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(57) ABSTRACT

Itisan object of the present invention to extend the usefulness
of an iron-salen complex. The present invention is a new
fluorochrome material containing Chemical Formula (I)
below. However, M is Fe, Cr, Mn, Co, Ni, Mo, Ru, Rh, Pd, W,
Re, Os, Ir, Pt, Nd, Sm, Eu, or Gd.

Chemical Formula (I)

N,N'-Bis(salicylidene)ethylenediamine metal
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1
FLUOROCHROME MATERIAL AND
METHOD FOR USING THE SAME

TECHNICAL FIELD

The present invention relates to a fluorochrome material
made of a metal-salen complex and a method for using the
fluorochrome material.

BACKGROUND ART

Generally, when a drug is administered to 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, even if the drug reaches tissue other than
the affected site (that is, normal tissue), it will not be thera-
peutic.

Therefore, how to guide the drug to the affected site is
important. A technique to guide the drug to the affected site is
called drug delivery, which has been actively studied and
developed recently. This drug delivery has at least two advan-
tages.

One advantage is that a sufficiently high drug concentra-
tion can be obtained at the affected site tissue. Pharmacologi-
cal effects will not be seenunless the drug concentration at the
affected site is a constant value or more. The therapeutic
effects cannot be expected if the concentration is low.

The second advantage is that the drug is guided to only the
affected site tissue and, therefore, adverse reactions to the
normal tissue can be inhibited.

Such drug delivery is most effective for a cancer treatment
by antitumor agents. Most antitumor agents inhibit the cell
growth of cancer cells which divide actively, so that the anti-
tumor agents will also inhibit the cell growth of even the
normal tissue in which cells divide actively, such as bone
marrow, hair roots, or alimentary canal mucosa.

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 incapability to sufficiently
obtain the pharmacological effects of the antitumor agents.

Alkylating anti-cancer drugs among such antineoplastic
drugs are a generic term for antitumor agents having the
ability to combine an alkyl group (—CH,—CH,—) with, for
example, anucleic acid protein. It alkylates DNA and inhibits
DNA replication, causing cell death.

This action works regardless of cell cycles, also works on
cells of the G, period, has a strong effect on cells which grow
actively, and tends to damage, for example, bone marrow,
alimentary canal mucosa, germ cells, or hair roots.

Moreover, antimetabolite antineoplastic drugs are com-
pounds having structures similar to those of nucleic acids or
metabolites in a protein synthesis process, impairs cells by,
for example, inhibiting synthesis of the nucleic acids, and
specifically acts on cells of a mitotic period.

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

Also, microtubule inhibitors have antitumor effects by
directly acting on microtubules that serve important roles to
maintain normal functions of cells, for example, by forming
spindles during cell division, locating cell organelles, and
transporting substances. The microtubule inhibitors act on
cells, which divide actively, and nerve cells.
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Moreover, platinum drug inhibit DNA synthesis by form-
ing DNA strands, interchain bonds, or DNA protein bonds.
Cisplatin is a representative drug, but it causes severe renal
injury and requires a large amount of fluid replacement.

Furthermore, hormone preparation antineoplastic drugs
are effective against hormone-dependent tumors. Female hor-
mones or anti-androgen drugs are administered to an andro-
gen-dependent prostatic cancer.

Also, molecular targeted drugs is a treatment targeted at
molecules that correspond to molecular biological characters
specific to respective malignant tumors.

Moreover, topoisomerase inhibitors are enzymes for tem-
porarily generating breaks in DNA and changing the number
of tangles of DNA strands. A topoisomerase inhibitor I is an
enzyme that generates breaks in one strand of a circular DNA,
lets the other strand pass, and then closes the breaks; and a
topoisomerase inhibitor II temporarily breaks both the two
strands of the circular DNA, lets other two DNA strands pass
between the former two strands, and reconnects the broken
strands.

Furthermore, nonspecific immunopotentiators inhibit an
increase of cancer cells by activating the immune system.

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 tissue in which
cells divide actively, such as bone marrow, hair roots, or
alimentary canal mucosa. Therefore, cancer patients to whom
the antitumor agents are administered suffer adverse reac-
tions 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 incapability to sufficiently obtain the pharmaco-
logical effects of the antitumor agents. Furthermore, in a
worst-case scenario, there is a possibility that the patients
might die due to the adverse reactions.

So, it is expected to inhibit the adverse reactions and pet-
form the cancer treatment effectively by guiding the antitu-
mor agents to the cancer cells by means of the drug delivery
and allowing the antitumor agents exert the pharmacological
effects intensively on the cancer cells. Topical anesthetics
have the same type of problem.

Topical anesthetics are used to treat topical itches and pains
of, for example, mucosa or skin caused by hemorrhoidal
disease, stomatitis, gum disease, cavities, tooth extraction, or
operations. Lidocaine (product name: xylocalne) is known as
a representative topical anesthetic; however, lidocaine is
faster-acting, but has an antiarrhythmic effect.

Furthermore, iflidocaine which is an anesthetic is injected
into the spinal fluid when giving spinal anesthesia, lidocaine
will spread through the spinal fluid; and in a worst-case sce-
nario, there is fear that lidocaine might reach a cervical part of
the spinal cord and thereby cause a respiratory function to
stop and bring about critical adverse effects.

So, it is expected to inhibit the adverse reactions and per-
form the cancer treatment effectively by guiding the antitu-
mor agents to the cancer cells by means of the drug delivery
and allowing the antitumor agents exert the pharmacological
effects intensively on the cancer cells.

Furthermore, itis also expected to prevent the spread of the
topical anesthetic and achieve continued medicinal effects
and reduction of the adverse effects by means of the drug
delivery.

An example of a specific method for the 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.
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A promising candidate of the carrier is a magnetic sub-
stance and there is a suggested method of attaching the car-
rier, which is the magnetic substance, to the drug and allowing
the carrier to be accumulated at the affected site by a magnetic
field (see, for example, Patent Literature 1).

However, when using the magnetic substance carrier as the
carrier, it has been found that it is difficult to aurally admin-
ister the magnetic substance carrier, molecules of the carrier
are generally giant, and there are technical problems about
binding strength and affinity between the carrier and the drug
molecules; and it is originally difficult to achieve the practical
use of the magnetic substance carrier.

Therefore, the inventors of the present invention suggested
atopical anesthetic in which side chains for giving positive or
negative spin charge density are bonded to a basic skeleton of
an organic compound, and which has suitability as a whole
insofar as the topical anesthetic is guided, by means of mag-
netic sharing, by an external magnetic field; and if the topical
anesthetic is applied to a human body or an animal, it is
retained in an area where a magnetic field is applied topically
by the magnetic field outside the body and the medicinal
effects that the topical anesthetic originally has are exerted on
the area. The above-mentioned publication describes the
iron-salen complex as an example of such a drug (see Patent
Literature 2).

An antitumor drug containing an iron-salen complex is
also disclosed (see, for example, Patent Literature 3).

CITATION LIST
Patent Literature

[Patent Literature 1] Japanese Patent Application Laid-
Open (Kokai) Publication No. 2001-10978

[Patent Literature 2] WO2008/001851

[Patent Literature 3] Japanese Patent Application Laid-
Open (Kokai) Publication No. 2009-173631

SUMMARY OF INVENTION

It is an object of the present invention to extend the useful-
ness of the iron-salen complex.

In order to achieve the above-described object, the present
invention is a new fluorochrome material containing Chemi-
cal Formula (I) below.
N.N'-Bis(salicylidene)ethylenediamine Metal

Chemical Formula ()

However, M represents Fe (iron), Cr (chromium), Mn
(manganese), Co (cobalt), Ni (nickel), Mo (molybdenum),
Ru (rubidium), Rh (thodium), Pd (palladium), W (tungsten),
Re (rhenium), Os (osmium), Ir (iridium), Pt (platinum), Nd
(niobium), Sm (samarium), Eu (europium), or Gd (gado-
linium).

Particularly, a compound whose M is iron emits phospho-
rescence of microwaves ranging from 300 nm to 500 nm.
Therefore, as described in Japanese Patent Application Laid-
Open (Kokai) Publication No. 2009-173631, the metal-salen
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complex compound can be made to become fluorescent and
affected site tissue may be visually confirmed by administer-
ing the metal-salen complex compound represented by
Chemical Formula (I) as an antitumor drug to an individual
such as a human or an animal, magnetically guiding it to the
target cancer tissue, and then irradiating the affected site
tissue with laser light or fluorescence when performing sur-
gery to remove the affected site tissue.

Regarding an average particle diameter of the metal-salen
complex compound, an excessively large particle diameter
might possibly cause the compound to occlude blood vessels.
On the other hand, if the particle diameter is small, the com-
pound might possibly lose its magnetic property. Therefore,
an appropriate average particle diameter of the compound is
210 60 pm, preferably 5 to 20 pm, more preferably 8 to 15 pum,
particularly preferably 9 to 12 pm, and optimally 10 um.

The particle diameter is adjusted within the above-de-
scribed range during a recrystallization process. For example,
in synthesis step 7 described later, it is stated that “[t]he
resulting compound was recrystallized in a solution of diethyl
ether and paraffin” and the target particle diameter can be
obtained by increasing the temperature up to 80 degrees Cel-
sius once before the recrystallization and then spending 12
hours to cool it down to the room temperature.

As the result of examination by the inventor of the present
invention, the magnetization property of the metal-salen
complex compound changes depending on the particle diam-
eter. If the particle diameter is too small more than necessary,
the magnetization property of the metal-salen complex com-
pound is not sufficient; and if such a metal-salen complex
compound is administered to the individual such as a human
or an animal, there is a possibility that the metal-salen com-
plex compound may not be guided to the target area by the
external magnetic field. On the other hand, if the particle
diameter is too large more than necessary, there is a possibil-
ity that magnetic particles may aggregate in blood vessels.

As described in Japanese Patent Application Laid-Open
(Kokai) Publication No. 2009-173631, the iron-salen com-
plex represented by Chemical Formula (I) is useful as an
antitumor drug having such a magnetic property that if it is
administered to the individual without using a magnetic car-
rier and an external magnetic field (for example, 0.3 T) is then
applied to the individual, the molecules are guided to the area
to which the magnetic field is applied.

The new fluorochrome material containing Chemical For-
mula (I) mentioned above can be obtained according to the
present invention as explained above.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a characteristic diagram showing the results of a
luminescence test of the metal-salen complex.

FIG. 2 is a characteristic diagram showing the results of
particle diameter measurement of the metal-salen complex.

DESCRIPTION OF EMBODIMENTS

Production of Metal-Salen Complex (Iron-Salen)
Step 1

CHO
OH
HMTA On
PPA/100° C.
0,N 57%
05N
C4HsNO;
Mol. Wt.: 139.11 CH;NO,
1 Mol. Wt.: 167.12
25g 2
17g
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A mixture of 4-nitrophenol (Compound 1) (25 g, 0.18
mol), hexamethylene tetramine (25 g, 0.18 mol), and poly-
phosphoric acid (200 ml) were stirred for one hour at the
temperature of 100 degrees Celsius. Then, that mixture was
introduced to 500 ml of ethyl acetate and 1 L (liter) of water
and stirred until it completely dissolved. Furthermore, when
400 ml of ethyl acetate was added to that solution, the solution
separated into two phases. Subsequently, the aqueous phase
was removed from the solution which separated into the two
phases; and the remaining compound was washed twice with
abasic solvent and dried over anhydrous MgSO,. As a result,
17 g of Compound 2 (57% yield) was synthesized.

Step 2

CHO AcO OAc
OH
Ac,0 OAc
B ——
H,SO4/1t
76%
ON .
C;HsNO,
Mol. Wt.: 167.12 Ci3Hi3NOg
Mol. Wt.: 311.24
’ 3
17¢g ng

Compound 2 (17 g, 0.10 mol), acetic anhydride (200 ml)
and H,SO, (minimal) were stirred for one hour at room tem-
perature. The resulting solution was mixed for 0.5 hour in
iced water (2 L) to bring about hydrolysis. The resulting
solution was filtered and dried in air, thereby obtaining white
powder. The powder was recrystallized, using a solvent con-
taining ethyl acetate. As a result, 24 g of Compound 3 (76%
yield) was obtained in the form of white crystals.

Step 3

AcO OAc AcO OAc
OAc  HyPd—C OAc
—_——
MeOH/rt
0,N LN
Cy3H)13NOg Ci13H sNOg
Mol. Wt.: 311.24 Mol. Wt.: 281.26
3 4
24 g 21g

A mixture of carbon (2.4 g) supporting 10% palladium
with Compound 3 (24 g, 77 mol) and methanol (500 ml) was
reduced over night in a 1.5 atm hydrogen reducing atmo-
sphere. After the reduction was completed, the product was
filtered, thereby allowing 21 g of Compound 4 in the form of
brown oil to be synthesized.

Step 4, 5
AcO OAc
di-Boc
OAc — o
DCMirt
N
Cy3H5NOg
Mol. Wt.: 281.26
4
21g

10

15

20

35

40

45

55

65

-continued
AcO OAc
OAc NaOH
MeOH/H,0/100° C.
Boc
\N
H
C1gH23NOg
Mol. Wt.: 381.38
5
58%
CHO
OH
Boc
\N
H
CioH sNOy
Mol. Wt.: 237.25
6
10¢g

Compound 4 (21 g, 75 mmol) and di(tert-butyl)dicarbonate
(18 g, 82 mmol) were stirred over night in anhydrous dichlo-
romethane (DCM) (200 ml) in a nitrogen atmosphere. The
resulting solution (Compound 5) was allowed to evaporate in
a vacuum and then dissolved in methanol (100 ml). Sodium
hydroxide (15 g, 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 obtaining a brown com-
pound. The resulting compound was processed twice by flash
chromatography using silica gel, thereby obtaining 10 g of
Compound 6 (58% yield).

Step 6
CHO
OH EDA
—_—
EtOH/reflux
Boc 82%
\N
H
CpH 5NO,4
Mol. Wt.: 237.25
6
10g
— =
BocHN OH HO NHBoc
CogH34N4O6
Mol. Wt.: 498.57
7
85g

Compound 6 (10 g, 42 mmol) was introduced into 400 ml
of anhydrous ethanol, the mixture was brought to reflux while
heated, and several drops of ethylene diamine (1.3 g, 21
mmol) were added into 20 ml of anhydrous ethanol while
stirred for 0.5 hour. The mixture was introduced into a con-
tainer of ice, where it was cooled and stirred for 15 minutes.
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Tt was then washed with 200 ml of ethanol, filtered, and dried
in a vacuum, thereby obtaining 8.5 g (82% yield) of Com-

pound 7.
Step 7
5
=N  N=
FeCl;/TEA
R
BocHN OH HO NHBoc MeOH/rt
62% 10
Ca6H34N406
Mol. Wt.: 498.57
7
82¢g
15
_N\ N—=—
Fe/ /
R R
20
Complex A
37g
Compound 7 (8.2 g, 16 mmol) and triethylamine (22 ml, 25

160 mmol) were introduced into dehydrated methanol (50
ml), and a solution of iron (III) chloride (FeCl,) (2.7 g, 16
mmol) added to 10 ml of methanol was mixed for one hour in
a nitrogen atmosphere at room temperature, thereby obtain-
ing a brown compound. The brown compound was then dried
in a vacuum.

The resulting compound was diluted with 400 ml of dichlo-
romethane, washed twice with a basic solution, dried in
sodium sulfate (Na,SO,), and dried in a vacuum. The result-
ing compound was recrystallized in a solution of diethyl ether
and paraffin, and assay by high performance liquid chroma-
tography revealed 5.7 g (62% yield) of complex A (iron-salen
complex) with a purity of 95% or higher.

When a metal complex other than the iron-salen complex is
to be used, a chloride of metal other than iron (MCl,: where M
is a metal) may be used instead of iron (I1I) chloride (FeCl,).
Incidentally, Japanese Patent Application No. 2009-177112
of the applicant of the present application discloses that a
manganese-salen complex, achromium-salen complex, and a
cobalt-salen complex other than the iron-salen complex have
such magnetic properties that they can be guided by an exter-
nal magnetic field. Then, it is also apparent from Japanese
Patent Application Laid-Open (Kokai) Publication No. 2009-
173631 that the metal iron-salen complex or the like has an
antitumor effect.
<Luminescence Test>

A Tuminescence test by means of photoluminescence mea-
surement was conducted with respect to the iron-salen com-
plex represented by Chemical Formula (I).

The measurement was conducted by using PHOTOLUMI- 55
NOR-S for high resolution spectral analysis by HORIBA,
Ltd. The measurement was performed in a state where the
metal-salen was dissolved in chloroform.

The obtained results are shown in FIG. 1. Referring to FIG.
1, it was confirmed that a peak specific to the iron-salen
complex represented by Chemical Formula (I) occurred
around 380 nm. Incidentally, peaks were confirmed around
270nm, 530 nm, and 800 nm in FIG. 1, but these are reference
peaks for an excitation laser (laser that emits white light by
oscillating several wavelengths of RGM at the same time). 65
The peak wavelength varies depending on a crystal shape of
the iron-salen complex.
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<Particle Diameter Measurement>

The particle diameter of the iron-salen complex of Chemi-
cal Formula (I) was measured by using a laser diffraction
method. The device used for the measurement was Microtrac
particle analysis instruments (MT-30001I by NIKKISO CO.,
LTD.). A sample was put in a solution of sodium hexameta-
phosphate; and the resulting solution was dispersed for 10
minutes by using a homogenizer, the sample was then irradi-
ated with laser light, and its diffraction (dispersion) was mea-
sured to find the grading. Measurement conditions and mea-
surement results are as follows.
<Measurement Conditions>

Measurement time: 30 seconds

Particle permeability: permeable

Particle shape: nonspherical

Particle refractive index: 1.81

Solvent: water

Solvent refractive index: 1.333
<Measurement Results>

Measurement results are shown in FIG. 2 and below.

Average particle diameter: 11.79 pm

Standard deviation: 6.289

As a result of the measurement, it was found that the
particle diameter of the iron-salen complex was 11.8 pm,
which is sufficiently suited for application to individuals.

If a metal-salen complex capable of emitting a fluorescent
color such as the aforementioned iron-salen complex is
administered to an individual, a magnetic field is applied
externally to the individual to guide the metal-salen complex
to a target area, and an external light is then applied to the
target area as explained above, luminescence of the metal-
salen complex can be confirmed.

The invention claimed is:

1. A method comprising:

administering to an individual a fluorochrome material
containing a metal-salen complex represented by
Chemical Formula (I);

Chemical Formula (I)

N,N'-Bis(salicylidene)ethylenediamine metal,
wherein M is Fe, Cr, Mo, Ru, Rh, Pd, W, Re, Os, Ir, Pt, Nd,
Sm, Eu, or Gd, and the metal-salen complex is in the form of
aparticle having a particle diameter in the range of2 to 60 um;
externally applying a magnetic field to the individual to
guide the fluorochrome material to a target area;
applying external light to the target area, thereby causing
the fluorochrome material in the target area to lumi-
nesce, with a peak luminous wavelength of the metal-
salen complex represented by Chemical Formula (I)
around 380 nm;
confirming luminescence in the target area visually; and
removing luminescent target area tissue.
2. The method according to claim 1, wherein M in the
metal-salen complex represented by Chemical Formula (I) is
Fe.
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3. The method according to claim 1,

wherein the particle diameter of the metal-salen complex
represented by Chemical Formula (T) ranges from 9to 12
pm.

4. The method according to claim 2,

wherein the particle diameter of the metal-salen complex
represented by Chemical Formula (T) ranges from 9to 12
pm.
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