Description

Title of Invention: GRISEOFULVIN COMPOUND

Technical Field
[0001]

The present invention relates to a compound having a
specific chemical structure having an anti-inflammatory

activity or a pharmacologically acceptable salt thereof.

Background Art
[0002]

Griseofulvin is an antibiotic substance isolated for
the first time by AE Oxford et al., from one of
Penicillium belonging to Aspergillus oryzae, i.e.,
penicillium griseofulvum (Non patent Reference 1) in 1939.
Griseofulvin is mainly administered orally. However, it
is a less soluble and readily absorbable medicinal
substance and thus complicated in its oral absorption
kinetics. Griseofulvin is used as an antifungal drug
against dermatophytes such as Microsporum, Trichophyton
and Epidermophyton (Non patent References 2, 3).

[0003]

Griseofulvin binds to tubulin within a cell to
thereby terminate the cell cycle at the G2/M period and
induce abnormality in mitotic division, with the result

that growth of various cells of, e.g., fungi, plants and



mammals 1is suppressed. Compared to mammalian cells,
fungal cells are suppressed in growth at an extremely low
concentration of griseofulvin. This is considered to be
because the binding affinity of griseofulvin for fungus
tubulin is higher than for mammalian tubulin.
Griseofulvin also binds to microtubule-associated
proteins (MAPs) to suppress dynamic instability of
microtubules, thereby stabilizing microtubule movement
(Non patent Reference 4).

[0004]

Griseofulvin has a growth suppression action on
human cancer cells and an activity which induces
apoptosis thereof. Griseofulvin, if it is applied to a
tumor transplanted in an athymic nude mouse in
combination with nocodazole, exhibits antitumor activity.
From this, griseofulvin is expected to have effectiveness
as an anti-cancer agent (Non patent Reference 5).

[0005]

In the meantime, it has long been known that
griseofulvin has an anti-inflammatory activity other than
the antifungal action. For example, it was found that
griseofulvin exhibits anti-inflammatory activity on rat
inflammation models with formalin edema and cotton pellet
granuloma (Non patent Reference 6). In clinical practice,
it is reported that griseofulvin has a medicinal effect
on nonfungal inflammatory skin diseases such as lichen

planus {Non patent Reference 7), plasma cell cheilitis



(Non patent Reference 8) and pigmented purpuric
dermatosis (Non patent Reference 9).
[0006]

It is also reported that griseofulvin has a
medicinal effect on, e.g., livedoid vasculitis (Non
patent Reference 9), polyarthritis such as shoulder-hand
syndrome and scapulo-humeral periarthritis (Non patent
References 6, 10).

[0007]

It is found that griseofulvin has an action on the
microtubules of leucocytes and an antagonistic action, in
vitro, on chemical mediators of inflammation such as
histamine, serotonin and prostaglandin (Non patent
Reference 6). However, the specific mechanism of
griseofulvin action in anti-inflammation has not yet been
elucidated.

[0008]

Likewise, griseofulvin has various physiological
activities and, until now, various derivatives of
griseofulvin have been synthesized through replacement of

substituents (Non patent Reference 11).
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Summary of Invention
Technical Problem
[0010]

The present invention provides a compound having a
specific chemical structure having an anti-inflammatory
activity which is useful as an active ingredient for
preventing and treating an inflammatory disease, a
pharmacologically acceptable salt thereof or the like, a
novel production method therefor and an intermediate.
Since the compound of the present invention or a
pharmacologically acceptable salt thereof has different

properties, in various aspects, from those of known anti-



inflammatory drugs, the compound or a salt thereof is

considered to be useful as a novel medicine.

Soluticn to Problem
[0011]

The present inventors conducted intensive studies
for developing a compound which is useful as an active
ingredient for preventing and treating an inflammatory
disease, a pharmacologically acceptable salt thereof or
the like. As a result, they found the compound of the
present invention, a pharmacologically acceptable salt
thereof or the like. More specifically, the present
invention is as described below.

(1]

A compound of general formula (1) or a
pharmacologically acceptable salt thereof.

[0012]

[Formula 1]

R
~o O CH;
| H
3 % o)
R<A ox;:>h=
0]
CI \
2
(1)
[0013]

wherein the symbols in the formula are defined

below:



R': a C1-C6 alkyl group or a hydroxyCl-Cé alkyl
group,

R’: a Cl1-Cé alkyl group,

A: a 5-membered aromatic heterocycle having bonds
and having 1-4 atoms selected from the group consisting
of a nitrogen atom, an oxygen atom and a sulfur atom; or
an oxygen atom, and

R’: if A is a 5-membered aromatic heterocycle having
bonds and having 1-4 atoms selected from the group
consisting of a nitrogen atom, an oxygen atom and a
sulfur atom, then R’ is a C1-C6 alkyl group, a hydroxyCl-
C6 alkyl group or a Cl-Cé6 alkoxyCl-C6 alkyl group; and if
A is an oxygen atom, then R® is a hydroxyCl-Cé alkyl
group or a Cl-Cé alkoxyCl-C6 alkyl group.

[2]

A compound or a pharmacologically acceptable salt
thereof according to [1], wherein R! is a methyl group,
an ethyl group or a hydroxyethyl group.

[3]

A compound or a pharmacologically acceptable salt
thereof according to [1] or [2], wherein R? is a methyl
group.

[4]

A compound or a pharmacologically acceptable salt
thereof according to any one of [1] to [3], wherein A is
a b-membered arcomatic heterocycle having bonds and having

1-4 atoms selected from the group consisting of a



nitrogen atom, an oxygen atom and a sulfur atom; and R®
is a methyl group, an ethyl group, a hydroxyCl-C3 alkyl
group or a methoxyCl-C3 alkyl group.

[5]

A compound or a pharmacologically acceptable salt
thereof according to any cne of [1] to [4], wherein A is
a S-membered aromatic heterocycle having bonds selected
from the following group:

[0014]

[Formula 2]

* * * *
* — | 7| * —N
N-N ¥ _<‘N,o * —<O,N ==

[0015]

wherein * represents a bond.

[6]

A compound or a pharmacologically acceptable salt
thereof according to any one of [1] to [3], in which A is
an oxygen atom.

(7]

A compound of general formula (1) or a
pharmacologically acceptable salt thereof.

[0016]

[Formula 3]
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[0017]

wherein the symbols in the formula are defined
below:

R': a methyl group, an ethyl group or a hydroxyethyl
group,

R%*: a methyl group,

A: a S-membered aromatic heterocycle having bonds
and selected from the following group:
[0018]

[Formula 4]

* * *

*
O N N N<
ATy G S
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[0019]

wherein * represents a bond,

R®: a methyl group, an ethyl group or a hydroxyCl-C3
alkyl group.

[8]

A compound or a pharmacologically acceptable salt
thereof selected from the following group:

[0020]
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(25,5'R)-7-chloro-6-(2-hydroxyethoxy)-3"',4-
dimethoxy-5'-methyl-spiro[benzofuran-2,4"'-cyclcochex-2-
ene]-1',3-dione,

(25,5'"R)-7-chloro-3',4-dimethoxy-6-(2-
methoxyethoxy)-5"'-methyl-spirc[benzofuran-2,4"'-cyclohex-
2-enel-1"',3-dione,

(28,5'R)~-7-chloro-3"', 4-dimethoxy-5"-methyl-6-(1-
methylpyrazol-3-yl)spiro[benzofuran-2,4'-cyclohex-2-ene] -
1',3-dione,

(25,5'R)-7-chloro-6-(l-ethylpyrazol-3-yl)-3',4-
dimethoxy-5'-methyl-spiro{benzofuran-2,4"'-cyclohex-2-
ene]-1',3-dione,

(25,5'R)-7-chloro-3', 4-dimethoxy-5'-methyl-6-(5-
methyl-1, 3, 4~oxadiazocl-2-yl)spiro[benzofuran-2,4"'-
cyclohex~2-ene]-1"',3-dione,

(28,5'R)-7-chloro-3"', 4-dimethoxy-5"-methyl-6-(3-
methyl-1,2,4-oxadiazol-5-yl)spiro[benzofuran-2,4"'-
cyclohex-2-ene]-1"',3-dione,

(25,5'R)-7-chloro-3',4-dimethoxy-5"-methyl-6-(5-
methyl-1,2,4-oxadiazol-3-yl)spiro[benzofuran-2,4"'-
cyclohex—2-ene]-1"', 3-dione,

(ZS,S'R)—7—chloro—6—[5—(1—hydfoxy—1—methyl—ethyl)—
1,3,4-oxadiazol-2-yl1]-3'",4-dimethoxy-5"'-methyl-
spiro{benzofuran-2,4'-cyclohex-2-ene]-1"',3-dione,

(25,5'R)=7-chloro-6-[5-[(1S)-1-hydroxyethyl]~-1, 3, 4~
oxadiazol-2-yl]-3',4-dimethoxy-5"'-methyl-

spiro[benzofuran-2,4'-cyclohex-2-ene]-1", 3-diocne,
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(28,5'R)-7-chloro=-6~[5-[ (1lR)-1-hydroxyethyl]-1, 3, 4-
oxadiazol-2-yl]-3',4-dimethoxy-5"'-methyl-
spiro[benzofuran-2,4'-cyclohex-2-ene]-1"', 3-dione,

(25,5'R)-7-chloro-4-ethoxy-6-[5-(1l-hydroxy-1-methyl-
ethyl)-1, 3, 4-oxadiazol-2~yl]=-3"'-methoxy-5"'-methyl-
spiro[benzofuran-2,4'-cyclohex-2-ene]-1"',3-dione,

{(25,5'R)-7-chloro-4-ethoxy-6-[5-[ (15)-1-
hydroxyethyl]-1, 3, 4-oxadiazol-2-yl]-3"'-methoxy-5"'-methyl-
spiro[benzofuran-2,4'-cyclohex-~2-ene]-1"',3-dione,

(25,5'R)-7-chloro-6-[3-(l-hydroxyethyl)-1,2,4-
oxadiazol-5-y1]-3',4-dimethoxy-5"'-methyl-
spiro[benzofuran-2,4'-cyclohex-2-ene]-1"', 3-dione,

(28,5'R) -7-chloro=-4~-(2-hydroxyethoxy)-3'-methoxy-5"'~-
methyl-6-(5-methyl-1, 3, 4-oxadiazol-2-yl)spiro[benzofuran-
2,4'-cyclohex-2-ene]-1"', 3-dione,

(258,5'R) -7-chloro-4-(2-hydroxyethoxy)-3'-methoxy-5"'-
methyl=-6-(3-methyl-1,2, 4-oxadiazol-5-yl)spiro[benzofuran-
2,4'-cyclohex-2-ene]-1"',3-dione, and

(23,5'R)-7-chloro-4-(2-hydroxyethoxy)-3'-methoxy-5"-
methyl-6-(5-methyl-1,2,4-oxadiazol-3-yl)spiro[benzofuran-
2,4"'-cyclohex-2-ene]-1"',3-dione.

[9]

A pharmaceutical composition containing a compound
or a pharmacologically acceptable salt therecf according
to any one of [1l] to [8] as an active ingredient.

[10]



A pharmaceutical composition according to [9], for
preventing and/or treating an inflammatory disease.

[11]

A pharmaceutical composition according to [10],
wherein the inflammatory disease is a disease selected
from the group consisting of rheumatoid arthritis,
systemic lupus erythematosus, scleroderma, bronchial
asthma, asthmatic bronchitis, diffuse interstitial
pneumonia, chronic obstructive pulmonary disease,
ulcerative colitis, Crohn's disease, acute hepatitis,
chronic hepatitis, fulminant hepatitis, autoimmune
hepatitis, primary biliary cirrhosis, primary sclerosing
cholangitis, alcoholic hepatitis, non-alcoholic
steatohepatitis, cirrhosis, peripheral neuritis,
ankylosing spondylitis, eczema.(acute, subacute, chronic),
contact dermatitis, sunlight (ultraviolet light)
dermatitis, radiation dermatitis, atopic dermatitis,
seborrheic dermatitis, psoriasis wvulgaris, arthropathic
psoriasis, psoriatic erythroderma, pustular psoriasis,
lichen planus, erythema, rosacea, urticaria, alopecia
areata, pemphigus, erythroderma, acne vulgaris, pressure
sore, wound, burn, conjunctivitis, keratitis, scleritis,
acute/chronic otitis media, perennial allergic rhinitis,
hay fever, sinusitis, laryngitis, esophagitis, refractory
stomatitis, glossitis, acute/chronic salivary gland
inflammation, angular cheilitis, cheilitis, Behcet's

disease, multiple sclerosis, Type I diabetes, Type II



diabetes, atherosclerosis, pancreatitis and chronic heart
failure.

[12]

A pharmaceutical composition according to [10],
wherein the inflammatory disease is a disease selected
from the group consisting of rheumatoid arthritis,
systemic lupus erythematosus, bronchial asthma, acute
hepatitis, autoimmune hepatitis, primary biliary
cirrhosis, primary sclerosing cholangitis, alcocholic
hepatitis, nonalcoholic steatohepatitis, ankylosing
spondylitis, contact dermatitis, sunlight (UV) dermatitis,
atopic dermatitis, seborrheic dermatitis, psoriasis
vulgaris, arthropathic psoriasis, psoriatic erythroderma,
pustular psoriasis, lichen planus, erythema, rosacea,
alopecia areata, pemphigus, erythroderma, acne vulgaris,
pressure sore, wound, burn, sinusitis, laryngitis,
esophagitis, refractory stomatitis, glossitis,
acute/chronic salivary gland inflammation, angular
cheilitis, cheilitis and Behcet's disease.

[13]

A pharmaceutical composition according to [10],
wherein the inflammatory disease is a disease selected
from the group consisting of rheumatoid arthritis,
systemic lupus erythematosus, autoimmune hepatitis,
alcoholic hepatitis, nonalccholic steatohepatitis,
ankylosing spondylitis, atopic dermatitis, psoriasis

vulgaris, arthropathic psoriasis, psoriatic erythroderma,



pustular psoriasis, lichen planus, pressure sore, wound,
refractory stomatitis, glossitis and Behcet's disease.

[14]

A compound or a pharmacclogically acceptable salt
thereof according to any one of [1l] to [8] for treating
an inflammatory disease.

[15]

A method for administering an effective amount of a
pharmaceutical composition according to [9] for
preventing and/or treating an inflammatory disease.

[16]

A TNF-a inhibitor containing a compound or a
pharmacologically acceptable salt thereof according to

any one of [1] to [8], as an active ingredient.

Advantageous Effects of the Invention
[0021]

The compound of the present invention, a
pharmacologically acceptable salt thereof or the like is
useful as an active ingredient for preventing and/or
treating an inflammatory disease. Examples of the
inflammatory disease include rheumatoid arthritis,
systemic lupus erythematosus, scleroderma, bronchial
asthma, asthmatic bronchitis, diffuse interstitial
pneumonia, chronic obstructive pulmonary disease,
ulcerative colitis, Crohn's disease, acute hepatitis,

chronic hepatitis, fulminant hepatitis, autoimmune



hepatitis, primary biliary cirrhosis, primary sclerosing
cholangitis, alcoholic hepatitis, non-alcoholic
steatohepatitis, cirrhosis, peripheral neuritis,
ankylosing spondylitis, eczema (acute, subacute, chronic),
contact dermatitis, sunlight (ultraviolet light)
dermatitis, radiation dermatitis, atopic dermatitis,
seborrheic dermatitis, psoriasis wvulgaris, arthropathic
psoriasis, psoriatic erythroderma, pustular psoriasis,
lichen planus, erythema, rosacea, urticaria, alopecia
areata, pemphigus, erythroderma, acne wvulgaris, pressure
sore, wound, burn, conjunctivitis, keratitis, scleritis,
acute/chronic otitis media, perennial allergic rhinitis,
hay fever, sinusitis, laryngitis, esophagitis, refractory
stomatitis, glossitis, acute/chronic salivary gland
inflammation, angular cheilitis, cheilitis, Behcet's
disease, multiple sclerosis, Type I diabetes, Type II
diabetes, atherosclerosis, pancreatitis and chronic heart
failure.

Preferred examples therecof include rheumatoid
arthritis, systemic lupus erythematosus, bronchial asthma,
acute hepatitis, autoimmune hepatitis, primary biliary
cirrhosis, primary sclerosing cholangitis, alcoholic
hepatitis, nonalcoholic steatohepatitis, ankylosing
spondylitis, contact dermatitis, sunlight (UV) dermatitis,
atopic dermatitis, seborrheic dermatitis, psoriasis
vulgaris, arthropathic psoriasis, psoriatic erythroderma,

pustular psoriasis, lichen planus, erythema, rosacea,



alopecia areata, pemphigus, erythroderma, acne vulgaris,
pressure sore, wound, burn, sinusitis, laryngitis,
esophagitis, refractory stomatitis, glossitis,
acute/chronic salivary gland inflammation, angular
cheilitis, cheilitis and Behcet's disease.

More preferred examples thereof include rheumatoid
arthritis, systemic lupus erythematosus, autoimmune
hepatitis, alcoholic hepatitis, nonalcoholic
steatohepatitis, ankylosing spondylitis, atopic
dermatitis, psoriasis vulgaris, arthropathic psoriasis,
psoriatic erythroderma, pustular psoriasis, lichen planus,
pressure sore, wound, refractory stomatitis, glossitis
and Behcet's disease.

[0022]

The present invention provides a novel and efficient
method for producing the compound of the present
invention or the like, and an intermediate. Accordingly,
the present invention is advantageous in producing a

medicinal drug.

Description of Embodiments
[0023]

Now, the present invention will be more specifically
described below.

{Explanation of substituents and terms)
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The present invention is directed to a compound of
general formula (1) or a pharmacologically acceptable
salt thereof.

[0024]

[Formula 5]

R
~o O CHj
i H
3 " O
R<a OA;:>k=
0]
Cl \
2
(1)
[0025]

wherein the symbols in the formula are defined
below:

R': a Cl-Cs6 alkyl group or a hydroxyCl-C6 alkyl
group,

R’: a Cl-C6 alkyl group,

A: a 5S5-membered aromatic heterocycle having bonds
and having 1-4 atoms selected from the group consisting
of a nitrogen atom, an oxygen atom and a sulfur atom, or
an oxygen atom,

R*: if A is a 5-membered aromatic heterocycle having
bonds and having 1-4 atoms selected from the group
consisting of a nitrogen atom, an oxygen atom and a
sulfur atom, then R® is a C1-C6 alkyl group, a hydroxyCl-
C6 alkyl group or a Cl-C6 alkoxyCl-Cé alkyl group; and if
A is an oxygen atom, then R’ is a hydroxyCl-Cé6 alkyl

group or a Cl-C6 alkoxyCl-C6 alkyl group.
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The C1-C6 alkyl group represented by R' is a linear
or branched alkyl group having 1-6 carbon atoms and
preferably a methyl group or an ethyl group.

[0026]

The hydroxyCl-Cé alkyl group represented by R' is a
linear or branched alkyl group having 1-6 carbon atoms
substituted by a hydroxy group and preferably a
hydroxyethyl group.

[0027]

The C1-C6 alkyl group represented by R? is a linear
or branched alkyl group having 1-6 carbon atoms and
preferably a methyl group.

[0028]

The C1-C6 alkyl group represented by R® is a linear
or branched alkyl group having 1-6 carbon atoms and
preferably a methyl or ethyl group.

[0029]

The hydroxyCl-Cé alkyl group represented by R® is a
linear or branched alkyl group having 1-6 carbon atoms
substituted by a hydroxy group and preferably a
hydroxyCl-C3 alkyl group. Examples thereof include a
hydroxymethyl group, a l-hydroxyethyl group, a 2-
hydroxyethyl group, a l-hydroxy-l-methyl-ethyl group, a
l-hydroxypropyl group and a Z2-hydroxypropyl group.
[0030]

The C1-C6 alkoxyCl-C6 alkyl group represented by R?

is a linear or branched alkyl group having 1-6 carbon
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atoms substituted by a Cl-C6 alkoxy group and preferably
a methoxyCl-C3 alkyl group. Examples thereof include a
methoxymethyl group, a l-methoxyethyl group, a 2-
methoxyethyl group, a l-methoxypropyl group and a 2-
methoxypropyl group.

[0031]

The 5-membered aromatic heterocycle represented by A
is a 5-membered arcomatic heterocycle containing 1-4 atoms
selected from the group consisting of a nitrogen atom, an
oxygen atom and a sulfur atom, and having two bonds.
Examples thereof include the following 5-membered
aromatic heterocycles:

pyrrole, pyrazole, imidazole, 1,2,3-triazole, 1,2,4-
triazole, tetrazole, furan, isoxazole, oxazole, 1,2,4-
oxadiazole, 1,3,4-oxadiazole, 1,2,5~-oxadiazole, thiophene,
thiazole, isothiazole, 1,2,4-thiadiazole, 1,3,4-
thiadiazole and 1,2,5-thiadiazole.

It is further preferred that the following 5 member
rings are included.

[0032]
[Formula 6]

* % *

*
0 N N\/ Nx
* _'_<\N lN * —<\ \O( * _</ I o —
- N’

o-N

[0033]

wherein * represents a bond.
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The 5-membered aromatic heterocycles respectively
form the following compounds serving as a compound of
general formula (1), via the bonds.

[0034]

[Formula 7]

O
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[0035]

wherein R', R? and R® are as defined above.

The term "pharmacologically acceptable salt thereof”
refers to a salt which can be used as a medicinal drug.
In the case of a compound having an acidic group or a
basic group, a basic salt or an acid salt can be produced
if a base or an acid is reacted with the group. The salt
thus cbtained represents a pharmacologically acceptable
salt.

[0036]
Examples of a pharmacclogically acceptable "basic

salt" of a compound preferably include an alkali metal
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salt such as a sodium salt, a potassium salt and a
lithium salt; an alkaline earth metal salt such as a
magnesium salt and a calcium salt; an organic base salt
such as a N-methyl morpholine salt, a triethylamine salt,
a tributylamine salt, a diisopropylethylamine salt, a
dicyclohexylamine salt, a N-methyl piperidine salt, a
pyridine salt, a 4-pyrrolidinopyridine salt and a
picoline salt; and an amino acid salt such as a glycine
salt, a lysine salt, an arginine salt, an ornithine salt,
glutamate and aspartate. Preferably, an alkali metal
salt is mentioned.

[0037]

Preferred examples of a pharmacologically acceptable
"acid salt" of a compound include inorganic acid salts
including a hydrohalic acid salt such as a hydrofluoride,
a hydrochloride, a hydrobromide and a hydriodide, a
nitrate, a perchlorate, a sulfate and a phosphate;
organic acid salts including a lower alkanesulfonate such
as a methanesulfonate, a trifluoromethanesulfonate and an
ethanesulfonate, an aryl sulfcnate such as a
benzenesulfonate and p-toluene sulfonate, an acetate, a
malate, a fumarate, a succinate, a citrate, an ascorbate,
a tartrate, an oxalate and a maleate; and amino acid
salts such as a glycine salt, a lysine salt, an arginine
salt, an ornithine salt, a glutamate and an aspartate.
Most preferably, a hydrohalic acid salt (particularly,

hydrochloride) is mentioned.
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[0038]

The compound of the present invention or a
pharmacologically acceptable salt thereof sometimes
absorbs water or adsorbs moisture or forms a hydrate when
it is left alone in the air or by re-crystallization.
These various hydrates, solvates and polymorphic
compounds are also included in the present invention.
[0039]

The compound of the present invention, a
pharmacologically acceptable salt thereof or a solvate
thereof may have various type of isomers including
geometric isomers such as a cis isomer and a trans isomer,
tautomers, and optical isomers such as d-form and l-form
depending on the types and combinations of substituents.
However, unless otherwise specified, all isomers,
stereoisomers and a mixture of these 1somers and
stereoisomers in any mixing ratio are included in the
compound of the present invention. A mixture of these
isomers can be separated by a separation means known in
the art.

[0040]

As the compound of the present invention, a labeled
compound, more specifically, a compound having 1 or 2 or
more atoms substituted with an isotope (for example, 2H,
3H, 13C, 14C, 358), is also included.

[0041]
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In the present invention, a so-called prodrug is
also included. The term prodrug refers to a compound
having a group that can be converted into an amino group,
a hydroxyl group or a carboxyl group by hydrolysis or in
physiological conditions. The groups involved in forming
such prodrugs are described in Prog. Med., vol. 5, 2157-
2161 pages, 1985. More specifically, the prodrug can be
as mentioned below.

If an amino group is present, e.g., a compound
having an acylated, alkylated or phosphorylated amino
group (for example, a compound having an eicosanoylated,
alanylated, pentylaminocarbonylated, (5-methyl-2-oxo-1,3-
dioxolen-4-yl) methoxycarbonylated, tetrahydrofuranylated,
pyrrolidyl methylated, pivaloyloxymethylated or a tert-
butylated amino group) can be mentioned.

If a hydroxyl group is present, e.g., a compound
having an acylated, alkylated, phosphorylated or borated
hydroxyl group (for example, a compound having an
acetylated, palmitoylated, propancylated, pivaloylated,
succinylated, fumarylated, alanylated or
dimethylaminomethylcarbonylated hydroxyl group) can be
mentioned.

If a carboxy group is present, e.g., a compound
having an esterified or amidated carboxy group (for
example, a compound having an ethyl-esterified, phenyl-
esterified, carboxymethyl-esterified,

dimethylaminomethyl-esterified, pivaloyloxymethyl-
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esterified, ethoxycarbonyloxyethyl-esterified, amidated
or methylamidated carboxy group) can be mentioned.

(Production method)

Now, the production method will be described.
However, a method for producing a compound or a salt
thereof is not limited by the methods described below.

[Method A]

Method A is a method of producing a compound (A-IIT)
of the present invention
[0042]

[Formula 8]

1 1

R R
\O O CH, Step A1 \0 O CH, Step A2
./ . 7 R>-OH or R-X
HaC QO B @:o -
°7o © Demethylation HO o Alkylation
a9, a9,
R R
A Al
1
R
SO o CH,
Il =
3 % —0
0]
Cl .
2
A-ll
[0043]

wherein R!', R? and R® are the same as defined above;
and X represents a leaving group such as a halogen group.

(Step Al) Demethylation step

This is a step of obtaining a compound (A-II) from a
compound (A-I) by use of a metal halide in the presence

of a base and crown ether.
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[0044]

Examples of the base include triethylamine,
diisopropylethylamine and pyridine.
[0045]

Examples of the crown ether include 18-crown-6.
[0046]

Examples of the metal halide include potassium
iodide.

[0047]

As a solvent, e.g., N,N-dimethylformamide may be
mentioned or a solvent may not be used. The reaction
temperature is usually about 60 to 120°C and the reaction
time 1s usually about 1 to 24 hours.

(Step AZ2) Alkylation step

(Case of using alkyl halide)

This is a step of obtaining a compound (A-III) from
a compound (A-II) by use of the corresponding alkylating
reagent in the presence of a base.

[0048]

Examples of the alkylating reagent include an alkyl
halide such as an alkyl iodide and an alkyl bromide and a
sulfonic acid ester such as an alkyl tosylate and an
alkyl mesylate.

[0049]

Examples of the base include triethylamine,

diisopropylethylamine, and potassium carbonate.

[0050]
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As a solvent, tetrahydrocfuran, 1,4-dioxane,
acetonitrile, dichloromethane and N,N-dimethylformamide
or a mixture of these can be mentioned. The reaction
temperature is usually about 0 to 100°C and the reaction
time is usually about 0.5 to 24 hours.

[0051]

{Case of using the Mitsunobu reaction)

This is a step of obtaining a compound (A-III) from
a compound (A-II) by use of the corresponding alcohol in
the presence of a phosphine and an azodicarboxylate or a
diazodicarboxamide.

[0052]

Examples of the phosphine include triphenylphosphine
and tri-n-butylphosphine.
[0053]

Examples of the azodicarboxylate or
diazodicarboxamide include diethyl azodicarboxylate, di-
tert-butyl azodicarboxylate and 1,1'-(azodicarbonyl)
dipyridine.

[0054]

As a solvent, tetrahydrofuran, 1,4-dioxane, toluene
or a mixture of these can be mentioned. The reaction
temperature is usually about 0 to 100°C and the reaction
time 1s usually about 0.5 to 24 hours.

[Method B]

Method B is a method of producing a compound (B-IIT)

(equivalent to the compound (A-I) that is used in Method
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A). If R!

is a methyl group, a compound
produced without employing these steps
[0055]

[Formula 9]

9 Step B1 OH ,O CH,
- Y Mo
\oJill)o Demethylation ~ HsC<g OQ:
Cl Cl %¥
B-l B-I
1
R\O P CH,
HyCog 0@:0
cl Qﬁ
B-lil
[0056]

wherein R*!

(Step B1)

R and X are the same as defined above
Demethylation step

This is a step of obtaining a compound
compound (B-I)

[0057]

(B-II)
by use of a metal halide

Examples of the metal halide include magnesium
iodide.
[0058]

As a solvent

toluene, tetrahydrofuran,
or a mixture of these can be mentioned
[0059]

1,4-dioxane

(B-III)

can be

Step B2

R'-OH or R'-X

from a

Alkylation



- 28 -

The reaction temperature is usually about 60 to
hours.

120°C and the reaction time is usually about 0.5 to 24
(Step B2)

Phenol alkylation step

(B-II)

This is a step of obtaining a compound
a compound
[Method C]

(B—-III) from
in the same manner as in (Step AZ2).

Method C is a method of producing a compound

of the present invention from compound
to compound

(C-IITI)
(C-I)
(A-IT)
[0060]

(equivalent
that 1s used in Method A)
[Formula 10]

1
R
(_: Step C1 ~0

O CH, Step C2
I =
- &O >
Trlﬂuoromethanesulfo TfO o Coupling
nylation cl O\Rz
R\A,B*
C-l (oF |
1
R
SO0 o CH,
Il =
3 % O
o CLK -
o]
Cl .
_?
C-lii
[0061]

wherein R R?, R® and A are the same as defined
above; Tf represents a trifluoromethanesulfonyl group;
and B represents a borono group (-B(0OH);)
tetramethyl-1, 3, 2-dioxaboran-2-yl group

or a 4,4,5,5-
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{Step Cl) Trifluoromethanesulfonylation step

This is a step of obtaining a compound (C-II) from a
compound (C-I) by use of a triflucromethanesulfonylating
reagent in the presence of a base.

[0062]

Examples of the trifluoromethanesulfonylation
reagent include trifluoromethanesulfonic anhydride,
trifluoromethanesulfonic chloride and N-
phenylbis (trifluoromethanesulfonimide).

[0063]

Examples of the base include triethylamine and
diisopropylethylamine.
[0064]

As a solvent, tetrahydrofuran, 1,4-dioxane,
acetonitrile, dichloromethane or a mixture of these can
be mentioned.

[0065]

The reaction temperature is usually,-20°C to about

room temperature and the reaction time is usually about
0.5 to 24 hours.

(Step C2) Step of coupling reaction using transition
metal catalyst

This is a step of obtaining a compound (C-III) from
a compound (C-II) by use of a palladium catalyst and R3-
A-B" in the presence of a base.

[0066]
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Examples of the palladium catalyst include tetrakis
(triphenylphosphine)palladium, [1,1'-
bis (diphenylphosphino) ferrocene] dichloropalladium,
tris(dibenzylideneacetone)dipalladium, palladium acetate,
acetylacetone palladium and
bis (triphenylphosphine)palladium dichloride.

[0067]

Examples of the base include triethylamine,
diisopropylethylamine, 1,8-diazabicyclo[5.4.0]-7-undecene
(DBU), 1,5-diazabicyclo[4.3.0]-5-nonen (DBN), potassium
hydrogen carbonate, sodium hydrogen carbonate, potassium
carbonate, sodium carbonate, potassium hydroxide, sodium
hydroxide, potassium phosphate and sodium phosphate.
[0068]

As a solvent, methanol, ethanol, tetrahydrofuran,
1,4-dioxane, water, N,N-dimethylformamide,
dimethylsulfoxide, toluene or a mixture of these can be
mentioned.

[0069] The reaction temperature i1s usually about
60 to 120°C and the reaction time is usually about 0.5 to
12 hours.

[Method D]

Method D is a method of producing a compound (D-1IV)
of the present inventiocon from a compound (D-I)
(equivalent to the compound (C-II) that is used in Method
C).

[0070]
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[Formula 11]
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| ¢ L 7
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O o CH
[/
Nevar
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R~ 1]
0]
N-N Cl \RZ
D-lv
[0071]

wherein R!, R?, R® and Tf are the same as defined

above and R? represents a phenyl group that may have a
substituent.

(Step D1) Step of coupling with formate

This is a step of obtaining a compound (D-II) from a
compound (D-T) by use of a formate in the presence of a
base and a palladium catalyst (phosphine ligand).
[0072]

Examples of the base include triethylamine,

diisopropylethylamine, dimethylaminopyridine, potassium
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carbonate, sodium carbonate, potassium hydroxide and
sodium hydroxide.
[0073]

Examples of the formate include phenyl formate and
(2,4,6-trichlorophenyl) formate.

[0074]

Examples of the palladium catalyst include palladium
acetate, acetylacetone palladium, palladium
trifluoroacetate, palladium dichloride,
tris(dibenzylideneacetone)dipalladium or
bis(triphenylphosphine)palladium dichloride.

[0075]

Examples of the phosphine ligand to be used
simultaneously with the palladium catalyst include 4, 5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (xantphos),
1,1'-bis(diphenylphosphino) ferrocene (dppf), 2,2'-
bis (diphenylphosphino) -1, 1-binaphthyl (BINAP),
bis (diphenylphosphino)methane (DPPM), triphenylphosphine
and 1,2-bis(diphenylphosphino)ethane (DPPE).

[0076]

As a solvent, N,N-dimethylformamide, toluene,
tetrahydrofuran, acetonitrile or a mixture of these can
be mentioned.

[0077]

The reaction temperature is usually about room

temperature to 120°C and the reaction time is usually

about 1 to 8 hours.
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(D2 step) Step of amidation with acyl hydrazine

This is a step of obtaining a compound (D-III) from
a compound (D-II) by use of the corresponding acyl
hydrazine in the presence of a base.

[0078]

Examples of the base include triethylamine,
diisopropylethylamine, dimethylaminopyridine, potassium
carbonate, sodium carbonate, potassium hydroxide and
sodium hydroxide. An additive such as N-
hydroxysuccinimide (HOSu), l-hydroxybenzotriazole (HOBt)
and l-hydroxy-7—-azabenzotriazole (HOAt) is sometimes
advantageously used in order to make the reaction
progress smoothly.

[0079]

As a solvent, N;N-dimethylformamide, dichloromethane,
tetrahydrofuran, acetonitrile or a mixture of these can
be mentioned.

[0080]

The reaction temperature is usually about 0 to 60°C
and the reaction time is usually about 1 to 12 hours.

(Step D3) Cyclization step

This is a step of obtaining a compound (D-IV) from a
compound (D-III) by use of a dehydrating agent.

[0081]

Examples of the dehydrating agent include

{(methoxycarbonylsulfamoyl)triethylammonium hydroxide

inner salt, phosphoryl chloride, polyphosphoric acid,



sulfuric acid, triphenylphosphine/iodine, tosylate and
tosyl chloride.
[0082]

As a solvent, toluene, acetonitrile, dichloromethane
or a mixture of these solvents can be mentioned. A
solvent may not be used.
[0083]

The reaction temperature is usually about 0 to 100°C
and the reaction time is usually about 0.5 to 24 hours.

[Method E]

Method E is a method of producing a compound (E-IITI)
of the present invention from a compound (E-I)
(equivalent to the compound (D-II) that is used in Method
D).
[0084]
[Formula 12]

R _OH RL
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[0085]
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wherein R!, R?, R® and R? are the same as defined
above.

(Step E1) Step of acylation with amidoxime

This is a step of obtaining a compound (E-II) from a
compound (E-I) by use of the corresponding amidoxime in
the presence of a base.

[0086]

Examples of the base include triethylamine,
diisopropylethylamine, dimethylaminopyridine, potassium
carbonate, sodium carbonate, potassium hydroxide and
sodium hydroxide. An additive such as N-
hydroxysuccinimide (HOSu), l-hydroxybenzotriazole (HOBt)
and l-hydroxy-7-azabenzotriazole (HOAt) is sometimes
advantageously used in order to make the reaction
progress smoothly.

[0087]

As a solvent, N,N-dimethylformamide, dichloromethane,
tetrahydrofuran, acetonitrile or a mixture of these can
be mentioned.

[0088]

The reaction temperature is usually about room
temperature to 80°C and the reaction time is usually
about 1 to 12 hours.

(Step E2) Cyclization step

This is a step of obtaining a compound (E-III) by
stirring a compound (E-II) in a solvent at room

temperature or under heating.
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[0088]

As the solvent, toluene, N,N-dimethylformamide,
dichloromethane, tetrahydrofuran, acetonitrile or a
mixture of these can be mentioned.

[0090]

The reaction temperature is usually about room
temperature to 100°C and the reaction time is usually
about 0.5 to 24 hours.

[Method F]

Method F is a method of producing a compound (F-V)
of the present invention from a compound (F-I)
(equivalent to the compound (C-II) that is used in Method
C).

[0091]



[Formula 13]
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[0092]

wherein R?, R?, R’, and Tf are the same as defined
above.

(Step F1l) Step of cyanization using a transition
metal catalyst

This is a step of obtaining a compound (F-II) from a
compound (F-I) in the presence of zinc cyanide and a
palladium catalyst and in the presence or absence of a
phosphine.
[0093]

Examples of the palladium catalyst include

tris{dibenzylideneacetone) dipalladium, bis[tri (tert-
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butyl)phosphine]lpalladium, tetrakis
(triphenylphosphine)palladium and
bis(trifluorocacetoxy)palladium.
[0094]

Examples of the phosphine include triphenylphosphine,
tri(tert-butyl)phosphine, tri-o-toluylphosphine,
diphenylphosphinoferrocene and diphenylphosphinobutane.
As a solvent, N-methyl-2-pyrrolidone or N,N-dimethyl
formamide or a mixture of these can be mentioned.

[0095]

The reaction temperature is usually about 80 to
120°C and reaction time is usually about 1 to 8 hours.

(Step F2) Step of adding hydroxylamine

This is a step of obtaining a compound (F-III) from
a compound (F-II) by use of a hydroxylamine.

[0096]

As a solvent, methanol, ethanol, dimethylsulfoxide,
water or a mixture of these solvents can be mentioned.
[0097]

The reaction temperature is usually about room
temperature to 100°C and the reaction time is usually
about 0.5 to 24 hours.

(Step F3) Step of acylating oxime

This is a step of obtaining a compound (F-IV) from a
compound (F-III) by use of the corresponding carboxylic
acid in the presence of a condensing agent and a base.

[0098]
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Examples of the condensing agent include O-(7-
azabenzotriazol-1-y1l)-N,N,N',N'-tetramethylrhonium
hexafluorophosphate (HATU), 4-(4,6-dimethoxy-1,3,5~-
triazin-2-yl)-4-methylmorpholine (DMT-MM) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (WSC or EDCI).
[0099]

Examples of the base include triethylamine,
diisopropylethylamine and dimethylamincopyridine.

[0100]

An additive such as N-hydroxysuccinimide (HOSu), 1-
hydroxybenzotriazole (HOBt) and l-hydroxy-7-
azabenzotriazole (HOAt) is sometimes advantageously used
in order to make the reaction progress smoothly.

[0101]

As a solvent, ethanol, tetrahydrofuran, acetonitrile,
N,N-dimethylformamide, dichloromethane, toluene or a
mixture of these solvents can be mentioned.

[0102]

The reaction temperature is usually about room
temperature to 60°C and the reaction time is usually
about 0.5 to 24 hours.

(Step F4) Cyclization step

This is a step of obtaining a compound (F-V) by
stirring a compound (F-IV) in a solvent at room
temperature or under heating.

[0103]



As the solvent, toluene,

N, N-dimethylformamide,
dichloromethane,

tetrahydrofuran, acetonitrile or a
mixture of these can be mentioned.
[0104]

The reaction temperature is usually about 60 to

120°C and the reaction time is usually about 0.5 to 24
hours.

[Method G]

Method G is a method of producing a compound

of the present invention from a compound

(G=ITI1I)
(G=1).

[0105]
[Formula 14]
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[0106]

wherein R;, R?, R®, A and X are the same as defined
above.

(Step G1) Demethylation step
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This is a step of obtaining a compound (G-II) from a
compound (G-I) in the same manner as in (Step Bl).

(Step G2) Alkylation step

This is a step of obtaining a compound (G-III) from
a compound (G-II) in the same manner as in (Step AZ).

[Method H]

Method H is a method of producing a compound (H-I)
of the present invention from a compound (H-II) by
removing a protecting group contained in R'" or R®  to
convert it into R!' or R’.

[0107]

[Formula 15]
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[0108]

wherein R!, R?, R® and A are the same as defined
above; R' and R represent protected R! and R?, for
example, a hydroxyCl-Cé6 alkyl group protected with a

protecting group such as a tetrahydropyranyl group and a
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t-butyldimethylsilyl group, if R!' is a hydroxyCl-Cé alkyl
group.

(H1 step) Deprotection step

(Case of tetrahydropyranyl (THP) group)

This is a step of obtaining a compound (H-II) from a
compound (H-I) containing a hydroxy group protected with
a tetrahydropyranyl group by use of an acid.

[0109]

Examples of the acid include hydrochloric acid,
sulfuric acid, hydrochloric acid-methanol, hydrochloric
acid-1,4-dioxane, hydrochloric acid-ethyl acetate, acetic
acid, p-toluenesulfonic acid and pyridinium p-
toluenesulfonate.

[0110]

As a solvent, methanol, ethanol, tetrahydrofuran,
water or a mixture of these can be mentioned.
[0111]

The reaction temperature is usually about 0 to 80°C
and the reaction time is usually about 0.5 to 24 hours.

(Case of silyl group)

In this step, the silyl group refers to a silyl
group that 1s generally used as a protecting group in
synthesis, such as a trimethylsilyl group and a t-
butyldimethylsilyl group.

[0112]



- 43 -

This is a step of obtaining a compound (H-II) from a
compound (H-I) containing a hydroxy group and protected
with a silyl group by use of a desilylation reagent.
[0113]

Examples of the desilylation reagent include an acid
and tetrabutylammonium fluoride (TBAF), hydrogen fluoride
and hydrogen fluoride pyridine.

[0114]

Examples of the acid include hydrochloric acid,
sulfuric acid, hydrochloric acid-methanol, hydrochloric
acid-1,4-dioxane, hydrochloric acid-ethyl acetate, acetic
acid, p-toluenesulfonic acid and trifluoro acetic acid.
The acid can be used in a reaction in a catalytic amount.
[0115]

As a solvent, methanol, ethanol, tetrahydrofuran,
1,2-dimethoxyethane, 1,4-dioxane, acetonitrile, water or
a mixture of these can be mentioned.

[0116]

The reaction temperature is usually about 0 to 60°C
and the reaction time is usually about 0.5 to 24 hours.
[0117]

The compounds produced by the above methods can be
isolated and purified by a method known in the art, such
as extraction, precipitation, distillation,
chromatography, fractional recrystallization and
recrystallization.

[0118]



If a compound or an intermediate has an asymmetric
carbon, it has optical isomers. These optical isomers
can be mutually isolated and purified by a conventional
method such as fractional recrystallization (salt
fractionation) using recrystallization with a proper salt,
and column chromatography. For a method of fractionating
an optical isomer from a racemic body, refer to the
document: J. Jacques et al, "Enantiomers, Racemates and
Resolution, John Wiley And Sons, Inc.".

(Dosage form)

As an administration route, oral administration
using a tablet, a pill, a capsule, a granule, a powder or
a liquid; or parenteral administration using an injection
such as intra-articular, intravenous or intramuscular
injections, a suppository, an eye drop, an eye ointment,
a transdermal liquid, an ointment, a transdermal patch, a
transmucosal liquid, a transmucosal patch or an inhalant,
may be employed.

[0119]

As a solid composition for oral administration, e.g.,
tablets, powders and granules are used. In such a solid
composition, one or two or more active ingredients are
mixed with at least one type of inactive excipient such
as lactose, mannitol, dextrose, hydroxypropyl cellulose,
microcrystalline cellulose, starch, pclyvinylpyrrolidone
and/or magnesium aluminometasilicate. In such a

composition, an inactive additive such as a lubricant



{({e.g., magnesium stearate), a disintegrant such as sodium
carboxymethyl starch, a stabilizer and/or a solubilizer,
may be added in accordance with a conventional method.
Tablets or pills, if necessary, may be coated with sugar,
a film soluble in the stomach or an enteric film.

[0120]

Examples of a liquid composition for oral
administration include a pharmacologically acceptable
emulsion, solution, suspension, syrup and elixir. Such a
liquid composition contains an inactive diluent that is
generally used, such as purified water or ethanol. The
liquid composition may contain an additive such as a
solubilizer, a wetting agent or a suspending agent, a
sweetener, a flavor, an aroma material or an antiseptic
agent, other than the inactive diluent.

[0121]

Examples of an injection for parenteral
administration include an aqueous or non-aqueous aseptic
solution, suspension and emulsion. Examples of the
aqueous solvent include distilled water for injection and
physiological saline. Examples of the nonagqueous sclvent
include propylene glycol, polyethylene glycol, a
vegetable o0il such as olive o0il, an alcochol such as
ethanol and Polysorbate 80. Such a composition may
further contain a tonicity agent, a preservative, a
wetting agent, an emulsifying agent, a dispersant, a

stabilizer or a solubilizing agent. Such a composition



is sterilized, for example, by filtration through a
sterilization filter, addition of a disinfectant or
irradiation. Alternatively, an aseptic solid composition
is produced and dissolved or suspended in aseptic water
or aseptic solvent for injection just before use and then
put in use.

[0122]

Examples of an external formulation include an
ointment, a plaster, a cream, a jelly, a cataplasm, a
spray, a lotion, an eye drop and an eye ointment. Such
an external formulation contains, e.g., an ointment base,
a lotion base, an agueous or non-agqueous solution, a
suspension or an emulsion that is generally used.
Examples of the ointment or lotion base include
polyethylene glycol, propylene glycol, white petrolatum,
beeswax, polyoxyethylene hydrogenated castor oil,
glyceryl monostearate, stearyl alcohol, cetyl alcohol,
lauromacrogol and sorbitan sesquioleate.

[0123]

As an inhalation and a transmucosal agent such as a
transnasal agent, a solid, liquid or semi-solid
composition is used and can be produced by a method known
in the art. Such an agent may appropriately contain, for
example, an excipient known in the art, further, a pH
adjuster, a preservative, a surfactant, a lubricant, a
stabilizer or a thickener. An appropriate device for

inhalation or insufflation can be used for
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administration; more specifically, a device known in the
art such as a metered dose inhalation device or a spray
is used. A compound (of the invention) may be
administered alone or as a composition, in the form of
powder; or used in combination with a pharmaceutically
acceptable carrier in the form of a solution or
suspension. An inhaler such as a dry powder inhaler may
be used for single administration or multiple
administrations. A dry powder or a powder-containing
capsule can be used. Alternatively, the inhaler may be a
pressurized aerosol spray using an appropriate propellant,
i.e., a suitable gas such as chlorofluoroalkane,
hydrofluoroalkane or carbon dioxide.

(Dosage amount)

In the case of oral administration, the proper
dosage amount per day per weight is generally about
0.001-100 mg/kg, preferably 0.1-30 mg/kg, and more
preferably 0.1-10 mg/kg. This is administered in a
single dose or in two or more doses. In the case of
dintravenous administration, the proper dosage amount per
day per weight is about 0.0001-10 mg/kg and administered
in a single dose per day or in a plurality of doses. 1In
the case of a transmucosal agent, the dosage amount per
weight is about 0.001-100 mg/kg, which is administered in
a single dose or in a plurality of doses. The dosage

amount is appropriately and individually determined in



consideration of the symptoms, age and sex of the
individual.

(Combined use)

In the present invention, the compound of the
invention can be used in combination with various types
of therapeutic agents or prophylactic agents expected to
have an effect on a disease. The agent to be used in
combination may be administered simultaneocusly or
sequentially or intermittently at desired time intervals.
The formulations to be simultaneously administered may be
a combination drug or separate drugs.

(Formulation example 1) Powdered medicine

The compound of the present invention (5 g), lactose
(885 g) and corn starch (100 g) were mixed in a blender
to obtain powdered medicine.

(Formulation example 2) Granule

The compound of the present invention (5 g), lactose
(865 g) and low substituted hydroxypropyl cellulose (100
g) were mixed and then a 10% aqueous solution of
hydroxypropyl cellulose (300 g) was added thereto and the
mixture was kneaded, granulated by an extrusion
granulator, and dried to obtain granules.

(Formulation example 3) Tablet

The compound of the present invention (5 g), lactose
(90 g), corn starch (34 g), crystalline cellulose (20 g)

and magnesium stearate (1 g) were mixed in a blender and
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compressed into tablets by a tablet machine to obtain
tablets.
[0124]

Pharmacological activity of the compound of the
present invention or a pharmacologically acceptable salt
thereof was checked by the following test.

{(Test example) Determination of TNF-o inhibition
rate

A test substance was suspended in a 0.5% (w/v)
methyl cellulose and orally administered to mice at a
dose of 100 mg/kg. One hour later, a lipopolysaccharide
(LPS, Sigma-Aldrich, L2630 (trade name)) (0.4 mg/kg) was
intraperitoneally administered to induce inflammation.
One hour after administration of LPS, blood was taken
from the vena cava under anesthesia with isoflurane,
placed in a tube containing a serum separating agent,
allowed to stand still at room temperature for 20-30
minutes and centrifuged at 4°C at 12,000 rpm for 5
minutes to obtain the serum. Thereafter, the amount of
the TNF-o in the serum was measured by using Mouse TNF-«
Elisa Kit (Invitrogen, KMC3011lC (trade name)) or Mouse
TNF-oo Immuncassay Kit (PerkinElmer, AL505 (trade name))
in accordance with the protocol of the kit. The serum
was diluted 10 times with the dilution solution contained
in the kit and put in use.

[0125]
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TNF-o inhibition rate (%) of the test substance was

calculated in accordance with the following expression.

TNF-o. inhibition rate (%) = [(TNF-o amount of
control group) — ( TNF-a amount of test substance
administration group)] x 100/ (INF-a amount of control
group)

[0126]

[Table 1]

Example No. TNF-o inhibition rate (%)
Griseofulvin 19
1 62
2 71
3 65
4 73
5 70
6 55
7 65
8 38
9 65
10 58
11 6l
12 6l
13 82
14 24
15 55
16 62
Examples

[0127]

Now, the present invention will be more specifically
described by way of Examples and the Test Example.
However, the present invention is not limited by these.
[0128]

In the following Examples, nuclear magnetic
resonance (hereinafter referred to as Iy NMR) spectra

were obtained by using tetramethylsilane as a standard
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substance and chemical shift values were expressed by o
values (ppm). In a splitting pattern, a singlet was
represented by s, a doublet d, a triplet t, a quartet g,
a multiplet m and a broad br.

(Example 1)

(28,5'R)-7-Chloro-6-(2-hydroxyethoxy)-3',4-
dimethoxy-5'-methyl-spiro[benzofuran-2,4"'-cyclohex-2-
enel-1',3-dione

(la)

{(25,5'R)=7-Chloro-6-hydroxy-3"',4-dimethoxy-5"'-
methyl-spiro[benzofuran-2,4'~cyclohex-2-ene]-1"',3-dione

(+)~Griseofulvin (CAS number: 126-07-8, product
code: G0384 (manufactured by Tokyo Kasei Kogyo Co.,
Ltd.)) (50 g), potassium iodide (23.5 g) and 18-crown-6-
ether (41.2 g) were dissolved in pyridine (500 mL),
stirred at 120°C for 9 hours and allowed to stand still
at room temperature overnight.

[0129]

The reaction mixture was concentrated. To this,
aqueous 4 % sodium bicarbonate was added. The reaction
mixture was washed twice with ethyl acetate. The aqueous
layer was neutralized with 1 mol/l hydrochloric acid and
extracted with ethyl acetate. The organic layer was
washed with water and saturated saline and dried over
anhydrous sodium sulfate. The solvent was distilled away
under reduced pressure and the resultant residue was

purified by silica gel column chromatography [elution
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solvent: dichloromethane/ethanol = 99/1 (V/V)] to obtain
a crude product (19.4 g)
[0130]

Ethyl acetate was added to the crude product to
solidify it. The mixture was subjected to filtration to
obtain the title compound (15.2 g (yield: 32%)) as a
white solid.

(1b)

(25,5'R)-7-Chloro-6-({2-hydroxyethoxy)-3"',4-
dimethoxy-5'-methyl-spiro[benzofuran-2,4'-cyclohex-2-
ene]=1',3-dione

The compound of Example 1 (la): (2S,5'R)-7-chloro-6-
hydroxy-3',4-dimethoxy-5'-methyl-spiro[benzofuran-2,4"'-
cyclohex-2-ene]-1",3-dione (0.1 g) was dissolved in N,N-
dimethylformamide (3 mL). To this, 2-bromoethanol
(0.0738 g) and potassium carbonate (0.102 g) were added
and stirred at 100°C for 6 hours.

[0131]

The reaction mixture was poured into water and
extracted with ethyl acetate. The organic layer was
washed with water and saturated saline and dried over
anhydrous sodium sulfate. The solvent was distilled away
under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: ethyl acetate] to obtain the title compound (38
mg (yield: 34%)) as a light yellow solid.

(Example 2)
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(25,5'R)-7-Chloro-3',4-dimethoxy-6-(2-
methoxyethoxy)-5"-methyl-spiro[benzofuran-2,4'-cyclohex-
2-ene]-1',3-dione

The compound of Example 1 (la): (25,5'R)-7-chloro-6-
hydroxy-3"', 4d-dimethoxy-5"'-methyl-spiro[benzofuran-2,4"'-
cyclohex-2-ene]-1"',3-dione (30 mg) was dissolved in N,N-
dimethylformamide (1 mL). To this, 2-bromoethyl methyl
ether (136 mg) and potassium carbonate (135 mg) were
added. The reaction mixture was stirred at 80°C for 6
hours.

[0132]

The reaction mixture was poured into water and
extracted with ethyl acetate. The organic layer was
washed with water and saturated saline and dried over
anhydrous sodium sulfate. The solvent was distilled away
under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: .ethyl acetate] to obtain the title compound (20
mg (yield: 57%)) as a white solid.

(Example 3)
(23,5'R)-7-Chloro-3',4-dimethoxy-5"'-methyl-6-(1-
methylpyrazol-3-yl) spiro[benzofuran-2,4'-cyclohex-2-ene]-

1',3-dione

(3a)

[(25,5'R)-7-Chloro-1",4-dimethoxy~-5"'-methyl-3,3"'-
dioxo-spiro[benzofuran-2,6'~cyclohexene]-6-yl]

trifluoromethanesulfonate
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The compound of Example 1 (la): (2S,5'R)-7-chloro-6-
hydroxy-3',4-dimethoxy-5'-methyl-spiro[benzofuran-2,4"'-
cyclohex—-2-ene]-1"',3-dione (20 g) was dissolved in
dichloromethane (300 mL). To this, N-
phenylbis(trifluoromethanesulfonimide) (25.3 g) and
triethylamine (20.6 mlL) were added. The reaction
solution was allowed to stand still at room temperature
overnight.

[0133]

The reaction solution was diluted with
dichloromethane. The organic layer was washed with water
and saturated saline and dried over anhydrous sodium
sulfate. The solvent was distilled away under reduced
pressure and the resultant residue was purified by silica
gel column chromatography [elution solvent: n-
hexane/ethyl acetate = 8/2-3/7 (V/V)] to obtain the title
compound (23.5 g (yield: 85%)) as a white solid.

(3b)

(25,5'R)-7-Chloro-3',4-dimethoxy-5'-methyl-6- (1~
methylpyrazol-3-yl)spiro[benzofuran-2,4'-cyclohex-2-ene]-
1',3=-dione

The compound of Example 3 (3a): [(2S,5'R)-7-chloro-
1',4-dimethoxy-5'-methyl-3, 3'-dioxo-spiro[benzofuran-
2,6'-cyclohexene]-6-yl] trifluoromethanesulfonate (76 mg)
was dissolved in N,N-dimethylformamide (1.6 mL). To this,
l-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) -

lH-pyrazole (0.0403 g), potassium carbonate (0.0669 g)
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and [1,1'-bis(diphenylphosphino) ferrocenelpalladium (II)
dichloride dichloromethane additive (0.0131 g) were added
at room temperature. The mixture was stirred at 80°C for
3 hours.

[0134]

After the temperature of the reaction mixture had
returned to room temperature, the reaction mixture was
diluted with ethyl acetate and insoluble matter was
filtered off. The filtrate was poured into water and
extracted with ethyl acetate. The organic layer was
washed with water and saturated saline and dried over
anhydrous sodium sulfate. The solvent was distilled away
under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: n-hexane/ethyl acetate = 1/1-0/1 (V/V)] to
obtain the title compound (27 mg (yield: 42%)) as a white
solid.

(Example 4)

(25,5'R)-7-Chloro-6-(l-ethylpyrazol-3-yl)-3"',4-
dimethoxy-5'-methyl-spiro[benzofuran-2,4'-cyclohex-2-
ene]-1',3~-dione

The compound of Example 3 (3a): [(2S3,5'R)=-7-chloro-
1',4-dimethoxy~5"'-methyl-3, 3'-dioxo-spiro[benzofuran-
2,6'-cyclohexene]-6-yl] trifluoromethanesulfonate (0.5 g)
was dissolved in toluene (10 mL). To this, l-ethyl-3-
(4,4,5,5-tetramethyl-1, 3, 2-dioxaborolan-2-yl)-1H-pyrazole

(0.283 g}, chloro(2-dicyclohexylphosphino-2',4"',6'-
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triisopropyl-1,1'~biphenyl) [2-(2"'-amino-1,1"-

biphenyl) Jpalladium (II) (0.167 g) and saturated agueous
solution of sodium hydrogen carbonate (5 mL) were added.
The reaction mixture was stirred at 90°C for two hours.
[0135]

The reaction mixture was poured into water and
extracted with ethyl acetate. The organic layer was
washed with water and saturated saline and dried over
anhydrous sodium sulfate. The solvent was distilled away
under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: n-hexane/ethyl acetate = 1/1-0/1 (V/V)] to
obtain the title compound (266 mg (yield: 60%)) as a
white solid.

(Example 5)

{(25,5'R)-7-Chloro-3"',4-dimethoxy-5"'-methyl-6-(5-
methyl-1, 3, 4-oxadiazol-2-yl)spiro[benzofuran-2,4"'-
cyclohex-2-enel-1"',3-dione

(5a)

(2,4,6~-Trichlorophenyl) (2S,5'R)-7-chloro-1"',4-
dimethoxy-5'-methyl-3, 3'-dioxo-spiro[benzofuran-2,6'-
cyclohexene] -6-carboxylate

The compound of Example 3 (3a): [(25,5'R)-7-chloro-
1',4-dimethoxy-5"-methyl-3, 3'-dioxo-spiro[benzofuran-
2,6'-cyclohexene]-6-yl] trifluoromethanesulfonate (20 g)
was dissolved in toluene (200 mL). To this, palladium

acetate (II) (0.477 g), 4,5-bis(diphenylphosphino)-9, 9-
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dimethylxanthene (2.46 g) and N,N-diisopropylethylamine
(14.8 mL) were added. The reaction mixture was heated to
go°cC.

2,4,6-Trichlorophenyl formate (12.5 g) was divided into
three portions, which were added at intervals of 30
minutes to the reaction mixture.

[0136]

After the reaction mixture was stirred at 80°C for
30 minutes, the reaction mixture was poured into water
and extracted with ethyl acetate. The organic layer was
washed with water and saturated saline and dried over
anhydrous sodium sulfate. The solvent was distilled away
under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: n-hexane/ethyl acetate = 7/3-3/7 (V/V)] to
obtain the title compound (19.5 g (yield: 84%)) as a
white solid.

(5b)

(25,5'R)=-N'-Acetyl-7-chloro-1"',4-dimethoxy-5"'~
methyl-3,3'-dioxo-spiro[benzofuran-2, 6'-cyclohexene] -6-
carbohydrazide

The compound of Example 5 (5a): 2,4, 6-
trichlorophenyl) (2S,5'R)-7-chloro-1',4-dimethoxy-5"'-
methyl-3,3'-dioxo-spiro[benzofuran-2,6'-cyclohexene] -6-
carboxylate (35 g) was dissolved in dichloromethane (400
mL). To this, 3H-1,2,3-triazolo[4,5-b]pyridin-3-0l (8.72

g), acetohydrazide (purity: 90%, 7.12 g), 4-
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dimethylaminopyridine (0.783 g) and triethylamine (26.8
mL) were added. The reaction solution was allowed to
stand still at room temperature overnight.

[0137]

The reaction solution was washed with water and
saturated saline and dried over anhydrous sodium sulfate.
The solvent was distilled away under reduced pressure and
the resultant residue was purified by silica gel column
chromatography [elution solvent: methanol/ethyl acetate =
0/10-1/9 (V/V)] to obtain the title compound (23.4 g
(yield: 86%)) as a white solid.

(5¢)

(25,5'R)-7-Chloro-3"',4-dimethoxy-5'-methyl-6-~ (5-
methyl-1, 3, 4-oxadiazol-2-yl)spiro[benzofuran-2,4"'-
cyclohex-2-ene]-1"', 3-dione

The compound of Example 5 (5b): (2S,5'R)-N'-acetyl-
7-chloro-1",4-dimethoxy-5'-methyl-3, 3'-dioxo-
spiro[benzofuran-2, 6'-cyclohexene]-6-carbohydrazide (0.25
g) was dissolved in toluene (5 mL) and anhydrous 1, 4-
dioxane (5 mL). To this, a
(methoxycarbonylsulfamoyl)triethylammonium hydroxide
inner salt (0.169 g) was added. The reaction mixture was
stirred at 60°C for one hour.

[0138]

To the reaction mixture, water was added. The

reaction mixture was extracted with ethyl acetate. The

organic layer was washed with saturated saline and dried
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over anhydrous sodium sulfate. The solvent was distilled
away under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: n-hexane/ethyl acetate = 1/1-0/1 (V/V)] to
obtain the title compound (49 mg {(yield: 20%)) as a white
solid.

(Example ©6)

(23,5'R)-7-Chloro-3', 4-dimethoxy-5'-methyl-6- (3~
methyl-1,2,4-oxadiazol-5-yl)spiro[benzofuran-2,4"'~
cyclohex-2-ene]-1",3-dione

(6a)

[(Z)-1-Aminoethylideneamino] (28,5'R)-7-chloro-1"',4-
dimethoxy-5"'-methyl-3, 3'-dioxo-spiro[benzofuran-2,6"'-
cyclohexene] -6-carboxylate

The compound of Example 5 (5a): (2,4, 6-
trichlorophenyl) (28,5'R)-7-chloro-1"',4-dimethoxy-5"'-
methyl-3, 3'-dioxo-spiro[benzofuran-2, 6'-cyclohexene] -6-
carboxylate (3 g) was dissolved in dichloromethane (50
mL). To this, N'-hydroxyethanimidamide (0.488 g), 3H-
1,2,3-triazolo[4,5-blpyridin-3-0l (0.748 g), 4-
dimethylaminopyridine (0.0671 g) and triethylamine (2.28
mL) were added. The reaction solution was allowed to
stand still at room temperature overnight.

[0139]

The reaction solution was diluted with ethyl acetate

and the organic layer was washed with water and saturated

saline and dried over anhydrous sodium sulfate. The
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solvent was distilled away under reduced pressure and the
resultant residue was purified by silica gel column
chromatography [elution solvent: n-hexane/ethyl acetate =
80/20-0/100 (V/V)] to obtain the title compound (2.32 g
(yield: quantitative)) as a white solid.

(6b)

(25,5'R)=7-Chloro-3',4-dimethoxy-5'-methyl-6-(3-
methyl-1,2,4-oxadiazol-5-yl)spiro[benzofuran-2,4"'-
cyclohex-2-ene]-1"',3-dione

The compound of Example 6 (6a): [(Z2)-1-
aminoethylideneamino] (23,5'R)~7-chloro-1",4-dimethoxy-
5'-methyl-3,3'-dioxo-spiro[benzofuran-2, 6'-cyclohexene] -
6-carboxylate (0.95 g) was dissolved in toluene (20 mL).
The reaction solution was stirred at 110°C for 6 hours
and concentrated. The resultant residue was purified by
silica gel column chromatography [elution solvent: n-
hexane/ethyl acetate = 8/2-3/7 (V/V)] and triturated with
n-hexane and ethyl acetate to obtain the title compound
(756 mg (yield: 83%)) as a white solid.

(Example 7)

{(28,5'R)=7-Chloro-3',4-dimethoxy-5"'-methyl-6-(5-
methyl-1,2,4-oxadiazol-3-yl)spiro[benzofuran-2,4"'-
cyclohex-2-ene]-1"',3-dione

(7a)

(25,5'R)-7-Chloro-1",4-dimethoxy-5'-methyl-3,3"'-

dioxo-spiro[benzofuran-2, 6'-cyclohexene]-6-carbonitrile
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The compound of Example 3 (3a): [(2S,5'R)-7-chloro-
1',4-dimethoxy-5"-methyl-3,3'-dioxo-spiro[benzofuran-
2,6'-cyclohexene]-6-yl] trifluoromethanesulfcnate (1 g)
was dissolved in N,N-dimethylformamide (10 mL). To this,
tetrakis (triphenylphosphine)palladium (0) (0.245 g) and
zinc cyanide (0.499 g) were added. The reaction mixture
was stirred at 90°C for 5 hours.

[0140]

The reaction mixture was poured into water and
extracted with ethyl acetate. The organic layer was
washed with water and saturated saline and dried over
anhydrous sodium sulfate. The solvent was distilled away
under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: n-hexane/ethyl acetate = 8/2-3/7 (V/V)] to
obtain the title compound (540 mg (yield: 73%) as a light
yellow solid.

(7b)

(25,5'R)=-7-Chloro-3'",4-dimethoxy-5"-methyl-6-(5-
methyl-1,2,4-oxadiazol-3-yl)spiro[benzofuran-2,4"'-
cyclohex-2-enel-1"',3-dione

The compound of Example 7 (7a): (2S,5'R)-7-chloro-
1',4-dimethoxy=-5"'-methyl-3,3'-dioxo-spiro[benzofuran-
2,6'-cyclohexene] -6~carbonitrile (0.54 g) was dissolved
in ethanol (10 mL). To this, 50% hydroxylamine solution

{(0.19 mL) was added. The reaction solution was stirred

at 90°C for 6 hours.
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[0141]

The reaction solution was concentrated and subjected
to azeotropic distillation twice with toluene. The
residue was dissolved in dichloromethane (20 mL). To
this, acetic acid (0.0891 mL), l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (0.299 g),
3H-1,2,3-triazolo[4,5-b]lpyridin-3-0l1 (0.0424 g) and
triethylamine (0.652 mL) were added. The reaction
solution was stirred at room temperature for 5 hours.
[0142]

The reaction solution was diluted with
dichloromethane and the organic layer was washed with
water and saturated saline and dried over anhydrous
sodium sulfate. The solvent was distilled away under
reduced pressure and the resultant residue was roughly
purified by silica gel column chromatography [elution
solvent: n-hexane/ethyl acetate = 1/1-0/1 (V/V)]. The
resultant crude product was suspended in toluene (5 mL)
and the suspension solution was stirred at 100°C for 7
hours.

[0143]

To the reaction mixture, water was added, and the
reaction mixture was extracted with ethyl acetate. The
organic layer was washed with water and saturated saline
and dried over anhydrous sodium sulfate. The solvent was
distilled away under reduced pressure and the resultant

residue was purified by silica gel column chromatography
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[elution solvent: n-hexane/ethyl acetate = 7/3-2/8 (V/V)]
to obtain the title compound (34 mg (yield: 5.4%, 3
steps)) as a white solid.

(Example 8)

(25,5'R)=7-Chloro-6-[5~(1l-hydroxy-l-methyl-ethyl) -
1,3,4-oxadiazol-2-y1]1-3'",4-dimethoxy-5'-methyl-
spiro[benzofuran-2,4"'-cyclohex-2-ene]-1",3-dione

(8a)

(25,5'R)=7-Chloro-N'-(2-hydroxy-2-methyl-propanoyl) -
1',4-dimethoxy-5"-methyl-3, 3'-dioxo-spiro[benzofuran-
2,6'-cyclohexene]-6-carbohydrazide

The compound of Example 5 (5a): 2,4,6-
trichlorophenyl) (28,5'R)-7-chloro-1"',4-dimethoxy-5"'-
methyl-3,3'-dioxo-spiro[benzofuran-2,6'-cyclohexene] -6-
carboxylate (0.5 g) was dissolved in dichloromethane (10
mL). To this, 2-hydroxy-2-methylpropanchydrazide (0.162
g), 3H-1,2,3-triazolo[4,5-blpyridin-3-o0l1 (0.125 g), 4-
dimethylaminopyridine (0.0224 g) and triethylamine (0.639
mL) were added. The reaction mixture was allowed to
stand still at room temperature overnight.

[0144]

The solvent was distilled away under reduced
pressure and the resultant residue was purified by silica
gel column chromatography [elution solvent:
methanol/ethyl acetate = 0/10-1/9 (V/V)] to obtain the
title compound (415 mg (yield: 97%)) as a white solid.

(8b)
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(23,5'R)=7-Chloro-6-[5-(1-hydroxy-1-methyl-ethyl) -
1,3,4-oxadiazol-2-yl1]~-3",4-dimethoxy-5"'-methyl-
spiro[benzofuran-2,4'-cyclohex-2-ene]-1"',3-dione

The compound of Example 8 (8a): (2S,5'R)-7-chloro-
N'-(2-hydroxy-2-methyl-propanoyl)-1',4-dimethoxy-5"'-
methyl-3,3'-dioxo-spiro[benzofuran-2,6'-cyclohexene] -6~
carbohydrazide (0.415 g) was dissolved in dichloromethane
(5 mL). To this, triethylamine (0.62 mL) and p-
toluenesulfonyl chloride (0.254 g) were added. The
reaction mixture was stirred at room temperature for two
hours.

[0145]

The reaction mixture was poured into water and
extracted with ethyl acetate. The organic layer was
washed with water and saturated saline and dried over
anhydrous sodium sulfate. The solvent was distilled away
under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: methanol/ethyl acetate = 0/10-1/9 (V/V)] to
obtain the title compound (141 mg (yield: 35%)) as a
white solid.

{(Example 9)

(25,5'R)-7-Chloro-6-[5-[ (1S)-1-hydroxyethyll-1,3,4-
oxadiazol-2-yl]-3',4-dimethoxy-5"-methyl-
spiro[benzofuran-2,4'-cyclohex-2-~ene]~-1"', 3-dione

(%9a)

(2S)-2-Tetrahydropyran-2-yloxypropanehydrazide
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Methyl (2S)-2-tetrahydropyran-2-yloxypropancate (CAS
Registry Number: 153829-63-1, J. Org. Chem. 1991, 56,
1088-1093) (2.2 g) was dissolved in ethanol (8 mL). To
this, hydrazine monohydrate (1.8 g) was added. The
reaction mixture was allowed to stand still at room
temperature overnight. The solvent was distilled away
under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: methancl/ethyl acetate = 0/10-1/9 (V/V)] to
obtain the title compound (1.6 g (yield: 73%)) as a white
solid.

(9b)

(25,5'R)-7-Chloro-1"',4-dimethoxy-5"'-methyl-3,3"'-
dioxo-N'-[ (28)-2-tetrahydropyran-2-
yloxypropanoyl]spiro[benzofuran-2,6'-cyclohexene] -6-
carbohydrazide

The compound of Example 5 (ba): (2,4,6-
trichlorophenyl) (25,5'R)-7-chloro-1',4-dimethoxy-5'-
methyl-3,3'-dioxo-spiro[benzofuran-2, 6'-cyclohexene] -6-
carboxylate (0.5 g) was dissolved in dichloromethane (10
mL). To this, the compound of Example 9 (%a): (2S)-2-
tetrahydropyran-2-yloxypropanehydrazide (0.258 g), 3H-
1,2,3-triazclo4,5-blpyridin-3-0l1 (0.125 g), 4-
dimethylaminopyridine (0.0112 g) and N,N-
diisopropylethylamine (0.478 mL) were added. The
reaction mixture was allowed to stand still at room

temperature overnight.
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[0146]

The reaction mixture was poured into water,
neutralized with 1 mol/1 hydrochloric acid and extracted
with ethyl acetate. The organic layer was washed with
water and saturated saline and dried over anhydrous
sodium sulfate. The solvent was distilled away under
reduced pressure and the resultant residue was purified
by silica gel column chromatography [elution solvent: n-
hexane/ethyl acetate = 1/1-0/1 (V/V)] to obtain the title
compound (490 mg (yield: quantitative)) as a white solid.

(9c)

(28,5'R)=7-Chloro-3'",4-dimethoxy-5"-methyl-6-[5-
[(1S8)-1l-tetrahydropyran-2-yloxyethyl]-1, 3, 4-oxadiazol-2~
yl]spiro[benzofuran-2,4'-cyclchex-2-ene]-1"',3-dione

The compound of Example 9 (9b): (2S,5'R)-7-chloro-
1',4-dimethoxy~-5"-methyl-3,3'-dioxo-N'-[(2S)-2-
tetrahydropyran-2-yloxypropanoyl]spiro[benzofuran-2,6"'-
cyclohexene]-6-carbohydrazide (0.49 g) was dissolved in
dichloromethane (5 mL). To this, triethylamine (0.637
ml) and p-toluenesulfonyl chloride (0.2098 g) were added.
The reaction mixture was stirred at room temperature for
three hours.

[0147]

The reaction mixture was poured into water,
neutralized with 1 mol/1 hydrochloric acid and extracted
with ethyl acetate. The organic layer was washed with

water and saturated saline and dried over anhydrous



sodium sulfate. The solvent was distilled away under
reduced pressure and the resultant residue was purified
by silica gel column chromatography [elution solvent: n-
hexane/ethyl acetate = 1/1-0/1 (V/V)] to obtain the title
compound (452 mg (yield: 95%)) as a white solid.

(9d)

(28,5'R)-7-Chloro-6-[5-[(1S)-1-hydroxyethyl]-1,3,4-
oxadiazol-2-yl]-3',4-dimethoxy-5"'-methyl-
spiro[benzofuran-2,4'-cyclohex-2-ene]-1',3-dione

The compound of Example 9 (9c¢): (28,5'R)-7-chloro-
3'",4-dimethoxy-5"-methyl-6-[5-[ (1S)-1l-tetrahydropyran-2-
yloxyethyl]-1,3,4-oxadiazol-2-yl]spiro[benzofuran-2,4"-
cyclohex—-2-ene]-1"',3-diocne (0.452 g) was dissolved in
ethanol (4 mL). To this, water (1 mL) and p-
toluenesulfonic acid monohydrate (0.0828 g) were added.
The reaction mixture was stirred at 50°C for one hour.
[0148]

The reaction mixture was poured into water and 1
mol/1l hydrochloric acid was added thereto. The reaction
mixture was extracted with ethyl acetate. The organic
layer was washed with water and saturated saline and
dried over anhydrous sodium sulfate. The solvent was
distilled away under reduced pressure and the resultant
residue was purified by silica gel column chromatography

[elution solvent: methanol/ethyl acetate = 0/1-1/19

o

(V/V)] to obtain the title compound (119 mg (yield: 31%))

as a white solid.
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(Example 10)

(25,5'R)-7-Chloro-6-[5-[ (1R)-1-hydroxyethyl]-1,3,4-
oxadiazol-2-y17-3',4-dimethoxy-5'-methyl-
spiro[benzofuran-2,4'~cyclohex-2~-ene]l-1"',3-dione

(10a)

(2R) -2-Tetrahydropyran-2-yloxypropanehydrazide

Methyl (2R)-2-tetrahydropyran-2-yloxypropanocate (CAS
Registry Number: 124508-74-3, Tetrahedron, 2012, 68,
2068-2073) (1.6 g) was dissolved in ethanol (8 mL). To
this, hydrazine monohydrate (1.2 mL) was added. The
reaction mixture was stirred at 90°C for 4 hours.

[0149]

After the reaction mixture was allowed to stand
still at room temperature overnight, the mixture was
stirred at 90°C for 10 hours. The mixture was further
allowed to stand at room temperature overnight and then
stirred at 90°C for 10 hours. The solvent was distilled
away under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: methanol/ethyl acetate = 0/1-1/9 (V/V)] to
obtain the title compound (1 g (yield: 62%)) as a white
solid.

(10b)

(25,5'R)=7-Chloro-1", 4-dimethoxy-5'-methyl-3,3"'-
dioxo-N'-[ (2R)-2-tetrahydropyran-2-
vloxypropanoyl]spiro[benzofuran-2, 6'-cyclohexene]-6-

carbohydrazide
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The compound of Example 5 (5a): (2,4,6-
trichlorophenyl) (25,5'R)-7-chloro-1',4-dimethoxy-5"-
methyl-3,3'-dioxo-spiro[benzofuran-2, 6'-cyclohexene]-6-
carboxylate (0.5 g) was dissolved in dichloromethane (10
mL). To this, the compound of Example 10 (10a): (2R)=-2-
tetrahydropyran-2-yloxypropanehydrazide (0.19 g), 3H-
1,2,3-triazolo[4,5-blpyridin-3-o0l (0.124 g), 4-
dimethylaminopyridine (0.0112 g) and N,N-
diisopropylethylamine (0.478 mL) were added. The
reaction mixture was allowed to stand still at room
temperature overnight.

[0150] -

The reaction mixture was poured into water,
neutralized with 1 mol/l hydrochloric acid and extracted
with ethyl acetate. The organic layer was washed with
water and saturated saline and dried over anhydrous
sodium sulfate. The solvent was distilled away under
reduced pressure and the resultant residue was purified
by silica gel column chromatography [elution solvent:
methanol/ethyl acetate = 0/10-1/9 (V/V)] to obtain the
title compound (460 mg (yield: 94%)) as a white solid.

(10c)

{(28,5'R)-7-Chloro-3',4-dimethoxy-5"'-methyl-6-[5-
[{1IR)-1-tetrahydropyran-2-yloxyethyl]-1, 3, 4-oxadiazol-2-
yl]lspiro[benzofuran-2,4'-cyclohex-2-ene]l-1"',3-dione

The compound of Example 10 (10b): (2S,5'R)-7-chloro-

1',4-dimethoxy-5'-methyl-3,3'-dioxo-N"'—-[(2R)-2-
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tetrahydropyran-2-yloxypropanoyl]spiro[benzofuran-2,6"'-
cyclohexene] —-6-carbohydrazide (0.46 g) was dissolved in
dichloromethane (5 mL). To. this, triethylamine (0.598
mL) and p-toluenesulfonyl chloride (0.196 g) were added.
The reaction mixture was stirred at room temperature for
two hours.

[0151]

The reaction mixture was poured into water,
neutralized with 1 mol/l hydrochloric acid and extracted
with ethyl acetate. The organic layer was washed with
water and saturated saline and dried over anhydrous
sodium sulfate. The solvent was distilled away under
reduced pressure and the resultant residue was purified
by silica gel column chromatography [elution solvent: n-
hexane/ethyl acetate = 1/1-0/1 (V/V)] to obtain the title
compound (315 mg (yield: 71%)) as a white solid.

(10d)

(23,5'R)=7-Chloro-6-[5-[ (1R)-1-hydroxyethyl]-1,3,4-
oxadiazol-2-yl]-3', 4-dimethoxy-5"'-methyl-
spiro[beniofuran—Z,4'—cyclohex—2—ene]—1',3—dione

The compound of Example 10 (10c¢): (2S,5'R)-7-chloro-
3',4-dimethoxy-5"-methyl-6-[5-[ (1R)-1-tetrahydropyran-2-
yloxyethyl]-1, 3, 4-oxadiazol-2-yl]spiro[benzofuran-2,4"'-
cyclohex-2-ene]-1"',3-dione (0.315 g) was dissolved in
ethanol (4 mL). To this, water (1 mL) and p-
toluenesulfonic acid monohydrate (0.0577 g) were added.

The reaction mixture was stirred at 50°C for one hour.
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[0152]

The reaction mixture was poured into water and 1
mol/1l hydrochloric acid was added thereto. The reaction
mixture was extracted with ethyl acetate. The organic
layer was washed with water and saturated saline and
dried over anhydrous sodium sulfate. The solvent was
distilled away under reduced pressure and the resultant
residue was purified by silica gel column chromatography
[elution solvent: methanol/ethyl acetate = 0/10-1/19

(V/V)] to obtain the title compound (112 mg (yield: 42

o

))

as a white solid.

{(Example 11)

(28,5'R)-7-Chloro-4-ethoxy-6-[5-(1l-hydroxy-1-methyl-
ethyl)-1,3,4-oxadiazol-2-yl1]-3"'"-methoxy-5'-methyl-
spiro[benzofuran-2,4'-cyclohex-2-ene]-1',3-dione

(1la)

{(25,5"'R)-7-Chloro-4-hydroxy-6-[5-(1l-hydroxy-1-
methyl-ethyl)-1,3,4-oxadiazol-2-yl]-3'-methoxy-5"'-methyl-
spiro([benzofuran-2,4'-cyclohex-2-ene]-1"',3-dione

Magnesium chips (0.41 g) were added in diethyl ether
{60 mL) and iodine (3.9 g) was divided into three
portions, which were added at intervals of 20 minutes.
The reaction mixture was stirred at room temperature for
one hour, and then, the compound of Example 8 (8b):
(25,5'R)-7-chloro-6-[5-(l-hydroxy-l-methyl-ethyl)-1,3,4-
oxadiazol-2-yl1l]-3',4-dimethoxy-5"-methyl-

spiro[benzofuran-2,4'-cyclohex-2-ene]-1!,3-dione (6.3 qg)
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and toluene (150 mL) were added thereto. The reaction
mixture was stirred at 90°C for 7 hours.
[0153]

To the reaction mixture, water was added. The
mixture was neutralized with 1 mol/l hydrochloric acid,
and then, made slightly alkaline by adding saturated
agueous sodium bicarbonate. The reaction mixture was
extracted with ethyl acetate. The organic layer was
washed with 1 mol/1 hydrochloric acid and saturated
saline and dried over anhydrous sodium sulfate. The
solvent was distilled away under reduced pressure and the
resultant residue was purified by silica gel column
chromatography [elution solvent: n-hexane/ethyl acetate =
1/1-0/1 (V/V)] to obtain the title compound (2.7 g
(yield: 44%)) as a white solid.

(11b)

(25,5'R)-7-Chloro-4-ethoxy-6-[5- (1-hydroxy-1l-methyl-
ethyl) -1, 3,4-oxadiazol-2-yl]-3"'-methoxy-5"-methyl-
spiro[benzofuran-2,4'-cyclohex-2-ene]-1"', 3-dione

The compound of Example 11 (lla): (2S,5'R})-7-chloro-
4-hydroxy-6-[5-(l-hydroxy-1-methyl-ethyl)-1, 3,4~
oxadiazol-2-yl]-3'-methoxy—-5'-methyl-spiro[benzofuran-
2,4'-cyclohex-2-ene]-1"',3-dione (0.3 g) was dissolved in
N,N-dimethylformamide (4 mL). To this, potassium
carbonate (0.191 g) and iodoethane (0.0827 mL) were added.
The reaction mixture was stirred at 80°C for two hours.

[0154]
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The reaction mixture was poured into water,
neutralized with 1 mol/l hydrochloric acid and extracted
with ethyl acetate. The organic layer was washed with
water and saturated saline and dried over anhydrous
sodium sulfate.. The solvent was distilled away under
reduced pressure and the resultant residue was purified
by silica gel column chromatography [elution sclvent: n-
hexane/ethyl acetate = 6/4-1/9 (V/V)] to obtain the title
compound (42 mg (yield: 13%)) as a white solid.

(Example 12)

(25,5'R)-7-Chloro-4-ethoxy-6-[5-[(1S)-1-
hydroxyethyl]-1, 3, 4-oxadiazol-2-yl]-3"'-methoxy-5'-methyl-
spiro[benzofuran-2,4'-cyclohex-2-ene]-1"',3-dione

Magnesium chips (0.073 g) were added in diethyl
ether (20 mL) and a small amount of iodine (0.70 g) was
added thereto. The reaction mixture was stirred at room
temperature for 10 minutes. Further, iodine (0.70 g) was
divided into three portions, which were added at
intervals of 20 minutes. After the reaction mixture was
stirred at room temperature for 30 minutes, toluene (50
mL), the compound of Example 9 (9c¢): (2S,5'R)-7-chloro-
3',4-dimethoxy-5"'-methyl-6-[5-[ (1S)-1-tetrahydropyran-2-
yloxyethyl]-1,3,4-oxadiazol-2-yl]lspiro[benzofuran-2,4"'-
cyclohex-2-ene]-1"',3-dione (1.3 g) were added thereto.
The reaction mixture was stirred at 80°C for 8 hours.

[0155]



To the reaction mixture, water was added. The
mixture was neutralized with 1 mol/l hydrochloric acid
and extracted with ethyl acetate. The organic layer was
washed with saturated saline and dried over anhydrous
sodium sulfate.

[0156]

The solvent was distilled off under reduced pressure
and the resultant residue was dissolved in N,N-
dimethylformamide (10 mL). To this, potassium carbonate
(1.36 g) and iodoethane (0.485 mL) were added. The
reaction mixture was stirred at 80°C for one hour. The
reaction mixture was poured into water, neutralized with
1 mol/1 hydrochloric acid and extracted with ethyl
acetate. The organic layer was washed with water and
saturated saline and dried over anhydrous sodium sulfate.
The sclvent was distilled away under reduced pressure and
the resultant residue was purified by silica gel column
chromatography [elution solvent: n-hexane/ethyl acetate =
7/3-2/8 (V/V)]. The solid obtained was triturated with
n-hexane and ethyl acetate to obtain the title compound
(122 mg (yield: 13%)) as a white solid.

{(Example 13)

(25,5'R)-7-Chloro-6-[3-(1l-hydroxyethyl)-1,2, 4~
oxadiazol-5-y1]-3',4-dimethoxy-5'-methyl-
spirof[benzofuran-2,4"'-cyclohex-2-ene]-1"',3-dione

(13a)

2~-Tetrahydropyran-2-yloxypropanenitrile



- 75 —~

2-Hydroxypropanenitrile (5.0 g) was dissolved in
dichloromethane (150 mL). To this, 3,4-dihydro-2H-pyran
(7.7 g) and p-toluenesulfonic acid monohydrate (1.3 g)
were added. The reaction solution was stirred at room
temperature for 14 hours. To the reaction solution,
triethylamine was added, and then, the solvent was
distilled off under reduced pressure. The resultant
residue was purified by silica gel column chromatography
[elution solvent: n-hexane/ethyl acetate = 97/3-7/3
(V/V)] to obtain the title compound, more specifically,
two types of diastereomer (5.7 g (yield: 52%) and 2.5 g
(yield: 23%), respectively) as light yellow solids.

(13b)

N'-Hydroxy-2-tetrahydropyran-2-yloxy-propanamidine

One of the diastereomers obtained in Example 13
(13a): 2-tetrahydropyran-2-yloxypropanenitrile (5.6 g)
was dissolved in ethanol (36 mL). To this, a 50%
hydroxylamine solution (4.3 mlL) was added. The reaction
mixture was heated to 80°C and stirred for 5 hours.
After the temperature of the reaction mixture had
returned to room temperature, the solvent was distilled
off under reduced pressure. The resultant residue was
purified by silica gel column chromatography [elution
solvent: n-hexane/ethyl acetate = 10/1-1/0 (V/V)] to
obtain the title compound (5.0 g (yield: 74%) as a light
yellow solid.

(13c)



- 76 -

[(Z2)-(l1-Amino-2-tetrahydropyran-2-yloxy-
propylidene)amino] (2S,5'R)-7-chloro-1",4~dimethoxy-5'-
methyl-3, 3'-dioxo-spiro[benzofuran-2, 6'-cyclohexene] -6-
carboxylate

The compound of Example 5 (5a): (2,4,6-
trichlorophenyl) (2S,5'R)-7-chloro-1"',4-dimethoxy-5"'-
methyl-3,3'-dioxo-spiro[benzofuran-2,6'-cyclohexene] -6-
carboxylate (0.5 g) was dissolved in dichloromethane (10
mL). To this, the compound of Example 13 (13b): N'-
hydroxy-2-tetrahydropyran-2-yloxy-propanamidine (0.207 q),
3H-1,2,3-triazolo[4,5-b]pyridin-3-0l1 (0.125 g), 4-
dimethylaminopyridine (0.0112 g) and N,N-
diisopropylethylamine (0.478 mL) were added. The
reaction mixture was stirred at room temperature for 5
hours.

[0157]

The reaction mixture was poured into water,
neutralized with 1 mol/l hydrochloric acid and extracted
with ethyl acetate. The organic layer was washed with
water and saturated saline and dried over anhydrous
sodium sulfate. The solvent was distilled away under
reduced pressure and the resultant residue was purified
by silica gel column chromatography [elution solvent: n-
hexane/ethyl acetate = 1/1-0/1 (V/V)] to obtain the title
compound (410 mg (yield: 83%)) as a white solid.

(13d)
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(25,5'R)-7-Chloro-3',4-dimethoxy-5'-methyl-6-[3-(1-
tetrahydropyran-2-yloxyethyl)-1,2, 4-oxadiazol-5-
vllspiro[benzofuran-2,4'-cyclohex-2-ene]-1"', 3-dione

The compound of Example 13 (13¢): [(Z)-(l-amino-2-
tetrahydropyran-2-yloxy-propylidene)amino] (2S,5'R)-7-
chloro-1"',4-dimethoxy-5'-methyl-3,3'-dioxo-
spiro[benzofuran-2, 6'-cyclohexene]-6-carboxylate (0.41 qg)
was dissolved in toluene (5 mL). The reaction mixture
was stirred at 110°C for 7 hours. The solvent was
distilled away under reduced pressure and the resultant
residue was purified by silica gel column chromatography
[elution solvent: n-hexane/ethyl acetate = 1/1-1/9 (V/V)]
to obtain the title compound (375 mg (yield: 95%)) as a
white solid.

(13e)

(25,5'R)=7-Chloro-6-[3-(1-hydroxyethyl)-1,2, 4-
oxadiazol-5-yl1]1-3',4-dimethoxy-5"-methyl-
spiro[benzofuran-2,4'~-cyclohex-2-ene]-1"',3-dione

The compound of Example 13 (13d): (2S,5'R)-7-chloro-
3',4-dimethoxy-5"'-methyl-6-[3-(1l-tetrahydropyran-2-
yloxyethyl)-1,2,4-oxadiazol-5-yl]spiro[benzofuran-2,4"'-
cyclohex-2-ene]-1',3-dione (0.375 g) was dissolved in
ethanol (4 mL). To this, p-toluenesulfonic acid
monohydrate (0.0687 g) and water (1 mL) were added. The
reaction mixture was stirred at room temperature for 8
hours.

[0158]
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The reaction mixture was poured into water and
extracted with ethyl acetate. The organic layer was
washed with water and saturated saline and dried over
anhydrous sodium sulfate. The solvent was distilled away
under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: n-hexane/ethyl acetate = 1/1-0/1 (V/V)] to
obtain the title compound (195 mg (yield: 62%)) as a
white solid.

(Example 14)

(25,5'R)-7-Chloro-4-(2-hydroxyethoxy)-3"'-methoxy-5"'-
methyl-6-(5-methyl-1, 3, 4-oxadiazol-2-yl)spiro[benzofuran-
2,4'"-cyclohex-2-ene]-1"',3-dione

(14a)

(25,5'R) -7-Chloro-4-hydroxy-3', 6-dimethoxy-5"'-
methyl-spiro[benzofuran-2,4'-cyclohex-2-ene]-1"', 3-dione

Magnesium chips (1.03 g) were added in diethyl ether
(50 mL) and iodine (8.63 g) was added thereto little by
little over one hour. After the reaction mixture was
stirred at room temperature for 30 minutes, toluene (100
mL) and {(+)-griseofulvin (10 g) were added theretoc. The
reaction mixture was stirred at 80°C for three hours.
[0159]

To the reaction mixture, water was added. The
mixture was neutralized with 1 mol/l hydrochloric acid
and extracted with ethyl acetate. The organic layer was

washed with a saturated saline and dried over anhydrous
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sodium sulfate. The solvent was distilled away under
reduced pressure and the resultant residue was purified
by silica gel column chromatography [elution solvent: n-
hexane/ethyl acetate = 1/1-0/1 (V/V)] to obtain the title
compound (7.8 g {(yield: 81%)) as a white solid.

(14b)

(28,5'R) -7-Chloro-3', 6-dimethoxy-5"'-methyl-4-(2-
tetrahydropyran-2-yloxyethoxy)spiro[benzofuran-2,4"'-
cyclohex-2-ene]-1"',3-dione

The compound of Example 14 (14a): (2S,5'R)-7-chloro-
4-hydroxy-3', 6—dimethoxy-5"'-methyl-spiro[benzofuran-2,4"-
cyclohex-2-ene]-1',3-dione (5.1 g) was dissolved in N,N-
dimethylformamide (60 mL). To this, 2-(2-
bromoethoxy) tetrahydro-2H-pyran (3.8 g) and potassium
carbonate (6.2 g) were added. The reaction mixture was
stirred at 80°C for 7 hours.

[0160]

The reaction mixture was poured into water and
extracted with ethyl acetate. The organic layer was
washed with water and saturated saline and dried over
anhydrous sodium sulfate. The solvent was distilled away
under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: n-hexane/ethyl acetate = 8/2-3/7 (V/V)] to
obtain the title compound (6.9 g (yield: 98%)) as a white
solid.

(l4c)
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{(25,5'R)-7-Chloro-6-hydroxy-3"'-methoxy-5'-methyl-4-
(2-tetrahydropyran-2-yloxyethoxy) spiro[benzofuran-2,4"'-
cyclohex-2-enel-1"',3-dione

The compound of Example 14 (14b): (2S5,5'R)-7-chloro-
3',6-dimethoxy-5'-methyl-4-(2-tetrahydropyran-2-
yloxyethoxy) spiro[benzofuran-2,4"'-cyclohex-2-ene]-1", 3~
dione (6.9 g) was dissolved in pyridine (70 mL). To this,
18-crown-6—ether (4.3 g) and potassium iodide (2.5 g)
were added. The reaction mixture was stirred at 120°C
for 8 hours.

[01l61]

The reaction solution was concentrated and the
reaction mixture was poured into water and extracted with
ethyl acetate. The organic layer was washed with water
and saturated saline and dried over anhydrous sodium
sulfate. The solvent was distilled away under reduced
pressure and the resultant residue was purified by silica
gel column chromatography [elution solvent: n-
hexane/ethyl acetate = 1/1-0/1 (V/V)] to obtain the title
compound (3.8 g {(yield: 57%)) as a white solid.

(14d)

[(25,5'R)-7-Chloro-1"-methoxy-5"-methyl-3, 3'-dioxo-
4-(2-tetrahydropyran-2-yloxyethoxy)spiro[benzofuran-2,6"'-
cyclohexene]-6-yl] trifluoromethanesulfonate

The compound of Example 14 (1l4c): (25,5'R)~7-chloro-
6-hydroxy-3'-methoxy-5"'-methyl-4-(2-tetrahydropyran-2-

yloxyethoxy) spirobenzofuran-2,4'-cyclohexa-2-ene]-1", 3~
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dione (3.8 g) was dissolved in dichloromethane (40 mL).

To this, triethylamine (2.9 mL) and N-

phenylbis (trifluoromethanesulfonimide) (3.6 g) were added.
The reaction mixture was allowed to stand still at room
temperature overnight.

[0162]

The reaction solution was diluted with
dichloromethane. The organic layer was washed with water
and saturated saline and dried over anhydrous sodium
sulfate. The solvent was distilled away under reduced
pressure and the resultant residue was purified by silica
gel column chromatography [elution solvent: n-
hexane/ethyl acetate = 8/2-4/6 (V/V)] to obtain the title
compound (3.2 g (yield: 65%)) as a white solid.

(l4e)

(2,4,6-Trichlorophenyl) (2S5,5'R)-7-chloro-1"-
methoxy-5'-methyl-3,3'-dioxo-4-(2-tetrahydropyran-2-
yloxyethoxy) spiro[benzofuran-2, 6'-cyclohexene]-6-
carboxylate

The compound of Example 14 (14d): [(2S,5'R)-7-
chloro-1'-methoxy-5'-methyl-3,3'-dioxo-4-(2-
tetrahydropyran-2-yloxyethoxy) spiro[benzofuran-2,6"'-
cyclohexene]-6-yl] trifluoromethanesulfonate (1 g) was
dissolved in toluene (200 mL). To this, palladium
acetate (II) (0.0192 g), 4,5-bis{diphenylphosphino)-9, 9-

dimethylxanthene (0.0989 g) and N,N-diisopropylethylamine
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(0.596 mL) were added. The reaction mixture was heated
to 80°C.
[0163]

2,4,6-Trichlorophenyl formate (0.501 g) was divided
into three portions, which were added at intervals of 10
minutes. The reaction mixture was stirred at 80°C for 30
minutes, and then, the temperature of the mixture was
returned to room temperature. The reaction mixture was
poured into water and extracted with ethyl acetate. The
organic layer was washed with water and saturated saline
and dried over anhydrous sodium sulfate. The solvent was
distilled away under reduced pressure and the resultant
residue was purified by silica gel column chromatography
[elution solvent: n-hexane/ethyl acetate = 8/2-4/6 (V/V)]
to obtain the title compound (850 mg (yield: 75%)) as a
white solid.

(14£)

(25,5'R) -N'-Acetyl-7-chloro-1'-methoxy-5'-methyl-
3,3"'-dioxo-4-{2-tetrahydropyran-2-
yloxyethoxy)spiro[benzofuran-2,6'-cyclohexene] -6-
carbohydrazide

The compound of Example 14 (l4e): (2,4,6-
trichlorophenyl) (2S,5'R)-7-chloro-1"-methoxy-5"'-methyl-
3,3"'-dioxo-4-(2-tetrahydropyran-2-
yloxyethoxy) spiro[benzofuran-2, 6'-cyclohexene] -6~
carboxylate (0.4 g) was dissolved in dichloromethane (20

mL). To this, acetohydrazide (purity: 90%, 0.0673 gqg),
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3H-1,2,3-triazolo[4,5-b]pyridin-3-o0l (0.0824 g), 4-
dimethylaminopyridine (0.0148 g) and triethylamine (0.254
mL) were added. The reaction mixture was allowed to
stand still at room temperature overnight.

[0164]

The reaction mixture was poured into water,
neutralized with 1 mol/l hydrochloric acid and extracted
with ethyl acetate. The organic layer was washed with
water and saturated saline and dried over anhydrous
sodium sulfate. The solvent was distilled away under
reduced pressure and the resultant residue was purified
by silica gel column chromatography [elution solvent:
methanol/ethyl acetate = 0/10-1/9 (V/V)] to obtain the
title compound (280 mg (yield: 86%)) as a white solid.

(14g)

(25,5'R)-7-Chloro-3'-methoxy-5"-methyl-6- (5-methyl-
1,3,4-oxadiazol-2-yl)-4-(2-tetrahydropyran-2-
yloxyethoxy)spiro[benzofuran-2,4"'-cyclohex-2-ene]-1", 3-
dione

The compound of Example 14 (14f): (2S,5'R)-N'-
acetyl-7-chloro-1'-methoxy-5"-methyl-3, 3'-dioxo-4-(2-
tetrahydropyran-2-yloxyethoxy) spiro[benzofuran-2,6"'-
cyclohexene]-6-carbohydrazide (0.28 g) was dissolved in
dichloromethane (5 mL). To this, p-toluenesulfonyl
chloride (0.149 g) and triethylamine (0.364 mL) were
added. The reaction mixture was stirred at room

temperature for three hours.
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[0165]

The reaction mixture was poured into water and
extracted with ethyl acetate. The organic layer was
washed with water and saturated saline and dried over
anhydrous sodium sulfate. The solvent was distilled away
under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: n-hexane/ethyl acetate = 1/1-0/1 (V/V)] to
obtain the title compound (202 mg (yield: 75%)) as a
white solid.

(14h)

(25,5'R)-7-Chloro-4- (2-hydroxyethoxy)-3'-methoxy-5"'-
methyl=6-(5-methyl~1, 3, 4-oxadiazol-2-yl)spiro[benzofuran-
2,4"'-cyclohex-2-enel-1"',3-dione

The compound of Example 14 (1l4qg): (2S5,5'R)-7-chloro-
3'-methoxy-5"-methyl-6-(5-methyl-1, 3, 4-oxadiazol-2-y1l) -4~
(2-tetrahydropyran-2-yloxyethoxy) spiro[benzofuran-2,4"'-
cyclohex-2-ene]-1"',3-dicne (0.202 g) was dissolved in
ethanol (2 mL). To this, p-toluenesulfonic acid
monohydrate (0.037 g) and water (b mL) were added. The
reaction mixture was stirred at 50°C for two hours.

[0166]

The reaction mixture was poured into water and
extracted with ethyl acetate. The organic layer was
washed with water and saturated saline and dried over
anhydrous sodium sulfate. The solvent was distilled away

under reduced pressure and the resultant residue was
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purified by silica gel column chromatography [elution
solvent: methanol/ethyl acetate = 0/10-1/92 (V/V)] to
obtain the title compound (39 mg (yield: 23%)) as a white
solid.

(Example 15)

(25,5'R)-7-Chloro-4-(2-hydroxyethoxy)-3"'-methoxy-5"-
methyl-6-(3-methyl-1,2,4-oxadiazol-5-y1)spiro[benzofuran-
2,4"'"-cyclohex-2-ene]-1"',3-dione

(15a)

[{Z)-1-Bminocethylideneamino] (2$,5'R)-7-chloro-1"'-
methoxy-5'-methyl-3, 3'-dioxo-4-(2-tetrahydropyran-2-
yloxyethoxy) spiro[benzofuran-2, 6'-cyclchexene] -6-
carboxylate

The compound of Example 14 (lde): (2,4,6-
trichlorophenyl) (2S,5'R)-7-chloro-1'-methoxy-5'-methyl-
3,3"-dioxo-4-(2-tetrahydropyran-2-
yloxyethoxy) spiro[benzofuran-2, 6'-cyclohexene] -6-
carboxylate (0.45 g) was dissolved in dichloromethane (10
mL). To this, N'-hydroxyethanimidamide (0.0758 g), 3H-
1,2,3-triazolo[4,5-b]lpyridin-3-0l (0.0928 g), 4-
dimethylaminopyridine (0.00833 g) and triethylamine
(0.285 mlL) were added. The reaction mixture was allowed
to stand still at room temperature overnight.

[0167]

The reaction mixture was poured into water and

extracted with ethyl acetate. The organic layer was

washed with water and saturated saline and dried over
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anhydrous sodium sulfate. The solvent was distilled away
under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: methanol/ethyl acetate = 0/10-1/9 (V/V)] to
obtain the title compound (345 mg (yield: 94%)) as a
white solid.

(15b)

(25,5'R)-7-Chloro-3'-methoxy-5'-methyl-6-(3-methyl-
1,2,4-oxadiazol-5-yl) -4~ (2-tetrahydropyran-2-
yvloxyethoxy)spiro[benzofuran-2,4'-cyclohex-2-ene]-1", 3-
dione

The compound of Example 15 (15a): [(Z)-1-
aminocethylideneamino] (2S,5'R)-7-chloro-1'-methoxy-5"'-
methyl-3,3'-dioxo-4~-(2-tetrahydropyran-2-
yloxyethoxy) spiroc[benzofuran-2, 6'—-cyclohexene] -6-
carboxylate (0.345 g) was suspended in toluene (5 mL) .
The reaction mixture was stirred at 100°C for 5 hours.
The solvent was distilled away under reduced pressure and
the resultant residue was purified by silica gel column
chromatography [elution solvent: n-hexane/ethyl acetate =
1/1-0/1 (V/V)] to obtain the title compound (283 mg
(yield: 85%)) as a white solid.

(15c)

(28,5'R)-7-Chloro-4- (2-hydroxyethoxy)-3'-methoxy-5"'-
methyl-6-(3-methyl-1,2,4-oxadiazol-5-yl)spiro[benzofuran-

2,4"'-cyclohex-2-ene]-1"',3-dione
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The compound of Example 15 (15b): (2S,5'R)=7-chloro-
3'-methoxy-5'-methyl-6-(3-methyl-1,2,4-oxadiazol-5-yl)-4-
(2-tetrahydropyran-2-yloxyethoxy) spiro[benzofuran-2,4"'-
cyclohex-2-ene]-1',3-dione (0.283 g) was dissolved in
ethanol (2 mL). To this, p-tcluenesulfonic acid
monohydrate (0.0518 g) and water (5 mL) were added. The
reaction mixture was stirred at 50°C for three hours.
[0168]

The reaction mixture was poured into water and
extracted with ethyl acetate. The organic layer was
washed with water and saturated saline and dried over
anhydrous sodium sulfate. The solvent was distilled away
under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: methanol/ethyl acetate = 0/10-1/9 (V/V)] to
obtain the title compound (128 mg (yield: 54%)) as a
white solid.

(Example 16)

(25,5'R)-7-Chloro-4-(2-hydroxyethoxy) -3'-methoxy-5"'-
methyl-6-(5-methyl-1,2, 4-oxadiazol-3-yl)spiro[benzofuran-
2,4'-cyclohex-2-ene]-1"',3-dione

(1l6a)

(25,5'R)-7-Chloro-4-hydroxy-3'-methoxy-5'-methyl-6-
(5-methyl-1,2,4-oxadiazol-3-yl)spiro[benzofuran-2,4"'-
cyclohex-2-ene]-1"', 3-dione

The compound of Example 7 (7b): (2S,5'R)-7-chloro-

3'",4-dimethoxy-5"-methyl-6-(5-methyl-1,2, 4-oxadiazol-3-



yl)spiro[benzofuran-2,4'-cyclohex-2-ene]-1"',3-dione (2.3
g) was dissolved in a solvent mixture of toluene (20 mL)
and ether (40 mL). To this, magnesium iodide (1.52 g)
was added. The reaction mixture was stirred at 80°C for
5 hours. To the reaction mixture, water was added. The
reaction mixture was neutralized with 4 N hydrochloric
acid and extracted with ethyl acetate. The organic layer
was washed with water and saturated saline and dried over
anhydrous sodium sulfate. The solvent was distilled away
under reduced pressure and the resultant residue was
purified by silica gel column chromatography [elution
solvent: petroleum ether/ethyl acetate = 1/1 (V/V)] to
obtain the title compound (1.7 g (yield: 64%) as a yellow
solid.

(16b)

(25,5'R)=7-Chloro-4-(2~hydroxyethoxy)-3"'-methoxy-5"'-
methyl-6-(5-methyl-1,2,4-oxadiazol-3-yl)spiro[benzofuran-
2,4"-cyclohex-2-ene]-1"',3-dione

Palladium chloride (0.45 mg) was dissolved in water
(2 mL). To this, tetrabutylammonium bromide (10.3 mg)
and potassium carbonate (4.42 mg) were added. The
reaction mixture was stirred at 60°C for 15 minutes. To
the mixture, the compound of Example 16 (l6a): (2S,5'R)-
7-chloro-4-hydroxy=-3'-methoxy-5'-methyl-6- (5-methyl-
1,2,4-oxadiazol-3-yl)spiro[benzofuran-2,4'~cyclohex-2-
enel]-1',3-dione (50 mg) and oxirane (28.1 mg) were added.

The mixture was stirred at 60°C for 12 hours.
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[0169]

The reaction mixture was poured into water and
extracted with dichloromethane. The organic layer was
washed with water and saturated saline and dfied over
anhydrous sodium sulfate. The solvent was distilled off
under reduced pressure. The resultant residue was
purified by thin layer chromatography [developing
solvent: ethyl acetate] to obtain the title compound (16
mg (yield: 29%) as a yellow solid.

[0170]

In the following tables, the structural formulae of

the compounds described in the Examples and

physicochemical data thereof are collectively shown.



[Table 2]
Example | Structural formula Physicochemical data
No.
H.C~
1(13) : /CLJ o CH;, 'H NMR(400MHz,DMSO-de):5(ppm)= 12.04(1H, brs), 6.28(1H, s), 5.59(1H,
Z H < >FO s), 3.81(3H, s), 3.63(3H, s), 2.83-2.73(1H, m), 2.68(1H, dd, J=16.6, 13.2Hz),
HOT S 00 5 2.34(1H, dd, 1=16.6, 4.9Hz), 0.81(3H, d, J=6.8Hz).
¢l CH,
1(1b) Rsbeg ;
/l\j CHs 'H NMR({400MHz,CDCly):3(ppm)= 6.15(1H, 5), 5.55(1H, 5), 4.28(2H, t,
J/ T o 1=4.8Hz), 4.10-4.04(2H, m), 3.97(3H, s), 3.62(3H, s), 3.04(1H, dd, J=16.6,
HO“V,/“-.O = A0 =
T & 13.2Hz), 2.89-2.80(1H, m), 2.44(1H, dd, J=16.6, 4.9Hz), 2.10(1H, ,
cl
CH, J=6.4Hz), 0.97(3H, d, J=6.4Hz). MS{ESI) m/z:383 (M + H)"
2 H,C. 1 . =
O o CH, H NMR{400MHz,CDCl;):8(ppm)= 6.19(1H, s), 5.54(1H, s}, 4.31(2H, t,
|
J\'/’ TN\ | =4:4Hz2), 3.95(3H, 5), 3.85(2H, t, J=4.4H2), 3.61(3H, 5), 3.50(3H, 5), 3.04(1H,
HSC~°\/\0 N0 )= dd, )=16.6, 13.7Hz), 2.89-2.79(1H, m), 2.43(1H, dd, }=16.6, 4.4Hz), 0.96(3H,
o
¢ CH, d, )=6.8Hz). MS{ESI) m/z:397 {M + H)"
3(3a) HiC.g O CHs 'H NMR{400MHz,CDCls):5(ppm)= 6.54(1H, s), 5.58(1H, s), 3.99(3H, s),
o ',,, Q:O 3.65(3H, s), 2.97(1H, dd, 1=16.6, 13.2Hz), 2.93-2.81(1H, m), 2.48(1H, dd,
0 p
F_ S J=16.1, 4.4Hz), 0.98(3H, d, J=6.8Hz).
>0 0 ), 0.98( )
Fe a ©
CH,
3(3b) H,C. 1 . _ ~
O 0 CH, H NMR(400MHz,CDCl5):5(ppm)= 7.49(1H, d, J=2.4Hz), 7.12{1H, s),
/\Ir'l,,, ; o 7.01(1H, d, 1=2.4Hz), 5.57(1H, s}, 4.02(3H, s}, 4.02(3H, s), 3.63(3H, s),
oG NNQ \| “‘OQ 3.05(1H, dd, J=16.6, 13.3Hz), 2.95-2.82(1H, m), 2.46(1H, dd, }=16.6, 4.3Hz),
G-
= ¢l QCH 0.99(3H, d, 1=6.7Hz). MS(ESI) m/2:403 (M + H)’
3
4 H;C. 'H NMR(400MHz,CDCl3):8(ppm)= 7.53(1H, d, J=2.4Hz), 7.14(1H, s)
O o) 9H3 9 , 4, ) s S)
I ; 7.01(1H, d, 1=2.4Hz), 5.57(1H, s}, 4.29(2H, q, J=7.3Hz}, 4.03(3H, s), 3.64(3H,
OQ:O s), 3.05(1H, dd, J=16.6, 13.3Hz), 2.94-2.83(1H, m), 2.47(1H, dd, J=16.6,
7 o 4.9Hz), 1.58(3H, t, J=7.3Hz), 1.00(3H, d, }=6.4Hz). MS(ESI) m/z:417 (M +
~N Ci :
<N CH, H)*
CH,




[Table 3]
Example | Structural formula Physicochemical data
No.
5(sa) Hf’C‘O Io CHg "H NMR(400MHz,CDCl):8(ppm)=7.48(2H, s), 7.23(1H, s), 5.59(1H, s},
cl '1/)\1’4’}@:0 4.05(3H, s), 3.65(3H, s, 3.00 {1H, dd, J=16.1, 13.2Hz), 2.95-2.82(1H, m),
fo) s, A
b Y oo 2.50(1H, dd, J=16.1, 4.4Hz}, 1.00(3H, d, J=6.8Hz).
cl d
Cl a® CHy
5(5b) HiC.o o cH, ' NMR(400MHz,CDCls):5(ppm)=0.00{1H, brd, }=5.4Hz), 8.59(1H, brd,
iy
o /---T./'c.,. o | =5.4H2), 6.88(1H, 5), 5.58(1H, ), 4.00(3H, 5), 3.64(3H, 5), 2.99 (1H, dd,
HstJ\,'}{'N\T = Oo 1=16.6, 13.2Hz), 2.92-2.83(1H, m), 2.48(1H, dd, J=16.6, 4.4Hz), 2.17(3H, s,),
o d CH, 0.96(3H, d, 1=6.4Hz).
5(5e) HCo o CH, H NMR{400MHz,CDCl5):8(ppm)=7.23(1H, s), 5.59(1H, s), 4.04(3H, ),
[_/' .'-L_, ; o | 6563, 5),3.05-297(1H, m), 2.95-2.86(1H, m), 271(3H, 5, 2.53-2.45(1H,
o K‘\ /l OQ: m), 1.00(3H, d, 1=6.9Hz). MS(ESI) m/z:405 (M + H)".
He— I L o
N-N Cl CH,
6(6a) H3C\o O CHg y NMR(400MHz,CDCl3):8{ppm}= 6.96(1H, s), 5.57(1H, s}, 5.03 {2H, brs),
| B
L < )IIQ':O 4.00(3H, s), 3.64{3H, s), 3.00(1H, dd, |=16.6, 13.2Hz), 2.93-2.83(1H, m),
Hac/J%N,O L\\I/“O 2.48(1H, dd, 1=16.6, 4.4Hz), 2.08(3H, s), 0.98(3H, d, J=6.4Hz).
|
o O-CH
3
6(6b) HiCo o CH, H NMR{400MHz,CDCl3):5(ppm)= 7.24(1H, s), 5.59(1H, s), 4.05(3H, s),
1, 7 3.65(3H, 5), 3.00(1H,dd, I=16.6, 13.2Hz), 2.96-2.86(1H, m), 2.56(3H, s),
2.50(1H, dd, J=16.6, 4.4Hz), 1.00(3H, d, J=6.6Hz). MS(ESI) m/z:405 (M +
H)
7(a
fa) H3C‘O O CH, ' NMR{400MHz,CDCls):5{ppm)= 6.82(1H, s), 5.58(1H, s), 4.00(3H, s),
| 3.63(3H, 5), 2.96(1H,dd, J=16.1, 13.2Hz), 2.92-2.83(1H, m), 2.49(1H, dd,
Q:O J=16.1, 3.9Hz), 0.97(3H, d, J=6.4Hz).
N7 Oo
Cl :




[Table 4}
Example | Structural formula Physicochemical data
No.
7(b) Hac CH, 'H NMR(400MHz,CDCls):8(ppm)= 7.12(1H, s), 5.57(1H, s}, 4.02(3H, s),
3.64(3H, s), 3.02(1H,dd, 1=16.6, 13.2Hz), 2.95-2.85(1H, m), 2.73(3H, s),
N\/\/ Q: 2.48(1H, dd, J=16.6, 4.4Hz), 1.00(3H, d, 1=6.6Hz). MS(ESI) m/z:405 (M +
3C—</ H)+
3
&a) H:Co o ¢ty 'H NMR(400MHz,CDCl5):8(ppm)= 9.39(1H, brs), 8.83(1H, brs), 6.91 (1H, s),
o 4 /l\‘L 5.57(1H, s), 4.00(3H, s}, 3.64(3H, s), 3.00(1H, dd, J=16.6, 13.2Hz), 2.93-
H,C N s
jo})\N i \ © 2.82(1H, m), 2.47(1H, dd, 1=16.6, 4.4Hz), 2.43(1H, brs), 1.57 (6H, s),
cH;, " o
3 0.97(3H, d, J=6.4Hz).
8() H C‘O o) CH3 *H NMR{400MHz,CDCl;):8(ppm)= 7.25 (1H, s), 5.59(1H, s), 4.05(3H, s),
l
Z r ' o | 3-64(3H,5), 3.01(1H, dd, 1=16.1, 13.2Hz), 2.97-2.83(1H, m), 2.52(1H, m),
:SC 0./ ~~0 2.49(1H, dd, 1=16.1, 4.4Hz), 1.81 (6H, s), 1.00(3H, d, }=6.4Hz). MS(ESI)
o o .
Hic N-NC CH, m/2:449 (M + H)
9a) H NMR{400MHz,CDCl;):8(ppm)= 7.89(0.3H, brs), 7.60{0.7H, brs), 4.65-
4.60(1H, m), 4.35-4.28(1H, m), 3.92-3.81(3H, m), 3.55-3.46(1H, m), 1.90-
H o” "o 1.72 (2H, m), 1.65-1.52(4H, m), 1.48(2.1H, d, }=6.8Hz), 1.41{0.9H, d,
N
H,N" CH, 1=6.8Hz).
O
9(b) Hs 0 ocH, 'H NMR(400MHz,CDClz):8(ppm)= 9.71(0.2H, d, J=6.8Hz), 9.18(0.8H, d,
/I
1% J/ |L""a o | J=5.9Hz), 8.94(0.2H, d, J=6.4Hz), 8.90(0.8H, d, }=5.9Hz), 6.93(0.2H, s),
H,C N A
’ \A)Lﬁ L ° 6.92(0.8H, s), 5.58(0.2H, ), 5.57(0.8H, s), 4.81-4.76(0.8H, m), 4.72-

4.68(0.2H, m), 4.50-4.41(1H, m), 3.99(3H, s), 3.97-3.90(1H, m), 3.68-
4.54(4H, m), 3.00(1H, dd, J=16.2, 13.2Hz), 2.93-2.84(1H, m), 2.48(1H, dd,
1=16.2, 4.4Hz), 1.96-1.46 (9H, m), 0.98(3H, d, J=6.8Hz).




[Table 5]

Example
No.

Structural formula

Physicochemical data

9(c)

HCo o cHy

| H
H;C o) N (o]
— 7‘\1/\ a ©
0 N- CH,

o

'H NMR{400MHz,CDCl5):5(ppm)= 7.26(1H, s), 5.58(1H, s), 5.26(0.8H, q,
1=6.4Hz), 5.17(0.2H, g, 1=6.4Hz), 4.93-4.89(0.2H, m), 4.85-4.80(0.8H, m),
4.04(3H, s), 3.97-3.90(0.8H, m), 3.88-3.81(0.2H, m), 3.64(3H, s), 3.63-
3.57(0.8H,m), 3.50-3.42(0.2H, m}), 3.01{1H, dd, J=16.2, 13.2Hz), 2.95-
2.85(1H, m), 2.49(1H, dd, J=16.2, 4.4Hz), 1.92-1.80(1H, m), 1.78-1.69(5H,
m), 1.68-1.50(3H, m), 1.00(3H, d, J=6.4Hz).

9(d)

H,C
CU Ao
HiC  o._ ‘s -0
|

HO

'H NMR(400MHz,CDCls):8(ppm)= 7.24{1H, s), 5.58(1H, s), 5.26(1H, quintet
1=6.4Hz), 4.04(3H, s), 3.64(3H, s), 3.01{1H, dd, J=16.6, 13.7Hz), 2.95-
2.85(1H, m}, 2.55(1H, brs), 2.49(1H, dd, J=16.6, 4.4Hz}, 1.78(3H, d,

}=6.4Hz), 1.00(3H, d, J=6.8Hz). MS{ESI) m/z:435 (M + H)*

10(a)

'y NMR({400MHz,CDCls):8{ppm}= 7.89(0.3H, brs}, 7.60(0.7H, brs), 4.67-
4.60(1H, m), 4.36-4.27(1H, m), 3.96-3.78(3H, m}, 3.57-3.46(1H, m), 1.91-
1.72 (2H, m}, 1.65-1.52(4H, m), 1.48(2.1H, d, J=6.8Hz), 1.42(0.9H, d,
1=6.8Hz).

10(b)

'H NMR(400MHz,CDCl3):5(ppm)= 9.72(0.3H, d, J=6.4Hz), 9.19(0.7H, d,
1=6.4Hz), 9.00(0.3H, d, }=6.4Hz), 8.96(0.7H, d, }=6.4Hz), 6.93(0.3H, 5),
6.92(0.7H, s), 5.57(1H, s), 4.83-4.76(0.7H, m), 4.74-4.67(0.3H, m), 4.52-
4.40(1H, m), 4.07-3.88(4H, m), 3.71-3.53(4H, m), 3.06-2.82(2H, m),
2.48(1H, dd, J=16.6, 4.4Hz), 1.98-1.45 (9H, m), 0.97(3H, d, J=6.4Hz).

10{c)

H NMR({400MHz,CDClz):6{ppm)= 7.27(1H, s), 5.58(1H, s), 5.30{0.7H, g,
J=6.8Hz), 5.16(0.3H, q, J=6.8Hz), 4.93-4.89(0.3H, m), 4.85-4.80(0.7H, m),
4.04(3H, 5), 3.97-3.90(0.7H, m), 3.89-3.81(0.3H, m}), 3.64(3H, s), 3.63-
3.56(0.7H, m), 3.50-3.41(0.3H, m), 3.05-2.85(2H, m), 2.53-2.45(1H, m},
1.93-1.46(9H, m), 0.99(3H, d, J=6.8Hz).




[Table 6]
Example | Structural formula Physicochemical data
No.
10(d
(d) H3C‘o O CH; 'H NMR(400MHz,CDCls):8{ppm)= 7.24{1H, s), 5.58(1H, s), 5.26(1H, quintet
| | =
~ f O | 1=6:8Hz), 4.04(3H, 5}, 3.64(3H, 5), 3.01{1H,dd, J=16.2, 13.2Hz), 2.95-
H,C OW/L\.,, o} 2.85(1H, m), 2.56(1H, brs), 2.49(1H, dd, }=16.6, 4.4Hz), 1.78(3H, d,
< (\ | (o]
HO N-N CI CH, 1=6.8Hz), 1.OO(3H, d, J=6.8Hz). MS(ESI) m/2:435 (M + H)"
11
(@) QH o CHs "H NMR(400MHz,CDCl):3(ppm)= 7.28 (1H, ), 5.61(1H, s, 4.04(1H, s),
e e O | 3.68(3H, s), 3.05-2.87(2H, m), 2.59-2.52(1H, m), 1.80(6H, s}, 1.02(3H, d,
3 o} a (e}
HO na | J=6.4Hz).
H,c N-N ©C CH,
11
(b) CHy 'H NMR(400MHz,CDCl):8(ppm)= 7.22(1H, 5), 5.57(1H, s), 4.31-4.23(2H,
% ﬁ’ CHy m), 3.64(3H, s), 3.02(1H, dd, 1=16.6, 13.7Hz), 2.95-2.85(1H, m), 2.56-
21’ /\ =0 | 2.42(2H, m), 1.81 (6H, s}, 1.54(3H, t, 1=6.8Hz2), 1.00(3H, d, J=6.4Hz).
H.C O Do, —
HO N \”/\ 9 & MS(ESI) m/2:463 (M + H)*
H.C N-N Cl CH,
12 CH, 1
i H NMR(400MHz,CDCI5):6(ppm)= 7.22(1H, s), 5.57(1H, s), 5.31-5.21(1H,
% D CHy m), 4.32-4.22(2H, m), 3.64(3H, s), 3.03(1H, dd, J=16.6, 13.2Hz), 2.96-
”/Jf"“&fo 2.85(1H, m), 2.52-2.44(2H, m), 1.78(3H, d, J=6.4Hz2), 1.54(3H, t, J=6.8Hz ),
H,C 0. 2 —
: Y] 2 1.00(3H, d, J=6.4Hz). MS(ESI) m/z:449 (M + H)"
W-N  Cl 0
HO N- CH,
13(13a) o 'H NMR{400MHz,CDCl;):5(ppm)=4.93-4.86(1H, m), 4.65(1H, q, J=6.8Hz),
3.82-3.72(1H, m), 3.60-3.52(1H, m), 1.90-1.71(2H, m), 1.69-1.49(7H, m).
i 'H NMR{400MHz,CDCly):3(ppm)=4.81-4.77(1H, m), 4.39(1H, q, J=6.8Hz),
H,C~ > CN 3.97(1H, td, J=11.7, 2.9Hz), 3.67-3.60(1H, m), 1.90-1.52(9H, m).




[Table 7]
Example | Structural formula Physicochemical data
No.
13(13b) HO 'H NMR(400MHz,CDCl3):5(ppm)=7.70(1H, brs), 4.70 (2H, brs), 4.63-
H3C N 4.58(1H, m), 4.36(1H, g, J=6.8Hz), 3.93-3.83(1H, m), 3.56-3.48(1H, m),
O_ OHN H, 1.90-1.78(1H, m), 1.75-1.66(1H, m), 1.63-1.49(4H, m), 1.44(3H, d,
o) J=6.8Hz).
13(13¢) Mo o CHy ' NMR(400MHz,CDCl5):5(ppm)=6.97(1H, s}, 5.57(1H, 5), 5.21(2H, brs),
e NH, o ]7 i "'L"Q:o 4.78-4.61{2H, m), 4.00(3H, s), 3.94-3.85(1H, m), 3.63(3H, 5, 3.59-3.51(1H,
03 Wo/g"" \(rJ K"gl Oo_ m), 3.00(1H, dd, I=16.6, 13.7Hz), 2.93-2.82(1H, m), 2.48(1H, dd, J=16.6,
U CHa 4.4Hz), 1.90-1.79(1H, m), 1.78-1.69(1H, m), 1.63-1.49(7H, m}, 0.98(3H, d,
1=6.8Hz).
13(13d) HsCeg o CHy 1H NMR(400MHz,CDCls):8(ppm)=7.27(1H, s), 5.58(1H, s), 5.23(1H, q,
\/@ "‘Q:o J=6.8Hz), 4.79-4.70(1H, m), 4.05(3H, s), 3.99-3.92(1H, m}, 3.63(3H, s),
HSZ)_{'_\O v OQ 3.62-3.56(1H, m), 3.00(1H, dd, =166, 13.7Hz), 2.95-2.85(1H, m), 2.49(1H,
Q CHs dd, J=16.6, 4.4Hz), 1.94-1.83(1H, m), 1.78-1.50(8H, m), 0.99(3H, d,
1=6.8Hz).
13{13e) HCo o cH, 'H NMR{400MHz,CDCly):5(ppm)=7.25(1H, s), 5.58(1H, s), 5.17(1H, quintet,
,)'m/uc,,_ ; o | 1=6:8H2), 4.06(3H, 5), 3.64(3H, 5), 3.00(1H, dd, J=16.6, 13.2H2), 2.96-
H,C Nq/"‘“\)“ o@z 2.85(1H, m), 2.50(1H, dd, J=16.6, 4.4Hz), 2.48-2.43(1H, m), 1.73(3H, d,
HOHN_OI cl OCH3 J=6.8Hz), 1.OO(3H, d, J=6.4Hz). MS(ESI) m/2:435 (M + H)".
14(142) OH o CH, *H NMR(400MHz,CDCls):8(ppm)=7.76(1H, brs), 6.19(1H, s), 5.57(1H, s),
[ . O | 3.98(3H,5), 3.66(3H, 5), 3.00-2.82(2H, m), 2.49(1H, dd, J=16.6, 4.4Hz),
H3C. o OQ: 0.99(3H, d, J=6.4Hz).
a ©
CH;
14(14b) ' NMR(400MHz,CDCls):5(ppm)= 6.26(1H, s}, 5.54(1H, s), 4.75-4.69(1H,
@ m), 4.40-4.29(2H, m), 4.15-4.08(1H, m), 4.00(3H, s), 3.96-3.85(2H, m),
Ol 3.62(3H, 5), 3.57-3.50(1H, m), 3.03(1H, dd, J=16.6, 13.2Hz), 2.89-2.79(1H,
O 0o CH, m), 2.46-2.39(1H, m), 1.88-1.68(2H, m), 1.62-1.45(aH, m), 0.96(3H, d,
/“‘*Jl\/ ‘o J=6.8Hz).
HLC. o,—@/““o N=~




[Table 8]
Example | Structural formula Physicochemical data
No.
14(14c) 'H NMR{400MHz,CDCls):5{ppm)= 6.30{1H, 5), 5.54(1H, s), 4.78-4.71(1H,
0o m), 4.30-4.21(2H, m), 4.12-4.04(1H, m), 3.95-3.84(2H, m), 3.63(3H, s),
0 3.57-3.50(1H, m), 3.04(1H, dd, J=16.6, 13.2Hz), 2.88-2.77{1H, m), 2.46-
\Lo o CH, 2.39(1H, m), 1.85-1.47(6H, m), 0.97(3H, d, J=6.8Hz).
T
1}.@:0
HO ©
a ©
CH,
14{14d) C 'H NMR{400MHz,CDCs):3{(ppm)= 6.67(1H, 5), 5.57(1H, s}, 4.75-4.70(1H,
© m), 4.37-4.28(2H, m), 4.15-4.07(1H, m), 3.93-3.84(2H, m), 3.65(3H, s),
Oj\ 3.57-3.51(1H, m), 3.01-2.93(1H, m), 2.92-2.81(1H, m), 2.52-2.44(1H, m),
Q 0CHh 1.84-1.68(2H, m), 1.65-1.46(4H, m), 0.98(3H, d, I=6.8Hz).
o0 /i;ﬁ,@:o
E>FVS\° L %
CH,
14{14e) 'H NMR(400MHz,CDCl5):5(ppm)= 7.47(2H, s), 7.32(1H, s), 5.58(1H, s), 4.76-
Q) 4.72(1H, m), 4.44-4.36(2H, m), 4.17-4.07(1H, m), 3.96-3.84(2H, m),
O\\\ 3.65(3H, s), 3.57-3.49(1H, m), 3.04-2.96(1H, m), 2.95-2.86{1H, m), 2.52-
o l0 CHa 2.44(1H, m), 1.83-1.67(2H, m), 1.64-1.44(4H, m), 0.99(3H, d, )=6.8Hz).
cl (K\LJ@Q:O
/@O._ X0
ol o}
cl a® @ ‘CH,
14{141) C 'H NMR{400MHz,CDCl;):8{ppm)= 8.97-8.86(1H, m), 8.45-8.32(1H, m),
© 6.96(1H, s), 5.56(1H, s), 4.77-4.70(1H, m), 4.40-4.29(2H, m), 4.14-4.05(1H,
O\L m), 3.94-3.84(2H, m), 3.64(3H, s), 3.57-3.50(1H, m), 3.00(1H, dd, J=16.1,
? 0%H 13.6Hz), 2.93-2.82(1H, m), 2.47(1H, dd, J=16.6, 3.9Hz), 2.16(3H, 5), 1.87-
o /\ll/ "@:o 1.67(2H, m), 1.64-1.46(4H, m), 0.97(3H, d, J=6.8Hz).
H3CJ\N’ *;-’\(“ o
o ¢a cH,




[Table 9]
Example | Structural formula Physicochemical data
No.
14(14,
(14g) 'H NMR{400MHz,CDCLs):8(ppm)= 7.29(1H, s), 5.57(1H, s), 4.78-4.72(1H,
(o}
m), 4.43-4.33(2H, m), 4.16-4.08(1H, m), 3.96-3.85(2H, m}, 3.64(3H, s),
e}
\L 3.58-3.51(1H, m}, 3.01{1H, dd, J=16.1; 13.2Hz), 2.95-2.85(1H, m), 2.70(3H,
(l) ? CH;s s), 2.52-2.44(1H, m), 1.85-1.68(2H, m), 1.64-1.47(4H, m), 0.99(3H, d,
& i*’ = o 1=6.4Hz).
0] //|x\VJ“O
Hic— I 1 o
N-N Cl .CHa
14(14h
(14h) HOI 'H NMR{400MHz,CDClL):8(ppm)= 7.25(1H, s), 5.58(1H, s), 4.33-4.23(2H,
O 0o CHs m), 4.10-3.96(2H, m), 3.65(3H, s), 3.04-2.85(2H, m), 2.71(3H, s), 2.60-
| B
Z \Ll o 2.46(2H, m), 1.00(3H, d, J=6.8Hz). MS(ESI) m/2:435(M + H)"
O~ -0
3C_<\ N oo ©
CH,
15
15a) ) 'H NMR{400MHz,CDCl;):5(ppm)= 7.04{1H, s), 5.56(1H, s), 4.78-4.72(1H,
L m), 4.40-4.29(2H, m), 4.14-4.06(1H, m), 3.93-3.84(2H, m), 3.64(3H, s),
1 3.57-3.50(1H, m), 3.00{1H, dd, J=16.6, 13.2Hz), 2.93-2.82(1H, m), 2.47(1H,
o] CH
I |° ;3 dd, J=16.6, 3.2Hz), 2.08(3H, s), 1.85-1.67(2H, m}, 1.64-1.47(4H, m),
NH, N o
Ao I g 0.97(3H, d, J=6.4Hz).
H G N T T
O Cl ‘CH
3
15(156) ' NMR(400MHz,CDCl3):8{ppm)= 7.33{1H, s), 5.57(1H, s), 4.78-4.72(1H,
o}
m), 4.45-4,34(2H, m), 4.16-4.08(1H, m), 3.96-3.83(2H, m), 3.64(3H, s),
o}
\L 3.58-3.51{1H, m), 3.00(1H, dd, J=16.1, 13.2Hz), 2.95-2.86(1H, m), 2.54(3H,
)0 |o CHs s), 2.48(1H, dd, J=16.1, 3.2Hz), 1.85-1.68(2H, m), 1.64-1.47{4H, m),
“ ‘ 0 0.99(3H, d, J=6.4Hz).
- \ L_O
3C—<\ o]
CH,
15(15¢) HOI 'H NMR{400MHz,CDCl5):8(ppm)= 7.25(1H, s}, 5.58(1H, 5), 4.33-4.25(2H,
O 0O CH, m), 4.09-3.98(2H, m), 3.65(3H, s), 2.99(1H, dd, J=16.1, 13.2Hz), 2.96-
| H
= (J'.}Q: o 2.87(1H, m), 2.55(3H, s), 2.54 (1H, d, J=6.4Hz), 2.50(1H, dd, J=16.1, 3.9Hz),
\,/L'O 1.00(3H, d, J=6.4Hz). MS(ESI) m/z:435 (M + H)"
3C—<\ al o]
CH,




[Table 10]
Example | Structural formula Physicochemical data
No.
16(a) OH ﬁ CH; 'H NMR(400MHz,CDCl):5(ppm)= 7.72(1H, brs), 7.16 (1H, s), 5.60(1H, s),
lﬂ'f"@':o 3.68(3H, s), 3.10-2.85(2H, m), 2.72(3H, s), 2.59-2.43(1H, m), 1.0(3H, d,
N_ >0 -
H,C—¢ Y o 1=6.4Hz).
o-N Cl c Hay
16{b) HO 'H NMR(400MHz,CDCls):5(ppm)= 7.15(1H, s), 5.58(1H, s}, 4.38-4.23(2H,
m), 4.15-3.95(2H, m), 3.66(3H, s), 3.08-2.85(2H, m), 2.74(3H, ), 2.49(1H,

IO O CHj;
|
/ “,
™
|
C

[ A_)=°
N_ =0
HyC—¢ o
0- CHy

N I

dd, J=16.1, 3.9Hz), 1.00(3H, d, )=6.4Hz). MS(ESI} m/z:435 (M + H)"




MCSGLLP

Claims
1. A compound of general formula (1) or a
pharmacologically acceptable salt thereof:

1

R
~o O CH;
| B
., o
c 9
R2

wherein the symbols in the formula are defined
below:

R': a C1-C6 alkyl group or a hydroxyCl-C6 alkyl
group,

R2:

a Cl-C6 alkyl group,

A: a 5-membered aromatic heterocycle having bonds and
having 1-4 atoms selected from the group consisting of a
nitrogen atom, an oxygen atom and a sulfur atom, or an
oxygen atom, and

R’: if A is a S5-membered aromatic heterocycle having
bonds and having 1-4 atoms selected from the group
consisting of a nitrogen atom, an oxygen atom and a
sulfur atom, then R’ is a C1-C6 alkyl group, a hydroxyCl-
C6 alkyl group or a Cl-C6 alkoxyCl-C6 alkyl group; and if

A is an oxygen atom, then R’ is a hydroxyCl-C6 alkyl

group or a Cl-C6 alkoxyCl-C6 alkyl group.
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2. The compound or a pharmacologically acceptable salt
thereof according to Claim 1, wherein R' is a methyl

group, an ethyl group or a hydroxyethyl group.

3. The compound or a pharmacologically acceptable salt
thereof according to Claim 1, wherein R* is a methyl

group.

4. The compound or a pharmacologically acceptable salt
thereof according to Claim 1, wherein A is a 5-membered
aromatic heterocycle having bonds and having 1-4 atoms
selected from the group consisting of a nitrogen atom, an
oxygen atom and a sulfur atom; and R’ is a methyl group,
an ethyl group, a hydroxyCl-C3 alkyl group or a

methoxyCl1-C3 alkyl group.

5. The compound or a pharmacologically acceptable salt
thereof according to Claim 1, wherein A is a 5-membered
aromatic heterocycle having bonds selected from the

following group:

ol Ny N N
(| —<\W/ s — | *_N\j
N- N-O o-N =

wherein * represents a bond.

6. The compound or a pharmacologically acceptable salt

thereof according to Claim 1, wherein A is an oxygen atom.
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7. A compound of general formula (1) or a

pharmacologically acceptable salt thereof:

R
~0 O CHj
L H
3 % )
R\A OIQ(
c 9,

(1)

wherein the symbols in the formula are defined below:
R': a methyl group, an ethyl group or a hydroxyethyl
group,
R*: a methyl group,

A: a S5-membered aromatic heterocycle having bonds

selected from the following group:

O\T/ N\{/ N\(/ N

* —< | x* —< = _</ *—N' h

\ \ * |
N-N N-O o-N

wherein * represents a bond, and

R’: a methyl group, an ethyl group or a hydroxyCl-C3

alkyl group.

8. A compound or a pharmacologically acceptable salt

thereof selected from the following group:
(25,5'R)-7-chloro-6-(2-hydroxyethoxy)-3"', 4-

dimethoxy-5'-methyl-spiro[benzofuran-2,4'-cyclohex—-2-

ene]-1',3-dione,
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(25,5'R)-=7-chloro-3',4-dimethoxy—-6—-(2-
methoxyethoxy)-5'-methyl-spiro[benzofuran-2,4'-cyclohex-
2—-ene]-1"',3-dione,

(2S,5'R)-7-chloro-3"',4-dimethoxy-5"'-methyl-6—-(1-
methylpyrazol-3-yl)spiro[benzofuran—-2,4'-cyclohex—2-ene] -
1',3-dione,

(25,5'R)-7-chloro-6-(l-ethylpyrazol-3-yl)-3"',4-
dimethoxy-5'-methyl-spiro[benzofuran-2,4'-cyclohex-2-
ene]-1"',3-dione,

(25,5'R)—=7-chloro-3"',4-dimethoxy-5"-methyl-6-(5-
methyl-1,3,4-oxadiazol-2-yl)spiro[benzofuran-2,4"'-
cyclohex—2-ene]-1"',3-dione,

(25,5'R)-7-chloro-3"',4-dimethoxy-5"-methyl-6-(3-
methyl-1,2,4-oxadiazol-5-yl)spiro[benzofuran-2,4"'-
cyclohex-2-ene]-1"',3-dione,

(2S,5'R)-7-chloro-3"',4-dimethoxy-5"'-methyl-6-(5-
methyl-1, 2, 4-oxadiazol-3-yl)spiro[benzofuran-2,4"-
cyclohex-2-ene]-1"',3-dione,

(25,5'R)-7-chloro-6-[5-(l-hydroxy-1l-methyl-ethyl) -
1,3,4-oxadiazol-2-yl1l]-3"',4-dimethoxy-5"-methyl-
spiro[benzofuran-2,4'-cyclohex-2-ene]-1"',3-dione,

(2S8,5'R)-7-chloro-6-[5-[(1S)-1-hydroxyethyl]-1,3,4-
oxadiazol-2-y1l]-3',4-dimethoxy-5"'-methyl-
spiro[benzofuran-2,4'-cyclohex-2-ene]-1"',3-dione,

(2S8,5'R)-7-chloro-6-[5-[ (1R)-1-hydroxyethyl]-1,3,4-
oxadiazol-2-y1l]-3',4-dimethoxy-5"'-methyl-

spiro[benzofuran-2,4'-cyclohex-2-ene]-1"',3-dione,
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(25,5'R)-7-chloro-4-ethoxy—-6-[5-(1-hydroxy—-1-methyl-
ethyl)-1,3,4-oxadiazol-2-yl]-3'-methoxy-5"'-methyl-
spiro[benzofuran-2,4'-cyclohex-2-ene]-1"',3-dione,

(25,5'R)-7-chloro-4-ethoxy-6—-[5-[(1S)-1-
hydroxyethyl]-1, 3, 4-oxadiazol-2-y1]-3"'-methoxy-5'-methyl-
spiro[benzofuran-2,4'-cyclohex-2-ene]-1"',3-dione,

(25,5'"R)-7-chloro-6-[3-(l-hydroxyethyl)-1,2,4-
oxadiazol-5-y1]-3',4-dimethoxy-5"'-methyl-
spiro[benzofuran-2,4'-cyclohex-2-ene]-1"',3-dione,

(25,5'R)-7-chloro-4- (2-hydroxyethoxy)-3'-methoxy-5"-
methyl-6-(5-methyl-1,3,4-oxadiazol-2-yl)spiro[benzofuran-
2,4"'"-cyclohex—-2-ene]-1"',3-dione,

(25,5'R)-7-chloro-4- (2-hydroxyethoxy)-3'-methoxy-5"-
methyl-6-(3-methyl-1,2,4-oxadiazol-5-yl)spiro[benzofuran-
2,4'"-cyclohex-2-ene]-1"',3-dione, and

(25,5'R)—-7-chloro-4-(2-hydroxyethoxy)-3'-methoxy-5"'-
methyl-6—-(5-methyl-1, 2, 4-oxadiazol-3-yl)spiro[benzofuran-

2,4'-cyclohex-2-ene]-1"',3-dione.

9. A pharmaceutical composition containing a compound
or a pharmacologically acceptable salt thereof according

to Claim 1, as an active ingredient.



