[Document Name] DESCRIPTION

[Title of Invention] MAGNETIC SUBSTANCE
[Technical Field]

[0001]

The present invention relates {0 a magnetic substance. Particularly, the
invention relates to a magnetic substance that is a compound of metal complex
organic molecules, regarding which the metal complex organic molecules, such as a
magnetic drug or a magnetic material, themselves do not require a magnetic carrier
and are capable of exhibiting the magnetic property by themselves.

[Background Art]
0002}

The applicant of the present application suggested a metal-salen complex as
a ferromagnetic metal complex organic molecule. Regarding this metal-salen complex,
electron spins of unpaired electron pairs are oriented either up or down reiative to their
basic skeleton, so that the metal-salen complex itself can exhibit the ferromagnetic
property without any help of a magnetic carrier.

[0003]

Then, the metal-salen complex is magnetically guided by an external magnetic
field. So, when the metal-salen complex is applied to a human or an animal, it is
guided by the magnetic field outside the body fo a region, to which the magnetic field is
locally applied, and retained in that region, and can exhibit its originally retained
medicinal effect (such as anticancer) locally in the magnetism-applied region
(W02008/001851). As a result, a therapeutic drug made of the metal-salen complex
has the ferromagnetic property by itself without using a magnetic carrier as mentioned
above, so that it is useful in exhibiting the stable anticancer effect and reducing the
occurrence of side effects.

{0004} _

There is also a metal-salen complex described in W0O2012/086683 as the
above-described metal-salen complex. When the metal-salen complex is used .to
make it reach an affected site by means of systemic application and remain in the
affected site by the magnetic field, a crystal particle diameter of the metal-salen
complex is 1 pum or less so that the metai-salen complex can pass through many

capillary vessels; and it is preferable that particles whose crystal particle diameter is
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from 100 nm to 500 nm inclusive should occcupy 70% or more of the entire metal-salen
complex. if the particle diameter of the metal-salen complex exceeds 1 um, there is a
possibility that the metal-salen complex may not be able to pass through the capillary
vessels, If the particle diameter of the metal-salen complex is less than 100 nm, the
ferromagnetic property required for magnetic guidance would not be sufficient.
[Citation List]

[Fatent Literature]

[0005]

[PTL 1] WO2008/001851

[PTL 2] W0O2012/086683

[Summary of Invention]

{Problems to be Sclved by the invention]

[0006]

However, as a result of earnesi examination by the inventors of the present
application, it was found that the magnetic property of the metal-salen compiex is not
determined only by the crystal pariicle diameter, but is significantly influenced by a
stereo structure of metal-salen complex molecules.

10007}

Therefore, it is an object of the present invention to ciarify the structure of a
ferromagnetic metal com'piex and provide a magnetic substance capable of reliably
exhibiting the ferromagnetic property by having that structure.

[Means for Solving the Problems]
[0008]

The inveniors of the present disciosure analyzed a crystal structure of a metal
complex organic substance and analyzed the magnetic property of the metal compiex
organic substance from the viewpoint of its structure. As a resuli of such analysis, they
found that the following matters are important for the metal complex organic substance
to exhibit the ferromagnetic property.

10009

(1) The metal complex organic substance is structured so that a heterocyle is
bonded (for example, by means of coordination) to metal as an active site to exhibit
the ferromagnetic property of metal complex crganic molecules.

[0010]



(2) Metals of a plurality of metal complex organic molecules are bonded to
each other (by means of, for example, coordinate bonds), thereby forming a metal
complex organic compound. The metals of the metal complex organic molecules can
be bonded fogether via an electron donor (such as an oxygen atom) having an
electron pair to be donated to the metals. For example, the oxygen atom derives from
water. As the metal parts of the magnetic metal complex organic molecules which are
respectively magnetic are bonded to each other (coordinate bonds} via the electron
donot, the ferromagnetic property is exhibited. An example of the electron donor is not
limited to a molecule including the oxygen atom as long as the electron donor has an
electron pair that can be donated {o the metal atoms of the metal complex molecules.
For example, the electron donor may be an amine compound containing a nitrogen
atom.

[0011]

(3) There is a trade-off relaticnship between the stability and the ferromagnetic
property of the crystal structure of the compound in which the plurality of metal
complex organic molecules are bonded together via the electron donor. When the
erystal structure of the metal complex organic compound is about fo be stabilized,
unpaired electron density of the metal complex compound decreases due to a
superexchange interaction and the magnetic property of the crystal decreases. On the
other hand, if an attempt is made to increase the magnetic property of the metal
complex organic compound crystal, the stabilily of the metal complex organic
compound crystal decreases.

[0012]

As a bond angie formed by metal - a!éctron donor - metal becomes closer to
90°, the unpaired electron density of the metal complex organic compound increases
and a magnetization rate caused by the applied magnetic field increases, that is, the
metal complex organic compound becomes more ferromagnetic; however, as the
metal complex molecules become closer to each other, distortion of the molecule
structure increases and a repulsive force between the molecules increases, thereby
decreasing the stability of the crystal structure. On the other hand, as the bond angle
formed by metal - electron donor - metal becomes closer to 180°, the crystal structure
of the metal complex organic compound becomes stable; however, the

superexchange interaction becomes predominant, the unpaired electron density

3



decreases, and the magnetization rate decreases.
[0013]

So, as a result of examination of the metal complex compound crystat by the
inventors of the present application by means of X-ray analysis, it was found that
regarding the metal complex organic compound having the structure in which the
heterocycle molecule is bonded to the metal as an acitive site to exhibit the
ferromagnetic property, the metals of two metal complex molecules are bonded
together via the electron donor having the electron pair donated te the metals and,
furthermore, the bond angle which forms metal - electron donor — metal bonding is
within the range from 130° to 160°, so that the stability and the ferromagnetic property
of the crystal structure of the metal complex compound are balanced at a higher
dimension.

[0014]

Therefore, in one aspect, there is provided a ferromagnetic substance
composed of a crystal of a metal complex molecules in which a heterocycle is bonded
to metal, wherein the metal of the metal complex molecule is bonded to the metal of
another metal complex molecule via oxygen as an electron donor; and wherein the
ferromagnetic substance has a ferromagnetic property balanced with stability of the
crystals based on a metal - electron donor - metal bond angle that is from 130° to
160°.

In another aspect, there is provided a drug containing, as its principal
component, a crystal of a metal complex molecule in which a heterocycle is bonded to
metal, wherein the metal of the metal complex molecule is bonded to the metal of
another metal complex molecule via an electron donor and the crystal has a
ferromagnetic property based on a metal — electron donor — metal bond angle that is
from 130°to 160°; wherein the metal complex molecule is a metal-salen compiex
molecule; wherein the electron donor is oxygen; wherein a distance between the meial
and the oxygen is from 1.1 A to 1.8 A; and wherein the drug can be applied to an
affected sile by an external magnetic field.

Also disclosed is a magnetic substance containing a metal complex compound
composed of a plurality of metal complex molecules in which a heterocycle is bonded
to metal, wherein the metal of the metal complex molecule is bonded to the metal of

another metal compiex molecule via an



electron donor and a metal - electron donor - metal bond angle is from 130° to 160°,
preferably from 140° to 150°, more preferably from 144° to 147°, and most preferably
146.359°.

[0015]

The heterocyle of the iron-salen complex molecule is a cyclic structure formed
of two nitrogen atoms and two oxygen atoms which surround an iron (metal) atom in a
flat form.

[0016]

The plurality of metal complex molecules, particularly, two metal complex
molecules, whose bond angle is formed within the above-mentioned range have high
structural stability and high unpaired electron density and are thereby ferromagnetic.
When the bond angle formed by the metal - electron donor - metal exceeds 160°, the
structural stability of the crystal increases, but the unpaired electron density of the
metal complex compound decreases and the magnetization rate decreases; and when
the bond angle is less than 130°, the magnetization rate of the metal complex
molecules increases, but the stability of the crystal decreases. Incidentally, in the latter

case, the magnetization rate of the metal complex molecules increases, but the
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particle diameter decreases. As a result, the magnetization rate of the entire crystal
decreases.
0017}

in order for the metal complex (organic) compound to sufficiently exhibit the
magnetic property, it is preferable that regarding the metal complex compound having
the structure in which the heterocycle is bonded o the metal as the active sit to exhibit
the ferromagnetic property, the metals of the two metal complex molecules be honded
together via the electron donor and, furthermore, the bond angle which forms the
metal - electron donor — metal bonding be from 130° to 160°, and the crystal particle
diameter of the metal complex compound composed of the plurality of metal complex
molecules shouid preferably be within the range from 200 nm to 700 nm, and more
preferably within the range from 300 nm io 600 nm.

[0018]

As a percentage of the metal complex compounds regarding which the metal -
electron donor- metal bond angle is from 130° to 160° to the entire substance is higher,
magnetic strength of the magnetic substance increases. The percentage of the metal
complex compounds, which constitute the magnetic substance and regarding which
the metal - electron donor - metal bond angle is within the range from 130° to 160°, o
the entire substance should preferably be 50 wt% or more, more preferably 80 wt% or
more. |
[0019]

in order to form the metal - electron donor - metal bond angle within the range
from 130° to 160°, operation useful for crystallization of the metal complex compound
is necessary. One exampie of such operation is optimization of the crystal patticle
diameter of the metal complex compound. If an average crystal particle diameter is
less than 100 nm, distortion of the crystal structure increases and the stability
decreases. On the other hand, if the average particle diameter exceeds 1 pm, the
metal - electron donor - metal bond angle becomes closer to 180° and the magnetic
property decreases. it is preferable that the crystal particle diameter of the metal
complex compound be within the range from 200 nm to 700 nm inclusive, particularly
within the range from 300 nm to 600 nm inclusive in order 1o form the metal - electron
donor- metal bond angle within the range from 130° fo 160°,

[0020]



A preferred example of the metal complex is & metal-salen complex (Chem. 1
indicated below) and a preferred example of the electron donor having an electron
donor group is oxygen that can donate electrons to iron. The magnetic substance
composed of the metal complex arganic compounds is formed by bonding of the
metals of the two metal-salen complexes via oxygen as illustrated in Chem. 2 below.
As the stability of the crystal structure and the unpaired electron density
(magnetization rate) of the organic magnetic substance are balanced at a high
dimension in the state where the metal-oxygen-metal bond angle is within the range
from 130° to 160° and, furthermore, the distance between the metal and the oxygen is
from 1.1 A to 1.8 A, the magnetic substance exhibits the stable ferromagnetic property.
A coordinate bond is possible, other than a covaient bond, as bonding between the
metal and the oxygen. An electron donating source of the electron donor may be
oxygen of a water molecule. In this case, the metal parts of the metal complex organic
molecules and the water molecule are bonded as follows.

M-« <O(H)z* - -M (the sign “- - -” represents a coordinate bond.)

[0021] _

Chem. 1 illustrated below represenis a basic skeleton of the metal-salen
complex molecule. M represents a center metal of the metal-salen complex. The
center metal (M) is Fe, Cr, Mn, Co, Ni, Mo, Ru, Rh, Pd, W, Re, 0s, Ir, Pt, Nd, Sm, Eu, or
Gd. Chem. 2 llustrated below represents a basic skeleton of the metal-salen complex
compound in which two metal-salen complex molecules described above are bonded
together via the electron donor (O).
j0022]

[Chem. 1]

[0023]
[Chem. 2]



[0024]

The metal complex molecule of the present disclosure includes derivatives of the
metal-salen complex in Chem. 1 (not only molecules in which other functional groups are
connected instead of hydrogens as side chains, but also a composite in which the metal-salen
compiex and another medicinal compound are bonded together (W02010/058280) may be
included). Incidentally, the magnetic substance of the present invention is used not only for
magnetic drugs (such as anti-cancer drugs) mentioned earlier, but also for known usage, fbr
example, as magnetic materials for electric and electronic parts, such as switching elements,
or as contrast media for MRI.

[Advantageous Effects of Invention]
[0025]

A magnetic substance capabile of reliably exhibiting the ferromagnetic property can be

provided according to the present invention.

[Brief Description of Drawings]

[0026]

[Fig. 1] Fig. 1is a perspective view of an iron-salen complex compound single crystal based
on structure data of the iron-salen complex compound single crystal;

[Fig. 2] Fig. 2 is a molecular formula representing an iron atom spin orientation of a
ferromagnetic substance (iron-salen complex compound);

[Fig. 3] Fig. 3 is a molecular formula representing an iron atom spin orientation of a
diamagnetic substance 1 (iron-salen complex compound); and

[Fig. 4] Fig. 4 is a molecular formula representing an iron atom spin orientation of a



diamagnetic substance 2 (iron-salen complex compound).
[Mode for Carrying out the Invention)

[0027]

Manufacture of Metal-Salen Complex (lron-Salen Complex)

fron-salen complex molecules were manufactured by the following process.
{0028}

A salen ligand (N,N’-Bis(salicylidene)ethylenediamine) and its derivative are
synthesized by a dehydration condensation reaction of the corresponding
salicylaldehyde and a derivative of ethylene diamine. The obtained ligand is formed as
a phenoxide ion derivative or is made {o react with a metal ion under basic conditions,
and then the metal-salen complex is formed. The detailed explanation will be given
below.

[0029]
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[0030] _

A mixture of 4-nitrophenol (25g, 0.18 mdi), hexamethylene tetramine (25g,
0.18 mol), and polyphosphoric acid (200 ml) were stired for one hour at the
temperature of 100 degrees Celsius. Then, that mixture was introduced to 500 ml of
ethyl acetate and 1 L 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, an agueous phase was removed from the solution; and the
remaining compound was washed twice with a basic solvent and dried over anhydrous
MgSO4. As a result, 17 g of Compound 2 {(57% yield) was synthesized.
[0031]



Step 2t
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[0032]

Compound 2 (17g, 0.10 mol), acetic anhydride (200 ml) and H,SO4 {minimal)
were sfirred for one hour at room temperature. 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 containing ethyl acetate. As a result, 24 g of Compound 3 (76% vyield) was

obtained in the form of white crystals.

[0033]
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[0034]

A mixture of carbon (2.4 g) supporting 10% palladium with Compound 3 (24 g,
77 mmol) and methanol (500 ml) was reduced over night in a 1.5 atm hydrogen
reducing atmosphere. After the reduction was completed, the product was filtered,
thereby aliowing Compound 4 (21 g} in the form of brown oil to be synthesized.
[0035]



Step 4, 5
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[0036]

Compound 4 (21 g, 75 mmol} and di{tert-butyl} dicarbonate (18 g, 82 mmol)
were stirred over night in anhydrous dichloromethane (DCM) (200 ml) in a nitrogen
atmosphere. The resuiting solution was allowed o evaporate in a vacuum and then
disselved in methanol {100 mi). Sodium hydroxide (15 g, 374 mmol} and water (50 mi)
were then added and the solution was brought to reflux for 5 hours. The sclution was
then cooled, filtered, washed with water, and allowed to dry in a vacuum, thereby
obtaining a brown compound. The resulting compound was processed twice by flash
chromatography using silica gel, thereby obtaining 10 g of Compound-6 (58% vyield).
[0037]
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[0038]

Compound 6 (10 g, 42 mimol) was introduced into 406 mi of anhydrous ethanol,
the mixture was brought to refiux while heated, and several drops of ethylene diamine
(1.3 g, 21 mmaol) were added into 20 ml of anhydrous ethano! while stirred for 0.5 hour.
The mixiure was infroduced into a container of ice, where it was cooled and mixed for
15 minutes. It was then washed with 200 ml of ethanaol, filtered, and dried in a vacuum,
thereby obtaining 8.5 g of Compound 7 {82% yield).

[0039]

10



Step 7
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[0040]

Compound 7 (8.2 g, 16 mmol) and triethylamine (22 ml, 160 mmol) were
infreduced info dehydrated methanol (50 ml) and the obtained solution was mixed with
a sclution of FeCl; (2.7g, 16 mmol} added in 10 ml methanol in a nitrogen atmosphere.
The ingredients were mixed for one hour in the nitrogen atmosphere at the room
temperature, thereby obtaining a brown compound. The obtained compound was
heated to 80 degrees Celsius and then a quenching treatment by water cooling was
applied to the compound to make the temperature of the compound become room
temperature; and after that, the compound was filtered and the filtered crystals were
then dried in a vacuum. The obtained crystals were washed iwice with 400 ml of
dichloromethane and a saline solution (tetrahydrofuran), respectively, and then filiered
with a 0.22 um filter, dried in Na,SO,4, and further dried in vacuum, thereby obfaining
complex A (iron-salen complex compound [in which all R's are H]). It is desirabie that
supersonic waves should be applied to a solution of the metal complex for a certain
period of time, for exampie, about one hour in order to have crystal grains arranged
within a proper range, that is, to make the crystal grains in an even crystal particle
diameter (frequency: 2 kHz; and device name: SONIFIER 250 (BRANSONY)).

[0041]

The resuiting compound was recrystallized in a solution of diethyl ether and
paraffin, and assay of the crystals by high-speed liquid chromatography revealed that
5.7 g of compiex A {iron-salen complex compound of Chem. 1, R=H) of purity of 95%
or higher was cbfained (62% yield). Recrystallization was conducted under guenching
conditions in the same manner as described above. Incidentally, the reaction of Step 7
may be caused while heated. In this case, it is unnecessary 1o heat the oblained
compound. If a metal compiex other than the iron-salen compiex is to be used, a
chloride MCl; of the metal other than iron may be used instead of FeCls.

[0042]
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A plurality of iron-salen complexes (5-6 examples) were oblained by
repeatedly executing the above-mentioned steps. Crystals of the highest magnetic
nroperty were extracted from each iron-salen complex. A measured value of saturation
magnetization of the crystais having the highest magnetic property was 1.25 emu/g.
The measurement was conducted based on a magnetic property evaluation device
MPMS7 manufactured by Kantum. The measured value of the crystals having the
lowest magnetic property among those complexes was 0.02 (emu/g).

[0043]

Next, the particle diameter of a single crystal of the salen complex having the
highest ferromagnetic property was measured by using an electron microscope. A
used device, conditions, and so on are as follows.
[0044]
Device: transmission electron microscope (H-7100FA manufactured by Hitachi)
Conditions: acceleration voltage 100kV
Sample adjustment: dispersion method (after the salen complex was ground with a
mortar, pure water was added to the ground salen complex, which was then dispersed
in a grid by TEM)
Grain size diétribu’tion measurement software: Image-Pro plus (Media cybermetrics,
MD, U.S.A.)
Measured target: traced images of the iron-salen complex in TEM photographs
Number of samples: 140

As a result, an average particle diameter was 450 nm.
[0045]

Next, the crystal structure of the single crystal of the iron-salen complex
having the highest magnetic property was analyzed. The crystal structure was
analyzed by using a SPring-8 microbeam line BL32XU. Measurement conditions are
as follows.

[0046]

Wavelength (A): 0.7 A

Beam size: 1.0x 1.5 (W x V) [um"2]

Photon flux:  3.0E10 [phs/sec.]

Total oscillation: 90 deg x 4sets

Oscillation: width 5 deg/frame
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[0047]

Reflected X-rays from the iron-salen complex were photographed with a Laue
camera, thereby obtaining Laue spots. Factors of the crystal structure were found by
executing respective processing for indexing of these Laue spots, integration of
strength, normalization of wavelengths, and scaling. Such processing was executed
by using software SHELXS (product name) for analyzing the Laue spots and
determining data of the crystal structure. As a result, the following crystal structure
data were obtained.

[0048]

incidentally, the crystal data explained below are based on the format of a
crystal structure database of Cambridge University in the U.K. and are registered with
the registration number CCDC-906837 in the university’s crystal database.

[0049]
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_themical_name_common

"N, N'bis(salicylidenelethvlenediamine ron{iD"
_chemical_melting_point ?
_chemical_formula_molety ‘016 Hi14 Fe N2 O
_chemieal formmula sum 16 Hi4 Fe N2 O2
_chemical_formula_weight 32214

loop_

_atom_type_symbol
_atom_type_description
_atom_type_seat_dispersion_real
_atom_type_scat_dispersion_imag
...... atom_type_seat_svurce

OO0 G.06335 0.0016 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4

H H 0.0000 0.0000 'International Tables Vol C Tables 4 2.6 8 and 6.1.1.4°
Fe Fo 0,8468 (0.8444 International Tables Vol C Tables 4.2:6.8 and 6.1.1.4'
N N 0.006%7 0.0033 'International Tables Vol C Tahles 4.2.6.8 and 6.1.1.4"
G0 G.6106 G.0060 International Tables Vol C'Tables 4.2.6.8 and 6.1.1.4'
_symmetry_cell_setting trickinic
_svmmelry_spaece_group name H-M  "P-1
loop..

_pymmetry equiv, pos_as Xy

X, w2

_cell_length_a 10.748(10)
_cell_length b 10.76(2)
_eedl length_c 1376810}
_cell_angle_alpha 66.49(4)
_cell_angle_beta 81,10(2)
_eell_anele_gamma 781205
_cell_volume 1396(7)
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_eell {ormula_units 2 2

_eell_measurement_temperature 10002)

_eell_measurement_reflns used ¥
_eell measurement_theta_mm ?
_eell_measurement_theta_max ?
_expil_crystal_description needis
_exptl_ervstal_colour Brown
_exptl_grvstal_size_max 0.04
_exptl_crvstal_size ymid 0.005
_esptl_crystal_size_min 0.005
_exptl_crystal_density_meas 7

_exptl_crvstal density diffrn 0.767
_expti_ervstal density_method ot measared’
_exptl_crvstdal OO0 3382

_exptl absorpt.coefficient mu 0.543
_exptl_abeorpt_covrection_tvpe 7
_exptl_absorpt_correction_ T _min 7
_exptl_absorpt_correction T max 7
_exptl_absorpt_process_detalls 7

_exptl_special details
_giffrn_amblent_temperagture 100(2)

_diffrn_radiation_wavelength 0,838

_diffyn_radiation_type 'synehrotron radiation’
_diffrn_radiation_source ‘svnchrotron radiation’

_diffrn_radistion_monochromator  silivon

_diffrn. measurement_device _type "KOHZT KSU
_ &t messurement_method 7
_diffrn_stendards_nomber 7
_diffrn_standards_interval count ?
_diffrn_standavds_interval time 7
_diffrn_standards_decay_% ?
_diffre_reflns_nuwmber 4089
_diffry_refins_av_R_squivalents {.0000
_diffrn_refins_av_sigmal/net] 0.0525

_diffrn_refins_Limit_b_min o
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_diffrn_refine hmit h_max 12

_diffrn_reflns Hmit_k_rmin 11

_iffrn_veflng it _k_max 12

_diffrn_reflns himit | min -1H

_diffrn_refing limit I _max 15

_diffrn_reflng theta_min 1.55

_diffrn_veflna_thets_max 23.76

_refinsg number_total 4029

_rafing mumber_gt 3246

_reflns,_threshold_expression »Vgigmall)

_computing data_collection 'DENZOSCALEPACE (Otwinowski, 1997F

_computing cell_refinement DENZO/SCALEPACE (Otwinowski, 1997)
_computing_data_reduction DENZOSCALEPACK (Ouwinowski, 1997)

_computing structure, solution SHELXS-97 (Sheldrick, 1900Y
_computing _structure_refinement 'SHELX1.-87 (Sheldrick, 1997
_eomputing_molecular_graphics 7

_computing_publication_material 7

_refine_special_details

Refinement of F427 against ALL reflections. The weighted R-factor wR and
goodness of fit § are based on P42, conventional R-factors B are based
on F, with F set to zeve for negative 2% The threshold expression of
Frgr = YgigmalF~27) is used only for caleulating R-factors(gt) etc. and is
not ralevant to the cholce of reflections for refinement. K-factors hased
on FA2% are statistically abeut twice as large asthose based on E, and B-
faciors based on ALL data will be even lavgern.

_refine ls structure factor coefl Fsod

_refine_is_matrix _type full
Lrefine s weighting scheme cale

_refine_ls_weighting_details

‘cale w=¥s 27 (Fon 270, 1000P 427 40.0000F] where P=(For2+2Fc 2718
_atom_sites_sohition_primary direct

_atom_gites_solution_secondary  difmap

_atom_sites solution_hvdrogesns  geom

_refine_ls_hvdrogen_treatment mixed

_refine ls_extinetion_method nBonNe

_refine_ls_extinction_coefl 7
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_refine_ls_namber_reflns 4322

_refine ls_pumber_parameters 428
_refine ls_pumber restraints O
_refine_lg B factor_all 00813
_refine_la B._factor_gt 00633
_refine_ls whi_factor_ref L1818
_refine_ls wh_factor_gt 0.1627

_refine_ls_goodness_of_fit_ref 1.885

_refine_ls_restrained_5_all 1.338
_refine_ls _shift/su_max 2.08%
_refine ls shift/su_mean 0.005
loop_

_atom_site_label
_atom_site_type_symbol
_atom_site_fract_y
_atom_sgite_fract z

_atom_site_U _iso_or_equiv
_atom_site_adp_type

_atom,_site octupancy
_atem_site_syvmmetry_multiphicity
_atem_site_cale_flag
_atom_sgite_refinement_flags
_atom_stte_disorder_assembly

atom_srte_digorder_group

Feal Fe 0.42263(7) 0.54475(7) 0.99832(5) 002843 Vani 1 14.. ..

Fe?2 Fe 0.8640907) 0.78733(T) 0.04555(5) 0.0287(3) Uani 1 1 4 .
01 O 0.6682(3) 0.4005(4) 0.8660(3) 0.0545(® Uani 1 1d.. ..
02 0 1.0276(3) 0.6928(4) -0.0033(3 0.0345(8Y Uani 1 1 4. ..
032 0 0.7861(4) 0.8437(4) -0.0868(3) 0.0428000) Uani 1 14 . ..
04 O 0.8173(3) 0.6645(4) 0.3697(8) 0.0380(%) Uani1 1 4. ..
05 O 0.8022(1) 0.6598(4) 0.1558(3) 0.0358(8) Uani 11 4. ..
N1 N 0.9801(5) 0.8557(5) 0157143 0054403 Uani 1 1 4. ..
N2 N 102304} 0.4703(5) 0.3189{3) 0.0298010) Uani 1 1 d. ..
N3 N 0.7407() 0.0733(5) 0.0556(3) 0:034200  Uani 1 14 . . .
N4 N 0.8731(4) 0.357144) 0.2688(3) 0631100 Uanmi 1 1 4. ..
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C1 ¢1.0822(8) 0.5505(6) 0.2884(4) 0.0885(18) Uani 1 1d . ..
Hii H 11126 0.2657 0.35612 0.031{14) Uiso 1 T calc R ..

Hs2 H 1.1781 0.3664 0.2494 0.06(2) Uiso 1 1 cale R . .

2 1.1405(5) 0.6856(6) 0.0413(4) 00300010 Uara 1 1 d . ..
Ca-C 0.9080(5) 0.7056(5) 0.3931(47 0.0282(11) Uani 11 4. ..
Ca C0.6741(5) 0.2858(6) 0.2342(H 0.032802) Uani 11 4 . . .
CF C 0.6228(5) 1.0562(6) -0.104004) 6.0335(12) Uani 1 1d ...
C6 C 0.9110(6) 0.9775(6) 0.1464(4) 0.0346(13) Uani 11 4. ..
H28 H 0.9528 1.0618 0.0948 0.018(12) Uiso 1 1eale R ..

Had H 0.9369 0686581 0.2154 0.015011) Ulso 1 1cale R ..

C7 € 0.6128(5) 0.3950(5) 0.5741{(4) 0.0290011) Uani 11 d.. ..
C8 C0.6952(6) 0.9498(6) -0.1402(4) 0.0876013) Uani 1 1 4. ..
Co C 0.4285(5) 0.2882(6) 0.4884(4) 0.0889012) Uani 1 1 4. ..
H3 H 0.8476 0.2001 0.4748 0.025(18) Uiso 1 1 cale R ..

C10 € 0.6484(5) 1.0624(6) -0.00489(4} 6,0852018) Uani 1 14, ..
H2Z8 H 0.6626 1.1542 -0.0229 0.,36(12) Uiso L L ecalc B . .

Ha4 H 0.5683 1.0601 0.0885 1.2(7) Ulso 1l cale R ..

C11 C 1.0423(5) 0.635%6) 0.8817(47 0.0315(12) Uani 1 1d. ..
C12 ¢ 1.2293(6) 0.5244(8) 0.0164{(4) 0038303 Uani 11 d.. ..
H16 H 1.211(81 0.488(7) -0.0263) 0.047(18) Uiso 1 1 d . ..
C18 € 1.3022(6) 0.6129(6) 0.1578(4) 0.0413004) Uani 1 1.4, ..
H22 H 1.8277 0.6428 0.2046 0.036(15) Uiso 1 1cale R ..

C14 C 1.0911{5) (L5180(8) (.3600(4) 00851008 Uani 1 1 d. ..
H26 H 1.1682 0.5886 0.3096 0.26(8) Uiso 1 Lcale R ..

H38H 1.1287 0.4897 0.4222 2.6(17) Usso 1 Tcale R ..

C15 C 1.0993(6) 070470 0.1413(4) 0.0863(018) Uani 11 d . ..
Hi2 H 1.0989 0.7617 0.2180 0.5(2) Uiso 1 1 caleR . .

H35 H 1.1456 0.8678 0.1135 0.38(10) Uiso 1 1 calc R . |
C16-C0.4902(5) 0.3918(6) 0.4257(4) 0.031702) Uani 114, ..
H6 H 0.44091 0.4616 0.4522 0.034014) Uiso 1 1 eale ® ..

{17 C 1.1380(8) §.6868(7) 0.4192(4) 0.0896004) Uani 114 . ..
18 C 1.179105) 0.6805(6) 0.1127(4) 0.0346(12) Uani 1 1d. ..
C18 C 0.8067(6) 0.1880(8) 6.5463@ 0.03T3U Vami 1 14 . ..
HY7 H 0.648(5) 0.108(6) 0.321(4) 0.03705) Uisc 1 1.4 . ..

C20 O 0.8734(6) 0.8237(8) 0.4208(4) 0.0343012) Uani 1 1d . ..
H2 H 0.7860 0.8703 0.4238 0:034(15) Uiso 1 1ecalc R ..
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21 € 1.004005) 0.3350(6) 0.2190(43 0.0285018 Uani 11 4 ..
HO B LO06S 0.4037 01474 0.643016) Uiso 1 Teale B,
H10H 1.0825 02422 0.2185 0.018012) Uiso 1 Lealc B ..

199 ¢ 1.3463(8) 0.4595(6) 00628043 0043200 Uani 1 3 d. .,

H20 H 1.4017 0.3850 0.0466 0.00(8) Uico 1 Teale R . .

C28 C 0.96851(6) 0.8725(7) 0.4448(4) 0.0404014) Uani 11 d . ..

H31 H 0.9382 0.9528 0.4602 0.06(2) Ulse 1 Teale R ..

(24 C 0.5256(8) 1.16864(6) -0.1657(5) 0.04000013) Uami 1 1d . ..

He7 H 0.4762 1.2842 -0.1398 0.07(2) Uise L Lealc B . .

C25 C 0.6663(6) 0.9607(6) -0.2308(5) 0.046405) Uani 1 1 d . ..

H18 H 0.7122 0:8814 -0.2654 0.07(2) Uiso 1 1 cale R ..

(96 C 0.8028(6) 0.2718(8) 0.2828(4) 0.0366018 Uanz 11 d . ..

FEHO0.8540 01792 0.8234 023011} Thso 1 1eale R ..
Hos H 07985 0.2715 0.2138 1.0B) UHso 1 1 cale R ..

C27 O 1.0056(6) 0.8081(7) 0.4446(5) 0.0451(18) Uani 1 1.4 ..

Ho1 H 11872 0.8354 0.4610 0.0802) Utse 1 Teale R ..

C2R O 0.7665(8) 0.9920(6) 0.1494(4Y 0.0397004) Uamz 11 d . .

H5 H 07402 0.9250 0.2136 0.04306) Uiso 1 teale R ..
HI19H 0.7185 1.0850 0.1480 0.06(2) Uiso 1 1 cale R ..

€29 G 188386 0505307 0.1241050 00470015 Uani 11 d . ..

H13 H 1.4642 0.46170.1649 0.065019) Uiso 1 1ecale R ..

O30:C 0.873866) 1.07THTY -0.3000(5) 0049516 Uani 1 1 d . ..

Hi4 H 0.5586 1.0761 -0.3672 0.027(13) Uise 1 1L ealc R ..

a1 C0.5029(8) 1.175106) ~0.2646(5) 0.0442(14) Uani 1 1 4d . ..

HA5 H 0.4405 1.9500 -0.206%3 0.08(2) Ulse 1 Leale B ..

129 C 0.4856(6) 0.1857(6) 0.8986040 0.04180 4 Uani 114 . ..

H20 H 0.4432 0.11790.40687 0.049(18) Uiso 1 Lcalc R ..
H4 H 1.228(8) 0.634(5) 0.421(4) 0.020(12) Uiso 1 1 4 . ..
loop_

_atom_site_aniso_label

_atorm_site_aniso U 11

_ators_site aniso U_22

_atom_site anmiso _U_33

_atom_sife_aniso UJ_28

_atom_site_aniso 1113

_atom_site_amiso_U_12
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Fel (0.0268(4) 0.0268(4) 0.0271{4) ~0.0124(3) -0.0010(3) -0.0027(3)
Fe2 0.0323(5) 0.0201(4) 0.0224{4) -0.0105(3) -0.0043(3) -0.0018(3)
O1 0.085(2) 0.036(2) 0.035(2) -0.0188(17) 0.0053(17) -0.0085(17)
02 0.085(2) 0.037(2) 0.0305(19} ~0.0166(16) -0,0056(16) 0.0004(17)
03 0.053(3) 0.037(2) 0.035(2) -0.0213017) -0.0178(18) 0.0126(18)
O4 0.02142) 0.040(2) 0:0306(19) -0.0168(16) 0.0026(16) -0.0092(16)
05 0.086(2) 0.038(2) G.H285(19) -0.0118(16) -0.0045(18) -0.0041(16)
N1 0.046(3) 0.037(2) 0.017(2) -0.0089(19) -0.001{2) -0.009(2)

N2 0.030(2) 6.085(2) 0.020{2) -0.0105018) -0.0017(18) -0.0010018)
N8 0.039(3) 0.033(2) 0.028(2) -0.0128(19) 0.001(2) -0.004(2)

N4 0.084(3) 0.033(2) 0.023(2) -0.0122(18) -0.0033(18} 0.000(2)

{1 0.037(8) 0.041(8) 0.031(3) -0.018(2} 0.001(2) -0.002(2)

2 0.028(3) 0.038(3) 0.022(2) -0.009(2) -0.001(2) -0.008{2}

C5 0.030(8) 0.084(3) 0.018(2) -0.007(21 -0.005(2} -0.007(2)

Cid 0.086(8) 0.036(2) 0,025(3) -0.014(2) -0,007(2) -0,001(2)

CH 0.031( 0.037(8) 0.030(3) -0.014(2) 0.008(2) -0.005(2)

£6 0.052(4) 0.033(3) 0.022(3) -0.012(2) -0.004(2) -0.013(3)

7 0.028(3) 0.032(8) 0.028(3) -0.013(2) -0.013(2) -0.003()

G 0.040(3) 0.035(8) 0.034(3) -0.014(2) -0.617(2) 0.001(2)
Co-0.034(3) 0.040(3) 0.027(3) 0.011(2) -0.006(2} -0.008(2)

10 G027 0.033(3) 0.03143) -0.012(2) 0.007(2} -0.007(2)

(11 0.08083) 0.042(3) 6.023(2) -0.009(2) -0.004(2) -0.012(2)

12 0.035(8) 0.045(3) 0.0530(8) -0.017(3) 0.003(2) -0.007(3)

(18 6.045(3) 0.05404) 0.025(3) -0.008(3} 0.000(2) -0.818(3}
C14.0.086(8) 0.044(3) 0.017(2) -0.008(2) 0.003(2) -0.006(2)

C15 0.040(3) 0.042(3) 0.021{2) -0.002(2) -0.001{(2) -0.014(3)
C16-0.085(8) 0.084(8) 0.052(3) -0.020(2) -0.002(2) -0.005(2)

€17 0.03063) 0.060(4) 0.026(8) -0.014(3) -0.005(2) -0.009(3)

(18 0.083(8) 0.085(3) 0.028(2) -0.009(2) 0.003(2) -0.011(2)

£19 0.049(4) 0,084(3) 0.033(3) -0.016(2) -0.009(3) -0.008(3}

120 0.039(3) 0.04143) 0.02448) -0.018(2) ~0.001(2) -0.01143)

(21 0.036(3) 0.043(3) 6.027(3) -0.015(2) 0.004(2) 0.003(2)

22 0.033(3) 0.044(3) 0.04003) ~0.012(3) 0.001(3) £.002(3)

(528 0.052(4) 0.049(3) 0.028(3) 0.015(3) -0.002(3) -0.022(3)

24 0.084(3) 0.034(3) 0.058(3} -0.019(3) ~0.004(3) -0.001(2)

(25 0.055(4) 0.088(3) 0,043(3) -0.024(3) -0.016(3) 0.011(3)
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C26 0.046(3) 0.051(3) 0.081(3} -0.014(2) -0.005(3) -0.003(3)

27 0.050(4) 0.072(4) 0.0839(3) -0.023(3) -0.001(3) -0.033(4)

(28 0.049(4} 0.040(3) 0.027(3) -0.016(2) 0.0042) -0.005(3)

C29 0.03143) 0.058(4) ©,043(3) -0.012(3) -0.004(3) -0.005(3)

C30 0.055(4) 0.052(4) 0.042(3) -6.023(3) -0.019(3) 0.001{3)

€31 0.639(3) 0.033(3) 0.052(4) -0.011{3} -0.019(3) 0.002(3)

(032 0.050(4) 0.042(3) 0.036(3) -0.009(3) -0.008(3) -0.018(3)

_geom _special_details

ATl esds (except the esd in the dihedral angle between two Ls. planes)
are estimated using the full covariance maivix. The cell esds are tuken
into account individually in the estimation of esds in distances, angles
and torsion angles; correlations betwean esds in cell parameters are only
used when they are defined by vrystal symmetry. An approximate {isotropic)
treatment of cell esds is used for estimating esds involving Ls. planes.
ioop_

_eeom_bond_atem_site_label 1

_geom_bond_atom_site label 2

_geom_bond_distance

_geam_bond_site_symmetry_2

_genm_bond_publ_flag

Fel Oh 1.806{4) . ?

Fel (1 1.918(4} .2

Fel 04 1.94H4) . ?

Fel N4 2.09606) . 7

Pel N2 2.101(5} . ?

Fe2 OF 1.785(4) . 7

Fe2 08 1.9214) . 7

Fe2 (02 1.92904} . 7

Fe2 N2 2.008(6) . ?

Fe2 N1 2.134(8) 7

01 €7 131007 .7

02 02 1.31366) .7

0308 1.317@) .7

04 81,3076 .2

N1 C15 1.287(7) . 7

N1 C81.482(7) .7
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N2 C14 1.302(7) .2
N2C11.473(7) .7

N3O0 1.290(7) ¥
N3 C28 1.468(7) .7
N4 C26 1.286(7) .
N4 (21 1.453(7) .
1 021 1.520(8) . 2
C2 C12 1.423(8) .7
C2 C18 1.412(8) .2
3 C20 1.408(8) . ?
C3C11 1.424(8) . ?
C4 C19 1.425(8) . ?
C4 C7 1.421(8) . 7

C4 €25 1.44%(8) . 7
Ch CR 1.408(8) .7

C5 (24 1.404(8) , ?
ChC10 1.463(8) . 7
C6 028 1.508(8) . 7
7 16 1.808(7) .7
(8 028 1,308(8) 7
CH (16 1.380(8) . 7
0 032 1.880(8) . 7

LR

]

11 C17 1a1aE 2

Gt C14 1.428(8) .
C12 €8 LAGIE) .
€13 29 1.356(9) .
C18 CI8 L414(8) .
C1h 18 1.48908)
(17 €27 1.365(9) .
19 €32 1.386(9) .
20 €25 1.373(8) .
22 029 1.417(9) .

C28 €27 1.385(9)

24 €31 1.383(8) .

(25080 1.872(8) ¢

C80 Cal1 1.384(9)
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loop.,
_geom_angle_atom_site_label 1
_peom_angle_atom_site_label 2
_geom_angle atom_gite lahel 3
_geom_gngle
_geom_angle_site syvmimetry ]
Sgeom angle sile symmetry, 3
_geom_angle_publ_flag

08 Fel 01 11425017 .. 7

OB Fel 04 105.7(2) . . 7

11 Fel O4 93.48(16) . . 7

05 Fel N4 96.22(19) .. 7

01 Fei N4 86.45(18) . . 7

04 Fel N4 155.83016) .. 7

05 Fel N2 107.88(17) .. 9

01 Fel N2 13580007, .7

04 Fel N2 86.84(17) .. 7

N4 Fel N2 76.74(18) . . ¢

05 Fe2 08 115.43(18) . . ?

G5 Fe2 (2 108.05019) . .7

03 Fe2 02 92.150186) .. 7

05 Fe2 N3 100.7(2) . .2

03 FeZ N3 85.88(17) .. 7

02 Fe2 N3 148.88018) . .7

05 Fe2 N1 103.36018) . .7

03 Fe2 N1 139.76(18) . . 7

02 Fe2 N1 85.45(18) .. 7

N3 Fe2 N1 76.5(2} . .7

C7 01 Fel 184.2(8) . .7

C2 02 Fe2 130.03) .. 7

C8 03 Fe2 184.9(5) . .7

58 04 Fel 182,408 . .7

Fe2 05 Fel 145.53(2) . .7
Ci5N1C6 119.4(B) . . 7

C15 NI Fe2 125.1(4) . .7

Cé N1 Fe2 11538(3) . .7
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Cl4 N2 C1 117.2(5)..?
C14 NZ Fel 126,74, .7
C1 N2 Fel 118,148 . .7
C10 N3 C28 119.8(5) . . 2
C10 N3 Fe2 126,804y .7
C28 N3 Fe2 110.8(3) .. 7
(26 N4 £21 121.8(5) .. °
C26 N4 Fel 128.504) .. 7
C21 N4 Fel 110.2(4) .. 7
N2 1021 108148 . .2
02 C2 C12 119.2(5) . .2
02 C2C18 123.005) .. 7
Ciz 0218 117.9(3) . .7
04 C3C20 11850 .. 7
04 C3011 122,75, .7
C20C3 C17 117881 .. 7
C1oC4 C7 11875 .Y
C19 Ca 026 117.83(5) . .7
C7 C4-C26 124.0() .7
C8 U5 (24 1200063 . .7
C8CH C10 128.2(5) .2
C24 C5 C10 116.8(8) . . ?
N1 C6 C28 108.4(4) .2
01C7C16119.2(5) . .7
010704 122:403) . .7
C16 C7 04 118.5(6) . .7
0308 CB 123.8(5), .7
038 C8 (25 LIB.85) . ¢
CsCRC25 117.8dB) . 7
C16C9 C32 120.8(5), .7
N8 C10 Cs 128.2(8) .. ¢
CL7TO1 Ca 18s(n) . .7
C17¢11 C14 1181668 .. ¢
CaC11 C1a128.4(5) . .7
€22 C12:02 121.5(6) . .7
20 013 Ci18121.86) .. 7



N2 014 C11 125.4(8) .. ¢
N1C15C18 124.9(8) .. 7
0o C16 07 121.406) .. 7
£27 C17 11 122.066) .. 7
018 C18 C2119.5(). .72
C13-018 015 1176() .. 7
(2 C18 C15 122.0(6) .. 7
C32 C19 (4 121.36) .. 7
C2n o0 C3121.8(B) .. 7
N4 C21 C1106.9(4) , .7
C12 022 (099 120.16) . .7
(20 023 Cg7 120.6(6) . . 7
Ca1 024 CH 1206(5) . 7
€80 €26 CR 121.76) . .7
N4 €26 C4 123.5(6) . .7
O17 C27 023 119.8(B) .7
N§ €28 C6 106.9(4) , .7
(13 C29 €22 11986 .. 7
C26 CR0 081 120.5(6) . .7
C24 CB1 C80 118.8(5) ., . 2
€19 €32 0 119,58 . .7

_diffrn_measured_fraction_theta_max 0.901

_diffrn_reflos_theta fud] 28.7¢

_diffrn_measured_fraction_theta_fall 0,901

Lrefine_diff density_max 0.625

_refine_ dif depsity_min 61670

_refine diff density_pmis £.111
[0050]

The crystal structure was analyzed based on these crystal structure data. The
software SHELXS for creating a three-dimensional structure of crystals ﬁ‘om crystal
data was used for this analysis. Fig. 1 was drawn based on this three-dimensional
structure and is a perspective view of an iron-salen complex organic compound in
which two molecules of the iron-salen complex are bound together via water
intercalated between thern. A bond angle formed by Fe-O-Fe was 146.359.
Furthermore, representative structure data of this crystal are as foliows.

[0051]
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Lattice constants

a = 10.748 Angstrom

b = 10.759 Angstrom

c = 13.768 Angstrom

a=66.492°

$=81.006°

y=73.125°

Space group

P-1
[0052]

it was verified that this crysial structure was actually stable. This verification
was conducted by using Accelrys’ software CASTEP. Analysis conditions are as
follows.
[0053]

Cutoff energy: 600eV

Brillouin zone sampling: Monkhorst-Pack method (2 x 3 x 2)

Used pseudo-potential: ultrasoft pseudopotential (Vanderbilt)

H atom: 1s1

Carbon atom. 2s2 2p2

Nitrogen atom: 2s2 2p3

Oxygen atom: 2s2 2p4

Iron atom: 3d6 4s2 and partial core correction method

Superexchange interaction: PBE (Perdew-Burke-Ernzerhof) method by GGA
(generalized gradient approximation)
[0054]

Effective coulomb interaction approximate parameter {U): U=5eV relative {0 3d
orbital of iron atom

Solution of electronic state: Ensemble Density Functional Theory (EDFT)

Smearing parameter of Fermi energy: 0.1eV

Crystal sfructure optimization method: Broyden-Fletcher-Goldfarb-Shanno
(BFGS) methad |
[0055]

Regarding stability of the ferromagnetic substance, iron atom spin orientations
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(Fe1 {(up), Fe2 (up), Fe3 {(up), Fed (up)) of a ferromagnetic substance (Ferromagnetic}
in Fig. 2 and iron atom spin orientations (Fe1 (up), Fe2 (down), Fe3 (up), Fe4 (down))
of an antiferromagnetic substance 1 (AF1) in Fig. 3, and iron atom spin orientations
(Fe1 (down), Fe2 (up), Feld (down), Fed (up)) of an antiferromagnetic substance 2
(AF2) in Fig. 4 were calculated. The results were as illustrated in Table 1 and the
ferromagnetic substance (Ferromagnetics) was most stable in terms of energy and an

angle formed by Fe1 atom-O-Fe2 atom and Fe3 atom-O-Fe4 atom was 146.359°.

[Table 1]

Differences in Entire Energy of Electron System of Ferromagnetic and

Antiferromagnetics (AF1 and AF2)} (unit: eV)

| Ferromagnetic Antiferromagnetic 1 | Anfiferromagnetic 2
(Ferromagnetism) | (AF1) (AF2}

Entire Energy of | -20940.116 -20939.714 -20940.039

Electron System

[0056]

When the electron spin orientations (directions indicated in Figs. 2 to 4) of the
respective iron-salen complex molecuies are the same in the crystals of the compound
composed of two iron-salen complex molecules, the ferromagnetic property of the
metal complex compound is exhibited. The single crystal has a structure in which the
metal complex compounds are layered. A dotted line in Fig. 2 represents that the metal

complex compounds are layered one over the other.
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[Document Name] - CLAIMS
[Claim 1] -

A ferromagnetic substance composed of a crystal of a metal complex
molecules in which a heterocycle is bonded to metal,

wherein the metal of the metal complex molecule is bonded to the metal of
another metal complex molecule via oxygen as an electron donor; and

wherein the ferromagnetic substance has a ferromagnetic property balanced
with stability of the crystals based on a metal - electron donor - metal bond angle that
is from 130° to 160°.

[Claim 2]

The ferromagnetic substance according to claim 1, wherein the electron donor
includes an element with an electron pair that can be donated to a metal atom of the
metal complex molecule.

[Claim 3]

The ferromagnetic substance according to claim 1 or 2, wherein two
motecules of the metal complex are bonded together via the electron donor by forming
a coordinate bond of the metal and the electron donor.

[Claim 4]

The ferromagnetic substance according to any one of claims 1 to 3, wherein
the metal complex compound forms a single crystal whose average pariicle diameter
is between 200 nm and 700 nm inclusive.

[Claim 5]

The ferromagnetic substance according to any one of claims 1 to 4, wherein
the bond angle is within the range of 144° to 147°.
[Claim 6]

The ferromagnetic substance according to any one of claims 1 {o 5, wherein
the metal complex molecule is a metal-salen complex molecule.

[Claim 7] |
The ferromagnetic substance according to any one of claims 1 fo 6, wherein a

distance between the metal and the oxygen is from 1.1 Ato 1.8 A.
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[Claim 8]

The ferromagnetic substance according to claim 6 or 7, wherein the
metal-salen complex molecule is a bivalent iron-salen complex molecule.
[Claim 9]

A drug containing, as its principal component, a crystal of a metal complex
molecuie in which a heterocycle is bonded to metal, wherein the metal of the metal
complex molecule is bonded to the metal of another metal complex molecule via an
electron donor and the crystal has a ferromagnetic property based on a metal —
electron donor — metal bond angle that is from 130°to 160°;

wherein the metal complex molecule is a metal-salen complex molecule;

wherein the electron donor is oxygen;

wherein a distance between the metal and the oxygen is from 1.1 Ato 1.8 A;
and

wherein the drug can be applied to an affected site by an external magnetic
field.
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