.4) was suppl enent ed

i o . fahal -bovi ne-seniyn (FBSkridéa %), @Fhebani ne (2
mMVM), penicillin (0.0§ streptomycin (0.1 ng/m ). Wthin 24 hrs,
the cell density hRGyeas | x104 to 2x1Q4 cel |l sg400 |I. | nmyeasing
anounts of the |ipaéops et ATT on coMtal ni na t he BChI-derivative 5 were
added to the cells. . ifd-ser or Pd-BPheid-Nglc were added as
ethanolic soluti on S<Esuch that the maxi num concentration of

et hanol was <1% Te ceI Igoo re first kept in the dark for 4 hrs, washed
with 100 pl of t rredl um®tPeated with 100 pl of fresh nmedium and then
irradiated from wthrough t he bottomqi- the plates with a russian BS

LS3- PDT | anp, f|tte 300 nm. A light-dose of 10 m\ x
s x| cmz was provided ri 7.d]_lt,.,adlaanontlme of 10 mn. After an
additional 24 h in the darkeat cell viability was' determ ned by

m croscopi ¢ i nspection (cell size and shape) and via [3H)-thym di ne
incorporation into the DNA (Chen et aL 1988). For the latter, cells were

i ncubat ed the en e wth 1 pCG/m (3H
t hym di neasitsﬁucgvg?é’??%of?fgh "\/%Q&E '{%E'rﬂlfpméa(gh l(?qb ﬁ%s?&erﬁh phosphate buffer,

i ncubated with 7.5 %cold i trichloroacetic acid for 30 mn at 4 C washed
again with 95 %ethanol, and finally treated wth 200 pl IN NaCOH for 10
mn at 37 C. 100 I. of the final suspension in NaOH were renoved,
neutralized with 1.00 pl] INHC, mxed with 4 m scintillation liquid (2u.
(v/v) xylene : scintillator Lumax mx) and 5 m imdazole-buffer (0.1 M.
The results are shown in Figs | and 2. Three of the sensitizers shown in

Figs. I and 0 "
# ' CHy
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2 .were phototoxic to nouse M2R nel anoma cells (Pd-Bpheid-et (LD9o = 0.02
M and tbb-Pd-Bpheid-me (LD9o =.1. I V K), Pd-BPhei d-ser ({ hE@% 2 I M.

t bb- Pd- BPhei d-tbb and Pd- BPhei dNgl ¢ are ineffective under Whdi tions
because t h&YO0#RRd aggregates in the |iposonmes which ar epCTBiob@esit ve for
PDT. 2 7 NMAY 2004 WO 01/40232 PGTI/1L00/ 00811 Table |I [M -BPhe
transesterified. selectively at CG%§ siyy taneously at G 133 and C 173
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Me- Pd- BPhe- el mene- Pd Me- Pd- BPhe T™b- Pd- BPhe- tbbl 11t bb-tbbPd
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Scheme B: Reaction scheme for preparation of bacteriochlorophyll derivatives

transesterified at C-13° and/or C-17°.
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V1 - R4 is the residue of glucosamine

Scheme C - Coupling of glucosamine to C-17° of Pd-Bpheid -

o
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Subm tted A transesterification process for the
preparation of a synt het| C chI orgphyl | 5 bacteriochl orophyl| derivative
of the general formula I: 10 R2OQ wher*ein Mis a central nmetal atom
selected fromthe group consistj€E o, N, Cu, Zn, Hg, Er, It, Eu,
Sn and Mh or represents two 5-Ryr e each, independently,

acetyl, vinyl, ethyl, 1-hydroxye¢ -gher or ester of said

1- hydroxyethyl radical; 20 R4 i3 orimyl ; the dotted line at
positions 7-8 represents an op#{onal d; and Rl and R2 are
di ffel®nt and are sel ected fromy R-<dnsi sting of: (i} a c1-C25

hydr ocar byl radical that may be/st rai QizZanched, saturated or
unsaturated, optionally substitg S nore radicals selected from
25 hal ogen, oxo (=0, OH, CHO ¢ 136% interrupted by one or nore
het er oat ons sel ected from O, S all or—y carbocyclic or heterocyclic
noi eti es;

15  wherein
M is a central metal atom selected from the group consisting of Pd, Co, Ni, Cu, Zn,
Hg, Er, It, Eu, Sn and Mn or represents two H atoms;
R and Rs are each, independently, acetyl, vinyl, ethyl, 1-hydroxyethyl or an ether
or ester of said 1-hydroxyethyl radical; .
20 R4 is methyl or formyl;
the dotted line at positions 7-8 represents an optional double bond; and
R; and R; are different and are selected from the group consisting of:
(i) a C,-C;5 hydrocarbyl radical that may be straight or branched, saturated
or unsaturated, optionally substituted by one or more radicals selected from
25 halogen, oxo (=0), OH, CHO, COOH or NHj, or interrupted by one or more
heteroatoms selected from O, S and NH, or by carbocyclic or heterocyclic moieties;
(11) a residue of an amino acid, an oligopeptide or a polypeptide containing a
hydroxy group or of a derivative thereof selected from the group consisting of esters
and N-protected derivatives, wherein said hydroxylated amino acid or derivative
30 thereof is linked to the COO" residue of the Chl or BChl derivative through said
hydroxy group;
(1ii) a residue of a peptide as defined in (ii) linked to the COO' residue via a

C;-Cys hydrocarbyl as defined in (i) wherein said C;-C;s saturated or unsaturated
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(ii1) a residue of an am no acid, an ol:i gopeptide or a pol ypeptide
containing a hydroxy group or of a derivative thereof selected fromthe
group consisting of esters and N-protected derivatives, wherey rmgam
hydr oxyl ated am no acid or derivative 30 thereof is linked to the COO

resi due of the Chl or BChl derivative through said hydroxy group; (iii) a
resi due of a pusrecaEbyhsesidire; onsignpity §uhs§1tqt¢dqgwn@ or taere a@ticals selegligd fm a

ohesturatod s %ﬁ%ﬁ@d@:@ B 0. ol bR el f e SRR By B by

one or nore ra@ﬁ@i&hﬁ@b@t@hﬂ@keiemmﬁ&ﬁl@gsmndm 665y aGhhen{Hihg GORBIRE NH2,
or such a residue interrupted by one or nore het er oat oms sel ected from O,

S and NH, or Hsebstitptedbylanend fuctonal gravprselested Stom @&@QQHafrﬂéﬂﬂ functi onal

O s e ed T | P oS, o b0 Rodtershadl JRifdiSetitiad £ speflieo-

directly |inkegkptige t4a otehesnﬂuﬁey Qink¥d 2t0d el CORY rdAiE06ANRY la &5-clef i ned
in (i) wherein said Cl-C25 saturated or unsaturated hydrocarbyl residue

optional |y subsdrecarbydi @ydoﬁ@edorm nfdr evheseln csdid SeCacsatiratedoror hedabyatad. oxo
(=0, OH,

h t
het er oat ons setfy%qcéja’y rr%%ﬁ@ gprélosﬁﬁ’ N&?S{lﬁﬁ ‘gggz?hgﬁg%?% rr?%@"’qg nggf"ﬁ&t o
substituted byhasheRNekd Eamt OHn THACOOESS! I@H%Qﬁ‘ sﬁ&pmééldue‘ﬁ% ted blgge; and

(v) a residue of a nono-, oligo- or polysaccharide or from pol yoxyet hyl ene
directdy Iinkeat moret Iteromoms rsekstigd dram Ou&aad@ﬂimwy@hamdrrb;g mfurdmtl ned

i i wh t d d
opt 1 ohal 'y 15 hRH{FA Y 2 o0 FHoGH ErpPsclRa e OLe (KA Bh #4 ogen.
oxo (=0), OH CHO (vfoREidde dfdmofd- §H§dl s ﬂo?y%héiﬂi%dé‘éﬁ&éﬂ%&fbx%&?féﬁe or
nore heteroatons selected fromO, S a NH, “or a phe ring, is

further subst iditecty linkedto M@@nmmd:madr vig raoﬁ]pCSseh)eh:dzcad)yﬂ rasrdeﬁhk:d @O0MH, or

NH2 ' th d b
(bact ori 0) chl oI Par bk Sl eforroyinedr Bt

(bactggyr i 0) pheopByitifed 457 dnéadr MiBreCRl fedPRSHh t mﬁ roup
and at position C 172%1’ COOR2 grr oupcm\?mrktg%eeag al cgﬁg]:%elgl h t’he o

provi so t hat RIODOF mNHmrI‘BJAbh airesiduiecinpreiptaddsy @ife or more heteroatoms selected
tetraethyl-or tg i td tsa cI ﬁH r elprglen)q ring, is further substituted by an end functional

group selected from OH, COOH, or NH;;

y& r resﬁlue optionally

comprising the reaction under anaerobic conditions of a (bacterio)chlorophyll, metal-
20  (bacterio)chlorophyll or (bacterio)pheophytin derivative carrying at position C-13° a
COOCH; group and at position C-17> a COOR; group, with an alcohol R;OH, with the
proviso that R; is not methyl, in the presence of tetraethyl-ortho-titanate, wherein the
reaction is performed in an aprotic solvent such as peroxide-free tetrahydrofuran (THF) or
dimethylformamide (DMF), thus obtaining the desired C-13%-COOR;, C-17-COOR;

25 diester, which is then separated from the reaction mixture.

2. A transesterification process for the preparation of a synthetic chlorophyll or

bacteriochlorophyll derivative of the general formula I:

30
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reaction is performed in an aprotic¢c sol vent such as peroxide-free
tetrahydrofuran (THF) or dinethyl formam de (DMF), thus obtaining the
desired G 132-COORI, C 172-000R2 25 diester, which is then ? from
the reaction mxture. 2. Atransesterification process for t paration
of a synthetic chlorophyll or Dbacteriochlorophyll derivative of t he
general formula 1: 30 35 2 7 MAYR2004 5 R2GQC | 10 wherein Mis a centra
netal atom sel ected fromthe grogp con.isting of Pd, Co, Ni, Cu, Zn, Hg,
Er, It, Eu, Sn and Mh or represe 5 R3 and RS are each
independently, acetyl, vinyl, yl 1 h d‘o yet%yl or an ether or ester
of said 1-hydroxyet hyl radical ret Byl or fornyl; the dotted line
at positions 7-8 represents aQOAption dou ¢ bond; and Rl and R2 are

i dentical and are selected fromyhe groy

hydroéerbyl radi cal that may bd% R

nS|st| ng of (i), a Cl-C25
r Of,anched, saturbhted or
unsaturated, optionally subst d or,tore radicals selected from
20 hal ogen, oxo (=0, OH, CI—iOl"'3 /03 i nterrupted by one or nore
het eroat ons sel ected fromO0, S & ; \3! car bocyclic or heterocyclic
moi eties; (ii) a residue of ypp—am no Aci d, é?n ol i gopeptide or a
pol ypept i de containing a hydroxngBOGb or a derivative thereof selected
fromthe group consistingRegPO€sters and N-protected derivatives, wherein
sai d hydroxylated am no acid or derivative 25 thereof is |linked to the COO
resi dée okharkie Chl or BChl derivative through said hydroxy group; (iii) a

resi due of a tide ag defined i.n (| nked to t.he 00 S via a
d - C25 hydr oc%li‘c&%m’éé‘i‘itﬂé@fil ﬁele(ft%i %@ﬁb? §TQUR; cgnaist “ezefo%daﬁ(? iaf'jéﬁu
unsat ur atgggl ErthE@?i‘I‘JQM|Mﬁ eeiHRetP @R ibys;Substi tuted by one or nore

radi cal s sél ected
R3 and R;s are each, independently, acetyl, vinyl, ethyl, 1-hydroxyethyl or an ether

or ester of said 1-hydroxyethyl radical;
15 R4 is methyl or formyl;
the dotted line at positions 7-8 represents an optional double bond; and
R; and R; are identical and are selected from the group consisting of:
(1) a C4-Cys hydrocarbyl radical that may be straight or branched, saturated
or unsaturated, optionally substituted by one or more radicals selected from
20 halogen, oxo (=0), OH, CHO, COOH or NH,, or interrupted by one or more
heteroatoms selected from O, S and NH, or by carbocyclic or heterocyclic moieties;
(ii) a residue of an amino acid, an oligopeptide or a polypeptide containing a
hydroxy group or of a derivative thereof selected from the group consisting of esters
and N-protected derivatives, wherein said hydroxylated amino acid or derivative
25 thereof is linked to the COO’ residue of the Chl or BChl derivative through said
hydroxy group;
(iii) a residue of a peptide as defined in (i) linked to the COO" residue via a
C1-Cys5 hydrocarbyl as defined in (i) wherein said C,-C;s saturated or unsaturated
hydrocarbyl residue optionally substituted by one or more radicals selected from
30 halogen, oxo (=0), OH, CHO, COOH or NH,, or such a residue interrupted by one
or more heteroatoms selected from O, S and NH, or by a phenyl ring is further
substituted by an end functional group selected from OH, COOH, or NH;
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30 hal ogen, oxo (=0, OH, CHO COOH or. NH2, or such a residue interrupted
by one or nore heteroatons selected fromO, S and NH, or &fﬁ(@?gﬁm ring
is further substituted by an end functional group sel ected

or NH2; 36 2 7 MAY 2004 (iv) a residue of a cell- or tissue-specific Ilgand
selected froman ol go- tide and a protein, |rectly i nked to the COO
residue or via a C lvggresfﬁ{})’ﬂr‘!fc"’arc o Hsgersprdtic iligand pelgpied drom m; eligo1- c25

o Tore radi odtRrAeAHCE prOkl WRLAY 1riGd! £ T RO Bl Vg 4! G, O
or such a remhjrdﬁ)cmhtylararsurléﬁﬁ:dbm afile wheteiiOsad hey- €§5Oahtﬂfmecﬁeireﬁﬁﬁdlr:ité@m 0,

S and NH, or hy a phenyl ,. s further _substituted by an end functi onal
group sel ect edﬂﬁ%%bﬁhres@mpﬂ@pﬂwbsﬂw by png of augrg gadiegls selggfed from) i go-

or polgysacchar pPaLyY t r h
-~ resi due or vi aﬁg%%oéﬁ}dggé% dbﬁbﬁ” ef’i n@éﬁ%‘h{ késmégqnw%%?ﬁetegb 8
Cl - C25 sat ur atednore hanaaitumatselécﬂa&di‘m@ I8/ land @F, mr%p@tph%l , S8/ BFtHet Ut ed
by one or nore radicals selected from hal ogen oong2 ., COCH or

NH2, or such aﬁub@weébyamewﬁmstl@w Brougrselesied . @z Andct edd
f 0, S and NH, f t
O sy "0 bt 8) DS Dol B o B b S oSt

reaction underd@eﬂgemmcptcpmactmoorésldm% 3 x(@&C@?C!;sOB)de&fmfﬂ'deﬁné@i@tl)
(bacteri o) chl orophyl | or (bact eri o)(gheo phytin derivative carrying at

posi tllon C— 13 2vhereipomifrCofou sattirriedtor pursatyraied Ciydrocagbyboesizlug r epfionally t h an

al cohol t roviso th { S e of
tetraet hyI or tﬁ%gt{}u e@% ne THUS ™ obt &i msﬁg%e@mﬁ@&r(’é@b %olégﬁ éﬁé

C 172- COCR1 di@®QOE or IHHQ dﬁtﬁélﬁhﬁedid& iategl Pf&d Hyléad df&ﬁox@%etbi@diomggelé&ed he
solvent. 3. A process accor di ng to claim 2, wherein Mis a dival ent

nmetal sel ect edrdm &S {ﬂlﬁ?eN&; oupy eahsnyiringg iofurthygr subgtitued, bynin erdufungtipnalg,

Er, It, d r the preparation of a chlorophyll
corrpound acco;% R 2‘2 @@ﬁegﬁﬂﬁel n R3is vinyl, R4 is nethyl or
f or myls, Réomﬁnﬁ@me i’éﬁdﬁéﬁ‘@mﬂ&t hR@rdbid) @orditiBRS bf |a0(b'ict3r1§)ch10%1ﬂ@'§e Rletalal
doubl e bond. 5. A process for the preparation of a bacteriochl orophyl I

conpound {(hederiairihlgropbyit | i thacterio)pheophytin derivative carrying at position C-13° a
COOCH; group and at position C-17* a COOR; group, with an alcohol R;OH, with the

proviso that R, is not methy], in the presence of tetraethyl-ortho-titanate, thus obtaining the
desired C-132-C00R1, C-17>-COOR, diester, and wherein the alcohol R;OH may be used

20  asthe solvent.

3. A process according to claim 1 or 2, wherein M is a divalent metal selected from

the group consisting of Mg, Pd, Co, Ni, Cu, Zn, Hg, Er, It, Eu, Sn and Mn.

25 4. A process for the preparation of a chlorophyll compound according to claim 1 or 2,
wherein Rj is vinyl, R4 is methyl or formyl, Rs is ethyl and the dotted line at positions 7-8

represents a double bond.
5. A process for the preparation of a bacteriochlorophyll compound according to claim

30 1 or 2, wherein R3 is acetyl, Ry is methyl, Rs is ethyl and the positions 7-8 are
hydrogenated.
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30 1 or 2, wherein R3 is acetyl, R4 is nmethyl, RS is ethyl and the

positions 7-8 are hydrogenated. 37 2 7 MAY 2004 6. The process according
toclaim5, wherein Mis Pd, R is tert-butylbenzyl. and R2 RS maetdpl - 7.
The process according to claim5, wherein Mis Pd, R is tert-butyl benzyl

and R2 is_ 5 geranylgeranyl. 8. The process according tqQ claimb, wherein M

is Pd, R%s pf%epg%cgﬁ&c%é@g o glam qy I e&%%al.s%’foﬂg!s t?ﬁ%uaﬂmlsané&zdﬁdi ng

to cl ai m% yﬂerei n Mis Pd, Rl is Ntert- butyloxycarbonylseryl and R2 is
ethyl! , ; . . .

met hyl . 10. e process according to claimb5, wherein Mis Pd, R is

Oseryl and R2 is nethyl. 15 11. The process according to claimb5, wherein
Mis M), R is lgropyl and R2 is propyl. 12.. The process _according to claim
5, whereifr M i Sheprocess apeordige to gl dhwheigm Mg PRy & testbuiylbsneyl adBais . 20
13. The p ording to claim5, wherein Mis Pd, R is propyl and R2
is pr rc;s';e)yl éé?%gﬁéerﬁﬁﬁ :

8. The process according to claim 5, wherein M is Pd, R, is propyl and R, is

geranylgeranyl.

10 9. The process according to claim 5, wherein M is Pd, R; is N-tert-
butyloxycarbonylseryl and R; is methyl.

10.  The process according to claim 5, wherein M is Pd, R, is O-seryl and R; is methyl.
15 11.  The process according to claim 5, wherein M is Mg, R, is propyl and R; is propyl.

12.  The process according to claim 5, wherein M is Pd, R; 1s tert-butylbenzyl and R; is
tert-butylbenzyl.

20 13.  The process according to claim 5, wherein M is Pd, R; is propyl and R; is propyl.
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