[TITLE OF THE INVENTION] METAL-SALEN COMPLEX COMPOUND AND METHOD FOR
PRODUCING THE SAME [FIELD OF THE INVENTION] [0001] The present invention relates to a
metal-salen complex compound and a method for producing the metal-salen complex compound. The
metal-salen complex compound has magnetic properties, and is used, for example, in magnetic
materials and magnetic drugs. [BACKGROUND OF THE INVENTION] [0002] Generally, when a
drug is administered into a living body, it reaches an affected site and exerts its pharmacological
effects at that affected site, thereby exerting its therapeutic effects. On the other hand, it will not be
therapeutiq if the-dngreachestirsties@ther than the affected site (that is, normal tissues). [0003]
Therefore, how to eﬁicientlé%uide the drug to the affected site is important. A technique to guide the

drug to the"AFdétedPéte i CalBHirEd GEnbaRy, Wi hHS iehHelVER Bibdiéd 4d!bkveloped in

recent years.fhis:gieg delivery has at least two advantages. One advantage is that a sufficiently high
drug concentration may be obtained at the affected tissue. Pharmacological effects will not be seen
unless the drug concentration at the affected site is a constant value or more. The therapeutic effects

cannot be gxpeatedf thercaueeniration;is low. [0004] The second advantage is that the drug is
guided to only the affected tissue and, therefore, adverse reactions to normal tissues may be inhibited.

[0005]
The present invention relates to a metal-salen complex compound and

a method for producing the metal-salen complex compound. The metal-salen
complex compound has magnetic properties, and is used, for example, in

magnetic materials and magnetic drugs.

[BACKGROUND OF THE INVENTION]
[0002]

Generally, when a drug is administered into a living body, it reaches an
affected site and exerts its pharmacological effects at that affected site, thereby
exerting its therapeutic effects. On the other hand, it will not be therapeutic if the
drug reaches tissues other than the affected site (that is, normal tissues).
[0003]

Therefore, how to efficiently guide the drug to the affected site is
important. A technigue to guide the drug to the affected site is called drug
defivery, which has been actively studied and developed in recent years. This
drug delivery has at least two advantages. One advantage is that a sufficiently
high drug concentration may be obtained at the affected tissue.
Pharmacological effects will not be seen unless the drug concentration at the
affected site is a constant value or more. The therapeutic effects cannot be
expected if the concentration is fow.

[0004]

The second advantage is that the drug is guided to only the affected
lissue and, therefore, adverse reactions to normal tissues may be inhibited.
[0005]



Such drug delivery is most effective for cancer treatments by antitumor agents. Most antitumor agents
inhibit the cell growth of cancer cells which divide actively, so that the antitumor agents will also inhibit
the cell growth of even the normal tissues in which cells divide actively, such as the bone marrow, the
hair roots, or the gastrointestinal mucosa [0006] Therefore, cancer patients to whom the
antitumor agents are administered suffer adverse reactions such as anemia, hair loss, and vomiting.
Since such adverse reactions impose heavy burdens on the patients, the dosage needs to be limited,
thereby causing a problem of incapabhility to sufficie)z?‘étl%i obtain the pharmacological effects of the

antitumor agents [0007] >“CARYBAGH SR EOPIaEHRAYE AT AABHY LGaHERImBOARILHE RGents is a
generic term for aagitainokagemisthavingytresabilibjt theoailiinevandlkyhgroopié-w@H2+0H2-) with. for

example, a nucleigagid profain HNAis,alkylated,rad-DNA feplication isrnhibitedy,gausing cell death.
This action works regardless of cell cycles, also works on cells of the Go period, has a strong effect on
cells which grow &4VERE ARTRIATSBSIAMNAGE, IBFeX 4R REIHRY b8 RafféW it TR Htintestinal
mucosa, the germteetsirosshe hatine eaisrd@088hal mddosaover, antimetabolite antineoplast ¢ agents
are compounds hﬁ%B@] structures similar to those of nucleic acids or metabolites in a protein synthesis
process, impairs cells Dy, for example, inhibiting synthesis of the nucleic acids, and specifically acts on
the cells in mitotic phase Tb8®}e. capapieatitsie laimBbieaAtibisiR s8R Eitical substances
produced by micraargarismns, axe agliass suias BNA syrihaesis, inkibidien andNAsrand
breaking, and ex@it antitLhmor activit .C[(00101n Iso icrgtubule i{ﬂhibit{)rs hatyje antitumor effects

. . nNce. suc Edyers%r:—%é IONS IMpos ?av dgrdens.on er?a senﬁsf e..
by directly acting on microtubules that serve |mBor ant roles to maintain'normal functions of cells, for

example, by formirfapmuiesdigriy icetediviioh placiiodmtrictlfitapiorganeliéty, to
sufficiently obtain the pharmacological effects of the antitumor agents.
10007}

Alkylation antineoplastic agent among such antineoplastic agents is a
generic term for antitumor agents having the ability to combine an atkyl group (-
CH2-CHy-} with, for example, a nucleic acid protein. DNA is alkylated and DNA
replication is inhibited, causing cell death. This action works regardless of cell
cycles, also works on celis of the Gy period, has a strong effect on cells which
grow actively, and tends {o damage, for example, the bone marrow, the
gastrointestinal mucosa, the germ ceiis, or the hair roots.

[0008]

Moreover, antimetabolite antineoplastic agents are compounds having
structures similar to those of nucleic acids or metabolites in a protein synthesis
process, impairs celis by, for example, inhibiting synthesis of the nucleic acids,
and specifically acts on the cells in mitotic phase.

[0009]

Furthermore, antitumor antibiotics are chemical substances produced
by microorganisms, have actions such as DNA synthesis inhibition and DNA
strand breaking, and exhibit antitumor activity.

10010}

Also, microtubule inhtbitors have antifumor effects by directly acting on
micretubules that serve important reles to maintain normal functions of cells, for
example, by forming spindles during cell division, placing infracellular organelles,
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2 and transporting substances. The microtubule inhibitors act on, for example, cells which divide
actively, and nerve cells. [0011] Moreover, platinum preparations inhibit DNA synthesis by
forming DNA strands. interchain bonds, or DNA-protein bonds. Cisplatin is a representative drug, but it
causes severe nephropathy and requires a large amount of fluid replacement. [0012]

Furthermore, parahormone antineoplastic agents are effective against hormone-dependent tumors.
Female hormones or antiandrogens are administered to an androgen-dependent prostate cancer.

[0013] Also, ggl?cular t[?r e rL{gs are used for %%a?mer%ﬁitar eted at molecul?s that correspond

t
to molecular biologicafac%?r%cfp igHc s?jceec'ﬁficr}% Bach 5%% tt%r 8ft fﬁbﬁr]examﬁ\/%reover,

topoisomerase inhititorsiaheltitay ardgdor tshpereileienerating breaks in DNA, and changing the
number of tanglespf PNA strands. Topoisomerase inhibitor | is an enzyme that generates breaks in
one strand of a circular DNA, lets the other strand pass, and then closes the breaks; and

topoisomerase inhibitor IM& &AYER RIS tRaR A Fd MY BIELRNOoTH INE IR & PAREE &t circular
DNA, lets the othetrawgsDiNArstrainds pasobBiweernthe famaer Gispistiards remesecatinects the broken
strands, [0015] drug, but it causes severe nephropathy and requires a large amount of fluid
replacement.

[0012]

Furthermore, parahormone antineoplastic agents are effective against
hormone-dependent tumors, Female hormones or antiandrogens are
administered toc an androgen-dependent prostate cancer.

{0013}

Also, molecular target drugs are used for treatments targeted at
molecutes that correspond to molecutar biological characteristics specific to
each malignant tumor,

[0014]

Moreover, topoisomerase inhibitors are enzymes for temporarily
generating breaks in DNA, and changing the number of tangies of DNA strands.
Topoisomerase inhibitor | is an enzyme that generates breaks in one strand of a
circuiar DNA, lets the other strand pass, and then closes the breaks; and
topoisomerase inhibitor | is an enzyme that temporarily breaks both the two
strands of the circular DINA, lets the other two DNA strands pass between the
former two strands, and reconnects the broken strands.

[6015]

Furthermore, nonspecific immunopotentiators inhibit cancer cell growth
by activating the immune system.
[00186]

An exampie of a specific method for drug delivery is the use of a carrier.
This is to load the carrier, which tends to concentrate on the affected site, with
the drug, and have the carrier carry the drug to the affected site.

(0017}



Furthermore, nonspecific immunopotentiators inhibit cancer cell growth by activating the immune
system. [0016] An example of a specific method for drug delivery is the use of a carrier. This is to
load the carrier, which tends to concentrate on the affected site, with the drug, and have the carrier
carry the drug to the affected site. [0017] A promising candidate for the carrier is a magnetic
substance, and a method of attaching the carrier which is a magnetic substance, to the drug, and
allowing the carrier to be accumulated at the affected site with a magnetic field is proposed (see, for
example, Japanese Patent Ag; lication Ia?éd-OQ)?r&]Publicati.on No. 2001-10978). OOlﬁEfiL However,

X . ag I3ING candidate e carrer is 3 B‘sagﬁx? IC 2 ﬁng . and.:
when using the magnetic s ance carrier as a carrier, it has been foun it s difficult to orally
administer the mayattic stieServescharieatrcamiecmolecuigsetre gastrally. didhe dng there are

_technical pf0b|9m§t§MH§ @i@@meﬁt@@@taﬁomﬁﬁﬁy&p@@@@&@@sca%r (j@%aé}qg?ge@@gemolecules, and
it has been difficult to put the magnetic substance carrier to practical use in the first place [0019]

Therefore, the invErRGISEThE Bre e HUBKtOARIGTESIBE Y 0RITRLASEIIE e g in which side
chains for giving pgosgitivet:on heg e -Spiveharge density are bonded to a basic skeleton of an organic
compound, and tklgdq)g | therapeutic drug in its entirety is suitably guided with an external magnetic
field by sharing magnetism; and when the local therapeutic drug is applied to a human body or an

animal, the local therapeltfRVEHGY KNERAIREE IRGRPRGSHPRIFS S rRIGRERE ASRITERPINRY locally by a
magnetic field outséde theraotytand dirédiginabeifgciathatibehecabthrenapaiticahasgeariginally possess,

are exerted on the, ghev QRO Z0GRINOLARY  This dNersorule g s auia magnetio and does

not rely on magnetic substance carriers. The cation discloses an iron-salen complex compound

as one such drugTuihesenpitent AFplivaiRiw egide ser Pubit S f b PTYley 383 itiscloses

anti-tumor agentsreRnialHngHRR-eAiRM Bemplexcgormpainds (8020 pradiddhasanarmethe inventors
of the present apgilic tipn have proposed various medicines capable of binding, for example, medicinal

molecules to a metal 8&ien complex, and guiding them to a target region of an individual with a
magnetic field (WIOTIF10/058280).

Therefore, the inventors of the present invention suggested a local
therapeutic drug in which side chains for giving positive or negative spin charge
density are bonded to a basic skeleton of an organic compound, and the local
therapeutic drug in its entirety is suitably guided with an external magnetic field
by sharing magnetism; and when the local therapeutic drug is applied to a
human body or an animal, the local therapeutic drug is retained in the region
where & magnetic field is applied locally by a magnetic field outside the body
and medicinal effects that the local therapeutic drug originally possess, are
exerted on the above region (WO 2008/001851). This therapeutic drug is auto-
magnetic and does not rely on magnetic substance carriers. The publication
discloses an iron-salen complex compound as one such drug. Japanese Patent
Application Laid-Open Fublication No. 2009-173631 discloses anti-tumor
agents containing iron-salen complex compounds.

10020}

Furthermore, the inventors of the present application have proposed
various medicines capable of binding, for example, medicinal molecules io a
metal salen complex. and guiding them to a target region of an individual with a
magnetic field (WO 2010/058280).



[PRIOR ART DOCUMENTS] [PATENT DOCUMENTS] [0021] Patent Document 1Japanese Patent
Application Laid-Open Publication No. 2001-10978 Patent Document 2 WO 2008/001851 Patent
Document 3 Japanese Patent Application Laid-Open Publication No. 2009-173631 Patent Document 4
WO 2010/058280 [SUMMARY OF THE INVENTION] [PROBLEM TO BE SOLVED BY THE
INVENTION] [0022] When the grain size of a metal-salen complex is small, a required magnetism
cannot be exerted On the other hand, when the grain size of the metal-salen complex is large. the
metal-salen compiexicanastinass thygughsgapillaries. Thus, the grain size of a metal-salen complex is

preferably of a grain sj i licable to a living body as a medicine without clogging the
e oo

capillaries, and that may arget region with a magnetic field [0023] On the other
hand, even if the Eiygtal grain size of the metal-salen complex is of a crystal grain size that leads to

difficulty in passingfarausih therapillaries ctaerunability,at ihe-mefalsalareamalex may be further

improved if the dynamics of the metal-salen complex can be controlled, such as by inducing the
metal-salen comp:fg%bi Bé"Retained in the affected tissue with a magnetic field after local application to
the affected tissu€d@028pcument 2: WO 2008/601851

Patent Document 3. Japanese Patent Application Laid-Open Publication No.
2009-173631
Patent Document 41 WG 2010/058280

[SUMMARY OF THE INVENTION;]
[PROBLEM TO BE SOLVED BY THE INVENTION]
[0022]

When the grain size of a metal-salen compilex is small, a required
magnetism cannot be exerted. On the other hand. when the grain size of the
metal-saien complex is large. the metal-salen compiex cannot pass through
capiilaries. Thus, the grain size of a metal-salen complex is preferably of a grain
size that is applicable to a living body as a medicine without clogging the
capiliaries, and that may be guided to a target region with a magnetic field.
10023]

On the other hand, even if the crysial grain size of the metal-salen
complex is of a crystal grain size that teads to difficuity in passing through the
capillaries, the usability of the metal-salen complex may be further improved if
the dynamics of the metal-salen compiex can be controlied, such as by inducing
the metal-salen complex to be retained in the affected tissue with a magnetic
field after local application to the affected tissue.

[06024]

The first cbject of the present invention is to provide a metal-salen
complex compound which is controlled o have an appropriate crystat grain size.
In addition, the second obiect of the present invention is to provide a metal-
salen complex compound that can be locally applied to a target region such as
an affected tissue. Furthermore, the third object of the present invention is to

5



The first object of the present invention is to provide a metal-salen complex compound which is
controlled to have an appropriate crystal grain size. In addition, the second object of the present
invention is to provide a metalsalen complex compound that can be locally applied to a target region
such as an affected tissue. Furthermore, the third object of the present invention isto 5 provide a
metal-salen complex compound having a grain size capable of being guided to the target region with a
magnetic field even when the metal-salen complex compound is systemically applied to a living body
as a medicine. Further still, the fourth object of the present invention is to provide a method for
producing these rAEtARE A SPEEHRRIRX COMRBOUFRTER PMEEARYEGRIS D ISFNG PRAE PROBEEM] [0025]
To achieve the abpig=abjecis tthe-crygiah grainsize;ntibedmpetakaaleacomplexaceaypound according
to the present invention is confined to a ctré/stal rain Eiz thaP will n%t clog ghrge%ag;!gafies of humans or

0
. compex compound IS systemiCally appliceaio g ving pody a . .
animals, and the metalsalen omp?ex compoun 888or mg% the pregent invention is characterized by

the ability to contfoftherdyaitrcewithckieeixeérhaPreagpicticdisien Gdingiderirgahzties dameter of

capillaries are 8 prrota2RPimeand dhe grrin slza rieytresytes that pass through the capillaries is
approximately 8 pm, and the grain size of leukocytes that pass through the capillaries is approximately

8 to 20 pm, the crystal grain size of the metal-salen complex compound of the present invention is
desirably 8 pm or{léEéNiréteRBIGUVPREIrttadr @8 or less; more preferably 1 pm or more to 5 pm
or less, and even ik preferably 1 pm or more to 3 pm or less. The metal-salen complex compound
is auto-magnetic, and is capable of being retained in the affected site with an external magnetic field

after, for example, local apFEESR 15 2T AfeisF Sl 966587 IainRiRERtRe PIAIS3IEBf the
metal-salen complex:cempoupdisdessdiimlqime thesaragmetigionid cin@iens therpsedal-salen

complex compound, o hereainga jgcally with.apiexiemalmagnetc fiald declines, apd it is possible

that the metal-salen complex compound may leak into capillaries outside the target affected tissue,
from the target affiREFHEEIRY THIROWINGF tREIn@taIteg IR IThIS EBMB ShAtRRaTEaf\Papplied to the
affected site, the mnimiiin ierystalo taindsizenot dhatmetadsales eomppiex ceim OsHyisidgsirably 1 pm.
The percentage qf metal-salen complex compounds with.a crystal grain size of 1 pm or more to 3 pm
or less, is preferaﬁ?/g%%ﬁ)d%c%%r%g{e? %8 l?]”es & %lp {_ﬂé%@t%ﬁ&%#&%r%“&*é‘xsbzc?rﬁﬁound to reach the
affected site by sySYEHREAPDIRRItRATSANP R the Aribiieidn Iumpiexetdmbolindtd Beretained in the

affected site with grspgpetis el dhenystahsizelieealiabsalRr complexiisLei} pm or less so that

the metal-salen c%nple comg&gpds,maggéog?st% through § Iarge number of caplll?ort‘ﬁs, and the

percentage of the m%?%’ls% en comegg? csompour?d?%w A %?ys?équ%iﬁosr?f’ 'S80 Hm or more to 500

nm or less is preferadspt709e domierée§08ag|8 um or less; preferably 1 pm or more to 8 um or
less; more preferably 1 um or more to 5 pym or less, and even more preferably 1

pMm or more {c 3 um or less. The metal-salen complex compound is auto-
magnetic, and is capabie of being retained in the affected site with an external
magnetic field after, for example, local application tc an affected site.
[0026]

When the grain size of the metal-salen complex compound is tess than
1 pm, the magnetism which allows the metal-salen complex compound to be
retained locally with an external magnetic field declines, and i is possibie that
the metal-salen complex compound may leak into capillaries cutside the target
affected tissue. from the target affected tissue. Thus, when the metal-salen
complex compound is locally applied to the affected site, the minimum crystal
grain size of the metal-salen compiex compound is desirably 1 um. The
percentage of metal-salen compliex compounds with a crystal grain size of 1 um
or more o 3 um or less, is preferably 70% or more.
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When the grain size of the metal-salen complex compound exceeds 1 pm, it is possible that the
metal-salen complex compound may not be able to pass through the capillaries. When the grain size
of the metal-salen complex compound is less than 100 nm, the ferromagnetism required for magnetic
guidance cannot be obtained sufficiently. On the other hand, when the grain size exceeds 500 nm, the
metal-salen complex compound may not pass through the capillaries with ease. When the percentage
of particles with a grain size of 100 nm or more to 500 nm or less, is less than 70%, the proportion of
the grains where the properties for passing through the capillaries is insufficient increases. The grain
size is preferably$Hdhm or more to 400 nm or less, the grain size is even more preferably 250 nm or

more to 350 nm or less.HOO2] metal-FRermetabsalencerptex cenpaund@iihe present invention
generally refers to cg@gnt‘ail %orqéplégl)g%s wiéhgp,(l@ ﬂ%&th_%allga%% a@é:ixaclgo ir&glu{gigjs%e{@&%g substitutions
and derivatives osfymetalccéjr%pﬁexes‘.al%e structura Iformu a o]??ne metal-saten complex compound is as
indicated below i Feraiisign sEashiob wagrehc iehy fepregeat siydddon Nortalt 3685t one of "a" to "h"
may be substituteghyithy fidnstiopal greupsisubstitientsiatbscthanverogend0Rd0kay  Derivatives of

the metal-salen complex compound of the pr sen? invention jncludes metal- ﬁlen cor‘pplex compounds
el

or their derivativE b LHHoHS BT Bt dtcial ahote B1R U E RE S5 RESRLNG Widficules, enzymes,
and antibodies, asli#] forsanpepwWod2040/e58288! Jhae digelos il Fmuadecns theéspUblication is

incorporated in the, specificatipp:gting Rresent.arplication by reference in its entirety. The derivative of
the metal-salen complex compound in complex with a medicinal molecule is useful as a carrier for

guiding or Iocaliz[ﬁ)%2 e medicinal molecules at the target affected tissue [0031] (1)
N.N'-Bis(salicylidene)ethyltemetdiamme siretaf the mktdramauladi)pldt\Loeprasentsdeed€riMn, Co. Ni,

Mo, Ru, Rh, Pd. W %% gg?ﬁs,&el:t%d}l%e‘ﬁ%tglé’a%n%g&%qg@lompoum may not be able o
pass through the capillaries. YWhen the grain size of the metal-salen complex
compound is fess than 100 nm, the ferromagnetism required for magnetic
guidance cannot be obtained sufficiently. On the other hand, when the grain
size exceeds 500 nm, the metal-salen complex compound may not pass
through the capilaries with ease, When the percentage of particies with a grain
size of 100 nm or more to 500 nm or less, is less than 70%, the proportion of
the grains where the properties for passing through the capillaries is insufficient
increases. The grain size is preferably 200 nm or more to 400 nm or less, the
grain size is even more preferably 250 nm or more 1o 350 nm or less.

{0029]

The metal-saten complex compound of the present invention generally
refers to metal complexes with salen as the ligand, and also includes derivative
substifutions and derivatives of metal complexes. The structural formula of the
metal-salen complex compound is as indicated helow in Formuia (I} Each of “a”
to "h" may represent hydrogen, or at least one of “a”" to “h" may be substituted
with functional groups/substituents other than hydrogen.

[0030]

Derivatives of the metal-salen complex compound of the present
invention inciudes metal-salen complex compounds or their derivative
substitutions bound to functional molecules such as medicinal molecules,
enzymes, and antibodies, as in, for example, WO 2010/058280. The disclosure
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Preferred embodiments of locally applying the metal-salen complex compound of the present invention
to the affected tissue of a human body or an animal involves an arterial injection into an artery in the
vicinity of the affected tissue, or an injection into the affected tissue itself. Publicly known embodiments
such as ointments, lotions, or adhesive skin patches may be adopted as other embodiments of local
application. Embodiments of systemically applying the metal-salen complex compound involve an
intravenous injection and/or an infusion injection. Typical prescription examples of injections and
infusions of the metal-salen complex compound involve physiological saline as a solvent, and
suspensions or opEFRrs iy deied. T heeretmtedlensormpiiicebpnpdine mEdsstpresent invention is
preferably used aggan-antiduneiraaent astdiscinsgdindheakeve priccarki@thgeyses include use as
a carrier for drug deliver of the medicinal olec le %}/‘?gmdé%}r%”? etal- salen com&ex compound to

another medicinal MeeuTE B8 me floﬁ%'apa%ﬁ o1 gcﬂgég S MRT dR§FOstic agent.
[0033] Wherfcapplying m@m@mmmmmmmmpmm tiethe griesErttimvierstion to an
individual (a hummgg an animal), by providing a magnetic field (500 mT to 1 T (1,000 mT)) to a target
region where the affected organ or the affected tissue is present, the metal-salen complex compound
may be guided to or retatfed at the target affected region at least while magnetism is provided.
[EFFECTS OF THE INVENTION] [0034] As described above, according to the present invention,
a metal-salen complex compound which is @ntrolleﬁ;to have an appropriate crystal grain size may be

provided. Furthermore, according to the presg /#ntion, a metalsalen complex compound that can
be locally applied to a target region such as,d ‘ted tissue may be provided. Further still, the
present invention can provide ‘satert _ ccmpund havirg a grain size capable of being
guided to the target region with a Al-salen complex compound is

systemically applied toa a ¢ _present invention can provide a

DRAWINGS] [0035] FIG 1FIG 1 |s ¢ { Mission electron microscope, of

ironsalen complex compoundg:ia-y} [ is-eearbe (the long side exceeding 1 pm),

according to an example (Example ) of the present invention. [FIG ]
: C

N, N'-Bis(salicylidenelethylenediamine metal

in Formuia (1), "M’ represents Fe, Cr, Mn, Co, Ni, Mo, Ru, Rh, Pd, W,
Re, Os, Ir, Pt Nd, Sm, Eu, or Gd.
(0032

Preferred embodiments of locally applying the metal-salen complex
compound of the present invention to the affected tissue of a human body or an
animal involves an arterial injection into an artery in the vicinity of the affected
tissue, or an injection into the affected tissue itself. Publicly known
embodiments such as cintments, lotions, or adhesive skin patches may be
adopted as other embodiments of local application. Embodiments of
systemically applying the metal-salen complex compound involve an
intravenous injection and/or an infusion injection. Typical prescription examples
of injections and infusicns of the metal-salen complex compound involve
physiotogical saline as a solvent, and suspensions or opalizers may be used.
The metai-salen compiex compound of the present invention is preferably used

as an anti-tumor agent, as disclosed in the above prior art. Other uses include
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FIG. 2 is a photograph taken with an electron microscope of crystals of ironsalen complex compounds
according to an example (Example 1) of the present invention. [FIG. 3] FIG. 3 is a chart showing grain
size distribution of crystals of iron-salen complex compounds according to an example (Example II) of
the present invention. [DESCRIPTION OF EMBODIMENTS] [0036] (Example I: Local application of
metal-salen complex compounds (iron-salen complex compounds)) (Example I-1, Production of
metal-salen complex compounds) A salen ligand (NN-Bis(salicylidene)ethylenediamine) and its
derivatives are synthesized by a dehydration condensation reaction of derivatives of salicylaldehyde

and ethylenediafiffethacenireightad e erlliganchnrabBpshies e resettyffediamine) and its
derivatives. Aftertbe:resulting-ligandbegomes:a gderivative ot phenexdeidon; okbyeausing the

obtal_ned ligand tggroq/%(_:tawg%a@g %I f‘%?n %ngse%ﬁﬁ% %%\%%'&Q:Sa g‘;fjlemetal-salen complex is obtained.
Details are described hereinafter, [00 ﬂ tep 1, HM
[0033]
When applying the metal-salen complex compound of the present
invention to an individuat {a human or an animal), by providing a magnetic field
(500 mT to 1 T (1,000 mT)) to a target region where the affected crgan or the
affected tissue is present, the metal-salen complex compound may be guided to

or retained at the target affected region at least while magnetism is provided.

[EFFECTS OF THE INVENTION]
[0034]

As described above, according to the present invention, a metal-salen
complex compound which is controlied to have an appropriate crystal grain size
may be provided. Furthermore, according te the present invention, a metal-
salen complex compound that can be locally applied to a target region such as
an affected tissue may be provided. Further still, the present invention can
provide a metal-salen compiex compound having a grain size capable of being
quided to the target region with a magnetic field even when the metal-salen
complex compound is systemically applied o a living body as a medicine.
Furthermore, the present invention can provide a method for producing these

metal-salen complex compournds.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[6035]

[FIG. 1]

FIG. 1is a photograph taken with a tfransmission electron microscope, of iron-
salen complex compounds in which the crystal grain size is coarse (the long
side exceeding 1 um), accerding to an example (Exampie 1) of the present
invention,

{FIG 2]



02N.-PPA/100C C6H5NO3 Mol Wt 139.11 1 25g57% [0038] A mixture of 4-nitrophenol (25 g.
0.18 mol), hexamethylene tetramine (25 g. 0.18 mol). and polyphosphoric acid (200 ml) was stirred for
1 hour at 10 100C. Thereafter, the mixture was introduced into 500 ml of ethyl acetate and 1 L of
water, and was stirred until complete dissolution Upon further adding 400 ml of ethyl acetate to the
solution, the solution separated into two phases the aqueous phase was removed, and the remaining
compounds were washed twice with a basic solvent and dried with anhydrous M92S04, allowing 179

of Compound 2 to be synthesized (57% Xield) [0039] Step 2
FIG. 2 is a photograph taken with an electron microscope of crystais of iron-

salen complex compounds according {o an example (Example H) of the present
invention,

[FIG 3]

FIG. 3 is a chart showing grain size distribution of crystais of iron-salen complex

compounds according to an exampie {(Example II) of the present invention.

[DESCRIPTION OF EMBODIMENTS]

[00386]

(Example | Local apphcation of metal-salen complex compounds (iron-salen
complex compounds))

(Example I-1: Production of metal-salen complex compounds)

A salen ligand (N,N'-Bis(salicylidene)ethylenediamine) and iis
derivatives are synthesized by a dehydration condensation reaction of
derivatives of salicylaldehyde and ethylenediamine that correspond o a salen
figand (N N-Bis(salicylidenejethylenediamine) and its derivatives. After the
resulting ligand becomes a dervative of phenoxide ion, or by causing the
ochtained ligand to react with a metal ion under basic conditions, a2 metal-salen

complex is obtained. Details are described hereinafter,

[0037]
Step 1:
CHC}
. _OH
2/*:}/ HMTA 5( “\T
- ’ .. /'::“f Py
ONT PPAMOO’C  O,N~ 5
CsHzNO
Mol Wt 139 .11 C;H:NG,
Mol WA 18712
L 2
47
254 57% 17g
10038]

A mixture of 4-nitrophencl (25 g, 0.18 mol}, hexamethylene tetramine
{25 g. 0.18 mol}, and polyphosphoric acid (200 mi} was stirred for 1 hour at
10



23 76% 179249 [0040] Compound 2 (179, 010 mol), acetic anhydride (200 ml), and H2SO4 (in
small quantities) were stirred for 1 hour at room temperature The resulting solution was mixed for 0.5
hour in ice water (2 L) to bring about hydrolysis. Upon filtering and drying the resulting solution in the
atmosphere, white powder was obtained. Upon recrystallizing the powder using a solution containing
ethyl acetate, 24 g of Compound 3 (76% vyield) in the form of white crystals was obtained [0041]

A mixture of Compound 3 (24 g, 77 mmol), methanol (500 ml), and carbon (2.4 g) carrying 10%
palladium was reduced overnight in a 1.5 atm hydrogen reducing atmosphere. After reduction has
been completed, tR8 prodisedites filte ratkEovAR ¢ Cofrperintca> (e dhethe! foreiatd Brown oil to be

synthesized. [0043}:StaRs 4N stirred untit complete dissolution. Upon further adding 400
it of ethy! acetate to the solution, the solution separated into two phases, the
aguecus phase was removed, and the remaining compounds were washed
twice with a basic solvent and dried with anhydrous Mg;S0,, aliowing 17 g of
Compound 2 to be synthesized (57% vyield).

(0039]
Step 2:
(I:HO AcC. _CAc
f i, O Ac;O —y OAC
| )
“‘\-.\,V/f/ HESQ Jﬂ /{‘\/
O-N 4 O,N
Mol, Wi - 167.12 MO(;: %2’»3?&824
5 3
g 76% 24g
[0040]

Compound 2 (17 g, 0.10 mol), acetic anhydride (200 ml}, and H.SG. (in
small quantities} were stirred for 1 hour at room temperature. The resulting
solution was mixed for 0.5 hour in ice water (2 L} to bring about hydrolysis.
Upon filtering and drying the resulting sclution in the atmosphere, white powder
was obtained. Upon recrystallizing the powder using a sclution containing ethyl
acetate, 24 g of Compound 3 (76% yield) in the form of white crystais was
ohtained.

(00413

i1



A c0,,,...,0AcAGO OA cCHO "OH H.)N- C33H1f7NOu Md. Wt.: 28128 4 21g [0044] Compound 4
(21 g, 75 mmol) and di(tert-butyl)dicarbonate (18 g, 82 mmol) were stirred overnight in anhydrous
dichloromethane (DCM) (200 ml) in a nitrogen atmosphere. After allowing the resulting solution to
evaporate in a vacuum, the resulting solution was dissolved in methanol (100 ml). Sodium hydroxide
(15g. 374 mmol) and water (50 ml) were then added, and the solution was brought to reflux for 5
hours. The solution was then cooled, filtered. washed with water, and allowed to dry in a vacuum,
thereby giving a brown compound The resulting compound was processed twice by flash
chromatography usiefyEilica gel, thereby giving 10 g of Compound 6 (58% yield [0045] Step 6 CHO,

AcO OAc AcG. _OAc
\\r// ‘
| S
EQTOM HAlPG-C [ . OAc
DWN,/.;\\& P MeOH/t N~
Mol. Wt?:gaﬁg.za, Mol. Wt - 281 26
3 4
24 g 21 Q
[0042]

A mixture of Compound 3 (24 g, 77 mmal), methanct (500 ml), and
carbon (2.4 g) carrying 10% paliadium was reduced overnight in 2 1.5 atm
hydrogen reducing atmosphere. After reduction has been completed, the

product was filtered, allowing Compound 4 {21 g} in the form of brown oil to be

synthesized.
[0043]
Steps 4 and 5:
AcO.  DAc RGO\E/,OAG CHO
s
. . OAS PN
. TR gipoc E oy MaOH P
f’ . Bog. A oo Boo. , A
H N DCMIrt N MeOHM,0100°C N
Tt NO; CygH NG, Cy s NOy
Mot Wt 281 26 Mol A 381 38 Mot .- 237 25
4 5 6
21g EB% 10g
[0044]

Compound 4 (21 g, 75 mmol) and di(tert-butyl)dicarbonate (18 g, 82
mmol} were stirred overnight in anhydrous dichloromethane (DCM) (20C mb) in a
nitrogen atmaosphere. After allowing the resulting solution to evaporate in a
vacuum, the resulting solution was dissolved in methanot (100 miy. Sodium
hydroxide {15 g. 374 mmol} and water (50 mi) were then added, and the
solution was brought to reflux for 5 hours. The solution was then cooled, filtered,

washed with water, and allowed to dry in a vacuum, thereby giving a brown

12



)=-NN EDA BacHN-4HO-(/\)--.NHBoc -/ C26H34.1N406 Ma WHt.: 496.57 82%7 10g6.5g [0046]
Compound 6 (10 g, 42 mmol) was introduced into 400 ml of anhydrous ethanol, was brought to reflux
while heated, and several drops of ethylenediamine (1,3 g, 21 mmol) were added to 20 ml of
anhydrous ethanol while stirring for 0,5 hour, Next, the mixed solution was introduced into a container
containing ice, where the mixed solution was cooled and stirred for 15 minutes. The mixed solution
was then washed with 200 ml of ethanol, filtered, and dried in a vacuum, allowing 8,5 g of Compound
7 (salen) to be synthesized (82% yield), [0047] Step 7:

compound. The resulting compound was processed twice by flash

chromatography using silica gel, thereby giving 10 g of Compound & (58% vieid).

[0045]
Step 6
CHO —
f"j:‘-}\ /OH /jN N:ll‘fﬁ::f.‘_\‘
[ EDA - .
R BocHN—  —0OH HO— “—NHBoc
H o Hreflux R— Ny
CosHaaN O
CsHsNO, oMz
Mol Wt.- 237.25 Mol Wi 498 57
° B2%: 7
109 B.5g
[0046]

Compound 6 (10 g, 42 mmol) was introduced into 400 ml of anhydrous
ethanol, was brought to reflux while heated, and several drops of
ethylenediamine (1.3 g, 21 mmogl} were added to 20 ml of anhydrous ethanol
while stirring for 0.5 hour. Next, the mixed solution was introduced into a
container containing ice, where the mixed solution was ccoled and stirred for 15
minutes. The mixed solution was then washed with 200 mi of ethanoil, filtered,
and dried in a vacuum, allowing 8.5 g of Compound 7 (salen) to be synthesized
(82% vyield).

[0047]
Step 7:
r’ﬂw%\
| Ef L”-Z"il\\ N Nw """ o
/._(/ FeChTER "_(
/2 F p /
BocHN SO R mme Bo —( ﬁx‘}—?
'w..... 4 k.:"::::,/ e Ok et
Cophiashl 40
Mol Wi 448 57
7 Coempiex A
E2%
& 2 ° £ 7g
[0048]

Compound 7 (8.2 g, 16 mmol) and triethylamine (22 mi, 160 mmol)
were introduced intc anhydrous methano! (50 ml), and a solution where FeCl;
(2.7 g, 16 mmel) has been added to 10 ml of methanol, were mixed under a

nitrogen atmosphere. Upon mixing the solution in a nitrogen atmosphere for 1

13



C20'4 MO WL49857 Complex A 62%?5 2g. [0048] Compound 7 (8,2 g, 16 mmol) and triethylamine
(22 ml, 160 mmol) were introduced into anhydrous methanol (50 ml), and a solution where FeCI3 (2.7
g, 16 mmol) has been added to 10 ml of methanol, were mixed under a nitrogen atmosphere. Upon
mixing the solution in a nitrogen atmosphere for 1 hour at room temperature, a brown compound was
obtained. The resulting compound was heated to 80C, and was then slowly cooled (for example, 10
hours to 12 hours) by, for example, air cooling to room temperature. The solution was filtered, and the
crystal residue was allowed to dry in a vacuum. The resulting crystal was washed with 400 ml of
dichloromethane tWitet apeiwit aahakice sa bt ¢etrakydtonaanbiaiied; Ahe wadidided with Na2S04,

and was allowed tefEhes drysnanactin; thereby 4iving Cemplexo famirenssalrn complex
compound (where all of "a’ to "h" represent H). This compound was recrystallized in a solution of
Rl oLyt repre pound was [ecsiazed

diethyl ether and pa‘?ié in, and’ %%)a Men s%?tﬁg 8?)95 A i?yf%?%-%'”é‘ﬁ ance |Pquid
chromatography reidaledbs7igeot Compleg Ay B2%eyield) wathadquuritycof 9596 ormors,
Recrystallization is,eauiefiaytHadersimjiacslom.saolino-aanditians asesuingdahaye. The reaction

in Step 7 may also be carried out under heating. Heating of the resulting compound is not required in

this case, [0049] Wt AQRAYA SPMILIA) ESFAPISKCSHFEY 4R aRfoMee HERTBITNS 28mBBENd is used,
metal chlorides othver hanerbio, fetblrasMCE3;anayrbehesed; ipipltac€ whBeChaehhmfastibvat a

Mn-salen complex, 3 Gl:SAlRMSHBRIENe A, 3CO-5aAN COMRleX Which ALE HOL irgrgaalen complex

compounds, possess magnetic properties that allow the Mn-salen complex. the Cr-salen complex, and

the Cosalen comftew #AbégLiiePHitirar ek ivelgistieaaltn ignt mrRIsssE98panese Patent
Application No 2008<tystal2, filemsh by taersaroe irpplicards as drase, ok ibalgresent gpplication In

addition, it is apparent fro @p nese Patent Application Laid-Opgn Publication No. 2009-173631 that
T tale such o R W S R R A e

these prior applicBHoHYRY FievRisiaredaaitecprsiincaasptestiore By betercHier irfdosrifirety, [0050]
(Example I-2. Meggirement MEQRIRSIZE) out under heating. Heating of the resulting

compound is not required in this case.

[0049]

When a metal complex other than an iron-salen complex compound is
used, metal chlorides other than iron, such as MCl;, may be used in place of
FeCl:. The fact that a Mn-salen complex, a Cr-salen complex, and a Co-salen
complex which are not iron-saien complex compounds, possess magnetic
properties that allow the Mn-salen complex, the Cr-salen compiex, and the Co-
saien complex to be guided with an external magnetic field, is as disciosed in
Japanese Patent Application No. 2008-177112 filed by the same applicants as
those of the present application. In addition, it is apparent from Japanese Patent
Application Laid-Open Publication No. 2009-173831 that metals such as an
iron-saten complex compound have anti-tumor effects. The disclosure made in
these pricr applications is incorporated in the present application by reference in
its entirety,

[0050]
{Exampte 1-2: Measurement of grain size)

Next, the grain size of the crystal grain after recrystallization is
measured. First, approximately 2 g of crystals are weighed, and the crystals are
ground in a mortar for approximately 30 minutes. The ground crystals are

14



Next, the grain size of the crystal grain after recrystallization is measured. First, approximately 2 g of
crystals are weighed, and the crystals are ground in a mortar for approximately 30 minutes. The
ground crystals are collected, weighed again, the dilute amount of the solvent (physiological saline) is
determined, and the crystals are diluted with the solvent with the foregoing dilute amount. The
concentration of crystal grains at this time is 20 mM. [0051] Thereatfter, 50 ml of the solution is
then poured into a tube, 20 ml of a solvent is then poured into the tube, and is pulverized by ultrasonic
treatment. This treatment is applied while stirring until the grains can longer be seen with the naked
eye. Next, the sokfiGatRs ditistetied auaiprivgisidmae ambohihare et M esirieatratis te be injected

intravenously: 9.25 saM)rand isfilteredysing ardQipmealkstpingi@ it ean).[0982k The grain
size of crystal gra&qs obtaineg as a result of filtrat;fon wa measur&ds1%1§éﬁe5§§%% microscope images.

ilgte arpoun concantration crystal grams at thy . .
The apparatus useéf, and for examp?e, ' BondtionS Sre S T fows: pparatus: Transmission

electron microscdpei(thanufactured by Hitachi, H7100FA) Conditions: Accelerating voltage of 100 kV

Sample preparation: Dispersiopdneifod (aiier grindinghe.srysiaks e merar-pure yater was added,
and dispersed on the grid by TEM) Grain size distribution measurement software: Image-Pro Plus

(Media Cybernetit® RIS 8 R a8 FoP EBRFBMERL HTHERT RhHYES B tHEABIE LIes of the
iron-salen compléfoedrneptund in JEEephotiegsaping until the grains can longer be seen with

the naked eye. Next, the solution is diluted to the precise dilute amount (the
actual concentration to be injected intravenously: 8.25 mMj), and is filtered using
a 40-um cell strainer {BD Faicon).

[0052]

The grain size of crystal grains obtained as a result of filtration was
measured using electron microscope images. The apparatus used, and for
example, the conditions are as foliows.

10053]

Apparatus: Transmission electron microscope {(manufactured by Hitachi, H-
7100FA)

Conditions: Accelerating voltage of 100 kV

Sample preparation: Dispersion method (after grinding the crystals in a mortar,
pure water was added, and dispersed on the grid by TEM)

Grain size distribution measurement software: Image-Pro Plus (Media
Cybernetics, MDD U.S A

Target for measurement: Traced images of the molecules of the iron-salen
complex compound in TEM photographs

[0054]

Crystaitization and recrystafiization were carried out by air cooling, and
measurement of the grain size was made (number of samples: 140}, The
resulting average grain size was 450 nm, while the standard deviation was 360,
FiGs. 1 is @ photograph of representative samples taken with an electron
microscope. From this, the presence of crystals with a grain size exceeding 1
pm can be observed, and the percentage of particles with a grain size of 1 um
or more to 3 pm or less is 70% or more (proportion of the incidence of the

15



[0054] Crystallization and recrystailization were carried out by air cooling, and measurement of
the grain size was made (number of samples- 140) The resulting average grain size was 450 nm,
while the standard deviation was 360 FIG. 1 is a photograph of representative samples taken with an
electron microscope From this, the presence of crystals with a grain size exceeding 1 pm can be
observed, and the percentage of particles with a grain size of 1 pm or more to 3 pm or less is 70% or
more (proportion of the incidence of the number of particles an be observed The crystals were needle
-like in form. [0055] (Example 1-3 Verification of magnetism) Ferromagnetism in crystals of a
grain size obtainetHintExanisieidieE\gas Yerfied Nsadbirerisitoihe megfetitgisidomagnetization
curve using Quantummspesign MPMS?7, gave hysteresis loops characteristic of ferromagnetic
substances at - 2 C to 37 (g %ahlg tthe crtYstaIs of a grain size obtained in Example 1-1 are
ferromagnetic su SISHERS, [OO % ikt Rlexpaégrrﬁ% dhoma cell (clone M3) was cultured in a round Petri
dish, and iron salens WerFéespmﬂﬂeelfaevemﬂWﬁtbmwrﬁ pagnetwithtammagneterfloke dénsity of 240 mT

was then placed ueqﬁéaheé’a%wmm 2 hosgsedsigiiesullnkilingoaf Mmelanema cells was observed
along the edges of the button ma . [0057] (Example 1-4: Local application to affected tissue)

Rabbit-derived sqodfibiR BEfes 559@7?ﬂ%@?@sf?a{ﬂgﬁ?a‘iﬁ%@?Fﬁﬁsﬁ’feoﬁefﬁ{&?%ﬁ%@‘?aﬁ of a rabbit,
and engraftment wasstaactsest 226&%@\Aee3<7§ﬂ1eeeawmg Nexththeryoalssalengeamglex compounds that

have been obser\é%gawge%aﬁt}g%%rgl§§|g%ekepgmgg%%o§%9§ng@ Mhich the grain size was coarse,

with a grain size of 1,500 nm (1.5 pm), were diluted to a concentration of 100 pm with physiological
saline, and a voldﬁ@@‘ 5 mg/kg was injected arterially using a catheter, Arterial injection into an artery
in the femoral region wametrf@rmdniﬁhssqwo@e@iweﬁeg)mmmtwdbaww@@@ws&deﬁw}ed in Japan

Radiological SOCI %{1423%%9 4533 990, Seven daX%fgllgwm i Wltgugtrl]gg of% ;Elnlstratlon of the
above volume, |t been o serve that, Wehl| &’timor volu aqgroup i the iron-salen

complex com pouﬁ@@%&d’%%éﬁn‘“fﬁfe@t@a Fﬁ?@%ﬁ?&’%%ﬁf@ifté‘ﬁé BpprbRideEely Bvies'ds large as

the initial tumor velumeethehHevelune-ef & giarn Mongick he,FoBrSateRn a8MpIgX—e@mMpounds had
been injected artié%%t was reduced to 20% of the tumor volume before treatment. When arterial

injection is perfor he iron-salen complexes were retained in the affected site by a permanent
magnet with a madgnetic #uxidénsityeobbodionTsaferiedieseray does not leak into other organs.

Rabbit-derived squamous cell carcinomas {VX2) were transplanted into
the femoral region of a rabbit, and engrafiment was reached 2 to 3 weeks
thereafter. Next, the iron-salen compiex compounds that have been observed
using a transmission electron microscope, in which the grain size was coarse,
with a grain size of 1,500 nm (1.5 um), were diluted o a concentration of 100
pm with physiological saline, and a volume of 5 mg/kg was injected arterially
using a catheter. Arterial injection into an artery in the femoral region was
performed. This procedure conforms to the procedure detailed in Japan
Radwlogical Society 50{4), 426-428, 1990. Seven days foliowing the initiation of
administration of the above volume, it has been cbserved that, while the tumor
volume of a group in which the iron-salen complex compounds had not been
injected arterially, revealed to be approximately twice as large as the initial
tumor voiume, the tumor volume of a group in which the iron-salen complex
compounds had been injected arterially, was reduced to 20% of the tumaor
volume before treatment. When arterial injection is performed, the iron-salen
complexes were retained in the affected site by a permanent magnet with a
magnetic flux density of 800 mT so that the drug does not leak into cther organs.
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Cell slices of the affect site revealed that the iron-salen complexes were retained in cancer tissues.
Prussian blue (ferric hexacyanoferrate and hydrochloric acid) manufactured by Sigma was used for
staining. [0058] (Example II: Systemic application of metal-salen complex compounds (ironsalen
complex compounds)) (Example 11.-1: Production of metal-salen complex compounds) While
cooling was performed by slowly cooling "(for example, 10 hours to 12 hours) by, for example, air
cooling to room temperature” in Step 7 of Example I-1, cooling is performed by rapid cooling (cooling
rate: 10-30C/min) by, for example, water cooling with water of room temperature or ice water in the
present example &l stkes procedlipes dfertedafiaaish & procd&iutes meRsampie 1. [0059] (Example

11-2: Measuremeatph4f N-8i%8) tissuekhedusber ot samplestahe-mreaswedds 436. All other
procedures for mea {%rc%ment aréa}athe Sngtaurasatg rocedures in Efxam le 1-2. The crystal grain size of

e
each sample was Pheasu{?e”ﬁ fivice Fhe festifting’a @Péagév %?éfﬁe 78 w5480 nm, while the standard
deviation was 3002FG. 2 is a photograph of representative samples taken with an electron

microscope. FIG.3,lie 818 s UsiibuianF i Fier3 HARATESNIANRAL pRFcles with a grain

size of 1 pm or less, and aFgraln size of 100 nm or more to 500 nm or less is 70% or more can be
observed. The cry@l8lsSVERXSEREIE W iorm_ [0060] (Example 11-3: Verification of magnetism)
Ferromagnetism (kxaysie$-df 8 gaintisizefobtaated en Exapiplectdiowadsyerified by the same method

as the method in Exampife2.ddjf Flies 5rbmEtrBymaas Lol fsame B e AEGRS found i
Xample -2 to 12 hours) by, for example, air cooling fo rcom temperature” in Step 7 of

Example i-1, cooling is performed by rapid cooling {cooling rate: 10-30°C/min})
by. for example, water cooling with water of room temperature or ice water in
the present example. Ail other procedures are the same as the procedures in
Example |.

{0058}

{Example H-2: Measurement of grain size)

The number of sampies fo be measured is 436. All other procedures for
measurement are the same as the procedures in Example -2, The crystai grain
size of each sample was measured twice. The resulting average grain size was
300 nm, while the standard deviation was 300. FIG. 2 is a photograph of
representative samples taken with an electron microscope. FIG. 3 shows grain
size distribution. From FIG. 3, the percentage of particles with a grain size of 1
LM or less, and & grain size of 100 nm or more to 500 nm or less is 70% or
more can be observed. The crysials were needle-iike in form.

[0060]
(Example HI-3: Verification of magnetism)

Ferromagnetism in crystals of a grain size obtained in Example i-1 was
verified by the same method as the method in Exampile |-2. The effects on
melanoma cells are the same as the effects found in Example -2
[0061]

(Example Il-4: Capillary passage)

lren-salen compiexes obtained in Example -1 does not clog capillaries.

Even administration inte the tail vein of 2 mouse, of a solution with a
17



[0061] (Example 11-4: Capillary passage) Iron-salen complexes obtained in Example 11-1 does
not clog capillaries. Even administration into the tail vein of a mouse, of a solution with a concentration
of 9.25 mM in which iron salens are dissolved in physiological saline, does not bring about clogging of
the blood vessels. Administration into the tail vein of a mouse, of a solution containing iron-salen
complex compounds having a crystal grain size of 10 pm (dissolved in physiological saline,
concentration of 9.25 mM). clearly brought about clogging of the blood vessels in the lung five seconds
later. [0062] (Comparative Example I: Verification of magnetism) Measurement of the magnetic
field-magnetizaticiPeeRUEaISIn G G EaNTIMIDeESIgh P RET sqaddl ivgsterd sisrbopel esiaphcteristic of
superparamagnetigsbstances ating 68611Q 1345 jeverding: thaldbesironsalencamplaxes with a grain
size of approxim%elyé §O nm are suBerpa{amquetic S bstances._%op632 E While prefgrred
embodiments have béer desciibed in the ?osr%gcﬁ?r'i}gccs%é"éfﬁ%%ﬂgﬂ, fie s5mE restits Can H8 obtained
with metal-salen cemfiex costpaundsathet thamirgrssiivadditiony slcrysiali grdinesize"” is the diameter of

crystals, and mayglse headoraliie obtaiedmatheratraly L %?é&?%agb’tﬁé'%ﬁb@@ Bysgaleulating the

average value or Atheh standard deviation of each grain size of the plurality of particles of the
metal-salen compleX &SP SURGE R IR esent invention, magnetic medicine refers to the
metal-salen compgl&s2bmpound itself, the derivative substitutions of the metal-salen complex, or ts

derivatives as de%gpﬁgéggg%xg%{@g%%gmg}i% 9&@9)5 salen complex compounds that are

active ingredients, at a concentration sufficient to exert pharmacological effects such as antitumor
effects. [CLAIMS] [ClainY'EPRIREAGIMIKIF CORAPRIE EBIMPORATE NG Ry St P sizZ&'of 8 pm or

less, Design MPMS7 . gave hysteresis loops characteristic of superparamagnetic
suibstances at - 268°C to 37°C, revealing that the iron-salen complexes with a
grain size of approximately 50 nm are superparamagnetic substances.
[0063]

While preferred embodiments have been described in the foregoing
specification, the same resuits can be obtained with metal-salen complex
compounds other than iron. In addition, "crystal grain size” is the diameter of
crystals, and may also be a value obtained mathematically or statistically such
as by caiculating the average value or the standard deviation of each grain size
of the plurality of particles of the metal-salen complex compounds. in the
present invention, magnetic medicine refers {o the metal-salen complex
compound itsell, the derivative substitutions of the metal-salen compiex, or iis
derivatives as described above. The magnetic medicine contains salen complex
compounds that are active ingredients, at a concentration sufficient to exert

pharmacological effects such as antitumor effects.

i8



[Claim 2] The metal-salen complex compound according to claim 1, wherein the crystal grain size is 1
pm or more [Claim 3] The metal-salen complex compound according to claim 1, wherein a
percentage of 1 pm or less in the crystal grain size and 100 nm or more to 500 nm or less in crystal
grain size. is 70% or more [Claim 4] The metal-salen complex compound according to one of claims 1
to 3, containing a compound of Structural Formula (I) below. (I) N.N'-Bis(salicylidene)ethylenediamine
metal M is Fe. Cr, Mn, Co. Ni, Mo, Ru. Rh, Pd, W, Re, Os, Ir. Pt, Nd, Sm. Eu, or Gd. [Claim 5] A
magnetic medicine containing a metal-salen complex compound according to one of claims 1 to 3. to
be provided to an affected tissue of a living body With&&xternal magnetic field after application to the
living body. [Claim 6] The magnetic medicine containing a metal-salen complex compound according
ioste with an extoriAmLahets Tl g o or corpcufk Y33ty BRFRRSEERNEL M e ellecee
or less,

[Claim 2] The metal-salen complex compound according to claim 1,

wherein the crystal grain size is 1 um or more,

[Claim 3] The metal-salen complex compound according to claim 1,
wherein a percentage of 1 um or less in the crystal grain size, and 100

rm or more to 500 nm or less in crystal grain size, is 70% or more.

[Claim 4] The metai-salen complex compound according to one of claims 1 to 3.

containing a compeund of Structural Formula () below.

)
[

N\ N/

N ¢

‘&M/ /
/NN AN
\ ° °

N N'-Bis(salicylidenejethylenediamine metal
Mis Fe, Cr. Mn, Co, Ni, Mo, Ru, Rh, Pd, W Re. Os, Ir, Pt, Nd, Sm, Eu,

ar Gd.

[Claim 5] A magnetic medicine containing a metal-salen complex compound
according to one of claims 1 to 3, {0 be provided to an affected tissue of a living

body with an external magnetic field after application to the iving body.

[Claim 8] The magnetic medicine containing a metal-salen complex compound
according to claim 2, to be locally applied to an affected tissue of a living body.,

and to be retained in the affected tissue with an exiernal magnetic field.
19



[Claim 7) The magnetic medicine containing a metal-salen complex compound according to claim 3, to
be guided to an affected tissue of the living body with an external magnetic field after systemic
application to a living body. [Claim 81 The magnetic medicine according to one of claims 5 to 7, having
an antitumor effect [Claim 9]A method for producing a metal-salen complex compound comprising:
crystallizing a metal-salen complex compound under a rapid cooling condition. [Claim 101 The method
for producing the metal-salen complex compound according to claim 9, further comprising:

allowing salen to react with a metal compound, and then obtaining a crystal particle of the metal-salen
complex by rapidly cooling a heated reactant.

iClaim 7] The magnetic medicine containing a metal-salen complex compound
according to claim 3, to be guided to an affected tissue of the living body with an

exiernal magnetic field after systemic application to a living body.

[Claim 8] The magnetic medicine according to one of claims 5 to 7. having an

antitumor effect.

[Claim 8] A method for producing a metal-salen compilex compound comprising:
crystailizing a metal-saien complex compound under a rapid cooling

condition.

[Claim 101 The method for praducing the metal-salen complex compound
according te claim 9, further comprising:
ailowing salen to react with a metal compound, and then obtaining a

crystal particie of the metal-salen compiex by rapidly cooling a heated reactant.
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