* | NVENTI

WO 99/ 06411 ¥

PCT/ US98/ 14244
DI CARBONY

2,4

' N e MABRACYCLES
PCleraL CGVHLE%E%&E&%{%?:R +

FI ELD

OF THE | NYRIRIGNTONAL APPLICATION PUBLISHEI® UNDER THE| FATENT (GDOPERATIENAREATYORCDY

macr oc
t exaphy
conpl e

T e AT 1Y

I n OI’%I’]IC SO X/ents usi
1X 49/00

terna
e 3
AAAAAAAAAAAAAA

N

WAL cT Cles s
P e RS S
(43) International PummtBAﬁKG?CIJJl\BerTy 1999l 1.02. 2.99)

§§106

pony

1111

" pol yaz4

¢ derivat

and por
di agnos
par amag
magnet i
I mages

Magn. H
t et raaz
particy
et al.,

are of

exanpl g,
Addi ti g
i ons sy
agents.

255. TH

por'phyr

m\l 1n PUI _yOlLOlIIDlL:I ulLyvuv I L, LI

iRkl Spplic@iod Number: 1 piuoshdoat
i ves, "TACD')  porphyrins ge.&
WWWH‘I"H"E‘U’HP Btinds ar & ¥ PPR{POER
tic agents.- - For exanple, derivativ
a0y FriorigDetal | ons have been used as
c 15 %@ nance PHEGIAGFPMR ) toYR
obtained with this t echni que.
dESDRelate@by Qod@@atign (CONpgy EonptinfaiondmParts
amacr{GEY/ e Ealier paligtn <o begggoyﬁegng,
| ar | yeaddoef ul i N cancer sotag ot B
Br. J. Cancer Suppl .
' | kel PROGOL $
e S e e
nal | yeyvale, CA SBEAHG S hs which are rre1

Q‘i&)ﬁ&n&@dw nium (111) have be{
cataaMplionts e d/Sloyion HERMCG,re vsal

?ngamﬁ%@ﬁﬁmm fave’ pr

(74) Agents: MANN, Jeffrey, S. et al; Townsend and Townsend
and Crew LLP., 8th floor, Two Embarcadero Center, San
Francisco, CA 94111 (US).

1990 10 '

|
.,L &t bUIIIJI CATTIY CIQUIILD Eubll asS LIIU

Pis1) Dagated Slaee Ao AT, AU) Az, IBASBB, BG, BR,

K Eﬁ’% Hr A

NZMIFeRE, UV\su.bE se s1, sx SL.
contﬁbﬁﬂ

R

pakeBI (AR BE/GH, JES[ Fl,

ner apg*t %y@@ﬂ%&oﬁ patent (BF, BJ cp

NE, SN, TD, TG).
See for exanpl e, Meares,

C.F.
Garyb

mm“mm . &%Iloporphyrlns
5 for Bi g ir i S ameri the

Yhe time limi
rsun- Phot OBM@* and 13 bé.@ﬂ@ks&d inOfg. event of the receipt of

al | at®¥™t h par amagneti ¢ net al
bn used as MRl contrast enhanci ng
Magn. Reson. Med. 1987:4,
)f por phyrinoids 25 or expanded
pven of particular interest in

Eurasxan
Europaan

(57) Abstract

concentrated mixtures, the reaction times are dramatically shorter an
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(54) Title: METALLATION OF MACROCYCLES WITH 2,4-DICARBONYL~METAL COMPLEXES

A method has been developped which utilizes a metal-2,4-dicarbonyl complex as an organic solvent soluble metal fon source in the
metallation of polyazamacrocycles including porphyrins, expanded porphyrins and porphyrinoid compounds. Use of a metal ion source
which is soluble in the metallation reaction medium produces significantly higher yields of a measurably purer product than is achieved
using an insoluble or only sparingly soluble metal salt as in the prior art. Additionally, because the metallation can be performed in relatively

d the amount of waste produced is less than when simple metal salts

serve as the metal ion source. Farther, use of the soluble metal-2,4-dicarbony] complex simplifies the purification protocol required for the:




| magi ng -.appI:i cations. For exanple, see, Young, S.W, et al., Proc. Nat.
Acad. Sci . WD 99/ 06411
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U S A 1996:93, 6610 and Young, S.W, et al., Invest. Radiol. 1996: 31, 280.
In addition, the lutetium (l111) conpl exes of texaphyrins are useful in
phot odynam c- t her apy applications. Wodburn, KW, et al., J. din.
Laser Med. Surg. 1996: 14, 343; Young, S.W, et al., Phorochem

Phot obi ol . 1996:63, 892. 5 The texaphyrins are aronmatic

pent adent ate macrocyclic "expanded porphyrins" that are useful as
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pat hways. See, for exanple, Sessler, J.L., et al., Accounts of Chemn cal

Research 1994: 27, 43. Texaphyrins and water-sol ubl e texaphyrins and met hods
of preparation have been described in U S. Patents Nos. 4,935, 498,

5,252, 720g 5, 256, 399, S, 27T EfD OF FAR INWENTION, 599, 923, all of which

are incorporated herein by reference. The netal conpl exes of
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20 in any of its various f ' ' ' e free nmetal ion
can render t exaphyri n- %@Mﬂﬁﬁ@%%ﬁ%hﬁ‘?& C in vivo.

In currepg pract l%?uiﬂiﬁ@@élit.ﬂ&tﬁk@mﬁﬁkﬂig'@éﬂ@sﬂﬁimmapmyahiﬁﬁr&iycleb‘i‘e.g.,

macr ocycl e and a netal salt in_ an _organic solvent such as nethanol.
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chemi cal washereipendetailewd itaraaramacasoycles have also been used therapeutically and are
particularly useful in cancer chemotherapy. See, for example, Meares, C.F., et al., Br.
J. Cancer Suppl. 1990:10, 21. | |
20 Metalloporphyrins are of interest as photosensitizing agents for tumor therapy.
See, for example, Jori, G., e al., J. Photochem. Photobiol. B 1990:6, 93. Additionally,
porphyrins which are metallated with paramagnetic metal jons such as gadolinium (III)
have been used as MRI contrast enhancing agents. For example, see Lyon, R.C., et al.,
_ Magn. Reson. Med. 1987:4, 255. The gadolinium complexes of a class of porphyrinoids
25 or expanded porphyrins known as "texaphyrins” have proven of particular interest in

(@

imaging applications. For example, see, Young, S.W., et al., Proc. Nat. Acad. Sci.
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product is undesirable due to both the exp@nse of the starting chemicals
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subst anti al fie 11'S invention provides suc
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concentrations _than is possible with the unconpl exed petal salt, thus
reducing 25 ef@sapyner eserabilitye and e can mfentersivih yse Al %Exmya!n-m%‘ COmpleR
and the i 56T a360 of its vaiQRCERddoRS.] ‘Mbr@fimg&%ﬁl?mh% fe@Sibial fon cahQEddRF _
reaction times than are necessary when the ~ °~ unconplexed netal salt is
used as the rexaphyrinmetsd gowplex paeparatiopnioxic imyiva.ds of t he desired
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art can

and a metal salt in an organic solvent such as methanol. When the metal salt is only
sparingly soluble in the orgaﬁic solvent, the metallation reaction is slow, the rate-limiting

25 step being the dissolution of the metal sait. To offset the low solubility of the metal salt,
it is necessary to use substantial volumes of the organic reaction solvent, a stoichiometric
excess of the metal salt and long reaction times. As the reaction is scaled up, large
amounts of both solvent and metal salt are required. This quickly passes from unwieldy
to impractical. As the required amounts of solvent and metal salt increase, there is a need

30 for specialized reaction vessels, the amount of chemical waste generated is increased, and
buriﬁcation of the metallated macrocycle becomes burdensome.

Production of large volumes of waste to produce relatively small amounts of
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range of polar solvents. The netal salt to be used as a source of the
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solubility in the organi c SUMMARY OF'TRE INVENTIONXati on by the

2, 4-di carbonyl . B tion permts the solubi|ization of the
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Al t hough the discovery extends to_expanded porphyrins in génera
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i nvention provides a process for neta atrng texaphyrin precursor In

an or gani c B¥rkdAdicazbony} cemplex is reacted with the macrocyclic ligand in an organic solvent.
Because the metal-2,4-dicarbonyl complex has a greater solubility in organic solvents than
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the precursor metal salt, it is possible to conduct the metaliation of the macrocycle at
higher concentrations than is possible with the uncomplexed metal salt, thus reducing

25 solvent use. The enhanced solubility of the metal ion source and the increased

- concentration of reactants result in shorter reaction times than are necessary when the

uncomplexed metal sait is used as the metal ion source. Additionally, yields of the
desired metal-macrocycle which are substantially improved over those of the prior art can
be achieved using the method of the instant invention.

30 An additional advantage which emerges out of the use of an organic-soluble metal

ion source is that the metallated macrocycle can be considerably easier to isolate from the
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are known in the art and have found use di agn

t her apeut i c atpéisfactoryremsivakefsunsemploxed hudR). Tbmseoérmmcmswdre tnne-
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di scussi on beThmugh thefuse of es organickselublexaetal/ionseuas, the peqsemaav&m‘bn\aemﬂs(ﬁﬁﬁ&
of a netal io&ﬁ?ﬁ%[q&exi ng expanded porphyrin, those of skill in the ar
wi |l recognize the present invention is broadly applicable to

metal ion conpl exiTiyseiopmficke dspect; ieyinvergion Ppravides raaprocesh forumetaliting
it the 20 SRR BogRYHn Ta ok Seh Bieal RorprSg S?Lé?eéxLSnSZL' e
por phyring5 bot h [a) or cbntaﬂtugpi eal sa00wilid 26 dicarboliflicanpe @i tcEeH 2 AERI-
known in the For a repres eneric formula for t
splerr] prec é—g?cg q 8 ql%&geﬁw &53 f-(qlcarsaony compound and 2 metal ion.derived
R1 R4 ~ from the metal salt; and
()  reacting the metal-2,4-dicarbonyl complex with the expanded porphyrin in

the organic solvent to form a metallated expanded porphyrin.

20 The discovery extends to metal ions in general. Furthermore, the organic selvent
ay be any of a range of polar solvents. The metal salt to be used as a source of the
metal ion can be selected such that the metal salt itself has low solubility in the organic
solvent prior to complexation by the 2,4-dicarbonyl. The complexation permits the

 solubilization of the metal jon salt and affords access to metallated expanded porphyrins

25 which cannot be synthesized in good yields using prior art methods.

Although the discovery extends to expanded porphyrins in general and also to
metal jons in general, it is of particular interest as applied to texaphyrins and metal ions.
Thus, in a second aspect, the invention provides a process for metallating a

texaphyrin precursor in an organic solvent, comprising:

30 (a) contacting a metal salt with a 2,4-dicarbonyl compound to form a
metal-2,4-dicarbonyl complex between the 2,4-dicarbonyl compound and a metal ion
derived from the metal salt; and

n
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[err] WD 99/ 06411

PCT/ US98/ 14240 99/06411 . POI/USIS/42847 One
aspect of the invention, the sp[err] texaphyrin precursor is metallated
using a netal - 2, 4- d| car bonyl conpl ex. né n preferred enbodi ments of this
aspect of the invention t he t exaphyri i precursor is oxidatively

metal | ated using a netgly 2, f’ea@dxxﬁga{hg‘?ﬂl?dl-f@-ﬂmaﬂ%&n yl com *m'tﬂmmgglfhﬁ@

ef fected by nol ecul ar oxygen oXi dants or electroche
met hods. precursor ifFtherQrgani¢ Folvent 40 giveracmetatiated Jexaphyroy precyrsenul a f or

T oo e 1 T LA o P b i,
10 | metdies4-dicarbonylxsomplex is formed between a trivalent lanthanide jon and 2,4-

5 pentanedione. In particularly prcfcrrcd embodiments, the lanthanide ion is lutetium (1)
or Gd(III) and the metallation of the expanded porphyrin is conducted in a C,-C, alcohol
such as methanol. '

The characteristics and advantages of each of the aspects and embodiments of the

invention will become apparent from the description that follows.

10 DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS

Macrocyclic metal ion complexing agents are known in the art and have found use
as both diagnostic and therapeutic agents. Complexes between metal ions and macrocyclic
ligands are used as MRI contrast agents, radiosensitizers, and as agents in PDT,

15 radioimmunotherapy and other medical applications. Although the discussion below
focuses on the texaphyrins as a representative example of a metal ion complex.ing
expanded porphyrin, those of skill in the art will recognize that the present invention is
broadly applicable to metal ion complexing expanded porphyrins in general. The use of
texaphyrins as a representative example is intended neither to define nor limit the

20 invention. '

Texaphyrins and other expanded porphyrins, both prior to complexation and as
metal complexes, are known in the art. Formula I is a representanve generic formula for
the sp® precursors to the texaphyrins:




each of Rerr] through Rerr] and R err] through R err] is independently a
hydr ogen at onwohvskéde ot her than iodide, REASRYI4244] ky|
al koxy, oligo(al koxy), aryl, nitro, formyl, acyl, or
saccharyl; or al kyl, al koxy, or oligo(al koxy) substituted

with one or nore of the follow ng substituéhts: hal o other than i odo, 15

and RO ] or B O HPEANE A SAEBE B i gy precntShfl speralid ing il

ol igo(al koxy)%,d,cnica‘ilfsqdlyll camplak.k Ji préﬁrbd)@]nbodirxlne:td efothisl aspecy pf thebigvéntionethewi t h
one or nore of the follow ng substituents: ro 0X
(CocerrT . rRRRBRRCr R Rl e Woig s el By} Htpie.

e e—— i ————-

~-(CHerr])[err]-O(CHerr])[err]y
-"m' is an i ntReger ,

.-O(CHerr])[err]- group, where "t" has

PCT / US98/ 142@4idation can be effected by molecular oxygen, chemical oxidants or electrochéfnical
Mis a nonogval ent, divalent or trivalent nmetal ion; and the formal charge
"n" of 5 methods. the nmetal |l ot exaphyrin is correspondingly zero, 1

or 2. Further Charﬁﬁﬁmmanisa resentative generic fornfita forirhdisluvtpidieés i oni zed
portions of any of the R—gromi?s.' %‘he terms_used herein are defined as

follows: 5 (metallotexaphyrins) fhsmed by metallatiomand-oxidation nf dhe erpandadoparphyrins of
sat urated and prated groups, "Al koxy" denotes "alkyl"™ with
an added oxygen atom coval ently |inking the alkyl group
to the remainder of the formula. Straight-chain, saturated groups are
preferred for both al kyl and al koxy. Fuggher 4preferred T yl and al koxy
groups are those containing 1 to 10 carbQn Atons, with to 5 carbon atons

10 per group parti %mlarl ef erqeed.
"digo(al koxy)" denotes 2 to 12 al ko g QD %v@ently linked in either a
| i near or a Q@anc ed. cgnfilurafi onB Li near ol i go(al koxy)

noi eti es have a structure =
%O Cerr]Herr] where
orJdi R erent al ong the
R5RP0i eties have two or nore
third

i val,ue which is independently
sel ected fromO0,1 and 2 for each (CH erR[)[&r] group. Linear
configurations are preferred. Chains of 2 to 6 al koxy

| ength of the chain. Branched 15 =
O (CH err])[err]-groups are bondegt2/0 a (o

\V

groups (-O-(CHerr])[err]-) are preferred. The

i ndi vi dual al koxy groups nmay be the sane or different, and individual 20
al koxy groups preferably contain from1l to 6 carbon atons each, and nost
preferably from1l to 3 carbon atons each. "Aryl" denotes groups

t formed fromthe six-carbon ring of benzene or the

10 In these formulas: .
each of R! through R* and RS through R® is independently a hydrogen atom, halide
other than iodide, hydroxyl, alkyl, alkoxy, oligo(alkoxy), aryl, nitro,
formyl, acyl, or saccharyl; or alkyl, alkoxy, or oligo(alkoxy) substituted
with one or more of the following substituents: halo other than iodo,
15 hydroxy, amino, carboxy, or carbamoyl;

R’ R', R!! and R are each independently a hydrogen atom, alkyl, alkoxy,
oligo(alkoxy), or'aryl; or alkyl, alkoxy, or oligo(alkoxy) substituted with
one or more of the following substituents: hydroxy, amino, carboxy
(—CO,H), or carbamoyl (—C(O)NH,); '



condensed six-car bon rings of other aromatic derivatives. Exanples are
phenyl , naphivawenedant hryl and phenanthryl. The preferred arpCTABWUP244s 25

phenyl . "Acyl" denotes organic acid groups |lacking the OH of
t he carboxyl group. Pr e.}yerred acyl groups are those
containing 2 to 12 carbon atons, preferabl 2 to 8, and

nost preferably %4'&%’ 4%@5@93&' ﬁﬁa%ﬁﬁoﬂg&qébt . RlaP RIn09¥d the fo ormal charge "n” of

butyryl, and benzo enot e nonosacchar
ot her carbohydrate gr (ﬂtqomemhatbxaphymnas correspondmgly zero, 1 or 2¢i Finther charigbsemiay ed

formed by the of i m naPtARRSRa E e geriont ok eBE At e 1o an oxygen

WO 99/ 06411 The terms used herein are defined as follows:
PCT/ US98/ 14244
atom or & car bon "M denntes Bightrhain, praprhed-chaip, sanragd apd “WWQ&’%‘EFS

of nonosacchari degjkdiy® AeRdiay taHa4" vﬁcﬁcancaduapsﬁfgehafdnsie@val@ﬂéx\aﬁiktngaﬁe MR-

chain fornms of these groups and various derivati zed_ fornmns anpl'es are
radi cal s formed from BE‘?P«BS‘@@%{F@W% of thefopmela. Sirpightehain, Wtedzroupsarc

D gal act ose; pentoses ng, arRMHeP s ﬂﬁ? S
D-ri bul ose and DfrucPose di sac ar ?ng ‘RIZ as suc ogee!J,E&ﬂt actose anﬁ
mal t ose; derivatives Stmipsas &ommnammﬂneéommaﬁyh itte§ cethparatoms
exanpl esypf am nes be ﬁﬂﬁﬁm cosam ne, sialic acid and
D gl ucam‘ge der| vat i Vg&gggg#% ri’?efe'%l"'deoxysor bitol. 10

"Het erocyclic" i SOlige@lkozy)idenottes ﬂesdzlanmmgsmpurcavﬂehﬂyahmwduhenh‘uralmear
- unsat urated non-

Mgti g I
mui ci pl 6 condensed ri A8 bR consguraof Hicar Al RORY AieBer talE syt °
from 1-4 heteroatons swhest-eO0—({CHNFOHCHSFOSWCH Y —.0~0—~C, H,,.,,, where "m" is an

oxygen within one or gore of the ri Such het S for
ele?rpl e, tetrahydr of un“ﬁ?ger'r%? ialsid Pﬁg&ﬁ’ﬁ?%éﬁ”ﬁltﬁ%ﬁmﬁ@r‘g&ﬁ? 8&% Bt’?ﬂ"&%ene
15 15 PY kricikitid§ haveSWo3dOmere -POH{CH) H Sidupd Mieboded td 4 d6thfon

furan, or benzo-fused , an,g.l'ogues of these rings. Also
encorrpassed within th&8igdere (%ermbw re "t" has a value which is indeggndently

substituted heterocyckdgted from 0,1 and 2 for ERMOEE),, grﬁuﬂlsﬁﬁlcﬂxeéfdﬂg}x%agoﬁse;ﬁr to

fluorine, brom ne, chI or| ne and i odi ne atons.

used herein to refer erFrd. ohaips ofgHto 6 @lkoxy BIO“PSAWHQ)E—)J§@CF’1'F
describe primary am n?ﬁe lfd’lraikoxygrwgs];nary be ﬂx@@i:ﬁ@&’dxfﬂ:%%/ﬁﬁi fpﬁﬁuﬂﬁPUp

-COO(H), in either its acidic or an ano” 1S used
to descr?be the gr oupalkgry guups preferabiy cootain fsemietor ea;qumtoms each, and most

and nitrogen is a tri B}e?ermg’%'om 1 to 3 carbon atoms each.

"Aryl" denotes groups formed from the six-carbon ring of benzene or the
condensed six-carbon rings of other aromatic derivatives. Examples are
_ phenyl, naphthyl, anthryl and phenanthryl The preferred aryl group is
25 phenyl.
"Acyl" denotes organic acid groups lacking the OH of the carboxy! group.

Preferred acyl groups are those containing 2 to 12 carbon atoms, preferably
2 to 8, and most preferably 2 to 4. Examples are acetyl, propionyl,
butyryl, and benzoyl.

30 "Saccharyl" denotes monosaccharides and other carbohydrate groups that can be
either synthesized from or hydrolyzed to monosaccharides, the groups being
formed by the elimination of the hydrogen 'atom bonded either to an oxygen



"Al kyl am no" denotes secondary and tertiary am nes of the general fornula

25 wo99/064tINR[ err| Rferr] wherein one of Rl err] andprBrassgisra

hydrogen and the other is an al kyl group or Rlerr] and

Rlerr] are the sanme or different alkyl grog’ma "I ndependent | y"

signifies that two or nore of the groups i di ately preceding

the termare either idapi &al capbontitbhe 18Ebded within Lﬁ@ie?ﬁ“s@&h?{yl'o?é rE&xQz?}t he
lon O

l'i st following-the termdoes not affect selec t he
other(s). 30" " Sefmenasercherides ndisarsbarides, andk oligopacghasidgs.chsimelt aporen-
substitutions, the |at vard bR

substitutions by the s%tﬁien gou s?ﬁhﬁseen -y an sL %gxli{k%rzﬁk e&tamples are

of different substitueradicals formed from hexmegs}ica&smglucose D-mannose, and

PCT/ US98/ 14244 D-galacto s such as

In further” preferred PiFalctase: pEntese sﬂé‘?n@‘éﬁ?f ?Pd?if'éarbﬂos? skeaqsafucgras

hydr oxyal kyl ; R[err], D-nbulose &idep-fluctose} difaechiarides mohldﬂshcroﬁ[ iidtdse agberr],
Rerr], R[err], R[err] R‘#?rré are hydro n atom; err] and R err] are
i ndependent|y a hydro f’o YES SUShy psphprylated sugarsox y

hydr oxyal koxy, al koxy exampics @6 amineo bring ghlacﬁgadnhefgmédaﬁhnﬂrﬁaﬁéa&é and
enbodi nents, R err] and 5.Rerr]. are |ndependently a hydrogen atom

hydr oxyal koxy, car boxy2ElGgine derivatiyes gych as 1-amigpilgeogysesbitpl.
The met hors descr ria@erobyulie® s @ed hiveln dol dbsdritit 4 &ﬁﬁéa%&&%ﬁ%ﬁ%‘iﬁ:&éa nIE-ese

met hods can be practiced with a variety of different nmacrocyclic conpound

i ncl udi ng, for eArempicogroup baving a singlessing pemultipirosqudensed sings froantia2)

por phyrins and pol yazaigsh I b
i ncl ude both paramagnetic and di arr%%dnl(eit-? getﬁiptamﬁﬂ sefleled éﬁ?’ﬂ#@ﬁeﬁ‘ﬁ@% %g
particul arly useful fcnxyg@‘rwitbn@se 95 swra of el ringsn tSuak hetarpeptles arnéort he

of these o "ol assedrapts ElthydsiPldl bR oAl byl Bt <
general i A&t i on. Pref erpyeidinepisakazole, phthalimide gpyrezodd,| inddlé,ofuear)) Y begzofasud C
nunbers of 21-30 (i ncl 9._48 49  57-71 15

| ant hani des), and(90 ﬁbﬁgf&*ﬁ/@fm&c&sﬁi %TP”ﬁdtW{‘%‘Qi'b%f% beteggegalics 2
or 3. (@ I hese arhmbenim&dhmeiawdaiorﬁo nurrbers of 25, 48, 49, 39 or
57-71 (inclusive) rre | es of _sych matals are

" npt e
chrom um (111), %&fgsg ‘FFH’CMJE gP?fP}e- omine, chlopine andioding gtpms.
(I 1), cobalt (I I')Hydm;gked u(ehlh)g;elmm t6 the) grobpdiom (1 11), praseodym um

), 11 11 dal [11 terbi
1) Bpr oot amiAmian) s s ta feirri ura”ﬁuéw)anzxeeﬁggpﬁﬁinm(?’m J el opi um (111).
I H ;Jm (rery, |1 ut‘marthy( téroles thid ﬁﬁﬁ?:—ﬁ!ﬁbtﬂﬂ Jin either its dﬁﬁ&lé bk'%%ﬂl:'f&mce“ um

preferr tegu:ml;?du( mé-’(%m q'ndss%e‘f)ha?qggﬁ th%ggapp G Wherejn %he hend batwegn icarbon

ion. In an even nore phehifop@flis@Mpipli-pBaal . the netal ion is a |anthanide

on. O the "Alkylamino" denotes secondary and tertiary amines of the general formula

25 —NRR, wherein one of R, and R, 1s hydrogen and the other is an alkyl
group or R, and R, are the same or different alkyl groups.

"Independently” signifies that two or more of the groups immediately preceding
the term are either identical or different, i.e., selection of one from the list
following the term does not affect selection of the other(s).

30 "Substituted” encompasses both single and multiple substitutidns, the latter

including multiple substitutions by the same substituent as well as mixtures
of different substituents.



| ant hani de i ons, dadolinium(lll), dysprosium (I'11) and lutetium (1I11) are

the nost 25 poabiafd: Exanpl es of specific copprusmasishat
are presently preferred are those in which M s &=y, ycrrr),

Lu(lltl), Eu(lll) or Dy(lll); Rerr] is 3-hydroxypropyl; Rerr] and R err]
are ethyl; Rlerr] is methyl; Rerr], R[9err], Rlerr], Rerr], Rerr],

d hyd : _are bogh. ,
U 47 Sy B s g .
: hyda(zlgen, %[ d{’rdngd{‘ aoClalkyl;r R, MQRR[R%?,E}"‘ and RY are hydrogen \?Jhoms; R’ and R; age
= rr r rr rr] or - \r rr erenis 1-3.

AO(V\A' dEaeva]ri e'E sn%e%eig&%ag;h&gﬁ P%%M%L%L%@M cArbORYallkoZ¥ | exi ng
agent f omhytifeaysteday, allevxyion onge(av\%bgyg_n OntsillFuttherqitefetied efbolifktintsy R7and

non- uni f orm nqpEencl at ur e /06411
PCT/ US98/ 14244 are independently a hydrogen atom, hydroxyalkoxy, carboxyalkoxy, alkexy, or

exists in the ohgbafkekysuch 2, 4-di carbonyl conmpounds. For exanple,
2, 4-di ket ones corresponding in structure to Formula Il are named as
1, 3- di ket ones, ~or Jhe spethads\desopibed berein are noy linitkd tonseswith kexaphyrins. (Fhesdie

i nvention is ' i i . B ks in_th
nonencl at ur e ang dtﬁ?@%?% riscf[ﬁﬁ:%ﬂéﬁjtég}‘}aﬁg%bc%fé%#%n P g‘%’é@i"(‘)‘g%{’ Wgoumfs mé]“‘ﬁng’ for
2, 4- di car bony lexarple cuatysali anth symkhetis @orphytites; expareled iporphiyring st polhesamabcidles.
| east one rbon wi ast _on L a s dhOni.zabl e hydrogen omlocgated in
a position bet memg&t%?%pé?sﬁ@ﬁgpy%wqd&&ﬂ P .g“e%g M%‘W@ﬁ%w |
this inventi 0me(:ﬁ}rmhebqi?gpiﬂﬁcﬂdr}mdmlafﬁily’c&nﬂeﬁﬁsQﬁéd)QQMRli dbafaftQigehts Néhd (R
P For mut a 11 1ateRpelig pariehlifly st icproiodymirmic thiramp e A es 9F eifss of thesel can
be, for exanpkRsses of mebil d6mde Mot fitenlitd toBeThitdd by thidkdnéhalizaiod. . PAFred metals
heterocyclic, alkox cyanqQ, hydroxy, halide .
- are genefally those having atomic numbers of 21-30 (inclusive), 39, 48, 49, 57-71
15 (inclusive, lanthanides), and 90-103 (inclusive, actinides), with oxidation states of 2 or 3.

Of these, the ones having atomic numbers of 25, 48, 49, 39 or 57-71 (inclusive) are more

preferred. Examples of such metals are chromium (III), manganese (II), manganese (III),
iron (), iron (1), cobalt (IT), nickel (), copper (I), indium (1), praseodymium (II),
neodymium (1), samarjum (III), gadolinium (II), terbium (), dysprosium (II),

20 holmium (IIl), europium (I), europium (M), erbium (), lutetium d1), ytterbium (III),
yttrium (TI), cerium (OI), thulivm (II) and lanthanum (II). '

In a still more preferred embodiment, the metal ion is yttrium (II) or a lanthanide
ion. In an even more preferred embodiment, the metal ion is a lanthanide ion. Of the
lanthanide ions, gadolinium (IIf), dysprosium (II) and lutetium (II) are the most

25 preferred.

Examples of specific compounds that are presently preferred are those in which M
is Gd(ID), YQ), Lu(ll), Eu() or Dy(I); R! is 3-hydroxypropyl; R? and R’ are ethyl;
R* is methyl; R®, RS, R?, R", R", and R¥ are hydrogen; and R’ and R® are both
—O(CH,),OH or —O(CH,CH,0),CH,, or R’ is hydrogen, CH, or OCH, and R? is

30 —O(CH,CH,0),CH, or —O(CH,),COOH where n is 1-3.
_ A wide variety of 2,4-dicarbonyl compounds can be used as the complexing agent
for the mietal ion in practicing this invention. Currently, a non-uniform nomenclature



or am no groups. When the radical is a substituted al kyl group, the
substi tuent s a& Gomeant i ndependently chosen from for exanpl @CTRISPHEYyC| es,

hydr oxy, al koxy, am no, al kyl am no, carboxy, cyano and- hal ogen. Al so
enconpassed within the structure of 15 Fornula IIl are derivatives wherein
either or both Rlerr] and Rerr] are oxygenl%i ch bears a negative

charge (i.e., the carbonyl mojety.is,a carboxylat i L.S .associ at ed
wen’a S o s e Yor §8h 3 ddioPmd FomBie, o il A eBER0
Li[err], Na[ erchiresp6hding lin staingetd FoBagleMM]ate named as 1,3-diketbries fopileereativeld, as
enbodi nent of the_invention R err] and er,era,re err]-Cler l} S‘Iésk%i?le .
groups or 2,4iketones: o Thq scope o thejmerptign is ot Jptspded 19 l%"é‘?‘{ y Batoh
al kyl group. lifud {oMeachhRé ehd 8 oy stRiERRs IRiMton ifdellonand 2/ Sitdrbory

Clerr]-Cerr] alkyl groups_and Rerr] is H In a still nore preferred
enbodi ment 5] eempounds ofpse i the iwveatiomisithatthers beiat lgastions cashpasvith at lsest 9ae hy |

G corhon Pl ogenom o i ol el nd Ul tuhonuis.
t he scope of (e meisadoof thisrinvention wan b practicddewizh 4nyl 2 dadicashony! cenorpematihgahe
25 conprise dLﬁeiglesﬁcf?l?ﬁrln&?f\gghﬁﬁﬁxg&ﬂ% &hﬁt hyl - mal onat e, di am des such

as mal onam de,g
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di al dehydes such as nual onal dehyde. Additional exanples of 2, 4-dicarbonyl
conpounds include, but are not Iimted to 1, 3-acetonedi carboxylic

| ui di de, acet oacet am de,
ic acid and et hyl

acid, N-(acetoacetyl)glycine, o-
acet oacet ani l i de, o-acetoacetani si di de,
acetoacetate. The above list is intend of fer exanpl es 2, 4-
5 dicarbonyl conpounds of use inggndCticin ®#&nt invention anid is
not intended to serve as a [Iimtationjon the range or identity of
conmpounds of use in conjunction with this 22 invention. Additional
di carbonyl s which form organi c sol vent-sol ubl e conpl exes with nmet al
ions, and wth lanthanides in particular will be apparent to those of skill
in the art, _ In. cestain preferred enbodi nents, the
204t di car byl contuEprmis By B Rl 16 e iidegpenientty s and Sub be. f06 cxagmpl,
practi ci ng t h@ydfdgérm Alkyl NstBEtithRA alkyt, d+iS aciU hetdfoRydlR| alkoky,!@dnd,thydroxy, halide
acetyl acetone, trifluoroacetryl acetane, . hexaf[ uor oacet yl acet onge, _
-t henoy| t ri f | uSF 3B4ne; g5Awps. When the radigalsis @; substitutad plkrh gton, thesubstigieats are 1 1
,5,5,6,6,7,7, anéséiﬁ ' O taRe C acid,
3 et hyl - 2, 4- pent anqgmée&g%ﬁ?@eﬁgh P %?ﬁ‘g§°§ﬁ%‘aﬁ’§r¥g‘_“ﬁ"’j @gﬁ’/@ddi tional |y,
2, 4- di ket ones alkylaRHRe, [Fashoxy ofY2n and haflogen: nAlserencompassadowithip dbe\stegeture of t wo
15 carbon f g £h: 20 ) :

% %’Bﬁiﬁﬁ éﬂ%ré ?ﬂ#ﬁﬁ@%bﬁélr,?ngéékgﬂ &yﬂotﬁgﬁ kaﬁd R*are oxygen ghxch bears a

2-net hyl -1, 3- hexanedi one) or s ) can be“lsed I n the
net hod of t henégaivecharge (et hecsrtionyl mgietyvis@ carkoxylate) and ovhjch is associatpdowiths a

1 (3 (2, 4- i oRSHED PR ColtBdon comprisinga el ign (e.0. Lif Np Ly B1..Gafh Byed.
cyclic ketones suck apreferfedcmbosiiment of dheoinpentinn Rif snd BE ans €4+, alkyt goupser
C,-C, substituted alky! groups and R? is H or an alkyl group. In a more preferred
20 embodiment, R* and R® are C,-C, alkyl grdups and R? is H. In a still more preferred
embodiment R* and R® are either unsubstituted or substituted methyl groups and R? is
H.

The use of derivatives of 2,4-dicarboxylic acids such as, for example, malonic acid
are within the scope of the instant invention. Thus, the 2,4-dicarbonyl compound can

25 comprise diesters such as dimethyl- or diethyl-malonate, diamides such as malonamide, or




the invention. In further preferred enbodi nents the 2, 4-di ketone is

2, 4- pent anedi wo9Qé412 20 derivative thereof. . ThecHpsasap4K at e
2, 4-di carbonyl conpound in any particular case will be one that

combines with the nmetal ion to forma conplex that is substantially soluble
i n the sol vent used for the expanded pdrphyrin metallation reaction.

" [ | ubl.e" i t that the tal.-2,.4-di car bonyl
corpi ex i o suRPISERERE IFICa B BRIRSRY it AIRGEH SRAGRRI Ol oty SARooBE] combRRonisne
reaction mixt ictidesbat ahonagaﬂmsmaqwe&:mdwa:mm@5cia,hn-@e3t§&tetm%1yeﬂﬁ, o
reaction or bec&}[aeuiea horm%ﬂous sol utign over the course of the

reaction. " SuBEteRqEP 2GFipRceRmide, acetoaceranilideq erpcetgacetamisidide, acetoacatiseacid
met al - 2, 4- di caid@nyl ace@BRRX TRE 6HRULE id'RienSd ARAUFRS ofer exam rl&f&fd yde

[ I Xt wherei n the netal | ated expanded porp In, once
1E g(r)ﬁgdr eﬁﬁ%’ SSieQbEnﬁéﬁépew@f usein preeticingathe instant invantion and kenat dutprdedftot he
' tion i ' ! - el e tala L
2 - di car bony[eoapt LptGP o e tahee oiFiaSil ot cbipbottins of Bad Tl divpgtion with s
2, 4- di car bonylaventipn. Addi(i:b:pl d'na@bn)'rl‘_.') whichhferma airgdid sdlyent-solablgasvimplexes watt
can be Mmani puahpfhnlYanidkih Mthhites i’ Sirticular will be apparent to oS of daif 4n the art.
PCT/ US98/ 1424 P .
charge and hydr opHalserinypteferred bmbodih?ﬁﬁpﬂerz_,@ﬂidafbbh nglt ébﬁb'o?ﬁ?gﬁﬂﬂ&dikemne.
i m i pul at i e ectroni c character o e .. .
subst | t uePs -l iBEbF ey mipbeing 1B st GpPROroHCRHE buf are B Jimiediopony|
nucl eus of Foetd&tyﬂaetlohé,,uiﬂh&o&%dtﬁﬁ‘%tdhe?ﬁ%iahgo&%ﬁylb&fw&?E}ehhﬁu@ﬂﬁ’o‘roacetone,
[ b I al io an be_adjusted. For exanple, ]
Gl ect ronwi ¢ PR gty BEpans-5 Schioniorl- b ke, 5. 1 chisaigorord,t hepiansicne,
reduce the chfcekoxeRdpimivid ﬁd,%@ﬁ-z,h%mmm@&qgatﬁnﬁfhygf,}ﬂxm&e.
2,4-dicarbony| resulting in a nore weakly bonded netal-2,4- I'car bonyl
conpl ex. The dffiBwmally. %ﬁfdé'ﬁoqes i whichtong of ithmhysrpgans optthe garbhe betwetw the twiot h

3" col EC RS SR oM a8 2 Bl AU 5 il
‘ co npounds us ealigil cAm be msegd inrthemethod of itht invention] (Ketenﬂsmamngtmomrtﬂansgr ahdbohyly
2. 4- i car bonyl s SR O e B L O Ao Bermhemprepians 2:Fdigpe
o e, e o A8 ettty e g
the art b \r/\rgF{ nown syrﬁrﬁgfrf%"@B%ng'& ifi(')&kﬁt?%ﬁl TRSEEnRGRar @
SYNTHESI ?\IemsglrﬂNEM&ﬂJl\/Eg Shr |t _nglrjl, ar1|5 Ri Ldéxe;ngl -, Ed?rlo’r-e‘] ohn Wl ey
part cu ar 1 e s b2 ferni el B Sy i e g
i ncor por at ed combinef withithe higtal &t FOER 2 coRipleX thatdis ShbstdiRHlly soluble in the solvent
metal -2, 4-di %gcré) Rr | gx%%)ciesxp%xs'ph%;ixen xgé/tglllalti%glrgacﬁon. By "substantially soluble” is meant
that the metal-2,4-dicarbonyl complex is sufficiently soluble in the chosen organic solvent
25  that the reaction mixture is a homogenous solution at either the outset of the reaction or
becomes a homogenous solution over the course of the reaction. "Substantially soluble" is
intended to apply only to the metal-2,4-dicarbonyl complex and should not be assumed to
preclude those reaction mixtures wherein the metallated expanded porphyrin, once
formed, may precipitate out of solution.

30 ‘Within the scope of the invention is the ability to adjust the solubility of the metal-
2,4-dicarbonyl complex and the strength of the bond(s) between the 2,4-dicarbonyl and
the metal ion. The solubility in organic solvent can be manipulated by varying the size,



commercially. For exanple, netal diketonates are commercially avail abl e.

" The use of commercially avail abl e netal -2, 4-di carbonyl conpl exes is
al so within tweded@pe of the 20 instant invention. AlternatiCraisgs§/14244
nmet al - 2, 4- di car bonyl conpl exes can be prepared by conventi onal nethods

known in the art. For exanple, general ngthods for preparing
nmet al - 2, 4-di ketonates are disclosed in Desreux, J. F., in LANTHNI DE PROBES
| N LI FE, chargeCixEl\nﬁMphAhD’tﬁdﬁlsmliS@hﬁhEtEﬁof EEHBCRMCMﬂRAEﬁhEHy, Bunzl i,

J.-C.G Ed., .Elsevi Yor k 19 . 3- gnd ref erences
Uher el n, WARBRIEROE ik slochpis chrent of e subssiaies 4, R Bl YRR
- metal -2, 4- @l.uaﬁcrabmiyl nﬁﬂé@dﬂf’oﬁmmﬂlﬁ nrees:mgﬂ of Rhesbdnd bemédn&heapanded

porphyr|n IIatl n mxture or b re e arate fromthis
metal | at i o‘r"?“%Fg tal Jorean be,adi Pi?etaﬁle %"ﬁ“‘&ilm eis

utilized, 5&5@:&&{:% the 4 dmlsﬁb&mhecreﬁrwmefeduce thé ¥ geédm?ceﬂmfbntw the

purified and_ stored unt! | needeéd. Wen the netal - di ketonate is 30

" prepar ed i #Rokate,exyeen©f fiif A-dicarbonybresating fnea mare, w[eﬂgy depdadamerabbAphyri n
net al | ati oficarbonyl rcSﬁﬁfekO Nrhet oﬁ@'éﬂ‘é&tls réﬁyec% ﬁ&ﬁ'sﬁﬁk‘i‘ﬂmigf Qﬁ?&éﬂ%ﬂ ar

renoved or the rnetal -2, 4-di kéfonate . hmay be preci romt
reaction mlmmeebysmmmhsn@nntofmsby indiniousicheiee ©ff theié4dicagbonyl compound WO

1 99/ 06411
PCT/ US98/ 1331'2 1he wide array of 2,4-dicarbonyl compounds useful in this invention, both thr1 3

2, 4- di R0t osedubdlity and stabiligp béthe'ﬁmd-ZS&didaﬂmhylermphk ¢andieaﬁ®lttedt he

net al - 2, 4- di ket uen redrss* |nto he r tion
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The metal-2,4-dicarbonyl complex may be prepared in situ in the expanded
porphyrin metallation mixture, or may be prepared separate from this metallation mixture.
For example, when a metal-2,4-diketonate is utilized, the metal-2,4-diketonate can be
synthesized in bulk, purified and stored until needed. When the metal-2,4-diketonate is
30 prepared in a solvent which is incompatible with the expanded porphyrin metallation
reaction, the solvent may be stripped off or otherwise removed or the metal-2,4-diketonate

may be precipitated from the reaction mixture by addition of a solvent in which the metal-



(1) The netal - 2, 4-di carbonyl conplex used is preferably soluble in the

sol vent 06411 before, during and after treatneptTasisndtdae
expanded porB’I%?t’ n, (2) The unnetal | ated 2, 4-di car bonyl
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(4)  The solvent does not displace the 2,4-dicarbonyl of the intermediate metal-
2,4-dicarbonyl complex to form a different compiex which is unreactive
25 with the expanded porphyrin. '

The solvents will, in general, be polar solvents. For example alcohols, esters,
ethers, amides, sulfoxides and ketones can be used in practicing the instant invention.
Specific examples include methanol, ethanol, isopropanol, n-butanol, dimethyl sulfoxide,
dimethyl formamide, tetrahydrofuran, acetone, ethylene glycol dimethyl ether, dioxane

30 and mixtures of such solvents with each other and/or vrater. In preferred embodiments,
the expanded porphyrin is a texaphyrin or a texapbyrirr precursor and the solvent is an



on the nmetal ion chosen, the expanded porphyrin, the concentrations of

t hese corrpon%%m“u in the reaction mxture, and the reackcmososaarditi ons.
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-effected by th se of nol ecul ar oxygen or chem cal oxidizing-agents. In

preferred 15 l'gllrtbodi_ ments, nol ecul ar oxygen is bubbled into the reaction

m xture during thevhen conducted in organic solvents, the reaction between the metal-2,4-dicarbonyl

complex and the expanded porphyrin can be performed under neutral or basic conditions.

by

Basic conditions are most preferred when the expanded porphyrin contains ionizable

25 groups which are involved in the complexation. Thus, bases which are soluble in the
reaction medium (e.g. R;N, R,NH, RNH,, etc.) may be added to ensure that the
complexing groups remain unprotonated. 'Altematively, bases which are substantially
insoluble in the reaction mixture (e.g., K,CO;, BaCO,) may be used.

Metallation of the expanded porphyrin can be conducted at any temperature

30 between the boiling and freezing points of the reaction medium. The criteria used in
choosing the reaction temperature will be the rate of expanded porphyrin metallation and
the stability of the products and reactants at the chosen temperature. The preferred
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centrifugation, chromatography or a conbi nati on of such techniques. In 20
enbodi nents wherein the netal |l ated expandelt por phyrin remai ns di ssolved in
the reaction medium it can first be recovered by evaporation of the
sol vent or ottiémperatore/is ong shat imaximizes,ihg sate of progdust formadonowhile migipizing any
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Strem Chem Cabffux FtR Of the RMeciaGhIveRt t S, USA. Tri et hyl am ne,
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por phyrin was sessed using reverse-phase.HPLC . Pr odj gy, ODS2
ol b, The. DBRA Al e SSShATROns Firkfhe pifilaton roude? foR¥aSaR
The nobi | e plkifscedby theus2dHf Mileculdr ixpEsn ornohanddahbridizig agedfs. daqirefoiredi | e.
The fl ow ate was 0,7 /mn an e, col ym effl uent s.noni tored at
270 o THe FEbRTRENR, moteeulir oBvead ubtird Bk Hdractnn SERbE ARG AE. 1 he
Lu(l 1) - expamseeflagiesi.phyrin had a retention 20 time of approximtely 22
m nutes. Isola%i'on andlvbn ta?iro}lrc]: tﬁehgesx%g&l {)fo%ugtfis tac Teve tbayI :l:o%lvgnr%io;:%afxéin(s)n
such as, for example, evaporation, extraction, precipitation, crystallization, filtration,
decantation, centrifugation, chromatography or a combination of such techniques. In
20 embodiments wherein the metallated expanded porphyrin remains dissolved in the reaction

medium, it can first be recovered by evaporation of the solvent or other conventional
means. In preferred embodiments a solvent is available in which the 2,4-dicarbonyl and
metal-2,4-dicarbonyl complex are soluble, yet in which the metal-expanded porphyrin is
insoluble. :

25 The following detailed examples are offered for illustrative purposes only.



The reaction was nonitored for conpl eteness using UV vis spectroscopy.
Briefly, mgﬁgdlguot (one drop) of the reaction m xture pagasesidgy awn,
diluted with MeOH (4 nl) and the U/ vis spectrumwas nmeasured from
325-900 nm The concentratlon of the 25 UV/vis sanple was adjusted with
MeOH i f necessary to maint.ain the maxi mum. absor bance between 1.5 and
2.0. dacial acetic acid (1 drop) was ﬁmhe cuvette,. the m xture
was agitated and the spectrum was mneas scri bed above. Wen the
ratio of the absorbance at 354 nmto that at 475 nmreached 0.24-0.26 the

reacti on was 5[ d&erreﬁéﬁ Ee conpl et e. WD 99/ 06411
PCT/ US98/ 1424 17

3. Det ecting the preBignfoliowingunneial smiesletibdsveleQRed in each of the diigples
presence of ug?co@ exed netal ion in the reaction m xture was assayed using
rever se- phase ‘P 8%t chromat ography (TLC). A sanple of the reaction

mxture wag Materfpotted onto a (Jerr]-reverse-phase TLC plate and the

pl ate was developed in 9:1 5 MOH acetic acid. After renoval fromthe
devel opi ng sol ventm@fé)ﬂf&pewm@mdeﬂommm ChemrgaleeNewume MassatHusetesd
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M cr oanal yi0i c Waldus Giveek, Gahfox‘m,oUSAdd{evbBth’mlq‘LGJpﬁte% (KCS8F, 1.5 X 10 cm) were

EXAMPLE 1 exanpl e us s th e} met hod for
preparing a Iﬁ?‘@ﬁ%ﬁ?ﬁh@ﬁ Fﬁ"‘ él‘ljm&) “F?"o gn %%gri“] zeQlite Wafceptained
porphyrin andfrbmtleoPMblaaﬁire&arefmﬂitﬁCmckéEBﬁ BR{bainaaUs@n is 15 performed in
MeCH and utiI]'!éﬁs Lu(ll) acetate as a Lu(lll) source. Due to the | ow
solubility of t al salt in organic sol vents, an excess of both the

Lu(lll) acetate ang Lu @ﬁﬁ%wg@m achieve a satisfactory
concentration of I |n solutlon is reaction is characterized

by | engt hyPreacti thg expandediperphyrin wagassessed Pipg reverse-phaseodBEE dmn

rather |ow yigpbesg D% coi rdoh yr
t exaphyrin 20_prf e(l:égrzgor fg;ﬁ?%sgllfﬁed 1&9}1 Igzlglr ?rqu](:l( Igqu%?ﬁqhﬂ 5@‘3’&&1@”"'

. repr esent ed b'th:gpmﬂ as 72:28 100 mM ammonium acetate (pH 4. 3).acetomtnlc The flow

rate was 0.7 mL/mm and the column effluent was monitored at 470 nm. The total run
time was 28 min. Under these conditions, the Lu(lll)-expanded porphyrm had a retention
20 ume of approximately 22 mmutes
2. Monitoring the course of the metallation reaction
The reaction was monitored for compietenes_s using UVivis spectroscopy. Briefly,
an aliquot (one drop) of the reaction mixture was withdrawn, diluted with MeOH (4 mL)
| and the UV/vis spectrum was measured from 325-900 nm. The concentration of the
25 UVl/vis sample was adjusted with MeOH if necessary to maintain the maximum
absorbance between 1.5 and 2.0. Glacial acetic acid (1 drop) was added to the cuvette,
the mixture was agitated and the spectrum was measured as described above. When the

ratio of the absorbance at 354 nm to that at 475 nm reached 0.24-0.26 the reaction was
deemed to be complete. |
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In adry 3 L MR ROk round- bottom fl ask, the expanded porphyrin (1V) (50
g, 55 mol ) was di ssolved in MeCH (1500 m). To this well-stirred,

dark red solution was added Iutetium(lll7l) acetate (35.0 g, 82.1 rrrml)
and triethylamne (76 ni pol e). The u suspensi on was heated
to reflux. After 24 at l?‘v’e'f‘f"ﬂﬁ ’heal”fe’%é%%mf”ézaf F’eg’é‘?ﬁ n into the

| suspension via a gaphedhraR9ks bPlindottipfexkd kil iéH M the 2€hctibs fitthre Wi hd38kedRing

: next 27 hours, the suspension was maintained at reflux and air was
{intermttentl yremstrpb@e thin layen chromatogsephyi (TLG) . Ansaraple of ther rgactionrmizgire was

| Mixture vas apBPaes RRP A GPip AL Rk A% Cblae'BR e plais RA BENERG 109 | 0°

conpl ete. The MeOpeastio lacndasAﬁemlenﬂvalcfmm the developingtsolvent, filie pleteadast drletlu dhhea

bressure. The PRFIPIRY epiant otpafied Bolfiltin ernEl WA ol BAVFor SR C B tower

(1600 L) and ereHfoturhl of e platd ifitained WitheyMeOH! sohetion of Arsenazo IIT (0. 4mg/mL) A
blue spot observed at the origin is indicative of free metal ion.

3. Elemental analysis
10 Elemental analyses (C, H, N, Lu*?) were obtained from Schwarzkopf
Microanalytical Laboratory, Woodside, New York, U.S.A.

EXAMPLE 1
This example illustrates the prior art method for preparing a lutetium-texaphyrin

complex from an sp® expanded porphyrin and lutetium acetate hydrate. The metallation is
15 performed in MeOH and utilizes Lu(Il) acetate as a Lu(lIl) source. Due to the low

solubility of the metal salt in organic solvents, an excess of both the Lu(lII) acetate and

also of MeOH is required to achieve a satisfactory concentration of Lu(IIl) in solution.

This reaction is characterized by lengthy reaction times (29 h) and it affords the final

product in rather low yields (27%). The starting sp’ expanded porphyrin is a texaphyrin
20 precursor represented by'Formula IV and the complex is represented by Formula V.
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The green solid was collected by filtration, washed with acetone (1000 ni)

and dried in g_uo for several hours, yielding 38 g of pgirrf9s/14244
Lu(lln)- rracrocycﬁ e. The crude Lu(lll)- 15 macrocycle was dissolved in MeOH
: (1400 nL) and this solution was stirred for 30 mn. then filtered

_through a pad of CELITE[err] 545. Water (148 nl) and acetic acid washed

: LZY-54 zeolite (150 g) were added to the solution and the m xture was

" stirred by neans of an over head stirring apparatus for approxinmately 5
h. The zeolite was renoved by fijtration through athatman #3 filter
paper and rinsed with MeOH (200 M) . The filtrate 20! and rinses were
conbi ned and concentrated to approxi gately 900 nL. This sol ution was
passed t hrough a col um of AVBERLI TE[[E r] 1 RA-904 ani on exchange resin
~(acetate form. 2.0 cmx 18 cm ? ANgwe) . The col um was
~rinsed with MeCOH (300 nl) and 1 sol ution and eluent were A7)
conbi ned and evaporated to dryneSs \gnge "eduoRdA_pressure. The
resulting solid was suspended in aceXqlie (600 m.), stirred 2 h, collected
.25 by filtration and washed with acefohe (100 nL). The crude product was
suspended in WD 99/ 06411

 PCT/ US98/ 14244 o 19

et hanol (650 nL) dth I Xt ure was ated to reflux for 1

honpbgenous, the Toa %ﬁ’&ﬂé@?'ﬂ?@“@g&mﬂﬁkt‘@ %’H’mq‘?ﬁ‘ep"ﬂ’hﬁr#’a@ﬁ@sg 55
al l oned to copimo$) wad dissobvet 30 MeOH (1500 FHIS). awms wbh%ﬁneéadh?ﬂréd“so?uéoﬁeﬁgser
overnight to edﬁlfre CONPII{Ste crystallization, ystal l1zation

mxture was s Reetate (HHhes §%Ml}raédéﬂﬁh¥1h@mr(§7§ﬂdl-llmk) The
Lu(lll)- 3 txaphy §dsﬂeﬂ§ﬁ§1 »%%' He8teli 86! rdddax' 'Aﬁérai hQP F]eﬂmeaﬁ%als%ﬁﬁgd fc{r 30 mmn

CLu(lnn)- texap‘né}rrn was dried in vacuo for room tenperature
" subsequent |y ﬂmsuwe&%mmsm[aesas]d@pﬂ@mafmm (ilowrag: = 50 mIZmég). dpuringethe next

netal |l ated Lu t JThe
net al | at ed Ltﬁ:&gﬁ’ga gl?slidri:l?%g was ana y%%ﬁa%&l S specefm%g br} f ast
at om bonbard mgi}mmerﬂmrwe(m wB/minhi e totd dilmet oven whichsthe air was

Vv o (Voo gt B0 RSt oordRtdy 8 8) Kedifad W Goactll Fhoigiigod °

672 (sh), 10 ~complete. Thy :mspéﬂsxmz\)/as cooled to room terkgdsathfy, filteted th¥ugh fa]gdad off e
. El-é?gr f] Herr] Eflélr‘rrl:‘]dé% 2 4 Lu{%& %‘% ﬁmJVfg ugjder r% l%gd%i')’e%(s)ur Call'ﬂ% d: %%g dark-
El enent al Anagresn slid was suspended in acetone (1600 mL) and stirred for 1 h at room temperature.
g:gl[ ngr L{_l([agr ' ].H[eer rcl.nqo?' E%)E] 3 ngﬁrathn, washed with acetone (1009-mL) angried in
52.74 vacuo for several hours, yielding 38 g of crude Lu(Il)-macrocycle. The crude Lu(iI)-
15 macrocycle was dissolved in MeOH (1400 mL) and this solution was stirred for 30 min.
then filtered through a pad of CELITE® 545. Water (140 mL) and acetic acid washed
~ LZY-54 zeolite (150 g) were added to the solution and the mixture was stirred by means
of an overhead stirring apparatus for approximately 5 h. The zeolite was removed by
filtration through Whatman #3 filter paper and rinsed with MeOH (200 mL). The filtrate
20 and rinses were combined and concentrated to apiaroximately 900 mL. This solution was
passed through a column of AMBERLITE® IRA-904 anion exchange resin (acetate form,
2.0cm X 18 cm, 10-12 mL flow rate). The column was rinsed with MeOH (300 ml) and
the rinse solution and eluent were combined and evaporated to dryness under reduced
pressure. The resulting solid was suspended in acetone (600 mL), stirred 2 h, collected
25 by filtration and washed with acetone (100 mL). The crude product was suspended in




20 ' ' H 6. 30 ' 6.18

N 5.91 O 99/0641 5.84 - As can be seerpdrines/idass

above- det ai | e exanple, the prior art nethods for nmet al | ati ng expanded
porphyrins with | anthanide salts, particularly those of lutetium (Il11),

~in organic solvents require long reaction 13 mes and provide rather |ow

¢ yields. These 25 results are thought to derive fromthe, ow solubility of
" the metal sal4thangl ﬁ%g ’%Ir)gﬁﬁi‘ge mxxtuf%s\gqs\}gﬁt[e_ 9 ﬁgq‘ﬁefgé}a{hppé‘ge Beragsngps, te
detail ed t he gyRihqfitftion wdshdt-fifteleaNtThe HIQLRE iwa8 aNBWECtdco0] slowlf td)Bootn NET Al
conpl ex which is soluble in an organic solvent provides advances over_ the

prior art netthoperaiys, hen plageddn I ayeEnight {@ gnsuss cemplgte; Grystallizationy The

two-f ol d i NCIegcftibation mixtubd'@ay bitéd RF 1R 105R' BFerRiuRéid the crystalline Luff?
PCT/ US98/ 152 4¢dxaphyrin was collected by filtration. The collected Lu(Ill)-texaphyrin was deged in

EXAMPLE 2 Thi I d '

i nvention inX% _’l‘ocﬁortzr‘%eh %to ﬁneix%gpra&re %@@@%ﬁﬁ@%@ﬁg g§$5(%&a%r{l 3? i um
(1V)) o oxpant e o e s Aned Sner - B ool o o ©
: , X I n,. u A - I .

" conpri ses apsour cg%ﬁf‘g‘}_% ku |W&’}’¥"mgﬁ$§fmi?3f§g¥%ﬂfsesﬂeﬁ"wng@h§§t
sol vents atorh bofibhrdthe Rt MAS4I PO |(F)\B’°‘MS%,66@1 .re]gﬁbﬁﬁa@ i} bpelciobery he

Lu(lll) conplex_allows the reaction to be performed using only one

. equi val ent0 of(HRMS) and, elementa] apalysis giving:the fllogving resuits: fold increase in
th ield (52% vs:; Y lﬁn&y | dis '
Lu((a'O%\Ic;a[ er E] xH\[/Zr r é‘%%‘%?gg g, 4("?9’ gr?é)ﬁ( ?Bbz,(%j-;jg’eﬁya#é%p’oﬁ? i’sC)l.03’46972&1,l )

4.37 mmol) 10 afd2€4.62xhyl amine (4.80 nL, 34.44 mmol) were conbined in
MeOH (40 ). ) I | 4.008 g, 4.38 mol) in MeOH (10 nL) was
added and the sol E%W'ﬁﬁ‘(ﬂ?}%@geeh&gﬁrefl ux for 22 hours. 4% (Jerr]/96
% N err], used as HRMSXi M RIQAMAS i BIMH4B30EQL'ah for [C,HMNO ZREDAST, M Xt ure
at a flow%ate of app\rﬂiidé%tily 16 mL/mn for a total of 8 hours.

The react +dn was allo Sdbol to roomtenperature and the sol vent was
then 15 re uced pressure. The resulting residue was slurried
“in acetone (33 m) and stirred for 1 h. The Lu(lll)-texaphyrin (V) was
~collected by filtration and wasHE&HaN:Oidt@ARQT e until the filtrate was
; practically colorless. The Ealblihteg - t exaphyrin pasd di ssolved in MeCH
(91 nL) and the solution was agitated on a rotary evaporator. Water (9
" nL) and acetic acid washed eoli 27¢2.0 g)52# e added to the sol ution.

_ Agitatiomgwas 20 continuedgfor lgkg The zeolitgqgas renmoved by filtration

~ through #3 Whatman filter paper. Another portion of zeolite (2 g) was
added to the filtrate and tNe m &8 e was

. As can be seen from the above-detailed example, the prior art methods for
metallating expanded porphyrins with lanthanide salts, particularly those of Iutetium (III),
in organic solvents require long reaction times and provide rather low yields. These

25 results are thought to derive from the low solubility of the metal salt in the organic
solvent. In the examples below are detailed the methods of the instant invention wherein
using a metal complex which is soluble in an organic solvent provides advances over the
prior art method; notably, the use of shortened reaction times and a two-fold increase in
the yield of the desired product.



~agitated for 2 h and'filtered. The filtrate was passed down a col um of

' AI\/BERSEP[err]wogmﬁng ani on exchange resin (acetate form Jpcgnfsdiuzdd cm .
: The col um was "washed with approximately 1 bed volunme of MeOH The
‘main eluent and wash solutions were 25 conbined and the vol une was reduced
; by one-third under reduced pressure. The 20 remaining MeOH sol ution was

ifiltered through a 0.1 [err] nylon fi IM' | tered sol ution was
evaporated to dryness under reduced pr mal | amount of Et OH was

added to _for nTaR xaRpler RRRNVFEY A BmBoARH of theHh@dTiibPin ¥hsth! the complex
resulting residue was dried under . high vacuum overni ght affording
2.961 grans ofbetwean 2¢pratangdions nd is pgeformed in MeQH and spbsequently

Lu(lll)-texa ' : ' ' s X t
) and o £ pBed S8 Maciteyt BT, SAHEe Bk M8 xom 2 plieidge
. the tenper &t ucemplex compties assohueei of LufdB veichis ymarketlly swrdsolublenin nrgadicvwolvetrs
' }D(éfl_r}o Ersgéfrlizzghﬁx'}ﬁe BfelcuR&t ﬂuﬁﬁ) §c%mm. The solubifﬁ? o%%é) Eﬁ&f{) comple:.: aliqws the
MxLUre was ablowd (oo o St an Bt sao L SAROr AU 6 ol kit han eoel o
to 10 [err] C f3f weTgpse ﬁ@%"r‘éé?ﬁ% V\ﬁmé'@ﬂw&mﬂmm é‘f?r lected by
filtration, washedLwOAt)j-S/0 ap8s6 g!@mﬁimoy;d,w@h@amh@ (@441, 4.37 fimbol)

r

Th [l d Lu(ltl)- h . ied i} : 10 t
Sverntant T e Eisiramme B8 S kA mipo Do wese gombed iy MeH 0Bhg i n (V)
The purity of Mdagockee!dV) @iodganayss ﬁxﬂm%nmmﬁr(r@m%ﬁ%lhl&m &k %Hﬁa{,@ml»/gss

anal ysis. The HPLC anal ysi s _denonstrated that the crystalline materia
appr oxi mat el yheated atgeflug f5,22 hoprre  di% Ri6 % Nartapd a3 an exidaicwas spagged through
corresponded yeliBadifof ntidture! a4 Abw\tate W Spproximatedy 15 B /ih Fdr'Q ot 62 R MOuks?
(V). 10 Elenental Analysis _

[ err] H err] N er r Thy reagtionyascrlopzdte ceqi® room temperature and the solvent was then

Cal cul at edis . L . g
(Dried in vacﬂeozoved under rE@ed pressure. The resulting residue was shugied in acetone (33 mL)

53. 02 sandogirnedl for 1 h. The Lu(l)-texaphyrin (V) was collécted by filtrdGon and washed
6.32. 6 . ; 6. 01, .
6 04 fsetone until the filtrate was practically colorless. J.u(]IQBteﬁ@hynn was

15. 11 dissolved in MeOH (91 mL) and the solution was agitatedAdv4 Fot#ry evaporator. Water
(9 mL) and acetic acid washed zeolite (2.0 g) were added to the solution. Agitation was
20 continued for 1 h. The zeolite was removed by filtration through #3 Whatman filter
paper. Another portion of zeolite (2 g) was added to the filtrate and the mixture was
agitated for 2 h and filtered. The filtrate was passed down a column of AMBERSEP®
900 anion exchange resin (acetate form; 1.5 cm X 14 cm). The column was washed with
approximétely 1 bed volume of MeOH. The main eluent and wash solutions were
25 combined and the volume was reduced by one-third under reduced pressure. The
remaining MeOH solution was filtered through a 0.1 z nylon filter. The filtered solution
was evaporated to dryness under reduced pressure (a small amount of EtOH was added to
- form an azeotrope with any remaining H,0) and the resulting residue was dried under
high vacuum overnight affording 2.961 grams of the crude Lu(I)-texaphyrin.
30 The crude Lu(ll)-texaphyrin (2.961 g) was dissolved in a mixture of ethanol (45
mL) and H,O (0.45 mL) by refluxing under N, on an oil bath. After 1 h, the temperature
of the sclution was slowly reduced by ramping down the temperature of the oil bath to 30
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This exanplée illustrates that use of the Lu(lll) 2,4-pentanedi one conpl ex
in a 20 dilute rg@“yuon m xture provides a 2-fold increase iptrindyes/yded d of

a product whi ¥R rer than that ©btained by the nethod outlined in
Exanple 1. This exanple further shows that the Lu(lll)

2, 4- pent anedi one conpl ex provides a useful 20u(ll1) ion source even when
hlghly diluted. The increased dilution of the Lu(lll) source does not
require H0 in 6 fO intiremgns over 7duns fiter temaving thej aikekath,othe erikeye was allaped to

{L(elc)cé{c;){ e£ ?]e 2 t’}%@ﬁ%&&%‘lm@i@ I$é453&§ﬁg’hy%; gﬁedl one (c(sysﬁ%wr%l_‘:h

1.30 mmol) formed tvek¢ tollebtel zhmfﬂﬂ'atﬁoh, vasted 8itl isoproply) aloshod and thienreaeetons (20 OH

55 m.). Th t t.il lut et i
Compl o155 B3 Yo rsmrenl g AT Sonttre o S50 et
and the solsut hffékd ﬂ%SZ mgwﬁjov\o 8%06411 exaph¢tim @Rrr]/ 96% N err] 30

at nosphere for
PCT/ US98/ 14244 The punty of the Lu(IIT)-texaphyrin was confirmed by HPLC and elemental

The reaction bis tdembmwdqm%@wsmm%wﬁmsﬂsv;@bm&ely

t hen rermveﬁunder reduced pressure. The resulting resid
slurried i n a83%guee.( Tbe glemental analysis oftthe praduetgorssperdad withethe calculated values

Lu(lll)-texap Ié@ﬁ) h?ﬁﬁ by filtration and washed wi th acetone
¢ until the fil ra‘t‘% S praéc icalf'y colorless. The Lu(lll)-texaphyrin was 5

di ssol ved 1i0n ElefidnfaPAnalyyis Water (2.9 nlL) and acetic acid washed zeolite

(3.0 g were added to the sol ugd { e was agitated on a
rotary evaporator for 1 h. Theidzm{tgw‘é@g"?p&%?d by filtration
through #3 Whatman filter paper @alkulakd col | ected Foundeolite was vvashed

" with MeOH The filtrate and wash were conbi ned and the sol utg
- again treated with acetic acid shed %g&nl agit for g
filtered. The 10 filtrate was p sed> a col um I\/BERSé [ogrr] 900

ani on exchange resin (acetate g forgml.5 cmX 15 g8} . The @inum was
washed wi th approxi mately 1-2 bed vol unes of MeCH. The main el uent and
wash sol uti ons were conbi ned andl‘{evapoﬁ&ﬂed to drynes@: undel r educed
pressure. The residue was redi ssphvedisgyo a m ni nunpsappount of MeOH

and the solution was filtered through a 0.2 [err] teflon syringe filter.

The filtered solution 15 was evaporated to dryness under reduced pressure
and the resulting residue was dried i gh vacuum for 10 h
affording 0.8996 g of the crude Lu(lll)=TeXaphyrin. The crude
Lu(I11)-texaphyri nflisezagde Jlusinates thatuse| ofdbe Lu(H) 2idpantanedione complek if 44

)1 P i o gt Y PSSy T R bl

duri ng whi ch thamehat obtainad by alie mhmodﬁuthhet{ id Examhplz dp Tk examyple fiattled showsthahe
solution. The thé L |25+pméer{t§negi%lul: gg&glex p ovx start?s%}u? li].\x('ﬂl) ion source even when
highly diluted. The increased dilution of the Lu(@I) source does not require
correspondingly increased reaction times to achieve a high yield of the pure metallated
25 Lu(lll)-texaphyrin.
Lu(OAc),xH,0 (0.55 g, 1.30 mmol), 2,4-pentanedione (0.133 mL, 1.30 mmol)
and triethylamine (1.2 mL, 8.61 mmol) were combined in MeOH (55 mL). The mixture
was stirred until the lutetium salt was completely dissolved. Macrocycle (IV) (1.00 g,
1.09 mmol) was added and the solution was heated at reflux, under a 4% 0,/96% N,

30 atmosphere for 22 h.



washed with isopropyl al cohol and then acetone. The recrystallized

Lu(l 1) -texaphyrin was dried under vacuum (10 torr) PCT/US98/14244

over ni ght - af f"&gaﬁ%“o 734 g (58% of the pure net al | at ed
Lu(ll1)-texaphyrin (V). , The purity of the Lu(lll)-texaphyrin
was confirmed by HPLC and el emental 25 anaRysis. HPLC anal ysis
denonstrated that the crystalline material was approximately 92. 24%
pure. The el enent alhear¢agtios; wascallomed torrmd 4o Teem HEDSEAFE Snd shecsplvenb was ghent he

:5%%_} IU|8298} izgg ovBd &@‘5 é‘f%ué:eci pressure. The resulting residue was slurried in acetone (20 mL)
23 El enamd stirredifot $8min. The Lu(ill)-texaphyrin was collected by filtration and washed
[Clerr]H err] NLerr err [ g

Cal cul at ed hﬁ cJto %J ﬁl%@\gﬂ prgéticaly colorless. The Lu(lll)-texaphyrin was

(Dried in $acdisgolvedin MeOH (29 mL). Water (2.9 mL) and aceﬁ‘c acid viashddtzeolite (3.0 g)

22715 g\%%l? added to the sclution and the mixture was agltatcdl\?n a rot%'y(ﬂgporator for 1 h.
- 5.88 6THezeolite was removed by filtration through #3 Whatmar{Jilter paper and the collected
{ <0.1 10 Exanpl e 3 demonstrates that the Lu(lll) 2, 4-pentanedi one
' conpl ex provi #rglitewas washed wtith Me@H; ckhedffltratgand yyash I“)"'“? Gﬂﬁn@@"éﬁaMh Slption nt

in the reactigg fHaxd Héﬁecf&xtﬂ%bciﬁic)’acﬁ%hed zecﬁi?é" ﬁitE&derOPﬁ andFYifBred! THaW

concentrations of the so source, creased reaction times

are not né@es@&'ﬂ&t Va5 passadedowng golumnyv WMn exchangelygsin ifacetats or
art
Thi s exarrpl e |F‘Fhs’t gé?es ? he ut'rq"ﬂwl w%snwai ? tlh)apgr%xmatel aﬁeglg%ﬁ%lﬁmes

| conpl ex at  of Mc@Hc e’ﬁlntr mmnmiuem\mwm sylutmnsemmcmlmetdcnndmgmmte& mr diyaessi n
| Eﬁ?mﬂl )escgnglrlglgg’i‘ ge appr S e ?e?@%%?%@@v&cbﬁn&? .a'ﬁe con§ :&H’@% in
Exanpl e 2 andand- the)kdu@mwheﬁltérbdi thrinigh £0.2G¢ eiflon isyrinige filterx aImIfﬂneﬁed solution
15 was evaporated to dryness under reduced pressure and the resulting residue was dried
under high vacuum for 10 h affording 0.8996 g of the crude Lu(Ill)-texaphyrin.
.. The crude Lu(fIl)-texaphyrin (0.8996 g) was dissolved in a mixture of ethanol (14
mL) and H;0 (0.14 mL) by refluxing under N, for approximately 1 h. The resulting
solution was allowed to cool slowly to rooin temperature during which time crystals of the

20 Lu(iID-texaphyrin separated from the solution. The crystals were collected by filtration,
washed with isopropyl alcohol and then acetone. The recrystallized Lu(m)-texaphyﬁn
was dried under vacuum (10 torr) overnight- affording 0.734 g (58%) of the pure
metallated Lu(II)-texaphyrin (V).

The purity of the Lu(lII)-texaphyrin was confirmed by HPLC and elemental

25 analysis. HPLC analysis demonstrated that the crystalline material was approximately
92.24% pure. The elemental analysis corresponded to the values calculated for the
Lu(I)-texaphyrin (V).
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20 Simlar to the results obtained in the above exanpl es, use of

approxi mately one equi val ent of this Lu(lll) source preeraessazdai gher
yield of a p&Y‘é%ﬁ‘gl | ated Lu(lll)-texaphyrin than i s obtained using
the prior art nethod. Lu(OAc)[err] xH err]O (0.927 g, 2.19
ol ), 2, 4-pentanedi one (0.225 ., 2.19 nmgB) and triethylam ne (2.40

m., 17.22 mmol) were conbined in MeOH (50 nL). The 25 m xture was stirred
until the | utEleinentakAkslysins conpl etel y dissol ved. Macraocycle (1V)

(1.99 g, 2.18 mmol) was added and t i ted at reflux, under
a 4% derr]/296% N2 at mspherm&ﬁ#'ﬁlﬁ(&g&zﬁa The reaction was
all owed to cool to roomtenperat gagupttd t he sol vent Byasdt hen renoved

under reduced pressure. The resulting residue was slurried ig acgtone 520
m.) 30 and stirred for 30 mn. The Lu(lll)-texaphyrin was c

filtrati ongand washed wth acetoggsgintil the fishtrsate wagz@gpactically
col orl ess. The expanded porphyrin was WO 99/ 06411

- PCT/ US98/ 14244 H 6.22 6.71 6.8%4
di ssolved in MeCH (50 nmL) and H2Q (5 . Acetic aci shed ite (4.0
g) was added to the sol utign anﬁl‘ne m xture wg'gwggi t at é‘?{i)%n a rotary
evaporator for 30 mn. Thelaeol 15.80was renovedSdp filtrati on through
#3 Whatman filter paper and the | I ected zeo&b\t}e was washed with
MeOH. The filtrate and wash were™Conbi ned and the solfution 5 was again

treat ed wiiph acet iExanfpilel3 \dembastratee ahat tee L) 21 -peatantdidreccdniplexSprovidesihes

and filtered. The_filtrate was passed down col utm _qf AMB Plerr]
900 ani on exc¥5iy source of thedy (’%EY%%‘H?C%%%Eﬁ%giﬁW Q‘FE@%E'O‘F’WW
was washed W idhcaritiationd. "BYél i 1dw concentriiishs \oF ke sohtle Ko@) sduree, h¢r8aset uent

' and wash sol utions were conbi ned and . evaparated to dryne under,
reduced pressIFREIORFEMSS AT NRCIACEISARY tPé'§P’GYFeh‘$§%‘pHF WMQ‘%@J iﬁ e BAOF Hht

affording 1. 738nedans of the crude Lu(lll)-texaphyrin. The
crude Lu(lll)-texaphyrin (1.738 g) was dissolved in-ethanol (26 nL) and

wat er (0.260 nL) by refluxing under N2. The resulting solution was

al l owed tgecool slowy to room tmmg during which tinme crystals
of the Lu??l |')-texaphyrin separated fromihe solution, The crystals
were col |l ected by 'fhxsemnl@ﬂgxw, the upitityhof the BudH) 2.4pensansions gomplex @t i ed
under vacuum et O terbdifedi r

Lu(lln)- é&?exa%h%/sr?%ﬁ%%g %%s%'ﬁg&b’%ﬁi 'Eﬁggﬁoﬁlﬁ@ﬁ%ﬁ]wg' In the
Lu(!11) - expanghrestnpexapiple,i the vencentration rafthe by(liBrtampiexiis approximsatelysoneeialf that

pr oxi it o yo bR R Bl pl s afaler Bl Pn SRR Rl fbie 2

cal cul at e@0 Similar to the results obtained in the above examples, use of approximately one equivaient

of this Lu(llI) source provides a higher yield of a pure metallated Lu(lII)-texaphyrin than
is obtained using the prior art method.
Lu(OAc),xH,0 (0.927 g, 2.19 mmol), 2,4-pentanedione (0.225 mL, 2.19 mmol)
and triethylamine (2.40 mL, 17.22 mmol) were combined in MeOH (50 mL). The
25 mixture was stirred until the lutetium salt was completély dissolved. Macrocycle (IV)
(1.99 g, 2.18 mmol) was added and the solution was heated at reflux, under a 4%
0,/96% N, atmosphere for 18 h.
The reaction was allowed to cool to room temperature and the solvent was then
removed under reduced pressure. The resulting residue was slurried in acetone (20 mL)
30 and stirred for 30 min. The Lu(Iil)-texaphyrin was collected by filtration and washed
with acetone until the filtrate Was practically colorless. The expanded porphyrin was
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20 for the Lu(lll)-texaphyrin. El emental Anal ysis

c[derr]Herr] vJoerrL(ﬂerr] Lul] (OAc)2H err] O PCT/US98/14244
: Found :
{ (Dried in vacuo) 25 C 53. 56
i 52.96 53.01 24 H 6. 22
6. 34 6. 42 N 6. 01
- 5.82 diss@lyed in MeOH (50 mL) and H,O (5 mL). Acetic acidswashed zeddite (4.0 g) was

égrrgf\fst rates e ttohtgéga’ uﬁq%m!x S‘g%n%g}%mgl g%g %%pg?%mﬁgow 3 Juig-

usef ul sour ce The Zeblite lvess Ireipvedby fillratidn theough|#3Whatinan filter papeg and thesailected S.

| \F/,\gr? ?Jlsgg/Afﬂz 4 &reolxte was washed with MeOH. The filtrate and wash were combined and gg solution

EXAMPLE 5 5 was again tre'iteﬁldliﬂf adefic E&d%ls&d“zcoﬁ@l@ 08y agtated fof 36 Infinkes add 1€
usef ul ness of the Lu ’)6“12 4- ent anedl one conpl ex at concentratlons

“which are mteﬁl‘ﬁﬁ’&ra WBcaiymn of AMBERSHES909 apniep exchapgs of
this intermediag {fce@fecRhal '5%9( Y A S’Pﬁe@bﬁi‘in%'@'asﬁéd @i ‘é Ehzfﬁl?

product and serves to further establis hat the organic-so
source of t he bed volume\ofdMeQH. | Bheymzin @lueotvmd wshanlgeor@fwerswomatamns

Lu( OA

b m)TL% | ‘Wﬁ%ﬁ; o drypies ;?#3*%%3 ?ﬁ%ﬂ é@i%%"fmﬁﬁdfﬁ%?% s Helds Bhyacuo

MeOH (45 overnight/affordingcl grains e -texaph d MOH (5 nL

added(and t(%]e sol UN%QLYEI; a!tl( &t rgdf)l ﬂ hgr%%%g%rdéﬁ_g ) ere

N err] atnosphere i) piya 7?%@ 8!#@64’/\5' alc‘, Hlmfo

room t enper ﬁt tﬂ@.éGde..)tblya'eﬂuuhngenﬁdenmi It'l’herresultmg sohuion exks afiowed techit eldwly to

T ti 25 L n

B Trrod i or 1 rasth cpetdhudc hiing SpdfiEde Bitaline' e BREPR R Srdaraed froinite

washed with solutie eThe erystals werk leolldctddt byofileratiérs; viashst witla iso ?ro@gi a&éua»g @nd The
e crude

ot al | at ec uied FEeE VAR (19 158 Ovsraieniatterie desso hon ot the purpiiatifite
LMeOH (66 nl) adxdphyem (Wsul ting m xture was agitated on a rotary evaporator.
- The purity of the Lu(IIl)-expanded porphyrin was confirmed by HPLC and
elemental analysis. HPLC analysis demonstrated that the crystalline material was
approximately 93% pure. The elemental analysis corresponded to the values calculated
20 for the Lu(lIl)-texaphyrin.

El L Analvsi
[CasHN:O,Lul(OAC)2H,0
Calculated Found
.25 _ C 53.56 . 52.96 53.01
H 6.22 6.34 . 6.42
N 6.01 5.82 6.04
Lu 15.00 15.04

Similar to Examples 2 and 3 above, Example 4 demonstrates that the Lu(IIl) 2,4-
30 pentanedione complex provides a useful source of the Lu(Tl) ion which is soluble in
organic solvents. |



H20 (6.6 L) was added and the agitation was continued until the

Lu(lll )-texapgyr; 0 %ﬁs | argel y dissolved. Acetic acid WsheshsAeRhite
(4.0 g) was a 3"%48 t he solution and the m xture was agitated for 1.5
h. The zeolite was renoved by filtration through #3 20 Whatman filter
paper and the collected zeolite was washed 2ith MeOH. The filtrate and
wash were conbi ned and the sol ution was agai n treated wth acetic acid
washed zeolite (4.0 g), agitated f filtered. The filtrate
was passed down a _
ety - Sint erg?x 1e4ﬁhr§§€%§§@k%ﬁ&sha&9m&@ﬁm§é§méﬁgshm%um%
appr oxi mat el ypznmmﬁlomlqm@emﬁt chba@atrationg whic¢hare|intermediatel tarthobe descrbediini ons

wer e conbi ned . and {il,t I at e
nas O ey andramelys g U3 O ik PrePmgia fohedBtaith piovkl  slifield dripee
resi due wass drﬂmtipnoduuami@erves to ﬁwmérnesgﬂblmla&thomdmynk datuble LadH) sburtdref the
crude Lu(lll)-texa crude Lu(ll11)texaphyrin (2.137 g)
was di ssol ved lgx\ﬁnggmérfgpﬂ!eggerrﬁ_sangﬁafconcen%gpg:‘r (0.32 nL) by refluxing the

m xture under N2 om.uwA@,kH;@f(hmT Ee3|28$ﬂhél) g4 $ehtdhddidhe 30.38mB) 30981y
cool slowy to room tenperature 3/ rarrpl the t ;&erat re of the oi |

bath down in #8d frsthylemng (3 S0gpks Vere) ¢ dfamldo

crystal lize atyQQodygfer gﬁp 3.00 %fiwm'mwﬂ%m raaaeu find B Qoftkigh Ur €
was cooled to 10 0‘{eyrgr o(r 3(? V@ 99/ 0641 °
PCT/ US98/ 11 4avas heated at reflux, under a 4% 0,/96% N, atmosphere for 12 h. 2

crystals were col| ‘i‘ﬁ%‘?% P?K?Uaé taﬁ ¢ coﬂ%‘”&‘g ‘él‘éﬁxg z’aﬁﬁé’ﬁﬁﬁ%k sﬂi(v%gfkgosrtrhgﬂe

recrystallized texaphyrin was er. vacuum
over ni ght af f cemioved md@s&dgce(daﬂ'essgre The mﬁulummrqgmue wag ¢slurtigd incacetony (25 mlLY) .

5 anal yor s A Seirb fas 03 wE RRMIAT BBl W, et i iea BN o PR B
appr oxi mat el y astene until ﬂﬂﬁmmw Was praetically oelotieds. eTiml gollested solidewpoddeallint vacid e

val ues cal gl ghed: {05 pLbe Ll LI b PN - To e LB E L yrin

Anal ysi s

[Cgl[ er Ir ] !{-|[ gr r ] ae added MeOH (66(:aEY antHitley febRtiddmixture was agitated-on a rotary. evaporator.
(Dr Icg da| ﬁ vac a;? (6.6 mL) was added and the agitation was continugd untllstge £y (00)-texaphyrin was

22323 g&réﬁy dissolved. Acetic acid washed zeolite (4.0 g) mkk added to &beis%lutwn and the
6. 01 c Mixtune-was agitated for 1.5 h. The zeolite was remqyed byfgtrg\‘@pn through #3
14.92 20 Whatman filter paper and the collected zeolite was washed with MeOH. The filtrate and

wash were combined and the solution was again treated with acetic acid washed zeolite
(4.0 g), agitated for 1 h and filtered. The filtrate was passed down a column of
AMBERSEP® 900 anion exchange resin (acetate form; 1.5 cm X 13 cm). The column
was washed with approximately 2 bed volumes of MeOH. The main eluent and wash
25  solutions were combined and filtered through a 0.2 y nylon filter. The filtrate was
evaporated to dryness under reduced pressure and the resulting residue was dried in vacuo
overnight affording 2.137 grams of the crude Lu(IIN)-texaphyrin.
The crude Lu(IIT)-texaphyrin (2.137 g) was dissolved in ethanol (32 mL) and
water (0.32 mL) by refluxing the mixture under N, on an oil bath. ~The resulting solution
30 was allowed to cool slowly to room temperature b)" ramping the temperature of the oil
bath down in 10 °C increments. The Lu(IIl)-texaphyrin began to crystallize at 60 °C.
After reaching room temperature, the mixture was cooled to 10 °C for 30 min. The



Simlar to Exanples 2, 3 and 4 above, Exanple 5 denonstrates that the
Lu(lir) \Aﬁo%-?l,g&rﬁt anedi one conpl ex provides a useful soupepuSdsnisiag
i on I'C

Lu(lll) I'S soluble in or.gani ¢ sol vents.

EXAMPLE 6 20 In this final exanple, it is denonstrated that the use
of the internediate 2, 4-di ketone conp2éx permts the use of reaction
times which are 3-4-fold shorter than the nmet hod of the prior art,

whi | e af f or di ¢rystals yees eollseted (hy filsarione washed with iseprepylielaohel. whhe: recrystallized
2-fol d higherg . it | i ' .

Lu(lll)-texap %@n%wwag% ?#qe(g&%&@ﬁegtait%) {’ﬁbgmgir;{ﬂt&prg t'ch:st5 %vl(%%;;\
zeolite to reofuhepuredar@Desaghynin (W)l ) ions, 25 as in the prior exanples,
is elimnated and.shown. t o.be .u essary. The sol upi| i f the
Lu(111)-2, 4- pent an@ﬁi%’ﬁlg %ﬁﬁll@@ﬁﬁexé@yfénvéasa °|n§'“$° ’f%%{fﬂ“)gm%ﬂ i s not
bou Sd to the analysisﬁw( aflalpsiy Wmﬂaﬁmﬂb%mimo e irfN gteflimomd fpprdmﬁh teyh2-
pr oduct . u(QAc)[err]. xH err : . 2. mol ),

2, 4- pent anedi e PRES: ZJEE‘: %’,“g&lﬁ‘lﬂﬁﬁ‘ﬁ PL'S?"“]P"I‘&Q i@ they ?@‘ﬂ’iﬁ’gmaﬁg f%’?.‘hﬁ In(m 7
mol ) were cqg{gpﬁ%m_l\/ba—l (50 mL). The mixture 30 was stirred until the
lutetiumsalt_was conpl etely di ssol ved. Macrocycle (1V) (2.00 g,

WO 99/ 06411

PCT/ US98/ 14244 27

2.19 mmol ) was added and the sol ut i[gﬂn\fﬁéoﬁlé'g Q&%%H’roefl ux, under a 4%
Jerr]/96¥WNerr] at nospher@aléujateds h. Found The reaction was

allowed to cool to roomtenperature and the sol vent was t hefDried in wzegm)ved

under reduced pressure. The resukting.resi due was s ied i tone (25
m) 5 and stirred for 1 h. Th;%Lu(I%PIS?-texaphyri nH\JAZI:;’s col | ggflgg by :

filtration and washed with Hcetorg2until the fiéB4ate was.practically
colorless. The Lu(lll)-texaphyri vvaségé}ssol ved in Me CH Eé& m.) and
was passed down a col um of ANMBERSEP ani on exchaﬁraé n (acetate

form 1.518mx 17 cn). The col unm wags5@@shed with appepxi mately 1 bed
vol une of MeOH. The main el uent and wash sol utions were conbi ned and the 10
.solution was filtered through a 0.2 Jerr] nylon filter. The filtered

~solution was evapSimil&ito Examples 2018 WA& 3ubb] ExamPRUS 8édrishaes ki RALIND
resulting resjdue was, dried | n vaguo overni ght affording 1.719 of
- the crude Lu(q"]’P?Q%Qﬁ’ﬁﬁﬁP’inﬁl.ex provides a useful source of the Lu(Ill) ion which is soluble in

organic solvents.

EXAMPLE 6

20 In this final example, it is demonstrated that the use of the intermediate
2,4-diketone complex permits the use of reaction times which are 3-4-fold shorter than the
method of the prior art, while affording a yield of the desired Lu(III)-texaphyrin which is
2-fold higher. In addition, the purification of the metallated Lu(III)-texaphyrin is
simplified. Treating the crude product with a zeolite to remove uncomplexed Lu(II) ions,

25 as in the prior examples, is eliminated and shown to be unnecessary. The solubility of the
Lu(Ii)-2,4-pentanedione complex in acetone allows the Lu(IIl) which is not bound to the
expanded porphyrin to be washed away from the desired product.

Lu(OAc),xH,0 (0.929 g, 2.19 mmol), 2,4-pentanedione (0.225 mL, 2.19 mmol)

and triethylamine (2.4 mL, 17 mmol) were combined in MeOH (50 mL). The mixture

30  was stirred until the lutetium salt was completely dissolved. Macrocycle (IV) (2.00 g,




The crude Lu(lll)-texaphyrin (1.719 g) was dissolved in ethanol (26 m.) and
Herr]O (0.26 nmL) by refluxing under N2 . After 2 h at ref éO—| (2
ml) and H er rFO%O43P0 ni) 15 were added. The resul ting sol®th W&
allowed to cool slowy to roomtenperature during which tinme crystals
of the Lu(lll)-texaphyrin separated fromt solution. The crystals
were collected by filtration, washed with 1 sopropyl al cohol and dried under

vacuum (10 t az.19 nfmol) myedmu ana Wiessonftfonrvelisigatkd aOrefluk 62fder af4 % 15/9695 &,
Lu(ll1)-texaphyrin 20 Exanpl e 6 denonstrates that the

Lu(lll) 2,4- M%’Eﬁ@ﬁé&:oml ex provides a useful source of the

Lu(I11) ion which 7 RatdéR! was aloRed @ édol 8PtobR N efaperatiiré Afd thetth%nt was
sol ubiity can be exploited to both reduce the reactlon time for neta atlon

and to sinpl |r|e5noved under seduged prieesm oﬁh@resulneg mcblpmséalrnaq in acetaneX2Hmidi n.
Taken togekh I EQ%Y 3t al%dh? of
the 25 |n§/en |on proélﬁggsegldn% urce V%g§ fﬁg%%l | ?/ﬁ?%wrﬂ

' organi ¢ sol vexcewmnevantilthe filtrate was pgntzéallga:ntoklpssen’ﬁhmbm(ﬁ)*@kq:ﬂyvia was didselved in
sol ubility of e netal salts of t The enhanced
solubility aI 8% @hgﬁlr’) g@%déwﬁcoé@otmcwﬂm% &®at i on
whi ch'in tur nesieqsiceaseforiid. Domralll cifacTHewohinnwas washed avith ipprédiingrly B
satisfactory conv ' the reactapts to the desire al ] ated
exaphyri i > ARG YO The, el et ﬂ%@%@%ﬁﬂ@ﬂ%ﬁmﬁv&? when
the met al 16 0Wohetioh Swadifiltdted thidugh di0.2! :ehylonl fke?. qfhetﬂlered solutivhtvids @Qﬁéxﬁ@dd@es
not necessitate increased reaction tine. In addition, the exanple

deronstrat e td5¥Ress pader Teducad Dreswes andthe resuliing Tasidne Wasdried ‘I"éﬁ'ﬁ@ S‘I’CWHE:t ant

concent rat i Ongfording 1.719 g Yine A8 4 htmmr)-texaphyrin.
PCT/ USO8/ 14244 8 g LolrD-exap and

~al so affords t he rmm%mmwhm (L.749 g)i wasadissplved in ethancl (26 m&)mdélzp

i two-fold péﬂ%ﬁdgqg, aebiai n e adiEly
| Furthernore, t has 2A enmonst rﬁ{& ?ig Eaf ggeggholﬁ)t 16.020 mi)
i organic-sb¥ ubmenédqu Thmrbsdmeolmm:sfalwedh@cqmlrsmmlt& faom tempepatareocol .

Tt owi 11 be  ogng R B chsily 6 6E Rt Rhontr b BORT 08 splnbiol 8" ' O™

. materials, provystals werescollected by diltrdtion] eashed iwith isoprogyih @lcohelrandeirizd undér t he

| Various. QECﬂ‘ME{*@%&?&Y el B Bt 1 502 Rl LEe v Fhatrmmatorisn

20 Example 6 demonstrates that the Lu(Tll) 2,4-pentanedione complex provides a
useful source of the Lu(lIl) ion which is soluble in organic solvents. Further, this
solubility can be exploited to both reduce the reaction time for metallation and to simplify
the purification of the metallated Lu(lII)-texaphyrin.

Taken together, the examples detailed above demonstrate that the method of the

25 invention provides a metal jon source having a solubility in organic solvents which is
significantly enhanced relative to the solubility of the simple metal salts of the prior art.
The enhanced solubility allows the reaction to be run at a higher reactant concentration

which in turn decreases the overall reaction time necessary to effect a satisfactory
conversion of the reactants to the desired metallated texaphyrin. Additionally, similarly
30 high yields are obtained even when the metal source is dilute. The dilute nature of the
metal source does not necessitate increased reaction time. In addition, the examples
demonstrate that the instant invention is operable over a range of reactant concentrations



WD 99/ 06411

PCT/ US98/ 14244 ‘/21—3 . 24\‘/‘\HAT IS
CLAI MED |'S: W@ 99/06411 1. A process for netallating an EXPEAE
porphyrin in an organic solvent, 2 conprising: 3 (a) contacting a

metal salt with a 2, 4-dicarbonyl conpound 4 forma netal- 4 2,4-dicarbonyl
conpl ex between said 2, 4-dicarbonyl conpound and a netal ion derived 5 from
sai dI met al > adnu;aé@r@foﬁdsdmg me:ana%b):gxapmaghﬂ yiglds whithrae¢ qivprfb;iﬂratﬁly:av?ﬁh&l
conplex with said expanded po rinin 7 sai rgani c sol vent to forma
net al | at ed e@%ﬁe@a‘bg\abﬁ‘%"‘ﬁ# EsxXg_Lthe prior art ‘Qe'gmo g\ eNOatE; 15 Bas BeeR - gance
with claiml defopktdidd thadé the QP NEE6kRIEBENBIE indtal idn Soured1ifplified %t{ﬂﬁﬁﬁitibﬁ‘
the group consisting of texaphyrins and texaphyrin precursors.

3. A procematorel. accordance with claim 1 in which said 2,4-dicarbonyl 2
conpound agrd sai d t : Bﬂfnﬁﬁ'ﬁr i : | Tyl t
3.5:1.0 to§3 abou cf@%g(iﬁgﬁs 6’&%&&- efgr bﬁis%?g?gussﬁén&agc%@c}g%ga{%ﬂ h
claim1 i n wHpparesttiodhdseskilled an thorayt that tho materials, praposticng, procedural steps and
contacted in mol.ar rati fefr bout. ¥ t " .

5" A pr ocesdtpalimdhof ul tymbliqh B iy oo iy bel iRl e o sbpltunea i
conpri ses a 2vakiand Wways whthdup departinig from the spifit and scdpgofithe sventiomccor dance
with claim5 in which said lanthanide ion is a 2 nenber selected fromthe-
group consisting of lutetium (I111), dysprosiun(lll), and 3 gadolinium

(111).



wesosais am“ﬁﬂﬂmﬂfmmm. M1 in which. s

2, 4- car bonyl B’&PQGEMH 2 has the for#u _
[err] wher ei n: Rlerr] is a nenber selected
fromthe group consi Stl ng of heterocycl es, droxy, 6 al koxy, am no,

al kylamno, Cerr]-Cerr] alkyl and (Jerr]-(err] alkyl substituted with

one or nore AVERADPIS CILEIMEDIIBdependent |y sel ected fromthe group
consi sting of heterocycles, hydroxy, 8 alkoxy, am no, alcylam no,

carboxy, cyano and hal ogen; 9 Rlerr] is selected fromthe group
consisting pf Hanq ( e&\rﬂtrogsﬁ"fdir]méthlﬁﬂng afi"%pand€d porphyrin & 8 b}gla'nﬁ: s%l\}Eﬁiner

selected fromthe group consisting of heterocycles, "hydroxy, koxy,
ami no, al ky2 arsomprisi@gerr]-Clerr] alkyl and (err]- C[err] al kyl substltuted

with one orynore 1 t t4l t r
consi sting %f het e %}cyc?g&k&ﬁggrao%‘/ﬂqﬁgﬁﬂldfgggC&gén%mtcgﬁg{“&@lmgné\aﬁ%g et
car boxy, cyan,4ditatbehyigmmplex Between said Zj4-dicarbanpl compound and e qustaldon deniveidh
claim7 in %/m ch: 2 rr] is a nenber selected fromthe group

consi sting df S MRS Wy oxy, 3 al koxy, amino, al kyl ani no,
Cerr]-Cerg] al kylp)yandréakeig Sm@hﬁﬁlﬁ ,Aaditdrborfyli bornplex twiith said ExpafidedogorpByrth ih

substituents i nde endentl sel ected t he grou COUSIStIng of
het er ocycl €&, sﬁ'adﬁ' é/ @ﬁﬂ‘hﬁg&%ﬂ@?&"é’rﬁ%ﬂ YI¥hr boxy, cyano and
hal ogen; 6 R[err] S H and

1 2. A process in accordance w1th claxm 1 in which said expanded porphyrin is

2 a member selected from the group conslstmg of texaphyrms and texaphyrin precursors.

3. A process in accordance with claim 1 in which said 2,4-dicarbonyl
compound and said metal salt are contacted in a molar ratio of from about 3.5:1.0 to
about 0.1:1.0.

4. A process in accordance with claim 1 in which said 2,4~-dicarbonyl
compound and said metal salt are contacted in a molar ratio of from about 1.5:1.0 to
3 about 0.5:1.0.

s. A process in accordance with claim 1 in which said metal salt comprises a
2 lanthanide ion.

1 6. A process in accordance with claim § in which said lanthanide jon is a
2 member selected from the group consisting of lutetium (II), dysprosium(III), and
gadolinium ().



7 Rlerr] is a nenber select eﬂm m" onsi sting of
het erocycl es, hydroxy, 8 al koxy, a mm Wﬂ Jerr]-0 | kyl
and ([ err]-C swo$o0adiltyl substituted with one ©Or shbhe:9 subs‘%ﬁ%ﬁ’f@"r

i ndependently selected fromthe group consisting of heterocycles, hydroxy,
10 al koxy, am no, al kylam no, carboxy, cy and hal ogen. - WO
99/ 06411 PCT/ US98/ 14244

31 1 9. 7. A PIHRESS ih RecBfdaRECRER Blatvh UNin GYHEENTRaId R [4-stlibaiiyl condpound
Rlerr] is a nenber selected fromthe group consisting of is a nenber

sel ect ed fr2mhagtherformulaup consi sting of heterocycles, hydroxy, alkoxy,

am no, al kylam no, nethyl and 4 nethyl substituted with one or nore
substituents i ndependently selected fromthe group 5 consisting of

het er ocycl es, hydroxy, al koxy, am no, alkylam no, carboxy, cyano and 6

hal ogen; 7 Rlerr] is H and 8g oRlerr] is a nmenber selected
fromthe group consisting of is a nenbefjselectffd from 9 the group

~consi sting of heterocycles, hydroxy, al Bgxy, anppo, al kyl am no, nethyl and
10 nethyl sdibstituted with one ora%g subsgtuents ,pgdependent |y sel ected
fromthe group 11 consisting of h rocycl eq§, hydroxy, al koxy, am no,

~al kyl am no, carboxy, cyano and 12 ‘hal ogen. 10. A process for
nmetal lati ng a texaphyrin precursor in an orgﬁ%#i c solvent, 2 conprising: 3
-(a) contacting a netal salt with a 2,4-dicarbonyl conpound to forma 4

i metal -2, 4-di carbonyl conpl ex between said 2, 4-di carbonyl conpound and a
metal ion 54derivegyhefedn said netal salt; and 6 (b)

reacting said nmetal -2, 4-di carbonyl conplex with sai.d texaphyrin recursor
in said organic so!ﬁ%ﬁta %Frﬁl%mﬂﬁg%%'ﬂuﬂ Eo0sisHsE pﬁ%&g{xﬁ%ﬁy&g}m I
(c)  oxidiginfkexp! smin®X ARy Mkdifd, KT, IR and €, T, lafyR Pibstituted Wit bnd GabRX -
i1 11. A process 1n accordance with claim/210 i r} whi ch lsal d
2, 4- di car bohy|substisusatsonaependengly selected fromothe group consisting of heterocycles, hydroxy,
8 alkoxy, amino, alkylamino, carboxy, cyano and halogen;
9 R2 is selected from the group consisting of H and C,-C, alkyl; and
10 "~ R®is a member selected from the group consisting of heterocycles, hydroxy,
11 alkdﬁty, amino, alkylamino, C,-C4 alkyl and C,-C; alkyl substituted with one or more
12 substituents independently selected from the group consisting of heterocycles, hydroxy,

13 alkoxy, amino, alkylamino, carboxy, cyano and halogen.

1 8. A process in accordance with claim 7 in which:

2 R* is a member selected from the group consisting of heterocycles, hydroxy,

3 alkoxy, amino, alkylamino, C,-C, alkyl and C,-C; alkyl substituted with one or more

4 substituents independently selected from the group consisting of heterocycles, hydroxy,

5 alkoxy, amino, alkylamino, éarboxy, cyano and halogen;

6 R2 is H; and

7 R is a member selected from the group consisting of heterocycles, hydroxy,

8 alkoxy, amino, alkylamino, C,-C, alkyl and C,-C; alkyl substituted with one or more

9 substituents independently selected from the group consisting of heterocycles, hydroxy,
10 alkoxy, amino, alkylamino, carboxy, cyano and halogen.



1 12. A ‘process in accor 0 I n which said organic
solvent is a 2 polar organic sol vei gm‘mn“lmm“m A pr Ssh
accor dance wi WP L84 10 i n which corganfc Solvent is a er r{’fq err]
al cohol . : PCT/ US98/ 14244 WD 99/ 06411

32 1 14. A process in accordancegw th claim 10 in which said
metal salt is a menber 2 selected fromthe group consisting of salts of
yttriun(l11), dysp®psi uAl(protess in adcetdanee with thim 3 iarwhiggdol i ni ur’r(l | |) 1

15. A praocess in_accordance W|th claim10 in which said net
conpri se 2‘2 an antln’s@éF’ pezcpeter m@ LBHSIRE S aoqlergggtsgegtegfmm

chlori de, dﬂé Sroup €bikistind bf %Hdefd%&ﬁes, ?'dr%xy, alkoxy, iﬁmo, nﬁﬁ@sﬁeﬂﬁl and
accordance W|t claim 10 in which said texaphyrin-netal onpl ex™ i s:
[err] methyl substituted with one or more subsumenm independently selected from the group

consisting of heterocycles, hydroxy, alkoxy, amino, alkylamino, carboxy, cyano and

R?% is H; and

RZ is a member selected from the group consisting of is a member selected from
the group consisting of heterocycles, hydroxy, alkoxy, amino, alkylamino, methyl and

10 methyl substituted with one or more substituents independently selected from the group

11 consisting of heterocycles, hydroxy, alkoxy, amino, alkylamino, carboxy, cyano and

12 halogen.

4

b

6 halogen;
7

8

9

10. A process for metallating a texaphyrin precursor in an organic solvent,
comprising: '

(@) contacting a metal salt with a 2 ,4-dicarbonyl compound to form a
metal-2,4-dicarbonyl complex between said 2,4-dicarbonyl compound and a metal ion
derived from said metal salt; and

(b)  reacting said metal-2,4-dicarbonyl complex with said texaphyrin
precursor in said organic solvent to give a metallated texaphyrin precursor; and

(© oxidizing said texaphyrin precursor to a texaphyrin—.metal complex.

N N B W R

11. A process in accordance with claim 10 in which said 2,4-dicarbonyl
2 compound is a 2,4-diketone.

12. A process in accordance with claim 10 in which said organic solvent is a

2 polar organic solvent.

1 : 13. A process in accordance with claim 10 in whic_h said organic solvent is a
2 C,-C,; alcohol.



3. 4 in which: 5 ,I lm ' hrough Rlerr] and R err]
through Rerr] is independentli m m l mg !ed fromo6 PCT/US98/14244 t he
group consi stwAgY¥8§4ihydr ogen, hdli e bther € han iodide, hydroxlq, aﬁ<y|_, 7
al koxy, oligo(al koxy), aryl, nitro, fornyl, acyl, saccharyl, and 8

al kyl, al koxy, and oligo(al koxy) substitutegh with one or nore of the 9
foll owi ng substituents: halo other than iodo, hydroxy, am no, carboxy, and
10 1 canhanpwul process in accordand¥OvAB cAGA 10 in which said metal salt is a member
PCT/ US98/ 14244 .. _ ) . 33, 11
Rlerr], R[e?r]selested fiom e Broyperonsisting:ofesalth of pitrpratii: fysgrosiumiil,utetium IDe 4

fromthe grou lini . consi sting of hydrogen, alkyl, al koxy,
ol i go(al koxél)) Qné%ﬁo mgnn 13 al kyl , al koxy, or oligo(al koxy)
substituted with one or nore of the 14 foll ow ng

substituents: hydrqxy, a0 %?ﬁ&g%%ﬁe?]\gﬂ%?ﬁwqwlwm&ssagﬁ metal szMsicﬁxéxﬁrf%e

menber sel etted from the group cons nonoval ent, alent an
trival ent nkt an anionsseleated filorn the group corisisting obacefateyrchipride, ditrate, oxide and sulfate.

process in accordance with claim 16 in which: 2 Rlerr] is
hydroxyal kyl; Rlerr], Rerr] and R err] are alkyl; 3 Rlerr], Rerr],
Rlerr] , Rierr], Ru6rr] Asprdedss & idcorfaficewwith ei@n 10tin Which said texaphyrin-metal

2 complex is:

Fl ol

3.

4 in which:

5 - each of R' through R* and R® through R? is independently a member selected from
6 the group consisting of hydrogen, halide other than iodide, hydroxyl, alkyl,
7 alkoxy, oligo(alkoxy), aryl, nitro, formyl, acyl, saccharyl, and

8 alkyl, alkoxy, and oligo(alkoxy) substituted with one or more of the

9 following substituents: halo other than iodo, hydroxy, amino, carboxy, and

10 carbamoyl;



4 Rlerr] and Rlerr] are |nii Hl er selected fromthe
group consisting of 5 ﬁﬂm ﬂﬂ;i ﬂ dr oxyal kyI al kyl,
6 al k e@ﬁ(&){

car boxyal koxyWoPpé8kyal koxy oxy and RN oxy); 7
Mis a nenber selected fromthe gr oup COI’ISI Stl ng of chrom um (I 1)

manganese 8 (I'L), manganesgs(l11), iron (I1), |ron(|||),
cobalt (Il), nickel (11), copper (Il), 9 indium (111),
praseodymigym (111 )Rs RO, A8 Wiad R drk ):achSﬁWchdHﬁt& lal xhémbe’stelected from the group
gadoliniun112(ltl), t |um(III) dysprosi um III) europim

A(‘D‘

11 )coﬂé'éﬁlw f hydragen.) alkyl, qhgp@ é‘flr udd 1),

ytterbiumyl 1), yttri 2 | I ' um
(111) and ’1 ant hanum (1 1157+ Akoxy, or oligo(alkoxy) s(zbédulted%dﬁmdr n!ldrla ofktiku

process i rtdaccordance V\iollhwwgawbﬁtm&ntsnhmm)h anzno Cal’bOXYR{m ¢qrbmlR[ err]
are indep ently e
hydr ogen, elggr boxyal koxy, g‘lr%lb%r oxyaiq’mtn; ﬁingrg"g’ %’gﬁgngﬁf]%gﬁ‘yai&x t§w§intand

Mis a neriéer sel ected ﬁ'rvmhnttxhaagiom;ra.ndon5|st|ng of yttrium(lll),

Qur opt um (7). eurBA BRI L erbiime o ST Gnd | uteti um
(rrr); and 7 nis 1 or 2. 1 19. A process in accordance
\é\n thela mm1f3$| 2 V\rrg CQM%?%&@(P%‘%%?%‘%?%%%?F@E ng of gadol i ni um >
(1'11) and hut eti Unr8js hydroxyalkyl IR?) R® &R %are alkyl; i S2. 20. A
process in accor dance M tgh 8' aim 10 | n whi ch said texaphyri | n-nmetal 2
corrpl ex is3 R% RS, R’, R, R! and R¥ are hydrogen atoms;
4 R’ and R® are independently a member selected from the group consisting of
5 hydrogen, hydroxyalkyl, carboxyalkyl, carboxyalkoxy, hydroxyalkoxy,
6 alkoxy and oligo(alkoxy); _
7 M is a member selected from the group consisting of chromium (III), manganese
8 (), manganese (IIT), iron (II), iron (fII), cobalt (I), nickel (II),- copper (),
9 indium (III), praseodymium (IIT), neodymium (IIl), samarium (I),
10 gadolinium (IIT), terbium (1), dysprosium (III), holmium (III), europium
11 {T), europium (III), erbium (111), lutetium (III), ytterbium (), yttrium
12 (), cerium (M), thulium (III) and lanthanum (IH); and
13 ~ mnislor2.
1 18. A process in accordance with claim 16 in which:
2 R” and R® are independently a member selected from the group consisting of
3 hydrogen, carboxyalkoxy, hydroxyalkoxy, alkoxy and oligo(alkoxy);
4 M is a member selected from the group consisting of yttrium (III), gadolinium
5 (II), terbium (III), dysprosium (II), europium (II), europium (III), erbium
6 (0D, and lutetium (II); and
7 nis1or2.

1 - 19. A process in accordance with claim 18 in which:
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M is a2 member selected from the group consisting of gadolinium (III) and lutetium

3 (I); and
nis2.
1 20. A process in accordance with claim 10 in which said texaphyrin-metal

2 complex is:

—lz+

OCH3

OCH3




