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A compound represented by formula (1) below, useful for
treating cancer. In the formula, R' and R*-R® each indepen-
dently represents a hydrogen atom or an alkyl group, R?
represents a hydrogen atom or a group represented by
—OR?, R® represents a group represented by —C(O)NR°R/,
R“ R® and R’ each independently represents a hydrogen
atom, an arylalkyl group that may have a substituent, or a
heteroarylalkyl group. A production method that enables the
compound to be produced with high efficiency, and a phar-
maceutical composition containing the compound as an
active ingredient
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NOVEL COMPOUND, PRODUCTION
METHOD THEREFOR, AND
PHARMACEUTICAL COMPOSITION

TECHNICAL FIELD

[0001] The present invention relates to a novel compound,
a production method therefor, and a pharmaceutical com-
position.

BACKGROUND ART

[0002] M-COPA (2-methylcoprophilinamide [AMF-26])
is a compound having a structure shown below, and is
known to exhibit anticancer action.

M-

@]

OPA

[0003] M-COPA has been recently revealed to exhibit
anticancer action by inhibiting, for example, the transloca-
tion of receptor tyrosine kinases (such as MET, EGFR, KIT)
to a Golgi apparatus or a cellular membrane via suppression
of transport of them between the endoplasmic reticulum and
Golgi apparatus (e.g., see Non-Patent Documents 1 to 5),
and is expected to be promising for use as a next-generation
molecular target anticancer agent targeting Golgi apparatus.

[0004] M-COPA was conventionally synthesized from a
natural compound derived from the ascomycete Tricho-
derma as a raw material, and the mass synthesis thereof was
difficult. In view of this, Patent Document 1 has proposed a
method for synthesizing M-COPA and an analog thereof
without use of a natural product.

[0005] An excerpt from the description of the method for
synthesizing M-COPA in Patent Document 1 is as follows.
First, compound a is cyclized through intramolecular Diels-
Alder reaction and reduced to give compound b, and com-
pound b is then oxidized to give compound c. Subsequently,
compound c¢ is subjected to Horner-Wadsworth-Emmons
reaction to give compound d, which is then hydrolyzed to
give compound e. Thereafter, compound e is amidated by
reacting with 3-aminomethylpyridine, and then deprotected
to give M-COPA.

(5]

May 2, 2024
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-continued

[0006] Patent Document 1: PCT International Publication
No. WO 2013/151161

[0007] Non-Patent Document 1: Y. Ohashi et al., Cancer
Res., 2016; 76(13): pp. 3895-3903

[0008] Non-Patent Document 2: Y. Hara et al., PLOS
ONE, 2017; 12(4): e0175514

[0009] Non-Patent Document 3: Y. Ohashi et al., Onco-
target, 2018; 9(2): pp. 1641-1655

[0010] Non-Patent Document 4: Y. Obata et al., Cancer
Lett., 2018; 415(1): pp. 1-10

[0011] Non-Patent Document 5: Y. Obata et al., Cell
Commun. Signal., 2019; 17(1): pp. 1-15

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0012] As described above, while M-COPA is expected to
be promising for use as a next-generation molecular target
anticancer agent, development of new analogs derived from
M-COPA as a lead compound is also desired.

[0013]
ment 1, a bulky group is present at the a position of the

In the synthesis method described in Patent Docu-

aldehyde group possessed by compound c, a synthesis
intermediate, and a hydrogen atom at the a position is then
inverted to cause epimerization, which results in a problem
of lowered yields of a target substance. Accordingly, devel-
opment of a new synthesis method is also desired.

[0014]
such circumstances, and an object of the present invention is

The present invention has been proposed in view of

to provide: a novel compound useful for cancer treatment or
the like; a production method that enables the novel com-
pound to be produced with high efficiency; and a pharma-
ceutical composition containing the novel compound as an
active ingredient.

May 2, 2024

Means for Solving the Problems

[0015] Specific means for solving the problems include
the following aspects.

[0016]
below:

<1> A compound represented by formula (1)

M

wherein R' and R to each independently represent a hydro-
gen atom or an alkyl group; R? represents a hydrogen atom,
or a group represented by —OR* or —NR”R¢; R® represents
a group represented by —CH,OR?, —C(O)ORY, —C(O)R?,
—CH,NR®R/, or —C(O)NR®R’; and R to R,each indepen-
dently represent a hydrogen atom, an alkyl group, an aryl
group optionally having a substituent, a heteroaryl group
optionally having a substituent, an arylalkyl group option-
ally having a substituent, or a heteroarylalkyl group option-
ally having a substituent.

[0017] <2> The compound according to aspect <1>,
wherein, in formula (1), R* and R® are each independently an
alkyl group, R? is a hydroxy group, R*, R® R’, and R® are
each a hydrogen atom, R” is a group represented by —C(O)
OR? or —C(O)NR°R/, R? is an arylalkyl group or a het-
eroarylalkyl group, R® is a hydrogen atom, and R/ is an
arylalkyl group or a heteroarylalkyl group.

[0018] <3> A synthesis intermediate of the compound
according to aspect <1> or <2>, wherein the synthesis
intermediate is represented by formula (3) below:

&)

wherein R! and R® to R® each independently represent a
hydrogen atom or an alkyl group; and 7 represents a
protecting group for a hydroxy group.
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[0019] <4> A production method for producing a com-
pound represented by formula (1) below:

M

wherein R' and R® to R® each independently represent a
hydrogen atom or an alkyl group; R? represents a hydrogen
atom, or a group represented by —OR“® or —NR’R¢; R®
represents a group represented by —CH,OR?, —C(O)OR?,
—C(O)R?, —CH,NR®R/, or —C(O)NR°R/; and R* to R/
each independently represent a hydrogen atom, an alkyl
group, an aryl group optionally having a substituent, a
heteroaryl group optionally having a substituent, an arylal-
kyl group optionally having a substituent, or a heteroaryl-
alkyl group optionally having a substituent,

the production method including producing the compound
represented by formula (1) from a compound represented by
formula (3) below:

(©)

wherein R! and R® to R® are as described above; and Z
represents a protecting group for a hydroxy group.

[0020] <5> The production method according to <4>,
including producing the compound represented by formula
(3) by subjecting a compound represented by formula (6)
below and a compound represented by formula (5) below to
Horner-Wadsworth-Emmons reaction followed by hydroly-
sis:

May 2, 2024

©)

z0,,

R3

71“:...

wherein R, R? to R®, and Z are as described above,

®)

/ OR!!

Br

wherein R'° and R'! each independently represent an alkyl
group.

[0021] <6> The production method according to aspect
<5>, including producing the compound represented by
formula (6) by cyclizing a compound represented by for-
mula (7) below through intramolecular Diels-Alder reaction:

wherein R, R? to R®, and Z are as described above.
[0022] <7> A pharmaceutical composition containing the
compound according to aspect <1> or <2> and a pharma-
ceutically acceptable carrier.

Effects of the Invention

[0023] The present invention can provide: a novel com-
pound useful for cancer treatment or the like; a production
method that enables the novel compound to be produced
with high efficiency; and a pharmaceutical composition
containing the novel compound as an active ingredient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is graphs showing cell culture curves
obtained in culturing GIST-T1 cells in the presence of a
compound (RS1, RS2, RSS, or M-COPA) at different con-
centrations.

[0025] FIG. 2 is graphs showing cell culture curves
obtained in culturing GIST-R9 cells in the presence of a
compound (RS1, RS2, RSS, or M-COPA) at different con-
centrations.

[0026] FIG. 3 is graphs showing cell culture curves
obtained in culturing HMC-1.2 cells in the presence of a
compound (RS1, RS2, RSS, or M-COPA) at different con-
centrations.
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PREFERRED MODE FOR CARRYING OUT
THE INVENTION

<Compound Represented by Formula (1)>

[0027] The compound according to the present embodi-
ment is represented by formula (1) below.

M

[0028] Informula (1), R' and R to R® each independently
represent a hydrogen atom or an alkyl group. R? represents
a hydrogen atom, or a group represented by —OR® or
—NR’R€. R? represents a group represented by —CH,OR?,
—C(O)YOR?, —C(O)R?, —CH,NR*R/, or —C(O)NR“R’. R*
to R each independently represent a hydrogen atom, an alkyl
group, an aryl group optionally having a substituent, a
heteroaryl group optionally having a substituent, an arylal-
kyl group optionally having a substituent, or a heteroaryl-
alkyl group optionally having a substituent.

[0029] The alkyl group for R' and R? to R® is preferably an
alkyl group having 1 to 20 carbon atoms, and more prefer-
ably an alkyl group having one to six carbon atoms. The
alkyl group may be linear, branched, or cyclic. Specific
examples of the alkyl group include a methyl group, an ethyl
group, a propyl group, an isopropyl group, a butyl group, a
sec-butyl group, an isobutyl group, a tert-butyl group, a
pentyl group, an isopentyl group, a cyclopentyl group, a
hexyl group, and a cyclohexyl group.

[0030] R' and RS are preferably each independently an
alkyl group (in particular, an alkyl group having one to six
carbon atoms), R? is preferably a hydrogen atom or an alkyl
group (in particular, an alkyl group having one to six carbon
atoms), and R* R® R’, and R® are preferably each a
hydrogen atom.

[0031] The alkyl group for R* to R’ is preferably an alkyl
group having 1 to 20 carbon atoms, and more preferably an
alkyl group having one to six carbon atoms. The alkyl group
may be linear, branched, or cyclic. Specific examples of the
alkyl group include a methyl group, an ethyl group, a propyl
group, an isopropyl group, a butyl group, a sec-butyl group,
an isobutyl group, a tert-butyl group, a pentyl group, an
isopentyl group, a cyclopentyl group, a hexyl group, and a
cyclohexyl group.

[0032] The aryl group for R® to R/ is preferably a mono-
cyclic or polycyclic aromatic hydrocarbon group having 6 to
20 carbon atoms, and more preferably a monocyclic or
polycyclic aromatic hydrocarbon group having 6 to 12
carbon atoms. Specific examples of the aryl group include a
phenyl group, a naphthyl group, an anthryl group, a
phenanthryl group, and a pyrenyl group.
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[0033] The heteroaryl group for R* to R/ is preferably a
monocyclic or polycyclic aromatic heterocyclic group hav-
ing two to nine ring-constituting carbon atoms, and more
preferably a monocyclic aromatic heterocyclic group having
three to five ring-constituting carbon atoms, each group
containing one to four heteroatoms selected from an oxygen
atom, a sulfur atom, and a nitrogen atom. Specific examples
of the heteroaryl group include a pyrrolyl group, a pyridyl
group, an imidazolyl group, a pyrazolyl group, a pyrazinyl
group, a pyridazinyl group, a pyrimidinyl group, a triazolyl
group, a tetrazolyl group, a furanyl group, a thienyl group,
an oxazolyl group, an isoxazolyl group, an oxadiazolyl
group, a thiazolyl group, an isothiazolvl group, a thiadiaz-
olyl group, an indolyl group, an isoindolyl group, a benz-
imidazolyl group, an indazolyl group, a benzothiazolyl
group, a tetrahydroquinolyl group, a quinolyl group, a
tetrahydroisoquinolyl group, an isoquinolyl group, a quino-
lidinyl group, a cinnolinyl group, a phthalazinyl group, a
quinazolinyl group, a quinoxalinyl group, a naphthyridinyl
group, a pyrrolopyridyl group, an imidazopyridyl group, a
pyrazolopyridyl group, a pyridopyrazyl group, a purinyl
group, a pteridinyl group, a benzofuranyl group, an isoben-
zofuranyl group, a benzothienyl group, a benzoxazolyl
group, a benzisoxazolyl group, a benzoxadiazolyl group, a
benzothiazolyl group, a benzoisothiazolyl group, a benzo-
thiadiazolyl group, and a thiazolopyridyl group.

[0034] The arylalkyl group for R® to R” is preferably an
alkyl group having one to six carbon atoms and substituted
with any of those aryl groups, and more preferably an alkyl
group having one to four carbon atoms and substituted with
any of those aryl groups. Specific examples of the arylalkyl
group include a benzyl group, a phenethyl group, a 3-phe-
nylpropyl group, a 4-phenylbutyl group, a 1-phenylethyl
group, and a 2-phenylpropan-2-yl group.

[0035] The heteroarylalkyl group for R® to R/ is preferably
an alkyl group having one to six carbon atoms and substi-
tuted with any of those heteroaryl groups, and more pref-
erably an alkyl group having one to four carbon atoms and
substituted with any of those heteroaryl groups. Specific
examples of the heteroarylalkyl group include a pyridylm-
ethyl group, a pyridylethyl group, an imidazolylmethyl
group, an imidazolylethyl group, a pyrazolylmethyl group, a
pyrazolylethyl group, a pyrazinylmethyl group, a pyraziny-
lethyl group, a pyridazinylmethyl group, a pyridazinylethyl
group, a pyrimidinylmethyl group, a pyrimidinylethyl
group, an oxazolylmethyl group, an oxazolylethyl group, a
thiazolylmethyl group, and a thiazolylethyl group.

[0036] Examples of the substituent optionally possessed
by the aryl group, heteroaryl group, arylalkyl group, and
heteroarylalkyl group include a hydroxy group, an alkoxy
group having one to four carbon atoms, a hydroxyalkyl
group having one to four carbon atoms, an amino group, a
mono- or dialkylamino group having an alkyl group having
one to four carbon atoms, an alkoxycarbonyl group having
an alkoxy group having one to four carbon atoms, and a
halogen atom. Specific examples of the substituent include
a hydroxy group, a methoxy group, an ethoxy group, a
hydroxymethyl group, a hydroxyethyl group, an amino
group, a monomethylamino group, a dimethylamino group,
a methoxycarbonyl group, an ethoxycarbonyl group, a chlo-
rine atom, and a fluorine atom.
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[0037] R?is preferably a group represented by —OR?, and
R? in this case is preferably a hydrogen atom or an alkyl
group having one to six carbon atoms. Preferred examples of
R? include a hydroxy group, a methoxy group, and an ethoxy
group.

[0038] R® is preferably a group represented by
—CH,OR?, —C(O)YOR?, or —C(O)NR“R/, and more pref-
erably a group represented by —C(O)OR? or —C(O)NR°R’.
In the case that R® is a group represented by —CH,OR?, R?
is preferably a hydrogen atom or an alkyl group having one
to six carbon atoms. Specific examples of R in this case
include a hydrogen atom and a methyl group. In the case that
R? is a group represented by —C(O)OR?, R is preferably a
hydrogen atom, an alkyl group having one to six carbon
atoms, an arylalkyl group, or a heteroarylalkyl group. Spe-
cific examples of R in this case include a hydrogen atom, a
methyl group, a pyridin-3-ylmethyl group, a pyridin-4-
ylmethyl group, an oxazol-4-ylmethyl group, an oxazol-5-
ylmethyl group, a thiazol-2-ylmethyl group, and a thiazol-
5-ylmethyl group. In the case that R® is a group represented
by —C(O)NR®R/, R? is preferably a hydrogen atom, and R
is preferably an arylalkyl group or a heteroarylalkyl group.
Specific examples of R’ in this case include a pyridin-3-
ylmethyl group, a pyridin-4-ylmethyl group, an oxazol-4-
ylmethyl group, an oxazol-5-ylmethyl group, a thiazol-2-
ylmethyl group, and a thiazol-5-ylmethyl group.

[0039] Preferred examples of the compound represented
by formula (1) above include a compound in which R* and
R® are each independently an alkyl group, R? is a hydroxy
group, R*, R®, R7, and R® are each a hydrogen atom, R® is
a group represented by —C(OYOR? or —C(O)NR°R/, R is
an arylalkyl group or a heteroarylalkyl group, R® is a
hydrogen atom, and R”'is an arylalkyl group or a heteroary-
lalkyl group. Preferred examples of the alkyl group, arylal-
kyl group, and heteroarylalkyl group are as described above.
[0040] In the case that the compound represented by
formula (1) has an acidic functional group or a basic
functional group, the compound may be in the form of a salt.
In the case that the compound represented by formula (1) has
an acidic functional group, for example, the compound may
be in the form of an alkali metal salt (such as a sodium salt,
a potassium salt), an alkaline earth metal (such as a calcium
salt, a magnesium salt), or an ammonium salt. In the case
that the compound represented by formula (1) has a basic
functional group, the compound may be in the form of a salt
with an inorganic acid such as hydrochloric acid and phos-
phoric acid, or in the form of a salt with an organic acid such
as acetic acid, fumaric acid, and methanesulfonic acid.

<Production Method for Compound Represented by
Formula (1)>

[0041] The compound represented by formula (1) can be
produced, for example, through steps (A) to (L) in the
following.
[0042] (A) Production of compound represented by
formula (20) by asymmetric alkylation
[0043] (B) Production of compound represented by
formula (19) by reduction
[0044] (C) Production of compound represented by
formula (16) by oxidation and Mukaiyama Aldol reac-
tion with Evans asymmetric auxiliary group
[0045] (D) Production of compound represented by
formula (15) (Weinreb amide) from compound repre-
sented by formula (16)
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[0046] (E) Production of compound represented by for-
mula (14) by hydroxy group protection
[0047] (F) Production of compound represented by for-
mula (11) by reduction and Wittig reaction
[0048] (G) Production of compound represented by
formula (10) by reduction
[0049] (H) Production of compound represented by
formula (8) by Wittig reaction
[0050] (I) Production of compound represented by for-
mula (7) by reduction
[0051] (J) Production of compound represented by for-
mula (6) by intramolecular Diels-Alder reaction
[0052] (K) Production of compound represented by
formula (3) by Horner-Wadsworth-Emmons reaction
and hydrolysis
[0053] (L) Production of compound represented by for-
mula (1) from compound represented by formula (3)
[0054] The steps of the production method according to
the present embodiment will be described in detail in the
following. R* to R? and R* to R/ in formulas are as described
above.

[(A) Production of Compound Represented by Formula (20)
by Asymmetric Alkylation]

[0055]

20

[0056] In formula (22), R represents an alkyl group, an
aryl group, or an arylalkyl group. The alkyl group for R'? is
preferably an alkyl group having one to six carbon atoms,
and more preferably an alkyl group having one to four
carbon atoms. The alkyl group may be linear, branched, or
cyclic. Specific examples of the alkyl group include a methyl
group, an ethyl group, an isopropyl group, an isobutyl group,
and a cyclohexyl group. The aryl group for R'? is preferably
a monocyclic or polycyclic aromatic hydrocarbon group
having 6 to 20 carbon atoms, and more preferably a mono-
cyclic or polycyclic aromatic hydrocarbon group having 6 to
12 carbon atoms. Specific examples of the aryl group
include a phenyl group, a naphthyl group, an anthryl group,
phenanthryl group, and a pyrenyl group. The arylalkyl group
for R'? is preferably an alkyl group having one to six carbon
atoms and substituted with any of those aryl groups, and
more preferably an alkyl group having one to four carbon
atoms and substituted with any of those aryl groups. Specific
examples of the arylalkyl group include a benzyl group, a
phenethyl group, a 3-phenylpropyl group, a 4-phenylbutyl
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group, a 1-phenylethyl group, and a 2-phenylpropan-2-yl
group. Of these, R'? is particularly preferably a benzyl
group, a phenyl group, or an isopropyl group.

[0057] Informula (21), X represents a halogen atom (such
as a fluorine atom, a chlorine atom, a bromine atom, an
iodine atom).

[0058] The compound represented by formula (20) (opti-
cally active isoxazolidine derivative) can be produced by
allowing a base to act on the compound represented by
formula (22) to generate an enolate, and reacting this with
the compound represented by formula (21) (halogenated
product) as an alkylating agent. For the base, lithium diiso-
propylamide, lithium bis(trimethylsilyl)amide, sodium bis
(trimethylsilyl)amide, potassium bis(trimethylsilyl)amide,
and the like can be used. Furthermore, tetrabutylammonium
iodide may be added as a catalyst. The reaction is performed
in an organic solvent such as tetrahydrofuran and ether. The
reaction temperature is preferably about -78° C. to room
temperature. After the reaction, the target product is col-
lected, and purified by column chromatography or the like.
[0059] The configuration of R* in the compound repre-
sented by formula (20) is determined by the configuration of
R'? in the compound represented by formula (22).

[(B) Production of Compound Represented by Formula (19)
by Reduction]

[0060]

20)

RGWOH

R’ R*
19)

A

[0061] The compound represented by formula (20) (opti-
cally active isoxazolidine derivative) can be converted,
without deteriorating the optical purity, into the compound
represented by formula (19) (alcohol) by treating with a
reducing agent. For the reducing agent, LiAlH,, LiBH,-
EtOH, NaH,Al(OCH,CH,OMe),, and the like can be used.
The reaction is performed in an organic solvent such as
tetrahydrofuran and ether. The reaction temperature is pref-
erably about 0° C. to room temperature. After the reaction,
the target product is collected, and purified by column
chromatography or the like.

[(C) Production of Compound Represented by Formula (16)
by Oxidation and Mukaiyama Aldol Reaction with Evans
Asymmetric Auxiliary Group]

RG/W\E/\OH .

R® R*
19)

A
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-continued

(18)

(16)

[0062] First, the compound represented by formula (19)
(alcohol) is oxidized to produce a compound represented by
formula (18) (aldehyde). For the oxidation reaction, a weak
oxidizing agent such as dimethyl sulfoxide, tetrapropylam-
monium perruthenate, and Dess-Martin periodinane can be
used. The reaction is performed in an organic solvent such
as methylene chloride. The reaction temperature is prefer-
ably about 0° C. to room temperature. The resulting com-
pound represented by formula (18) may be directly used for
the subsequent reaction without being isolated.

[0063] Subsequently, the compound represented by for-
mula (16) can be produced by subjecting the compound
represented by formula (18) and the compound represented
by formula (17) to Mukaiyama Aldol reaction in the pres-
ence of boron triflate and an amine.

[0064] In formula (17), R as described in formula (22).
For the amine, triethylamine, 2,6-lutidine, and the like can
be used. The reaction is performed in an organic solvent
such as methylene chloride, tetrahydrofuran, and 1,2-dime-
thoxyethane. The reaction temperature is preferably about
-78° C. to 0° C. After the reaction, the target product is
collected, and purified by column chromatography or the
like.

[(D) Production of Compound Represented by Formula (15)
(Weinreb Amide) from Compound Represented by Formula

(16)]
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-continued

[0065] The compound represented by formula (16) can be
converted into the compound represented by formula (15)
(Weinreb amide) with ease by reacting with N,O-dimethyl-
hydroxylamine. In formula (15), Me represents a methyl
group. The reaction is performed in an organic solvent such
as tetrahydrofuran. The reaction temperature is preferably
about 0° C. After the reaction, the target product is collected,
and purified by column chromatography or the like.

[(E) Production of Compound Represented by Formula (14)
by Hydroxy Group Protection]

[0066]

[0067]
a hydroxy group. Z is preferably a protecting group that is
capable of protecting hydroxy groups under temperate con-
ditions and stable under alkaline conditions. Preferred
examples of the protecting group include trialkylsilyl groups
such as a trimethylsilyl group, a triethylsilyl group, and a
tert-butyldimethylsilyl group.

In formula (14), Z represents a protecting group for

[0068] The protection of a hydroxy group is preferably
performed by reacting with trialkylsilyl triflate or the like in
an organic solvent such as methylene chloride with use of
the weak base 2,6-lutidine or the like as a catalyst. The
reaction temperature is preferably about 0° C. After the
reaction, the target product is collected, and purified by
column chromatography or the like.

[(F) Production of Compound Represented by Formula (11)
by Reduction and Wittig Reaction]

[0069]
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-continued

an

[0070] First, the compound represented by formula (14)
(amide) is reduced to produce the compound represented by
formula (13) (aldehyde). At that time, use of diisobutylalu-
minum hydride as a reducing agent is preferred because the
reduction can be stopped at the stage of aldehyde formation.
The reaction is performed in an organic solvent such as
tetrahydrofuran, toluene, hexane, and methylene chloride.
The reaction temperature is preferably about -78° C. to 0°
C. After the reaction, the target product is collected.

[0071] Subsequently, the compound represented by for-
mula (11) can be produced by subjecting the compound
represented by formula (13) (aldehyde) and the compound
represented by formula (12) (Wittig reagent) to Wittig
reaction. The reaction is performed in an organic solvent
such as methylene chloride. The reaction temperature is
preferably about 35° C. After the reaction, the target product
is collected, and purified by column chromatography or the
like.

[(G) Production of Compound Represented by Formula (10)
by Reduction]

[0072]

R’

RS R* R? R!
(10)

[0073] The compound represented by formula (10) (alde-
hyde) can be produced by reducing the compound repre-
sented by formula (11) (amide) in the same manner as in step
(F). The reaction conditions and others may be the same as
those in step (F).
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[(H) Production of Compound Represented by Formula (8)
by Wittig Reaction]

[0074]

[0075] The compound represented by formula (8) can be
produced by subjecting the compound represented by for-
mula (10) (aldehyde) and the compound represented by
formula (9) (Wittig reagent) to Wittig reaction in the same
manner as in step (F). The reaction conditions and others
may be the same as those in step (F).

[(D Production of Compound Represented by Formula (7)
by Reduction]

[0076]

1513 I:{l R’ RS
@

[0077] The compound represented by formula (7) (alde-
hyde) can be produced by reducing the compound repre-
sented by formula (8) (amide) in the same manner as in step
(F). The reaction conditions and others may be the same as
those in step (F).

[(D) Production of Compound Represented by Formula (6)
by Intramolecular Diels-Alder Reaction]

[0078]
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-continued

[0079] Intramolecular Diels-Alder reaction is promoted by
a driving force generated by conversion of an 87 system in
a molecule with open chain structure into a more stable
4n+40 system in a molecule with cyclic structure. It is
preferable to use a catalyst such as diethylaluminum chlo-
ride for the reaction. The reaction is performed in an organic
solvent such as methylene chloride. The reaction tempera-
ture is preferably about —=78° C. to room temperature. The
crude product contains compounds having different confor-
mations in addition to the compound represented by formula
(6), and hence the crude product is purified by thin-layer
chromatography or the like and the target product is col-
lected.

[(K) Production of Compound Represented by Formula (3)
by Horner-Wadsworth-Emmons Reaction and Hydrolysis]

[0080]

ORI 1

@)
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-continued

(©)

[0081]
represent an alkyl group. The alkyl group for R'® and R is

In formula (5), R*® and R'* each independently

preferably an alkyl group having one to six carbon atoms,
and more preferably an alkyl group having one to four
carbon atoms. The alkyl group may be linear, branched, or
cyclic. Specific examples of the alkyl group include a methyl
group, an ethyl group, an isopropyl group, an isobutyl group,
and a cyclohexyl group, and a methyl group and an ethyl
group are preferred.

[0082]
produced by subjecting the compound represented by for-

First, the compound represented by formula (4) is

mula (6) and the compound represented by formula (5) to
Horner-Wadsworth-Emmons reaction. Specifically, a base is
allowed to act on the compound represented by formula (5)
(alkylphosphonate) to generate a carboanion, which is
reacted with the compound represented by formula (6)
(aldehyde) to produce the compound represented by formula
(4) (alkene). It is preferable to use lithium bis(trimethylsilyi)
amide, lithium diisopropylamide, or the like for the base.
The reaction is performed in an organic solvent such as
tetrahydrofuran and methylene chloride. The reaction tem-
perature is preferably about —78° C. to room temperature.
The crude product contains compounds having different
conformations in addition to the compound represented by
formula (4), and hence the crude product is purified by
thin-layer chromatography or the like and the target product
is collected.

[0083]
mula (3) can be produced by hydrolyzing the compound

Subsequently, the compound represented by for-

represented by formula (4). Hydrolysis with a hydroxy
group kept protected can be achieved by performing hydro-
lysis with a base catalyst such as sodium hydroxide and
lithium hydroxide as appropriate.
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[(L) Production of Compound Represented by Formula (1)
from Compound Represented by Formula (3)]

&)

@

[0084] After the compound represented by formula (2) is
produced by converting the carboxy group of the compound
represented by formula (3) into R®, the compound repre-
sented by formula (1) can be produced by converting —OZ
of the compound represented by formula (2) into R

[0085] The conversion of the compound represented by
formula (3) into the compound represented by formula (2)
can be performed with a method used in common organic
synthesis, and esterification, amidation, halogenation, acid
anhydride formation, etherification, amination, oxidation,
reduction, coupling reaction, protection, deprotection, and
others can be variously combined therefor as appropriate. A
reaction example is shown in the following.
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[0086] A compound in which R® is —CH,OR“ can be
obtained by reducing the carboxy group of the compound
represented by formula (3) with a reducing agent such as
lithium aluminium hydride and performing Williamson syn-
thesis to react with a halogenated alkyl represented by RX.
A compound in which is —C(O)NRR’ can be obtained by
subjecting the carboxy group of the compound represented
by formula (3) to dehydration condensation reaction with an
amine represented by NHRR/. A compound in which R® is
—CH,NR°R/ can be obtained by reducing the compound in
which R® is —C(O)NR°R’ with a reducing agent such as
lithium aluminium hydride. A compound in which R? is
—C(O)OR? can be obtained by subjecting the carboxy
group of the compound represented by formula (3) to
dehydration condensation reaction with an alcohol repre-
sented by RYOH. A compound in which R® is —CH(OH)R?
can be obtained by reducing the carboxy group of the
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compound represented by formula (3) into a hydroxymethyl
group, then oxidizing it into a formyl group, and reacting it
with a Grignard reagent represented by R“MgX. Thereafter,
a compound in which R® is —COR¥ can be obtained by
oxidizing the compound in which R® is —CH(OH)R".

[0087] The conversion of the compound represented by
formula (2) into the compound represented by formula (1)
can be performed with a method used in common organic
synthesis, and esterification, etherification, halogenation,
amination, oxidation, reduction, protection, deprotection,
and others can be variously combined therefor as appropri-
ate. If a hydroxy group, a carboxy group, an amino group,
or another group is introduced to R® to form an intermediate
to be converted, protection and deprotection of such a group
can be performed as appropriate, if necessary for the sub-
sequent reaction. A reaction example is shown in the fol-
lowing.
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[0088] First, protecting group Z is eliminated from —OZ
of the compound represented by formula (2) to form a
hydroxy group, which is then converted into various groups.
For example, a compound in which R? is —OR? can be
obtained by performing Williamson synthesis to react the
hydroxy group with a halogenated alkyl represented by R“X.
A compound in which R? is —O(CO)R? can be obtained by
subjecting the hydroxy group to dehydration condensation
reaction with a carboxylic acid represented by R“COOH. If
the alcohol having a hydroxy group is oxidized into a ketone
and the ketone is reduced with a reducing agent such as
diisobutylaluminum hydride, the hydride attack proceeds
from the opposite side of the substituents R' and R?, as a
result giving a sterically inverted alcohol. Activation of the
hydroxy group of this alcohol with diethyl azodicarboxylate
and triphenylphosphine and subsequent Mitsunobu reaction
to react with R°R°NH allow a sterically re-inverted amino
group to be introduced, giving a compound in which R? is
—NRR?. A compound in which R? is a hydrogen atom can
be obtained by reacting the hydroxy group with 1,1'-thio-
carbonyldiimidazol to convert it into thiocarbamate and then
performing radical reduction with tributyltin hydride and
azobisisobutvronitrile.

<Pharmaceutical Composition>

[0089] The pharmaceutical composition according to the
present embodiment contains the compound represented by
formula (1) above and a pharmaceutically acceptable carrier.
[0090] The compound represented by formula (1), as with
the case of its analog, M-COPA, exhibits cell proliferation
inhibitory action against various cancers. Accordingly, the
pharmaceutical composition according to the present
embodiment is applicable as a pharmaceutical composition
for treating various cancers. The term “treat” encompasses
not only abolishing or alleviating a symptom of a disease but
also reducing the degree of progression of a symptom.

[0091] In particular, the compound represented by formula
(1), as with the case of its analog, M-COPA, is capable of
inhibiting, for example, the translocation of receptor tyro-
sine kinases (such as KIT, FLT3, FGFR3, EGFR, MET) to
a Golgi apparatus or a cellular membrane via reducing the
endoplasmic reticulum-Golgi apparatus transport of them.
Accordingly, the pharmaceutical composition according to
the present embodiment is effective also for treatment of
cancers with activation mutation of KIT (e.g., gastrointes-
tinal stromal tumor, mast cell leukemia, acute myelogenous
leukemia); cancers with high tyrosine kinase receptor
expression that are highly expressing FL'T3, FGFR3, EGFR,
MET, or the like (e.g., acute myelogenous leukemia, mul-
tiple myeloma, lung adenocarcinoma, gastric cancer); can-
cers with tyrosine kinase receptor inhibitor resistance (e.g.,
imatinib-resistant acute myelogenous leukemia, imatinib-
resistant gastrointestinal stromal tumor, multiple myeloma,
gefitinib-resistant and osimertinib-resistant non-small cell
lung adenocarcinomas); and others.

[0092] Examples of the pharmaceutically acceptable car-
rier include organic or inorganic carriers conventionally
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used as formulation materials. The carrier is added as a
diluent, a lubricant, a binder, a disintegrator, or the like for
solid formulations, and as a solvent, a solubilizer, a sus-
pending agent, an isotonic agent, a buffer, or the like for
liquid formulations. The pharmaceutical composition may
contain a formulation excipient such as a preservative, an
antioxidant, and a coloring agent.

[0093] The pharmaceutical composition may be in any
dosage form without limitation. Examples of the dosage
form of the pharmaceutical composition include oral prepa-
rations such as tablets, capsules, emulsions, and suspen-
sions; and parenteral preparations such as injections, infu-
sions, and topical agents.

[0094] The dose of the pharmaceutical composition is
appropriately determined depending on the subject of
administration, the route of administration, the target dis-
ease, symptoms, and others.

EXAMPLES

[0095] Hereinafter, Examples of the present invention will
be described, but the scope of the present invention is not
limited to those Examples.

[0096] In Examples below, compounds RS1 to RS10
shown below were produced as the compound represented
by formula (1) above. In addition, M-COPA was prepared
for comparison.

M-COPA

RS1

)
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RS2 RS6
HO,,
RS3 RS7
RS4 Rs8

RS5 RS9
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-continued

RS10

Synthesis Example 1: Synthesis of (27,4E)-2-
bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-hydroxy-
2',6',8'"-trimethyl-1',2',4'a,5',6',7',8',8'a-octahy-
dronaphthalen-1'-y1)-N-(oxazol-5"-ylmethyl)penta-2,
4-dienamide (compound RS1)

[0097]
PBr; (1.0 eq)
NN H "CH,CL (2.0M)
1-1 0°C.,1h
e VN

1-2

[Preparation of (2E,4E)-1-bromohexa-2,4-diene

(compound 1-2)]
[0098] To a methylene chloride solution (51 ml.) contain-
ing 2,4-hexadien-1-ol (10.0 g, 102 mmol), phosphorus tri-
bromide (9.7 mL, 102 mmol) was added dropwise at 0° C.,
and stirring was performed for 1 hour. After dilution by
adding water to the reaction system at 0° C., an organic layer
was separated from the reaction mixture solution. The
organic layer was dried over anhydrous sodium sulfate, and
then filtered and concentrated under reduced pressure to
afford a crude product. With pre-cooled silica gel, partial
purification by gel filtration (eluent: hexane/ethyl
acetate=10/1; the eluent used is previously cooled to 0° C.)
was performed. Filtration and concentration under reduced
pressure gave a crude product of compound 1-2. This crude
product was directly used for the subsequent reaction with-
out purification.

) VSN

1-2
o o) 1.0M NaHMDS
in THF (1.1 eq.)
TBAI (0.1 eq.)
N O THF (1.0M)
\ / -78°C.tort, 1.5 h
o 72%
Bn\\\
1-3a
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[Asymmetric Alkylation]

[0099] To a tetrahydrofuran solution (39 mL) containing
(S)-4-benzyl-3-propionvloxazolidin-2-one (compound 1-3a)
(9.0 g, 38.7 mmol), a tetrahydrofuran solution of sodium
bis(trimethylsilyl)amide (1.0 M, 43 mL, 43.0 mmol) was
added dropwise at -78° C. After the reaction mixture
solution was stirred for 15 minutes, (2E,4E)-1-bromohexa-
2,4-diene (compound 1-2) (12.5 g, 77.4 mmol) and tetra-
butylammonium iodide (1.48 g, 4.0 mmol) were added
thereto, the temperature was increased to room temperature,
and stirring was performed for 1.5 hours. Saturated aqueous
solution of ammonium chloride was added to the reaction
system at 0° C. to terminate the reaction, ethyl acetate was
added to separate an organic layer, and extraction with ethyl
acetate was then performed for the aqueous layer. The
organic layers were combined and the resultant was dried
over anhydrous sodium sulfate, and then filtered and con-
centrated under reduced pressure to afford a crude product.
The crude product obtained was purified by column chro-
matography (eluent: hexane/ethyl acetate=7/1) to afford
(S)-4-benzyl-3-((R,4'E,6'E)-2"-methylocta-4',6'-dienoyi)
oxazolidin-2-one (compound 1-4) (8.8 g, 72%).

TIHF O
; 0°C.to1t, 251
: 86%
an
1-4
N X - OH
1-5

[Reduction]

[0100] To a tetrahydrofuran solution (133 ml.) containing
lithium aluminium hydride (3.4 g, 89.6 mmol), a tetrahy-
drofuran solution (66 mL) of (S)-4-benzyl-3-((R,.4'E,6'E)-
2'-methylocta-4',6'-dienoyl)oxazolidin-2-one ~ (compound
1-4) (18.7 g, 59.7 mmol) was added dropwise at 0° C., and
the reaction mixture solution was stirred at room tempera-
ture for 2.5 hours. Methanol and 1.0 M hydrochloric acid
were added to the reaction system at 0° C. to terminate the
reaction, ethyl acetate was added to separate an organic
layer, and extraction with ethyl acetate was then performed
for the aqueous layer. The organic layers were combined and
the resultant was dried over anhydrous sodium sulfate, and
then filtered and concentrated under reduced pressure to
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afford a crude product. The crude product obtained was
purified by column chromatography (eluent: hexane/ethyl
acetate=5/1) to afford (R,4E,6E)-2-methylocta-4,6-dien-1-ol
(compound 1-5) (7.2 g, 86%).

SO3+Py (4.0 eq.)
Et;N (8.0 eq.)

—_—
CH,CL/DMSO =

/\/\/\/\OH

Ls 41 (0.3M)
0°C.tort. 1h
fo) O
A
Bn
1-3b
o] 1.0M
M “BuBOTE in
A _ - CH,Cl, (1.0 eq.)
BN (1.0 eq.)
= CH,Cl, (0.3M)
1-6 7810 0°C., 1h
80%
HO 0 )(L
/\/\/\/\:)J\N o
Bn

[Oxidation]

[0101] To a methylene chloride solution (131 mL) con-
taining (R,4E,6E)-2-methylocta-4,6-dien-1-01 (compound
1-5) (6.9 g, 49.3 mmol), dimethyl sulfoxide (32.8 mL, 462
mmol) and triethylamine (54.6 mL, 394 mmol) were added
at room temperature. After the temperature of the reaction
mixture solution was set to 0° C., sulfur trioxide-pyridine
complex (31.4 g, 197 mmol) was added at room tempera-
ture, and the reaction mixture was stirred for 1 hour. The
reaction mixture solution containing a crude product of
compound 1-6 was directly used for the subsequent reaction
without purification.

[Mukaiyama Aldol Reaction with Evans Asymmetric Aux-
iliary Group]

[0102] To a methylene chloride solution (164 mL) con-
taining (R)-4-benzyl-3-propionyloxazolidin-2-one (com-
pound 1-3b) (11.5 g, 49.3 mmol), a methylene chloride
solution of dibutylboron trifluoromethanesulfonate (49.3
ml, 49.3 mmol) and triethylamine (6.8 mL, 49.3 mmol)
were added at 0° C., and stirring was performed for 10
minutes. After the temperature of the reaction mixture
solution was set to =78° C., the reaction mixture solution
containing a crude product of compound 1-6 was added by
cannulation, stirring was performed for 30 minutes, the
temperature was increased to 0° C., and stirring was further
performed for 1 hour. Phosphate buffer solution (pH 7) was

15
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added to the reaction system at 0° C. to terminate the
reaction, methylene chloride was added to separate an
organic layer, and extraction with methylene chloride was
then performed for the aqueous layer. The organic layers
were combined and the resultant was dried over anhydrous
sodium sulfate, and then filtered and concentrated under
reduced pressure to afford a crude product. The crude
product obtained was purified by column chromatography
(eluent: hexane/ethyl acetate=10/1—3/1) to afford (R)-4-
benzyl-3-((2'R,3'S,4'R,6'E,8'E)-3'-hydroxy-2',4'-dimethyl-
deca-6',8'-dienoyl)oxazolidin-2-one (compound 1-7) (14.6
g, two-step yield: 80%).

MeNH-
OMe-HCl
(2.0eq.)
1.0M
MesAl in
hexane
(2.0eq.)
THF
(0.1M)
0°C.,
1h
95%

/\/\/\/\)kNJ\O

Bn

[Conversion into Weinreb Amide]

[0103] To a tetrahydrofuran solution (230 mL) of N,O-
dimethylhydroxylamine hydrochloride (6.83 g, 70.0 mmol),
a n-hexane solution of trimethylaluminum (1.0 M, 70 mL,
70.0 mmol) was added at 0° C., the reaction solution was
stirred at 0° C. for 15 minutes, the temperature was then
increased to room temperature, and the reaction solution was
stirred for 15 minutes. To the reaction mixture solution, a
tetrahydrofuran solution (120 mL) of (R)-4-benzyl-3-((2'R,
3'S,4'R,6'E,8'E)-3'-hydroxy-2',4'-dimethyldeca-6',8'-di-
enoyl)oxazolidin-2-one (compound 1-7) (13.0 g, 35.0
mmol) was added at 0° C., and stirring was performed for 15
minutes. Saturated aqueous solution of potassium sodium
tartrate was added to the reaction system at 0° C. to
terminate the reaction, ethyl acetate was added to separate an
organic layer, and extraction with ethyl acetate was then
performed for the aqueous layer. The organic layers were
combined and the resultant was dried over anhydrous
sodium sulfate, and then filtered and concentrated under
reduced pressure to afford a crude product. The crude
product obtained was purified by column chromatography
(eluent: hexane/ethyl acetate=3/1—1/1) to afford (2R,3S,
4R,6E,8E)-3-hydroxy-N-methoxy-N,2,4-trimethyldeca-6,8-
dienamide (compound 1-8) (8.5 g, 95%).



US 2024/0140918 Al

TBSOTT
(2.0eq.)
2,6-
lutidine
OMe (4.0 eq.)

\ \ -~ I ——
Il\l CHyCls
(0.2M)
Me 0°C,
15 min
99%

jas)
mo
o

|

—
'
-5}

T - N7

—
'
=}

[Hydroxy Group Protection]

[0104] To a methylene chloride solution (170 mL) con-
taining  (2R,3S,4R,6E,8E)-3-hydroxy-N-methoxy-N,2.4-
trimethyldeca-6,8-dienamide (compound 1-8) (8.63 g, 33.8
mmol), 2,6-lutidine (15.8 mL, 135 mmol) and tert-butyldi-
methylsilyl triflate (15.5 mL, 67.6 mmol) were added at 0°
C., and the reaction mixture solution was stirred at 0° C. for
15 minutes. Saturated aqueous solution of ammonium chlo-
ride was added to the reaction system at 0° C. to terminate
the reaction, methylene chloride was added to separate an
organic layer, and extraction with methylene chloride was
then performed for the aqueous layer. The organic layers
were combined and the resultant was dried over anhydrous
sodium sulfate, and then filtered and concentrated under
reduced pressure to afford a crude product. The crude
product obtained was purified by column chromatography
(eluent: hexane/ethyl acetate=20/1—5/1) to afford (2R, 38,
4R, 6E, 8E)-3-((tert-butyldimethylsily Joxy-N-methoxy-N,2,
4-trimethyldeca-6,8-dienamide (compound 1-9) (12.4 g,
99%).

TBSO (€]

T T - : N THF

N X - - o (2.0eq.)
Z CHCL (0.1M)
1-10 35°C.,14h
56%
SM: 28%
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TBS(:) O
NN ST
Y
1-11
[Reduction]

[0105] To a tetrahydrofuran solution (5.7 mL) containing
(2R, 38, 4R, 6E, 8E)-3-((tert-butyldimethylsilyl)oxy)-N-
methoxy-N,2,4-trimethyldeca-6,8-dienamide  (compound
1-9) (211 mg, 0.570 mmol), a n-hexane solution of
diisobutylaluminum hydride (1.03 M, 0.72 mL, 0.74 mmol)
was added at -78° C., the temperature was increased to 0°
C., and stirring was performed for 1.5 hours. Methanol and
saturated aqueous solution of potassium sodium tartrate
were added to the reaction system at 0° C. to terminate the
reaction, ethyl acetate was added to separate an organic
layer, and extraction with ethyl acetate was then performed
for the aqueous layer. The organic layers were combined and
the resultant was dried over anhydrous sodium sulfate, and
then filtered and concentrated under reduced pressure to
afford a crude product of compound 1-10. This crude
product was directly used for the subsequent reaction with-
out purification.

[Wittig Reaction]

[0106] To a methylene chloride solution (5.7 mL) contain-
ing the crude product of compound 1-10, N-methoxy-N-
methyl 2-(triphenyl-A>-phosphanylidene) acetamide (414
mg, 1.140 mmol) was added at room temperature, the
temperature was increased to 35° C., and stirring was
performed for 16 hours. The reaction mixture solution was
concentrated under reduced pressure to afford a crude prod-
uct. The crude product obtained was purified by column
chromatography (eluent: hexane/ethyl acetate=4/1) to afford
(2E,48S,5S,6R,8E,10E)-5-((tert-butyldimethylsilyfloxy)-N-
methoxy-N,4,6-trimethyldodeca-2,8,10-trienamide ~ (com-
pound 1-11) (132 mg, two-step yield: 56%). At that time,
59.4 mg (28%) of compound 1-10 was collected. The
physical property values of compound 1-10 and compound
1-11 are as follows.
(2R,38,4R,6E,8E)-3-((tert-butyldimethylsilyl)oxy)-2,4-di-
methyldeca-6,8-dienal (compound 1-10):

'H NMR (400 MHz, CDCl,): 8 9.81 (d, J=0.8 Hz, 1H,
CHO), 6.07-5.93 (m, 2H, H-7, H-8), 6.07-5.93 (m, 1H, H-9),
5.50-5.40 (m, 1H, H-6), 4.00 (dd, J=4.8, 4.0 Hz, 1H, H-3),
2.58-2.47 (m, 1H, H-2), 2.27-2.16 (m, 1H, H-5), 1.94-1.83
(m, 1H, H-5), 1.07 (d, I=7.2 Hz, 1H, 2-Me), 0.89 (s, 9H,
TBS), 0.84 (d, I=6.8 Hz, 3H, 4-Me), 0.08 (s, 3H, TBS), 0.03
(s, 3H, TBS).
(2E,48S,5S,6R,8E,10E)-5-((tert-butyldimethylsilyl)oxy)-N-
methoxy-N,4,6-trimethyldodeca-2,8,10-trienamide ~ (com-
pound 1-11):

'"H NMR (400 MHz, CDCl,): § 6.94 (dd, J=15.6, 8.8 Hz, 1H,
H-3), 6.34 (d, J=15.6 Hz, 1H, H-2), 6.04-5.90 (m, 2H, H-9,
H-10), 5.61-5.50 (m, 1H, H-11), 5.50-5.40 (m, 1H, H-8),
3.67 (s, 3H, NMe), 3.50 (dd, J=6.4, 3.2 Hz, 1H, H-5), 3.22
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(s, 30, OMe), 2.61-2.47 (m, 1H, H-4), 1.94-1.84 (m, 1H,
H-7), 1.71 (d, J=6.8 Hz, 3H, H-12), 1.66-1.56 (m, 1H, H-6),
1.05 (d, J=5.6 Hz, 3H, 4-Me), 0.90 (s, OH, TBS), 0.81 (d.
J=6.8 Hz, 3H, 6-Me), 0.04 (s, 31, TBS), 0.04 (s, 31, TBS).

1-11 -78 to

X ; X" m

[Reduction]

[0107] To a tetrahydrofuran solution (6.6 mL) containing
(2E,48S,5S,6R,8E,10E)-5-((tert-butyldimethylsilyl)oxy)-N-
methoxy-N,4,6-trimethyldodeca-2,8,10-trienamide ~ (com-
pound 1-11) (132 mg, 0.332 mmol), a n-hexane solution of
diisobutylaluminum hydride (1.03 M, 0.42 m[,, 0.43 mmol)
was added at -78° C., the temperature was increased to 0°
C., and stirring was performed for 10 minutes. Methanol and
saturated aqueous solution of potassium sodium tartrate
were added to the reaction system at 0° C. to terminate the
reaction, ethyl acetate was added to separate an organic
layer, and extraction with ethyl acetate was then performed
for the aqueous layer. The organic layers were combined and
the resultant was dried over anhydrous sodium sulfate, and
then filtered and concentrated under reduced pressure to
afford a crude product. The crude product obtained was
purified by thin-layer chromatography (eluent: hexane/ethyl
acetate=4/1) to afford (2E,4S,5S,6R,8E,10E)-5-((tert-
butyldimethylsilyl)oxy)-4,6-dimethyldodeca-2,8,10-trienal
(compound 1-12) (82.8 mg, 74%). At that time, 7.5 mg (6%)
of compound 1-11 was collected. The physical property
values of compound 1-12 are as follows.

(2E,48S,5S,6R,8E,10E)-5-((tert-butyldimethylsilyl)oxy)-4,6-
dimethyldodeca-2,8,10-trienal (compound 1-12):

{1 NMR (400 MHz, CDCL,): & 9.51 (d, 1=7.6 Hz, 1M,
CHO), 6.94 (dd, J=16.0, 6.8 Hz, 1H, H-3), 6.08 (ddd,
J=16.0, 7.6, 1.6 Hz, 1H, H-2), 6.03-5.93 (m, 2H, H-9, H-10),
5.64-5.52 (m, 1H, H-11), 5.49-5.40 (m, 1M, H-8), 3.63 (dd,
J=6.0, 2.8 Hz, 1H, H-5), 2.66 (dqd, I=6.8, 6.8, 6.4 Hz, 1M,
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H-4), 2.17-2.08 (m, 1H, H-7), 1.97-1.85 (m, 10, H-7), 1.72
(d, J=6.4 Hz, 3H, H-12), 1.64-1.55 (m, 1H, H-6), 1.09 (d,
J=6.8 Hz, 3H, 4-Me), 0.92 (s, 9H, TBS), 0.79 (d, J=7.6 Hz,
3H, 4-Me), 0.07 (s, 3H, TBS) , 0.05 (s, 31, TBS).

0
Ph3P\)l\ OMe
x II\I/
Me
TBSQ Q (2.0 eq.)
N _ : Ve - CHLCl, (0.1M)
F i 35°C., 144
= - 71%
1-12 1SM: 10%
TBSO 0
A OMe
N T i Ir/
H z Me

[Wittig Reaction]

[0108] To a methylene chloride solution (2.5 mL) contain-
ing (2E,48S,5S,6R,8E,10E)-5-((tert-butyldimethylsilyl Joxy)-
4,6-dimethyldodeca-2,8,10-trienal ~ (compound  1-12),
N-methoxy-N-methyl 2-(triphenyl-A>-phosphanylidene)ac-
etamide (179 mg, 0.492 mmol) was added at room tempera-
ture, the temperature was increased to 35° C., and stirring
was performed for 16 hours. The reaction mixture solution
was concentrated under reduced pressure to afford a crude
product. The crude product obtained was purified by thin-
layer chromatography (eluent: hexane/ethyl acetate=4/1) to
afford (2E,4E,68,7S,8R,10E,12E)-7-(tert-butyldimethylsi-
loxy)-N-methoxy-N, 6,8-trimethyltetradeca-2,4,10,12-tetra-
enamide (compound 1-13) (73.5 mg, 71%). At that time,
59.4 mg (10%) of compound 1-12 was collected. The
physical property values of compound 1-13 are as follows.

(2E,4E,65,7S,8R,10E,12E)-7-(tert-Butyldimethylsiloxy)-N-
methoxy-N,6,8-trimethyltetradeca-2,4,10,12-tetracnamide
(compound 1-13):

'H NMR (400 MHz, CDCl,): 8 7.31 (d, J=15.6, 10.0 Hz, 1H,
3-H), 6.22-6.06 (m, 2H, H-4, H-5), 6.06-5.90 (m, 2H, H-11,
H-12), 5.62-5.51 (m, 1H, H-11), 5.49-5.40 (m, 1H, H-10),
3.70 (s, 3H, NMe), 3.46 (dd, J=6.4, 3.2 Hz, 1H, H-7), 3.24
(s, 3H, OMe), 2.53-2.40 (m, 1H, H-6), 2.30-2.18 (m, 1H,
H-9), 1.94-1.82 (m, 1H, H-9), 1.72 (d, J=6.4 Hz, 3H, H-14),
1.63-1.58 (m, 1H, H-8), 1.02 (d, J=6.8 Hz, 3H, 6-Me), 0.90
(s, 9H, TBS), 0.80 (d, J=6.4 Hz, 3H, 8-Me), 0.04 (s, 3H,
TBS), 0.03 (s, 3H, TBS).
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[Reduction]

[0109] To a tetrahydrofuran solution (1.7 mL) containing
(2E,4E,68,78,8R,10E,12E)-7-(tert-butyldimethylsiloxy)-N-
methoxy-N,6,8-trimethyldodeca-2,4,10,12-tetracnamide
(compound 1-13) (73.5 mg, 0.174 mmol), a n-hexane solu-
tion of diisobutylaluminum hydride (1.03 M, 0.22 mI,, 0.23
mmol) was added at -78° C., the temperature was increased
to 0° C., and stirring was performed for 20 minutes. Metha-
nol and saturated aqueous solution of potassium sodium
tartrate were added to the reaction system at 0° C. to
terminate the reaction, ethyl acetate was added to separate an
organic layer, and extraction with ethyl acetate was then
performed for the aqueous layer. The organic layers were
combined and the resultant was dried over anhydrous
sodium sulfate, and then filtered and concentrated under
reduced pressure to afford a crude product. The crude
product obtained was purified by thin-layer chromatography
(eluent: hexane/ethyl acetate=4/1) to afford (2E,4E,68S,7S,
8R,10E, 12E)-7-((tert-butyldimethylsilvl )oxy)-6,8-dimeth-
yltetradeca-2,4,10,12-tetraenal (compound 1-14) (82.8 mg,
74%). The physical property values of compound 1-14 are as
follows.

(2E,4E,68,7S,8R,10E, 12E)-7-((tert-Butyldimethylsilyl)
oxy)-6,8-dimethyltetradeca-2,4,10,12-tetraenal (compound
1-14):

'H NMR (400 MHz, CDCl,): 8 9.51 (d, J=8.4 Hz, 1H,
CHO), 7.08 (dd, J=15.2, 9.6 Hz, 1H, H-3), 6.34-6.24 (m, 2H,
H-4,H-6), 6.09 (dd, J=15.2, 8.4, 1H, H-2), 6.04-5.94 (m, 2H,
H-11, H-12), 5.64-5.52 (m, 1H, H-13), 5.52-5.40 (m, 1H,
H-10), 3.51 (dd, J=6.0, 3.2 Hz, 1H, H-7), 2.58-2.50 (m, 1H,
H-6), 2.18-2.08 (m, 1H, H-9), 1.96-1.86 (m, 1H, H-9), 1.73
(d, J=6.8 Hz, 3H, H-14), 1.69-1.56 (m, 1H, H-8), 1.06 (d,
J=7.2 Hz, 3H, 6-Me), 0.92 (s, 9H, TBS), 0.82 (d, J=7.6 Hz,
3H, 8-Me), 0.06 (s, 3H, TBS), 0.04 (s, 3H, TBS).

1.0M Et,AICL
in hexane
(1.0 eq.)
H _ =
IV N - i H CH)I (0.03M)
H 78 to -45° C.,
1-14 20 min, then rt,
1.5h
1-15: 50%
1-16: 17%

o

TBSQ
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M

TBSO,,, = AL

[Intramolecular Diels-Alder Reaction]

[0110] To a methylene chloride solution (2.0 mL.) contain-
ing (2E.4E,6S,7S,8R,10E,12E)-7-((tert-butyldimethylsilyl)
0xy)-6,8-dimethyltetradeca-2,4,10,12-tetraenal (compound
1-14) (21.2 mg, 0.0585 mmol), a n-hexane solution of
diethylaluminum chloride (1.0 M, 0.06 mL, 0.06 mmol) was
added at -78° C. After the temperature of the reaction
system was increased to —45° C. and stirring was performed
for 20 minutes, the temperature was increased to room
temperature, and stirring was performed for 1.5 hours.
Methanol and saturated aqueous solution of potassium
sodium tartrate were added to the reaction system at 0° C. to
terminate the reaction, methylene chloride was added to
separate an organic layer, and extraction with methylene
chloride was then performed for the aqueous layer. The
organic layers were combined and the resultant was dried
over anhydrous sodium sulfate, and then filtered and con-
centrated under reduced pressure to afford a crude product.
The crude product obtained was purified by thin-layer
chromatography (eluent: hexane/ethyl acetate=4/1) to afford
(B)-3-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-((tert-butyldimeth-
ylsilyl)oxy)-2',6',8'-trimethyl-1',2',4'a,5',6',7'.8',8'a-octahy-
dronaphthalen-1'-yl)lacrylaldehyde (compound 1-15) (10.5
mg, 50%), and (E)-3-((1'R,2'R,4'aS,6'R,7'S,8'S,8'aR)-7'-
((tert-butyldimethylsilyl)oxy)-2',6',8'-trimethyl-1',2',4'a,5'",
6',7',8' 8'a-octahydronaphthalen-1'-yl)acrylaidehyde (com-
pound 1-16) (3.7 mg, 17%). The physical property values of
compound 1-15 are as follows.
(B)-3-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-((tert-butyldimeth-
ylsilyl)oxy)-2',6',8'-trimethyl-1',2',4'a,5',6',7'.8',8'a-octahy-
dronaphthalen-1'-yl)acrylaidehyde (compound 1-15):

'"H NMR (400 MHz, CDCl,): 8 9.52 (d, 1=8.0 Hz, 1H, CHO)
, 6.82 (dd, J=15.6, 10.8 Hz, 1H, H-3), 6.04 (dd, J=15.6, 8.0
Hz, 1H, H-2), 5.64-5.52 (m, 2H, H-3', H-4"), 2.86 (dd, ]=9.6,
9.6 Hz, 1H, H-7), 2.63 (ddd, =10.4, 7.6, 6.0 Hz, 1H, H-1",
2.38-2.22 (m, 1H, H-2"), 1.92-1.83 (m, 1H, H-4'a), 1.80
(ddd, J=13.2,7.2,3.6 Hz, 1H, H-5"), 1.64-1.48 (m, 3H, H-5',
H-6', H-8"), 1.48-1.36 (m, 1H, 8'a-H), 0.98 (d, J=7.6 Hz, 3H,
2'-Me), 0.97 (d, J=6.4 Hz, 3H, 6'-Me), 0.97 (d, I=6.4 Hz, 3H,
8'-Me), 0.90 (s, 9H, TBS), 0.06 (s, 3H, TBS), 0.06 (s, 3H,
TBS).
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OEt

Br
2-0
(3.0eq.)
1.3M in LHMDS in
THF (2.8 eq.)

THF (0.05M)

T8tot, 121
2-1:59%
2-2:27%

[Horner-Wadsworth-Emmons Reaction]

[0111] To a tetrahydrofuran solution (0.7 mL) containing
ethyl diethylphosphonobromoacetate (compound 2-0) (26.3
mg, 0.0869 mmol), a tetrahydrofuran solution of lithium
bis(trimethylsilyl)amide (1.0 M, 0.08 m[., 0.946 mmol) was
added dropwise at -78° C. After the reaction mixture
solution was stirred at =78° C. for 30 minutes, a tetrahy-
drofuran solution (0.3 mL) containing compound 1-15 (10.5
mg, 0.0290 mmol) was added, the temperature was
increased to room temperature, and stirring was performed
for 10 minutes. Saturated aqueous solution of ammonium
chloride was added to the reaction system at 0° C. to
terminate the reaction, ethyl acetate was added to separate an
organic layer, and extraction with ethyl acetate was then
performed for the aqueous layer. The organic layers were
combined and the resultant was dried over anhydrous
sodium sulfate, and then filtered and concentrated under
reduced pressure to afford a crude product. The crude
product obtained was purified by thin-layer chromatography
(eluent: hexane/ethyl acetate=4/1) to afford ethyl (27,4E)-
2-bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-((tert-butyldi-
methylsilyl)oxy)-2',6',8'-trimethyl-1',2",4'a,5',6',7',8',8'a-oc-
tahydronaphthalen-1'-yl)penta-2,4-dienoate (compound 2-1)
(8.8 mg, two-step yield: 59%), and ethyl (2E,4E)-2-bromo-
5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-((tert-butyldimethylsi-
Iyloxy)-2',6',8'-trimethyl-1',2',4'a,5',6',7',8',8'a-octahy-
dronaphthalen-1'-yl)penta-2,4-dienoate  (compound 2-2)
(4.0 mg, two-step yield: 27%). The physical property values
of compound 2-1 are as follows.
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OEt

Ethyl (2Z,4E)-2-bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-
7'-((tert-butyldimethylsilyl)oxy)-2',6',8'-trimethyl-1',2',4'a,
546,78 8'a-octahydronaphthalen-1'-yl)penta-2,4-dienoate
(compound 2-1):

'H NMR (500 MHz, CDCL,): 8 7.65 (d, 1=9.0 Hz, 1H, H-3),
6.47-6.30 (m, 2H, H-4, H-5), 5.58 (ddd, J=9.5, 3.0, 2.5 Hz,
1H, H-4"), 5.49 (ddd, J=9.5, 2.0, 2.0 Hz, 1H, H-3"), 4.29 (q,
J=7.5 Hz, 2H, OEt), 2.86 (dd, J=9.5, 9.5 Hz, 1H, H-7"), 2.54
(ddd, J=9.0, 9.0, 5.0 Hz, 1H, H-1"), 2.30-2.18 (m, 1H, H-2",
1.91-1.82 (m, 1H, H-4'a), 1.76 (ddd, J=13.0,3.5,3.5 Hz, 1H,
H-5"), 1.60-1.49 (m, 3H, H-5', H-6', H-8"), 1.46-1.36 (m, 1H,
H-8'a), 1.35 (t, J=7.5 Hz, 3H, OFEt), 1.00 (d, J=6.5 Hz, 3H,
2'-Me), 0.98 (d, J=7.0 Hz, 3H, 8'-Me), 0.96 (d, I=6.5 Hz, 3H,
6'-Me) , 0.91 (s, 9H, TBS) , 0.07 (s, 6H, TBS).

4M LiOH aq./THEF/
MeOH = 1/2/1 (0.04M)

0°C.tort, 12h
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-continued

A-l
MNBA (1.5eq.)
DMAP (3.0 eq.)
amine A-1 (10.0 eq.)
CH,Cl, (0.03M)
1t, 10 min
81%

[Hydrolysis]

[0112] To a mixed solution containing ethyl (27,4E)-2-
bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-((tert-butyldim-

ethylsilyl)oxy)-2',6',8'-trimethyl-1',2',4'a,5',6',7',8',8'a-octa-

hydronaphthalen-1'-yl)penta-2.4-dienoate (compound 2-1)
(84.7 mg, 0.166 mmol) in methanol (1.0 mL) and tetrahy-
drofuran (2.0 mL), 4.0 M aqueous solution of lithium
hydroxide (1.0 mL, 4.00 mmol) was added at 0° C., the
temperature was increased to room temperature, and stirring
was performed for 12 hours. To the reaction system, 1.0 M
hydrochloric acid was added at 0° C. to terminate the
reaction, ethyl acetate was added to separate an organic
layer, and extraction with ethyl acetate was then performed
for the aqueous layer. The organic layers were combined and
the resultant was dried over anhydrous sodium sulfate, and
then filtered and concentrated under reduced pressure to
afford a crude product of compound 2-3. This crude product
was directly used for the subsequent reaction without puri-
fication.

[Amidation]

[0113] To a methylene chloride solution (5.5 mL) contain-
ing the crude product of compound 2-3, 2-methyl-6-ni-
trobenzoic anhydride (85.5 mg, 0.248 mmol) and 4-dimeth-
ylaminopyridine (60.7 mg, 0.497 mmol) were added at room
temperature. After the reaction mixture solution was stirred
for 10 minutes, S-aminomethyl-1,3-oxazole (amine A-1)
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(162.4 mg, 1.66 mmol) was added, and stirring was per-
formed at room temperature for 10 minutes. Saturated
aqueous solution of ammonium chloride was added to the
reaction system at 0° C. to terminate the reaction, methylene
chloride was added to separate an organic layer, and extrac-
tion with methylene chloride was then performed for the
aqueous layer. The organic layers were combined and the
resultant was dried over anhydrous sodium sulfate, and then
filtered and concentrated under reduced pressure to afford a
crude product. The crude product obtained was purified by
thin-layer chromatography (eluent: chloroform/metha-
nol=20/1) to afford (27,4E)-2-bromo-5-((1'S,2'S,4'aR,6'R,
7'S,8'S,8'aS)-7"-((tert-butyldimethylsilyi)oxy)-2',6',8'-trim-
ethyl-(oxazol-5"-ylmethyl)penta-2,4-dienamide (compound
2-4) (75.6 mg, two-step yield: 81%). The physical property
values of compound 2-1 are as follows.

(27,45)-2-Bromo-5-((1',2'S,4'aR,6'R, 7'S,8'S,8'aS)-7'-((tert-
butyldimethylsilyl)oxy)-2',6',8'-trimethyl-(oxazol-5"-ylm-
ethyl)penta-2,4-dienamide (compound 2-4):

'H NMR (500 MHz, CDCL,): 8 7.85 (s, 1H, H-2"), 7.77 (d,
J=10.5 Hz, 1H, H-3), 7.04 (s, 1H, H-4"), 6.94 (brt, ]=5.5 Hz,
1H, NH), 6.36 (dd, J=15.0, 10.5 Hz, 1H, H-4), 6.28 (dd,
J=15.0,10.0 Hz, 1H, H-5), 5.57 (ddd, J=9.5, 4.0, 3.0 Hz, 11,
H-4"), 5.47 (ddd, J=9.5, 2.0, 2.0 Hz, 1H, H-3", 4.60 (d, I=5.5
Hz, 2H, CH,Ar), 2.85 (dd, J=9.5, 9.5 Hz, 1H, H-7"), 2.51
(ddd, J=10.0, 8.5, 6.0 Hz, 11, H-1}, 2.27-2.17 (m, 1, H-2"),
1.91-1.78 (m, 1H, H-4'), 1.88-1.71 (m, 2H, H-6', H-8"),
1.58-1.47 (m, 11, H-5"), 1.44-1.30 (m, 1H, H-8'a), 0.98 (d,
J=7.0 Hz, 31, 2'-Me), 0.97 (d, J=7.0 Hz, 3, 8'-Me), 0.94 (d,
J=6.5 Hz, 31, 6-Me), 0.89 (s, 9H, TBS), 0.06 (s, 6H, TBS).

12M HCI

aq./THF/MeOH =
1/5/5 (0.030M)

B — e

0°C.tort, 12h
95%
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[Deprotection]

[0114] To a mixed solution containing (27,4F)-2-bromo-
5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-((tert-butyldimethylsi-
Iyloxy)-2',6',8'-trimethyl-1',2',4'a,5',6',7',8',8'a-octahy-
dronaphthalen-1'-y1)-N-(oxazol-5"-ylmethyl)penta-2,4-
dienamide (compound 2-4) (75.6 mg, 0.134 mmol) in
methanol (2.0 mL) and tetrahydrofuran (2.0 mL), 12 M
hydrochloric acid (0.40 mL, 4.80 mmol) was added at 0° C.,
the temperature was increased to room temperature, and
stirring was performed for 12 hours. Saturated aqueous
solution of sodium hydrogen carbonate was added to the
reaction system at 0° C. to terminate the reaction, ethyl
acetate was added to separate an organic layer, and extrac-
tion with ethyl acetate was then performed for the aqueous
layer. The organic layers were combined and the resultant
was dried over anhydrous sodium sulfate, and then filtered
and concentrated under reduced pressure to afford a crude
product. The crude product obtained was purified by thin-
layer (2Z,4E)-2-bromo-5-5((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-
7'-hydroxy-2',6',8'-trimethyl-1',2",4'a,5',6',7',8',8'a-octahy-
dronaphthalen-1'-y1)-N-(oxazol-5"-ylmethyl)penta-2,4-
dienamide (compound RS1) (57.3 mg, 95%). The physical
property values of compound RS1 are as follows.

(27,4E)-2-Bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7"-hy-
droxy-2',6',8'-trimethyl-1',2".4'a.5',6',7',8',8'a-octahy-
dronaphthalen-1'-y1)-N-(oxazol-5"-ylmethyl)penta-2,4-di-
enamide (compound RS1):

11 NMR (500 MHz, CDCL,): & 7.85 (s, 1H, H-2"), 7.78 (d,
J=10.5 Hz, 1H, H-3), 7.04 (s, 1H, H-4"), 6.95 (brt, ]=5.5 Hz,
1H, NH), 6.41 (dd, J=15.0, 10.5 Hz, 1H, H-4), 6.30 (dd,
J=15.0, 10.0 Hz, 11, H-5), 5.58 (ddd, J=9.5, 4.0, 3.0 Hz, 1H
H-4Y, 5.45 (ddd, J=9.5, 2.0, 2.0 Hz, 1H, H-3", 4.61 (d, I=5.5
Hz, 2H, CH,Ar), 2.73 (dd, J=9.5, 9.5 Hz, 1H, H-7'), 2.54
(ddd, J=10.0, 10.0, 5.0 Hz, 1H, H-1%, 2.27-2.17 (m, 1H,
H-21), 1.92-1.82 (m, 1H, H-4'a), 1.80-1.71 (m, 2H, H-5"),
1.76-1.64 (m, 2H, H-6\, H-8"), 1.54-1.44 (m, 1H, H-5,
136-1.22 (m, 1H, H-8'), 1.07 (d, J=6.5 Hz, 3H, 2'-Me),
1.04 (d, I=7.0 Hz, 3H, 8'-Me), 0.95 (d, J=6.5 Hz, 3H, 6'-Me).

Synthesis Example 2: Synthesis of (27,4E)-2-
bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-hydroxy-
2',6'8'-trimethyl-1',2".4'a,5',6',7',8',8'a-octahydronaph-

thalen-1'-y1)-N-(thiazol-5"-ylmethyl)penta-2,4-

dienamide (compound RS2)

[0115]

4M LiOH aq./THF/
MeOH = 1/2/1 (0.05M)

0°C.tort, 14h
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73
N\/K/NHZ
Br
B-1

MNBA (1.5 eq.)
DMAP (3.0 eq.)
amine B-1 (10.0 eq.)

TBSO,,

CH,CL (0.03M)
t,1h
98%

it
2-

[Hydrolysis]

[0116] To a mixed solution containing ethyl (2Z.4E)-2-
bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-((tert-butyldim-
ethylsilyl)oxy)-2',6',8'-trimethyl-1',2',4'a,5',6',7',8',8'a-octa-
hydronaphthalen-1'-yl)penta-2.4-dienoate (compound 2-1)
(45.7 mg, 0.089 mmol) in methanol (0.45 mL) and tetrahy-
drofuran (0.90 mL), 4.0 M aqueous solution of lithium
hydroxide (0.45 mL, 1.80 mmol) was added at 0° C., the
temperature was increased to room temperature, and stirring
was performed for 14 hours. To the reaction system, 1.0 M
hydrochloric acid was added at 0° C. to terminate the
reaction, ethyl acetate was added to separate an organic
layer, and extraction with ethyl acetate was then performed
for the aqueous layer. The organic layers were combined and
the resultant was dried over anhydrous sodium sulfate, and
then filtered and concentrated under reduced pressure to
afford a crude product of compound 2-3. This crude product
was directly used for the subsequent reaction without puri-
fication.

[Amidation]

[0117] To a methylene chloride solution (3.0 mL) contain-
ing the crude product of compound 2-3, 2-methyl-6-ni-
trobenzoic anhydride (46.1 mg, 0.134 mmol) and 4-dimeth-



US 2024/0140918 Al

ylaminopyridine (32.7 mg, 0.268 mmol) were added at room
temperature. After the reaction mixture solution was stirred
for 10 minutes, 5-aminomethyl-1,3-thiazole (amine B-1)
(102.0 mg, 0.893 mmol) was added, and stirring was per-
formed at room temperature for 1 hour. Saturated aqueous
solution of ammonium chloride was added to the reaction
system at 0° C. to terminate the reaction, methylene chloride
was added to separate an organic layer, and extraction with
methylene chloride was then performed for the aqueous
layer. The organic layers were combined and the resultant
was dried over anhydrous sodium sulfate, and then filtered
and concentrated under reduced pressure to afford a crude
product. The crude product obtained was purified by thin-
layer chromatography (eluent: chloroform/methanol=20/1)
to afford (27,4E)-2-bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,
8'aS)-7"-((tert-butyldimethylsilyl)oxy)-2',6',8'-trimethyl-
(thiazol)-1',2"',4'a,5',6',7',8',8'a-octahydronaphthalen-1'-y1)-
N-thiazol-5"-ylmethyl)penta-2,4-dienamide (compound
2-5) (50.6 mg, two-step yield: 98%). The physical property
values of compound 2-5 are as follows.
(27,4E)-2-Bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-
((tert-butyldimethylsilyl)oxy)-1',2",4'a,5',6',7',8',8'a-octahy-
dronaphthalen-1'-y1)-N-(thiazol-5"-ylmethyl)penta-2,4-di-
enamide (compound 2-5):

'"H NMR (500 MHz, CDCL,): 8 8.80 (s, 1H, H-2"), 7.84 (s,
1H, H-4"), 7.78 (d, J=10.5 Hz, 1H, H-3), 7.05 (ort, J=5.5 Hz,
1H, NH), 6.38 (dd, J=15.0, 10.5 Hz, 1H, H-4), 6.28 (dd,
J=15.0, 10.0 Hz, 1H, H-5), 5.60-5.54 (m, 1H, H-4"), 5.50-
5.45 (m, 1H, H-3", 4.75 (d, J=5.5 Hz, 2H, CH,Ar), 2.86 (dd,
J=9.0, 9.0 Hz, 1H, H-7"), 2.52 (ddd, J=10.0, 10.0, 5.5 Hz,
1H, H-1"), 2.27-2.18 (m, 1H, H-2"), 1.92-1.60 (m, 4H, H-4'a,
H-5', H-6', H-8"), 1.60-1.44 (m, 1H, H-5", 1.44-1.34 (m, 1H,
H-8'2), 0.98 (d, J=6.0 Hz, 3H, 2'-Me), 0.97 (d, J=6.0 Hz, 3H,
8'-Me), 0.96 (d, I=7.0 Hz, 3H, 6'-Me), 0.90 (s, 9H, TBS) ,
0.07 (s, 6H, TBS).

12M HCI
aq./THF/MeOH =
1/5/5 (0.025M)

_—
0°C.tort, 14h
91%
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-continued

[Deprotection]

[0118] To a mixed solution containing (27,4F)-2-bromo-
5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'S)-7'-((tert-butyldimethylsilyl)
oxy)-2',6',8'-trimethyl-1',2",4'a,5',6',7',8',8'a-octahydronaph-
thalen-1'-y1)-N-(thiazol-5"-ylmethyl)penta-2,4-dienamide
(compound 2-5) (50.6 mg, 0.087 mmol) in methanol (1.6
ml) and tetrahydrofuran (1.6 mL.), 12 M hydrochloric acid
(0.32 ml,, 3.84 mmol) was added at 0° C., the temperature
was increased to room temperature, and stirring was per-
formed for 14 hours. Saturated aqueous solution of sodium
hydrogen carbonate was added to the reaction system at 0°
C. to terminate the reaction, ethyl acetate was added to
separate an organic layer, and extraction with ethyl acetate
was then performed for the aqueous layer. The organic layers
were combined and the resultant was dried over anhydrous
sodium sulfate, and then filtered and concentrated under
reduced pressure to afford a crude product. The crude
product obtained was purified by thin-layer (27,4E)-2-
bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-hydroxy-2',6',8'-
trimethyl-1',2',4'a,5',6',7" 8',8'a-octahydronaphthalen-1'-yl)-
N-(thiazol-5"-ylmethyl)penta-2,4-dienamide ~ (compound
RS2) (37.0 mg, 91%). The physical property values of
compound RS2 are as follows.
(2Z,4E)-2-Bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7"-hy-
droxy-2',6',8'-trimethyl-1',2"4'a.5',6',7',8',8'a-octahy-
dronaphthalen-1'-y1)-N-(thiazol-5"-ylmethyl)penta-2,4-di-
enamide (compound RS2):

'H NMR (500 MHz, CDCL,): § 8.92 (s, 1H, H-2"), 7.91 (s,
1H, H-4"), 7.80 (d, J=10.5 Hz, 1H, H-3), 7.14-7.11 (brm,
1H, NH), 6.44 (dd, J=15.5, 10.5 Hz, 1H, H-4), 6.31 (dd,
J=15.0, 10.0 Hz, 1H, H-5), 5.61-5.55 (m, 1H, H-4"), 5.48-
5.42 (m, 1H, H-3"), 4.76 (d, J=6.0 Hz, 2H, CH,Ar), 2.74 (dd,
J=10.0, 10.0 Hz, 1H, H-7"), 2.55 (ddd, J=10.0, 10.0, 5.5 Hz,
1H, H-1"), 2.30-2.17 (m, 1H, H-2"), 1.97-1.70 (m, 4H, H-4'a,
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H-5', H-6', H-8"), 1.56-1.43 (m, 1H, H-5"), 1.37-1.28 (m, 11,
H-8'), 1.07 (d, J=6.0 Hz, 3H, 2'-Me), 1.05 (d, J=6.0 Hz, 3M,
8'-Me), 0.96 (d, J=7.0 Hz, 3H, 6-Me).

Synthesis Example 3: Synthesis of (27,4E)-2-
bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-hydroxy-
2',6',8'"-trimethyl-1',2',4'a,5',6',7',8',8'a-octahy-
dronaphthalen-1'-y1)-N-(oxazol-4"-ylmethyl)penta-2,
4-dienamide (compound RS3)

[0119] Compound RS3 was synthesized in the same man-
ner as in Synthesis Example 1, except that, in amidation of
compound 2-3, 4-aminomethyl-1,3-oxazole was used in
place of 5-aminomethyl-1,3-oxazole. The physical property
values of compound RS3 are as follows.

RS3

(27,4E)-2-Bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7"-hy-
droxy-2',6',8'-trimethyl-1',2".4'a.5',6',7',8',8'a-octahy-
dronaphthalen-1'-y1)-N-(oxazol-4"-ylmethyl)penta-2,4-di-
enamide (compound RS3):

INMR (500 MHz, CDCL,):  7.87 (s, 1H, H-2"), 7.75 (s, 11,
H-3), 7.65 (s, 1H, H-5"), 7.18-7.09 (brm, 1H, NH), 6.44-6.
25 (m, 2H, H-4, H-5), 5.62-5.53 (m, 11, H-3"), 4.47 (d, I=5.0
Hz, 2H, CH,Ar), 2.78-2.68 (m, 1H, H-7"), 2.53 (ddd, J=9.5,
9.5, 5.0 Hz, 1H, H-1'), 2.28-2.16 (m, 1H, H-2'), 1.94-1.82
(m, 1H, H-6"), 1.80-1.71 (m, 1H, H-5", 1.71-1.56 (m, 1H,
H-8"), 1.56-1.42 (m, 1H, H-5, 1.38-1.22 (m, 1H, H-8'a),
1.06 (d, 1=6.0 Hz, 3H, 2'-Me), 1.04 (d, J=6.0 Hz, 31, 8'-Me),
0.95 (d, J=7.0 Hz, 3H, 6-Me).

Synthesis Example 4: Synthesis of (27,4E)-2-
bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-hydroxy-
2',6',8'"-trimethyl-1',2',4'a,5',6',7',8',8'a-octahy-
dronaphthalen-1'-yl1)-N-(thiazol-2"-ylmethyl)penta-2,
4-dienamide (compound RS4)

[0120]
ner as in Synthesis Example 1, except that, in amidation of

Compound RS4 was synthesized in the same man-

compound 2-3, 2-aminomethyl-1,3-thiazole was used in
place of 5-aminomethyl-1,3-oxazole. The physical property
values of compound RS4 are as follows.
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RS4

(2Z,4E)-2-Bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7"-hy-
droxy-2',6',8'-trimethyl-1',2"4'a.5',6',7',8',8'a-octahy-
dronaphthalen-1'-y1)-N-(thiazol-2"-ylmethyl)penta-2,4-di-
enamide (compound RS4):

'H NMR (400 MHz, CD,OD): § 7.72 (s, 1H, H-4"), 7.63 (s,
1H, H-3), 7.52 (d, J=3.2 Hz, 1H, H-5"), 6.54-6.36 (m, 2H,
H-4, H-5), 5.61 (ddd, J=9.2, 4.4, 2.8 Hz, 1H, H-4"), 5.49
(ddd, 1=9.2, 1.6, 1.6 Hz, 1H, H-3"), 4.77 (s, 2H, CH,Ar),
2.63 (dd, J=9.6, 9.6 Hz, 1H, H-7"), 2.57 (ddd, ]=8.4,8.4,2.8
Hz, 1H, H-1"), 2.30-2.14 (m, 1H, H-2"), 1.95-1.82 (m, 1H,
H-4'a), 1.77 (ddd, J=13.2, 3.6, 3.6 Hz, 1H, H-5"), 1.54-1.40
(m, 1H, H-6"), 1.37-1.21 (m, 3H, H-5', H-8', H-8'a), 1.08 (d,
J=6.4 Hz, 3H, 2'-Me), 1.03 (d, J=6.0 Hz, 3H, 8'-Me), 0.99 (d,
J=7.2 Hz, 3H, 6'-Me).

Synthesis Example 5: Synthesis of (27,4E)-2-
bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-hydroxy-
2',6',8'-trimethyl-1',2',4'a,5',6',7',8',8'a-octahy-
dronaphthalen-1'-y1)-N-(pyridin-3"-ylmethyl)penta-
2,4-dienamide (compound RS5)

[0121] Compound RS5 was synthesized in the same man-
ner as in Synthesis Example 1, except that, in amidation of
compound 2-3, 3-aminomethylpyridine was used in place of
S-aminomethyl-1,3-oxazole. The physical property values

of compound RS5 are as follows.

RS5

(2Z,4E)-2-Bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7"-hy-
droxy-2',6',8'-trimethyl-1',2"4'a.5',6',7',8',8'a-octahy-
dronaphthalen-1'-y1)-N-(pyridin-3"-ylmethyl)penta-2,4-di-
enamide (compound RS5):

'H NMR (500 MHz, C¢Dy): 8 8.40 (s, 1H, H-2"), 8.37 (d,
J=3.0Hz, 1H, H-6"), 8.08 (d, J=11.0 Hz, 1H, H-3), 7.16-7.09
(m, 1H, H-4"), 6.59 (dd, J=7.5, 4.5 Hz, 1H, H-5"), 6.46 (brt,
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J=6.5 Hz, 1H, NH), 6.37 (dd, J=15.5, 10.5 Hz, 1H, H-4),
6.05 (dd, J=15.5, 10.0 Hz, 1H, H-5), 5.4 (ddd, J=9.5, 4.0,
3.0 Hz, 1H, H-4"), 5.33 (ddd, J=9.5, 2.0, 2, 0 Hz, 1H, H-3"),
3.96 (d, 1=5.5 Hz, 2H, CHAr), 2.35 (dd, J=10.0, 10.0 Hz,
1H, H-7),2.22 (ddd, J=9.5, 9.5, 5.5 Hz, 1H, H-1"), 2.00-1.90
(m, 1H, H-2"), 1.59-1.51 (m, 1H, H-4'a), 1.43 (ddd, J=13.0,
3.5, 3.5 Hz, 1H, H-5", 1.39-1.19 (m, 2H, H-6', H-8),
1.24-1.12 (m, 15, H-5"), 1.04-0.88 (m, 1H, H-8'a), 0.92 (d,
J=6.5 Hz, 31, 2'-Me), 0.91 (d, J=6.5 Hz, 31, 8'-Me), 0.73 (d,
J=7.5 Hz, 3H, 6-Me).

Synthesis Example 6: Synthesis of (27,4E)-2-
bromo-5-((1'S,2'S,4'aR,7'S,8'S,8'aS)-7'-hydroxy-2',
8'-dimethyl-1',2',4'a,5',6',7',8',8'a-octahydronaphtha-

len-1'-y1)-N-(thiazol-5"-ylmethyl)penta-2,4-
dienamide (compound RS6)

[0122] Compound RS6 was synthesized in the same man-
ner as in Synthesis Example 2, in oxidation and Mukaiyama
Aldol reaction with an Evans asymmetric auxiliary group,
(4E,6E)-octa-4,6-dien-1-0l was used in place of compound
1-5. The physical property values of compound RS6 are as
follows.

RS6

(27,4E)-2-Bromo-5-((1'S,2'S,4'aR,7'S,8'S,8'aS)-7"-hydroxy-
2'.8'-dimethyl-1',2',4'a,5',6',7',8',8'a-octahydronaphthalen-1'-
y1)-N-(thiazol-5"-ylmethyl)penta-2,4-dienamide (com-
pound RS6):

'HNMR (300 MHz, CD,0D): 8 8.89 (s, 1H, H-2"), 7.79 (d,
J=3.0 Hz, 1H, H-4"), 7.59 (d, ]=9.6 Hz, 1H, H-3), 6.53-6.30
(m, 2H, H-4, H-5), 5.60 (ddd, J=9.3, 3.6, 3.0 Hz, 1H, H-4"),
5.48 (ddd, J=9.3, 1.8, 1.8 Hz, 1H, H-3"), 4.67 (s, 2H,
CH,Ar), 3.08 (ddd, J=10.8, 10.8, 4.5 Hz, 1H, H-7"), 2.56
(ddd, J=9.3, 9.3, 5.4 Hz, 1H, H-1"), 2.30-2.12 (m, 1H, H-2",
2.04-1.90 (m, 1H, H-4'a), 1.90-1.70 (m, 1H, H-5"), 1.48-1.27
(m, 1H, H-8"), 1.37-1.12 (m, 2H, H-6', H-8'a), 1.15-1.10 (m,
1H, H-6", 1.06 (d, J=6.3 Hz, 3H, 2'-Me), 0.97 (d, J=7.2 Hz,
3H, 8'-Me).

Synthesis Example 7: Synthesis of (27,4E)-2-
bromo-5-((1'S ,2'S,4'aR,7'S,8'S,8'aS)-7"-hydroxy-2',
8'-dimethvl-1',2'4'a,5',6',7',8',8'a-octahydronaphtha-

len-1'-y1)-N-(pyridin-3"-ylmethyl)penta-2,4-
dienamide (compound RS7)

[0123] Compound RS7 was synthesized in the same man-
ner as in Synthesis Example 5, in oxidation and Mukaiyama
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Aldol reaction with an Evans asymmetric auxiliary group,
(4E,6E)-octa-4,6-dien-1-0l was used in place of compound
1-5. The physical property values of compound RS7 are as
follows.

RS7

(27,4E)-2-Bromo-5-((1'S,2'S,4'aR,7'S,8'S,8'aS)-7'-hydroxy-
2' 8'-dimethyl-1',2',4'a,5',6',7',8',8'a-octahydronaphthalen-1'-
y)-N-(pyridin-3"-ylmethyl)penta-2.4-dienamide (com-
pound RS7):

'H NMR (500 MHz, CD,0D): 3 8.50 (s, 1H, H-2"), 8.42 (d,
J=4.5Hz, 1H, H-6"), 7.81-7.74 (m, 1H, H-4"), 7.59 (d, J=9.5
Hz, 1H, H-3), 7.40 (dd, J=7.5, 4.5 Hz, 1H, H-5"), 6.49-6.35
(m, 2H, H-4, H-5), 5.60 (ddd, J=9.0, 4.0, 2.5 Hz, 1H, H-4"),
5.49 (ddd, J=9.0, 3.0, 3.0 Hz, 1H, H-3"), 4.50 (s, 2H,
CH,Ar), 3.07 (ddd, J=11.0, 11.0, 5.0 Hz, 1H, H-7", 2.70-
2.16 (m, 1H, H-2"), 2.05-1.93 (m, 1H, H-4'a), 1.86-1.75 (m,
1H, H-5"), 1.45-1.31 (m, 1H, H-8"), 1.37-1.19 (m, 2H, H-6',
H-8'a), 1.26-1.14 (m, 1H, H-6", 1.06 (d, J=6.0 Hz, 3H,
2'-Me), 0.97 (d, J=7.0 Hz, 3H, S'-Me).

Synthesis Example 8: Synthesis of (27,4E)-2-
bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7'-hydroxy-
2',6',8'-trimethyl-1',2',4'a,5',6',7',8',8'a-octahy-
dronaphthalen-1'-y1)-N-(pyridin-2"-ylmethyl)penta-
2,4-dienamide (compound RS8)

[0124] Compound RSS was synthesized in the same man-
ner as in Synthesis Example 1, except that, in amidation of
compound 2-3, 2-aminomethylpyridine was used in place of
S-aminomethyl-1,3-oxazole. The physical property values

of compound RSS are as follows.

RS8
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(27,4E)-2-Bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,8'aS)-7"-hy-
droxy-2',6',8'-trimethyl-1',2".4'a.5',6',7',8',8'a-octahy-
dronaphthalen-1'-y1)-N-(pyridin-2"-ylmethyl)penta-2,4-di-
enamide (compound RS8):

'HNMR (400 MHz, acetone-d): 8 8.56-8.50 (m, 1H, H-6"),
8.23 (brt, J=5.2 Hz, 1H, NH), 7.76 (ddd, I=7.6, 7.6, 1.6 Hz,
1H, H-4"), 7.75 (d, J=10.8 Hz, 1H, H-3), 7.38-7.33 (m, 1H,
H-3"), 7.29-7.23 (m, 1H, H-5"), 6.56 (dd, J=15.2, 10.4 Hz,
1H, H-4), 6.41 (dd, J=15.2, 10.4 Hz, 1H, H-5), 5.61 (ddd,
J=9.2, 4.4, 2.8 Hz, 1H, H-4"), 5.48 (ddd, J=9.2, 2.0, 2.0 Hz,
1H, H-5"), 4.60 (d, J=5.2 Hz, 2H, CH,Ar), 3.50 (d, J=6.8 Hz,
1H, H-7", 2.67-2.57 (m, 1H, H-8", 2.60 (ddd, J=10.4, 9.2,
5.2 Hz, 1H, H-T'), 2.30-2.18 (m, 1H, H-2"), 1.96-1.84 (m, 1H,
H-4'a), 1.74 (ddd, J=13.2, 3.6, 3.6 Hz, 1H, H-5"), 1.54-1.39
(m, 1H, H-5", 1.38-1.25 (m, 1H, H-8'a), 1.11 (d, J=6.0 Hz,
3H, 8'-Me), 1.02 (d, J=6.0 Hz, 3H, 2'-Me), 1.00 (d, J=7.6 Hz,
3H, 6'-Me).

HRMS (EST) : m/z caled for C,,H;, BrN,O,Na 481.1461
[M+Na]*; found 481.1444.

Synthesis Example 9: Synthesis of pyridin-3"-ylm-
ethyl (2Z,4E)-2-bromo-5-((1'S,2'S,4'aR,6'R,7'S,8'S,
8'aS)-7"-hydroxy-2',6',8'-trimethyl-1',2',4'a,5',6',7'.8',
8'a-octahydronaphthalen-1'-yl)penta-2,4-diencate
(compound RS9)

[0125] Compound RS9 was synthesized in the same man-
ner as in Synthesis Example 1, except that, in dehydration
condensation reaction of compound 2-3, 3-pyridinemetha-
nol was used in place of 5-aminomethyl-1,3-oxazole. The
physical property values of compound RS9 are as follows.

RS9

Pyridin-3"-ylmethyl (2Z.4E)-2-bromo-5-((1'S,2'S,4'aR,6'R,
7'S,8'S,8'aS)7'-hydroxy-2',6',8'-trimethyl-1',2' 4'a,5',6',7'.8',
8'a-octahydronaphthalen-1'-yl)penta-2,4-dienoate (com-
pound RS9):

'H NMR (500 MHz, acetone-d): & 8.69 (s, 1H, H-2"), 8.57
(d, I=3.5 Hz, 1H, H-6"), 7.88-7.85 (m, 1H, H-4"), 7.85 (d,
J=10.5 Hz, 1H, H-3), 7.43-7.38 (m, 1H, H-5"), 6.68 (dd,
J=15.0, 10.5 Hz, 1H, H-4), 6.46 (dd, J=15.0, 10.0 Hz, 1H,
H-5), 5.60 (ddd, J=9.0, 3.0, 3.0 Hz, 1H, H-4"), 5.48 (ddd,
J=9.0, 2.5, 1.5 Hz, 1H, H-3"), 5.33 (s, 2H, CH,Ar), 3.49 (d,
J=7.0 Hz, 1H, H-7"), 2.66-2.56 (m, 2H, H-8', H-1"), 2.30-2.
14 (m, 1H, H-2"), 1.94-1.84 (m, 1H, H-4'a), 1.75 (ddd,
J=13.0, 3.0, 3.0 Hz, 1H, H-5"), 1.55-1.40 (m, 1H, H-5"),
1.39-1.25 (m, 1H, H-8'a), 1.08 (d, J=6.0 Hz, 3H, 8'-Me),
1.01 (d, J=6.0 Hz, 3H, 2'-Me), 0.97 (d, I=7.5 Hz, 3H, 6'-Me).
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HRMS (ESI) : mjz caled for C,,H; BrNO; 460.1482
[M+H]*; found 460.1483.

Synthesis Example 10: Synthesis of pyridin-2"-
ylmethyl (27,4E)-2-bromo-5-((1'S,2'S,4'aR,6'R,7'S,
8'S,8'aS)-7"-hydroxy-2',6',8'-trimethyl-1',2',4'a,5'.6',

7',8',8'a-octahydronaphthalen-1'-yl)penta-2,4-
dienoate (compound RS10)

[0126] Compound RS10 was synthesized in the same
manner as in Synthesis Example 1, except that, in dehydra-
tion condensation reaction of compound 2-3, 2-pyri-
dinemethanol was used in place of S-aminomethyl-1,3-
oxazole. The physical property values of compound RS10
are as follows.

RS10

Pyridin-2"-ylmethyl (2Z.4E)-2-bromo-5-((1'S,2'S,4'aR,6'R,
7'S,8'S,8'aS)-7"-hydroxy-2',6',8'-trimethyl-1',2",4'a,5',6',7',8',
8'a-octahydronaphthalen-1'-yl)penta-2,4-dienoate (com-
pound RS10):

'H NMR (500 MHz, acetone-d,): 8 8.56 (d, J=4.5 Hz, 1H,
H-6"), 7.89 (d, J=10.5 Hz, 1H, H-3), 7.82 (ddd, J=8.0, 7.5,
1.5 Hz, 1H, H-4"), 7.49 (d, I=8.0 Hz, 1H, H-3"), 7.32 (dd,
J=7.5, 4.5 Hz, 1H, H-5"), 6.70 (dd, =15.0, 11.0 Hz, 1H,
H-4), 6.49 (dd, J=15.0, 10.0 Hz, 1H, H-5), 5.60 (ddd, J=9.0,
4.0, 3.0 Hz, 1H, H-4"), 5.48 (ddd, J=10.0, 2.0, 1.5 Hz, 1H,
H-3"), 534 (d, J=1.5 Hz, 2H, CH,Ar), 3.49 (d, J=6.5 Hz, 1H,
H-7), 2.67-2.58 (m, 2H, H-8', H-1"), 2.31-2.19 (m, 1H,
H-2"), 1.95-1.85 (m, 1H, H-4"a), 1.75 (ddd, J=13.5, 3.5, 3.5
Hz, 1H, H-5"), 1.57-1.40 (m, 1H, H-5"), 1.38-1.25 (m, 1H,
H-8'a), 1.09 (d, J=6.0 Hz, 3H, 8'-Me), 1.02 (d, J=7.0 Hz, 3H,
2'-Me), 0.99 (d, J=6.5 Hz, 3H, 6'-Me).

HRMS (ESI): n/z caled for C,,H;,BrNO;Na 482.1301
[M+Na]*; found 482.1318.

Test Example 1

[0127] Compounds RS1, RS2, and RS5 obtained in Syn-
thesis Examples 1, 2, and 5, and M-COPA synthesized in the
same manner as in Synthesis Example 1 in Patent Document
1 were examined for cell proliferation inhibitory activity
against human cultured cancer cells with KIT tyrosine
kinase mutation. The human cultured cancer cells used were
GIST-T1 cells (KIT#%%-378, imatinib-sensitive) and GIST-
R9 cells (KIVA>00-578/D820% imatinib-resistant) as gastroin-
testinal stromal tumor cell lines, and HMC-1.2 cells

(KIT">00"PRI6Y imatinib-resistant) as a mast cell leukemia
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cell line. The cancer cells of each type were seeded on a
96-well plate and cultured overnight, and cultured for 2 days
with addition of serially diluted products of the compounds,
and the cell proliferation was then measured by quantifying
the ATP production (n=3). FIG. 1 to FIG. 3 show the cell
proliferation curves for the GIST-T1 cells, GIST-R9 cells,
and HMC-1.2 cells. Table 1 shows IC,, values of the
compounds.

TABLE 1
ICso (nM) M-COPA RS1 RS2 RS3
GIST-T1 347 £ 21 268 128 169
GIST-R9 528 + 39 363 169 292
HMC-1.2 86 9 50 37 42
[0128] As shown in FIG. 1 to FIG. 3 and Table 1,

compounds RS1, RS2, and RSS5 inhibited the cell prolifera-
tion of the GIST-T1 cells, GIST-R9 cells, and HMC-1.2 cells
in a concentration-dependent manner, and the ICs, values of
them were lower than that of M-COPA. In particular, as is
understood from comparison between compound RS5 and
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M-COPA, it was demonstrated that substitution of the
methyl group in the structure of M-COPA with a bromine
atom results in significantly improved anticancer activity.

Test Example 2

[0129] Compounds RS1 to RS7 obtained in Synthesis
Examples 1 to 7, and M-COPA synthesized in the same
manner as in Synthesis Example 1 in Patent Document 1
were examined for cell proliferation inhibitory activity
against human cultured cancer cells. The cancer cells used
were eight human cancer cell lines (one skin cancer cell line,
one ovarian cancer cell line, one prostate cancer cell line,
two lung adenocarcinoma cell lines, one colorectal cancer
cell line, two breast adenocarcinoma cell lines). The cancer
cells of each type were seeded on a 96-well plate and
cultured for 2 days, and cultured for 2 days with addition of
serially diluted products of the compounds, and the cell
proliferation was then measured by colorimetry with a
water-soluble tetrazolium salt (WST-8). Thereafter, 50% cell
proliferation inhibitory concentrations (Gls,) were calcu-
lated from the cell proliferation curves. Table 2 shows Gl;,
values of the compounds.

TABLE 2

Glso (M)

M-COPA RS1 RS2 RS3 RS4 RSS RS6 RS7

Hs925t

(Skin cancer

cell line)
SK-OV3
(Ovarian
cancer cell
line)
DU-145
(Prostate
cancer cell
line)
H1650
(Lung

0.05 0.001 3E-04 0.03 0.01 1E-04 0.003 0.03

0.03 0.005 0.003 0.03 0.04 0.001 0.005 0.05

0.1 0.04 0.01 0.2 0.3 0.01 0.05 0.3

0.08 0.005 0.03 0.08 0.07 0.05 0.1 0.1

adenocarcinoma

cell line)
H2228
(Lung

0.04 0.01 0.04 005 0.07 0.03 0.1 1

adenocarcinoma

cell line)
DLD-1

(Colorectal

cancer cell
line)
MCF-7
(Breast

0.03 0.003 0.001 0.03 0.04 3E-04 0.04 0.03

0.35 0.03 0.03 0.3 0.5 0.08 0.1 1

adenocarcinoma

cell line)
Hs578t
(Breast

0.04 0.003  0.03 0.003 0.03 0.03 0.03 0.01

adenocarcinoma

cell line)
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[0130] As shown in Table 2, compounds RS1 to RS7
exhibited cell proliferation inhibitory activity significantly
superior to that of M-COPA against many of the cancer cell
lines.

Test Example 3

[0131] Compounds RS8 to RS10 obtained in Synthesis
Examples 8 to 10 were examined for cell proliferation
inhibitory activity against human cultured cancer cells. The
cancer cells used were three human lung adenocarcinoma
cell lines. The cancer cells of each type were seeded on a
96-well plate and cultured for 2 days, and cultured for 2 days
with addition of serially diluted products of the compounds,
and the cell proliferation was then measured by colorimetry
with a water-soluble tetrazolium salt (WST-8). Thereafter,
50% cell proliferation inhibitory concentrations (Gls,) were
calculated from the cell proliferation curves. Table 3 shows
Gl values of the compounds.

TABLE 3
Gl (UM) RS8 RS9 RS10
H1650 (Lung 0.3 0.2 0.5
adenocarcinoma
cell line)
H2228 (Lung 0.3 0.4 0.7
adenocarcinoma
cell line)
H226 (Lung 0.04 0.04 0.3
adenocarcinoma
cell line)
[0132] As shown in Table 3, compounds RS8 to RS10

exhibited superior cell proliferation inhibitory activity
against various cancer cell lines, in particular, against the
lung adenocarcinoma cell line H226.

1. A compound represented by formula (1) below:

M

wherein R' and R? to R® each independently represents a
hydrogen atom or an alkyl group; R? represents a
hydrogen atom, or a group represented by —OR® or
—NR’R® R® represents a group represented by
—CH,OR? —C(O)YOR?, —C(O)RY, —CH,NR°R’, or
—C(O)NRR/; and R* to R” each independently repre-
sents a hydrogen atom, an alkyl group, an aryl group
optionally having a substituent, a heteroaryl group

May 2, 2024

optionally having a substituent, an arylalkyl group
optionally having a substituent, or a heteroarylalkyl
group optionally having a substituent.

2. The compound according to claim 1, wherein, in
formula (1), R' and R® are each independently an alkyl
group, R? is a hydroxy group, R*, R>, R7, and R® are each a
hydrogen atom, R® is a group represented by —C(O)OR? or
—C(O)NR°R/, R? is an arylalkyl group or a heteroarylalkyl
group, R¢ is a hydrogen atom, and R/ is an arylalkyl group
or a heteroarylalkyl group.

3. A synthesis intermediate of the compound according to
claim 1, wherein the synthesis intermediate is represented by
formula (3) below:

&)

wherein R* and R? to R® each independently represents a
hydrogen atom or an alkyl group; and Z represents a
protecting group for a hydroxy group.

4. A method for producing a compound represented by
formula (1) below:

M
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wherein R' and R? to R® each independently represents a
hydrogen atom or an alkyl group; R? represents a
hydrogen atom, or a group represented by —OR® or
—NR’R® R® represents a group represented by
—CH,OR?, —C(O)OR?, —C(O)RY, —CH,NR°R/, or
—C(O)NRR/; and R* to R” each independently repre-
sents a hydrogen atom, an alkyl group, an aryl group
optionally having a substituent, a heteroaryl group
optionally having a substituent, an arylalkyl group
optionally having a substituent, or a heteroarylalkyl
group optionally having a substituent,

the method comprising producing the compound repre-
sented by formula (1) from a compound represented by

formula (3) below:

(©)

wherein R! and R® to R® are as described above; and Z

represents a protecting group for a hydroxy group.

5. The method according to claim 4, wherein the com-
pound represented by formula (3) is produced by subjecting
a compound represented by formula (6) below and a com-
pound represented by formula (5) below to a Horner-

Wadsworth-Emmons reaction followed by hydrolysis:
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©)

70y,

Rr3

wherein R!, R? to R®, and Z are as described above,

®)

=0

a=

10y ==,
RTO™ ORM
R!%0

Br

and wherein R*® and R'* each independently represent an

alkyl group.

6. The production method according to claim 5, wherein
the compound represented by formula (6) is produced by
cyclizing a compound represented by formula (7) below
through an intramolecular Diels-Alder reaction:

Q)

wherein R!, R? to R®, and Z are as described above.

7. A pharmaceutical composition comprising the com-
pound according to claim 1 and a pharmaceutically accept-
able carrier.



