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DESCRIPTION

ESTER COMPOUND AND USE THEREOF

TECHNICAL FIELD
The present invention relates to an ester compound and

use thereof.

BACKGROUND ART
Heretofore, various compounds have been synthesized so

as to control pests. For example, a certain ester compound

is described in JP-A-60-16962.

DISCLOSURE OF INVENTION
An object of the present invention is to provide a

novel compound having an excellent pest control effect.

The present inventors have inténsively studied and
found that an ester compound represented by formula (1)
shown below has an excellent pest control effect, and led to

the present invention.

That is, the present invention is directed to the
following invention:

[1] An ester compound represented by formula (1):
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HsC  CH,

R’ CH=C(CN)SR2 (1)
. O | ;
F F O
wherein R! represents hydrogen, fluorine, Cl—C4 alkyl, C1-C4
alkoxy, Cl-C4 alkoxymethyl, or Cl-C4 alkylthiomethyl; a‘nd‘R2
represents C;-C4 alkyl,
(hereinéfter feferred to as thevcompoﬁnd of the present
invention); |
[2] The ester compound according to [1], wherein a relative
configuration of the substituent at the l-position of the
cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration in formula
(1):
[3] The ester compound according to [1], wherein an absolute
configuration of the l-position of the cyclopfopane,ring is
an R configuration in formula (1);
[4] The ester compound according to 11, wherein an absolute
configuration of the 1—poéition of the cyclopropane ring is
an R configuration, and a relative configuration of the
substituent at the l-position ofvthe cyclopropane ring and
the substituenf at the 3-position of ﬁhe cyclopropane ring
is a trans configuration in formula (1):;
[5] The ester compound according to any one of [1] to [4],
wherein a double bond of the substituent at the 3-position
of the cyclopropane ring is in the E configuration or a
mixture of E configuration and Z configuration, and.the

proportion of the E configuration is 50% or more in formula
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[6] The ester compound according to any one of [1] to [4],

double bond of the substituent at the 3-position of the

cyclopropane ring is in the E configuration in formula

(1)

[7] The ester compound according to any one of [1] to [4],

wherein R? is methyl in formula (1);

[8] The ester compound according to any one of [1] to [4],

wherein R® is ethyl in formula (1):;

[9] The ester compound according to [5], wherein R? is

methyl in formula (1)

[10] The ester compound according to [5], wherein R? is
ethyl in formula (1):;

[11] The ester compound according to [6], wherein R? is
methyl in formula (1);

[12] The ester compound according to [6], wherein R? is
ethyl in formula (1);

[13] The ester‘compound according to any one of [1l] to

wherein R! is methokymethyl in formula (1);

[14] The ester compound according to any one of [1] to

wherein R! is methyl in formula (1);

[15] The ester compound according to any one of [1] to

wherein R! is methoxy in formula (1);

[16] The ester compound accordingito any one of [1l] to

wherein R! is hydrogen in formula (1);

[17] A pest control agent comprising the ester compound

(41,

(4],

(41,

according to any one of [1] to [l16] and an inert carrier;

[18] A method of controlling pests, which comprises a step

of applying an effective amount of the ester compound

according to any one of [1] to [1l6] to pests or a place
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where pesfs habitat;
[19] A method of controlling pests, which comprises‘the step
of applying an effective amount of the ester compouhd
according to any one of [1] to [16] to cockroaches or a
place where-cockroaches inhabits;

[20] The method of controlling pests according to [19],
wherein the cockroach is American cockroach (Periplaneta
Americana) ;

[21] The method of controlling pests according to [19],
wherein the cockroach is German cockroach (Blattella
germanica) ;

[22] A method of controlling pests, which comprises a step
of spraying an effective amount of the ester compound
according to any one of [1] to [16] to cockroaches or a
place where cockroaches inhabit;

[23] The method of contpolling pests according to [22],
wherein the cockroach is American cockroach (Periplaneta
Americana) ;

[24] The method of controlling pests according to [22],
wherein the cockroach is German cockroach (Blattella
germanica) . |

[1-a] An ester compound représented by formula (l-a):

RN He cHy

CH30CH; - CH=C(CN)SR?  (1-a)
0
F F o
wherein R® represents C;-C, alkyl;
[2-a] The ester compound according to [l-a], wherein a

relative configuration of the substituent at the l-position
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of the cyclopropane ring and the substituent at the 3-
position of the cyclopropane ring is a trans éonfiguration
in formula (1l-a);

[3-a] The ester compound according to [l-a], wherein an
absolute configuration of the l-position of the cyclopropane
ring is an R configuration in formula (1l-a);

[4-a] The ester compound according to [l-a], wherein an
absolute éohfigutation of the l-position of the cyclopropane
ring is an R configuration, and a relative configuratibn of
the substituent-at the 1l-position of the cyclopropane ring
énd the substituent at the 3-position of‘the cyclopropane
ring is a trans configuration in formula (1l-a);

[5-a] The ester compound according to any one of [l-a] to
[4-a], wherein a double bond of the substituent at the 3-
position of the cyclopropane ring is in the E configuration
or a mixture of E configuration and 2 configuration, and the
proportion of the E configuration is 50% or more in formula
(1-a) ; |

[6-a] The ester compound according to any one of [l-a] to
(4-a],  a double bond of the substituent at the 3-position of
the cyclopropane ring is in the E configuration in formula
(1-a);

[7-a] The ester compound according to any one of [l-a] to
[4-a), wherein R® is methyl in formula (1-a);

[8-a] The ester compound according to any'one of [1-a] to
[4-a], wherein R? is ethyl-ih formula (1l-a);

[9-a] The ester compound according to [5-a], wherein R? is
methyl in formula (l-a);

[10-a] The ester compound accordihg to [5-a], wherein R? is
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ethyl in formula (1l-a);

[11-a] The ester compound according to [6-a], wherein R? is
methyl in formula (1l-a):;

[12-a] The ester compound according to [6-a], wherein R? is
ethyl in formula (1l-a);

[13-a] A pest control agent comprising the ester compound
according to any one of [l-a] to [l2-a] and an inert
carrier;

(14-a] A method of controlling pests, which comprises a step
of applying an effective amount of the ester compound
according to any one of [l-a] to [12-a] to pests or a place
’where pests habitat; |

[15-a] A method of controlling pests, which comprises the

step of applying an effective amount of the ester compound

. according to any one of [l-a] to [l12-a] to cockroaches or a

place where cockroaches inhabits;

[16-a] The method of controiling pests according to [15-a]l,
wherein the cockroach is American cockroach (Periplaneta
Americana) ;

[17-a] The method of controlling pests accdrding to [15-a],
wherein the cockroach is German cockroachA(Blattella
germanica) ;

[18-a] A method of controlling pests, which comprises a step
of spraying an effective amount of the ester compound
according to any one of [l-a] to [l2-a] to cockroaches or a
place where cockroaches inhabit;

[19-a] The method of controlling pests according to [18-a],
wherein the cockroach is American cockroach (Periplaneta

Americana) ;
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[20-a] The method of controlling pests according to [18-al,

Wherein the cockroach is German cockroach (Blattella

germanica);

[1-b] An ester compound represented by formula (1l-b):

R P HC CHy

CH, CH=C(CN)SR2  (1-b)
| 0

F F O
wherein R? represents C;-C4 alkyl;
[2-b] The ester compound according to [1-b], wherein a
relative configuration of the substituent at the l-position
of the cyclopropane ring and the substituent at the 3-
position of the cyclopropane ring ié a trans configuration
in formula (1-b):;
[3-b] The ester compound according to [1-b], wherein an
absolute configuration of the l-position - of the cyclopropane
ring is an R configuration in formula (1-b);
[4-b] The ester compound according to [l-b], wherein an
absolute configuration of the l-position of the cyclopropane
ring is an R configuraﬁioh, and a relative configuration of
the substituent at the l-position of the cyclopropane ring
and the substituent at. the 3-position of the cyclopropane
ring is a trans configuration in formula (1-b);
[5-b] The ester compound according to any one of [1-b] to
[4-b], wherein a double'bond of the substituent at the_3—
position of the cyclopropane ring is in the E configuration
or a mixture of E configuratioh énd Z configuration, and the

proportion of the E configuration is 50% or more in formula
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(1-b);

[6-b] The ester compound according to any one of [1l-b] to
[4-b]), a double bond of the substituent at the 3-position of
the cyclopropane ring is in the E configuration in formula
(1-b) ;

[7-b] The ester compound according to any one of [1-b] to
[4-b], wherein R? is methyl in formula (1-b);

[8-b] The ester compound according to any one of [l-b] to
[4-b], wherein R? is ethyl in formula (1-b);

[9-b] The ester compound according to [5-b], wherein R? is
methyl in formula (1-b);

[10-b] The ester compound according to [5-b], wherein R? is
“ethyl in formula (1-b);

[11-b] The ester compound according to [6-b], wherein R? is
methyl in formula (1-b);

[12-b] The ester compound according to [6-b], wherein Ré is
ethyl in formula (1-b);

[13—b] A pest control agent comprising the ester compound
according to any one of [1-b] to [12-b] and an inert
carrier;

[14-b] A method of controlling pests, which comprises a step
of applying an effective amouht of the ester compound
according to any one of [1-b] to [12-b] to pests or a place
where pests habitat;

[15-b] A method of controlling pests, which comprises the
step of applying an effective amount of the ester compound
according to any one of [1-b] to [12-b] to cockroaches or a
place where cockroaches inhabits;

[16-b] The method of controlling pests according to [15-b],
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wherein the cockroach is American cockroach (Periplaneta
Americana) ; ‘

[17-b] The method of controlling pests according to [15-b],
‘'wherein the cockroach is German cockroach (Blattella
germanica) ;

[18-b] A method of controlling pests, which comprises a step
of spraying an effective amount of the ester compound
according to any oﬁe of [1-b] to [12-b] to cockroaches or a
place where cockroaches inhabit;

[19-b] The method of controlling pests according to [18-b],
wherein the cockroach is American cockroach (Periplaneta
Americana) ;

(20-b] The method of controlling pests according to [18-Db],
wherein the cockroach is German cockroach (Blattella

germanica);

[1-c] An ester compound fepresented by formula (1l-c):

N f  HeC CHs

H | CH=C(CN)SR?  (1-c)

e p
F F O

wherein R? represeﬁts CI;C; alkyl;

[2-c] The estef compound according to [1l-c], whepein a

relative configuration of the substituent at the 1—pbsition

of the cyclopropane‘ring and the substituent at the 3-

position of the cyclopropane ring is a trans configuration

in formula (1—c);

[3-c] The ester compound -according to [l-c], wherein an

absolute configuration of the l-position of the cyclopropane
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ring is an R configuration in formula (1-c):

[4-c] The ester compound according to [l-c], wherein an
absolute configuration of the l-position of the cyclopropane
‘ring is an R configuration; and a relative configuration of
the substituent at the l-position of the cyqlopropane ring
and the substituent at the 3-position of the cyclopropane
ring is a trans configuration in formula (1l-c):;

[S5-c] The ester compound according to any one of_[l—c] to
[4-c], wherein a double bond of the substituent at the 3-
position of the cyclopropane ring is in the E configuration
or a mixture of E configuration and Z configuration, and the
proportion of the E configuration is 50% or more in formula
(1-c);

[6-c] The ester compound according to any one of [l-c] to
[4-c], a double bond of the substituent at the 3-position of
the cyclopropane ring is in the E configuration in formula
(1-c):

[7-c] The ester compound according to any one of [l-c] to
(4-c], wherein R? is methyl in formula (l—c);

[8-c] The ester compound according to any one of [l-c] to
[4-c], wherein R? is ethyl in formula (1l-c);

[9-c] Thevester compound according to [5-c], wheréin R? is
methyl in fbrmula (l-c);

[10-c] The ester compound according to [5-c], wherein R® is
ethyl in formula (l—é);

[11-c] The ester compound aécording to [6-c], wherein R? is
methyl in formula (1l-c);

[12-c] The ester compound according to [6-c], wherein R? is

ethyl in formula (1l-c);
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[13-c] A pest control agent comprising the ester compound
according to any one of [l-c] to [12-c] and an inert
carrier;

[i4—c] A method of controlling pests, which comprises a step
of applying an effective amount of the ester compound
according to any one of [1l-c] to [12-c] to pests or a place
whereipests habitat;

[15-c] A method of controlling pests, which comprises the
step of applying an effective amount of the ester compound
according to any one of [l-c] to [1l2-c] to cockroaches or a
place where cockroaches inhabits;

[16-c] The method of controlling pests according to [15—c],_
wherein the cockroach is American cockroach (Periplaneta
Americana);

[17—c] The method of controlling pests according to [15-c],
wherein the cockroach is German cockroach (Blattella
germanica) ;

[18-c] A method of controlling pests, which compriées a step
of spraying an effective amount of the ester compound
according to any one of [l-c] to [1l2-c] to cockroaches or a
place where cockroaches inhabit;

[19-c] The method of controlling pests according to [18-c],
wherein the cockroach is American cockroach (Periplaneta
Americana); and

[20-c] The method of controlling pests according to [18-c],
wherein the cockroach is German cockroach (Blattella

germanica).

The compound of the present invention has an excellent
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pest control effect and is therefore useful as an active

ingredient of a pest control agent.

In the compound of the present invention, there are
isomers derived from two asymmetric carbon atoms at the 1-
position and the 3- position on the cyclopropane ring, and
isomers derived from the double bdnd present in the
substituent at the 3-position of the cyclopropane ring.
Each isomer having pest control activity or a mixture of
those.iéomers in an arbitrary'ratio which has pest cdntrol

activity are included in the present invention.

RN f  He cH,

R’ ' CH=C(CN)SR2 (1)
(@) .
F F - 0
Examples of C1-C4 alkyl represented by R' include

methyl. Exémples of C1-C4 alkoxy represented by R' include
methoxy. Examples of C1-C4 alkoxymethyl represented by R!
include methoxymethyl. Examples‘of Cl-Cc4 alkylthiomethyl
represented by R! include methylthiomethyl.. )

Examples of the C;-C4 alkyl represented by R? include

methyl, ethyl, propyl, butyl and isopropyl.

Examples of the compound of the present invéntion

include the following compounds.

A compound represented by formula (1) in which a relative

configuration of the substituent at the l-position of the
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cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration;

A compound represented by formula (1) in which the absolute
configuration of the l-position of the cyclopropane ring is
an R configuration;

A compound represented by formula (1) in which an absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, and a relative configuration of theA
substituent at the l-position of the cyclopropane ring and
the substituent at the 3-position of the cyclopropane ring
is a trans cdnfiguration;

A compound represented by formula (1) in which the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration or a mixture of
E configuration and Z configuration, and the proportion of
the E configuration is 50% or more;

A compound represented by formula (1) in which a relative
configuration of the substituent at the l-position of the
cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration, the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration or a mixture of
E configuration and Z configuration, and the proportion of
the E configuration is 50% or more;

A compound represented by formula (1) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, the double bond of the substituent at
the 3-position of the cyclopropane ring is in the E

configuration or a mixture of E configuration and 2
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configuration, and the proportion of the E configuration is
50% or more;

A compound representéd by formula (1) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, a relative configuration of the
substituent at the l-position of the cycloprépane ring and
the substituent at the 3-position of the cyclopropane ring
is a trans configuration, the double bond of the substituent
at the 3-position of the cyclopropane ring is in the E
configuration or a mixture of E configuration and Z

configuration, and the proportion of the E configuration'is

% or re;
50% or mo

A compound représented by formula (1) in which the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E éonfiguration.

A compound represented by formula (1) in which a relative
configuration of the substituent at the l-position of the
cyclopropane ring and the substituent at the 3-position of
fhe cyclopropane ring is a trahs configuration, and the
double bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuratibn.

A compound represented by formula (1) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, and the double bond of the substituent
at the 3-position of the cyclopropane ring is iﬁ the E
cénfiguration. |

A compound represented by formula (1) in which absolute

"configuration of the l-position of the cyclopropane ring is

an R configuration, a relative configuration of the
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substituent at the l-position of the cyclopropane ring and
the substituent at the 3-position of the cyclopropane ring
is a trans configuration, and the double bond of the
substituent at the 3-position of the cyclopropane ring is-in
fhe E configuration.

A compound represented by formula (1) in which a relative
configuration of the substituent at the l-position of the
'cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration,\and R? is
methyl;

A compound represeﬁted by formula (1) in which absolute

configuration of the l-position of the cyclopropane ring is

“an R configuration, and R® is methyl;'

A compound represented by formula (1) in which absolute
configuration-éf the l-position of the cyclopropane ring is
an R configuration, a relative configuration of the
substituent at the 1-position'of the cyclopropane.ring and
the substituent at the 3-position of the cyclopropane ring
is a trans configuration, and R? is methyl;

A compound represented by formula (1) in which the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration or a mixture of
E configuration and Z configuration, the proportion of the E
configuration is 50% ér more, and R? is methyl;.

A compound represented by formula (1) in which a relative
configuration of the substituent at the l-position of the
cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration, the double

bond of the substituent at the 3-position of the
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cyclopropane ring is in the E configuration or a mixture of
E configuration and Z configuration, the proportion of the E
configurétion is 50% or more, and R® is methyl; }

A compound represented by formula (1) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, the double bond of the substituent at
the 3-position of the cyclopropane ring is in the E
configuration or a mixture of E configuration and Z
configuration, the proportion of the E configuration is 50%
or more, and R2 is methyl;

A compound represented by formula (1) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, a relative configuration of the
substituént‘at the l-position of the cyclopropane ring and

the substituent at the 3-position of the cyclopropane ring

- is a trans configuration, the double bond of the substituent

at the 3-position of the cyclopropane ring is in the E
configuration or a mixture of E configuration and Z
configuration, the proportion of the E configuration is 50%
or more, and R? is methyl;

A compound represented by formula (1) in‘which the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration, and R? is
methyl.

A compound represented by formula (1) in which a relative
configuration of the substituent at the l-position of the
cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration, the double

bond of the substituent at the 3-position of the
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vcyclopropane ring is in the E configuration, and R’ is
methyl.

A compound represented by formula (1) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configurafion, the double bond of the substituent at
the 3-position of the cyclopropane ring is in the E
configuration,.and R? is methyl.

A'compound represented by formula (1) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, a relative configuration of the
substituent at the 1l-position of the cyclopropane .ring and
the substituent at the 3-position of the cyclopropane ring
is a trans configuration, the double bond of the substituent
at the 3-position of the .cyclopropane ring is in the E
eonfiguration, and R? ‘is methyl. |

A compound represented by formula (1) in which a relative
configuration of the substituent at the l-position of the
cyclopropane ring and the substituent‘at the 3-position of
the cyclopropane ring is a trans configuration, and R? is
ethyl; |

A compound represented by formula (1) in which absolute
configuration of the l—position of the cyclopropane ring 1is
an R configuration, and R® is ethyl;

A compound represented by formula (1) in which absolute
configuration of the l-position of the cyclopropane ring is
an R_configuration, a relative configuration of the
substituent at the l-position of the cyclopropane ring and
the substituent at the 3-position of the.cyclopropane ring

is a trans configuration, and R? is ethyl;
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A compound represented by formula (1) in which the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration or a mixture of
E configuration and Z configuration, the proportion of the E
configuration is 50% or more, and R? is ethyl;

A compound represented by formula (1) in which a relative
configuration of the substituent at the l-position of the
cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration, the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration or a mixture of
E configuration and Z configuration, the proportion of the E
configuration is 50% or more, and R? is ethyl;

A compound representéd by formula (1) in which absolute
configuration of the lfposition of the cyclopropane ring is
an R configuration, the double bond of the substituent at
the 3-position of the cyclopropane ring is in the E
configuration or a mixture of E configuration and 2
configuration, the proportion of the E configuration is 50%
or more, and R? is ethyl;

A compound represented by formula (1) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, a relative configuration of the
substituent at the l-position of the cyclopropane ring and
the substituent at the 3-position of the cyclopropane ring
is a trans configuration, the double bond of the substituent
at the 3-position of the cyclopropane ring is iﬁ the E
configuration or a mixture of E configuration and 2

configuration, the proportion of the E configuration is 50%
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or more, and R® is ethyl;

A compound represented by formula (1) in which the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration, and R? is ethyl.
A compound represented by formula (1) in which a relative
configuration of the substituent at the l-position of the
cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration, the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration, and R? is ethyl.

A compound represented by formula (1) in which absolute

" configuration of the l-position of the cyclopropane ring is

an R configuration, the double bond of the substituent at

_ the 3-position of the cyclopropane ring is in the E

configuration, and R? is ethyl.

A compound represented by formula (1) in which absolute
configuration of the 1—position of the cyclopropane ring is
an R configuration, a relative configuration of the
substituent at the l-position of the‘cyclopropane ring and
the substituent at the 3-position of the cyclopropane ring
is a trans configufation, the double bond of the substituent
at the 3-position of the cyclopropane’ring is in the E

configuration, and R? is ethyl.

A compound represented by formula (1) in which a relative
configuration of the‘substituent at the l—position of the
cyclopropane ring and the substituent at the 3-position of
the cyclopropane 'ring is a cis configuration;

A compound represented by formula (1) in which absolute
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configuration of the l-position of the cyclopropane ring is
an R c§nfiguration, and a relative configuration of the
substituent at the-l;position of the cyclbpropane ring and
the substituent at the 3—position of the cycloprbpane ring
is a cis configuratioh;

A compound represented by formula (1) in which a relative
configuration of the substituent at the l-position of the
cyclopropane riﬁg and the substituent ét the 3-position of
the cyclopropaﬁe ring is a cis confiéuration, and the double
bond of the substituent at the 3-position of the
cyclppropane ring is in the E configuration; and

A compound represented by formula (1) in which absoiute
configuration of the l-position of the cyclopropane ring is
an R configuration, a relative configuration of the
substituent at thé l-position of the cyclopropane riné and
the substituent at the 3-position of the cyclopropane ring
is a cis configuration, and the double bond of the
substituent at the 3-position of the cyclopropane ring is in

the E configuration.

A compound represented by formula (l-a) in which a relative

configuration of the substituent at the l-position of the
cyclopropane ring and the substituent at the 3-position of

the cyclopropane ring is a trans configuration;

A compound represented by formula (l-a) in which the

absolute configuration of the l-position of the cyclopropane
ring is an R configurétion;
A compound represented by formula (l-a) in which an absolute

configuration of the l-position of the cyclopropane ring is
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an R configuration, and a relative configuration of the
substituent at the l-position of the cyclopropane ring and
the substituent at the 3-position of the cyclopropane ring
is a trans configuration;

A compound represented by formula (l-a) in which the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration or a mixture of
E configuration and Z configuration, and the proportion of
the E configuration is 50% or more;

A compound represented by formula (l-a) in which a relative
configuration of the substituent at the léposition of the
cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration, the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration or a mixture of
E configuration and Z configuration, and the proportion of
the E configuration is 50% or more;

A compound represented by formula (l-a) in which absolute

configuration of the l-position of the cyclopropane ring is

‘an R configuration, the double bond of the substituent at

the 3-position of the cyclopropane ring is in the E
configuration or a mixture of E configuration and 2
configuration, and the proportion of the E configuration is
50% or more;

A compound represented by formula (l1-a) in which absolute
configuration of the l—poéition of the cyclopropane ring is
an R configuration, a relative configuration of the

substituent at the l-position of the cyclopropane ring and

the substituent at the 3-position of the cyclopropane ring



10

15

20

25

WO 2011/105524 PCT/JP2011/054221
22

is a trans configuration, the double bond of the substituent
at the 3-position of the cyclopropane ring is in the E
configuration or a mixture of E configuration and Z
configurétion, and the proportion of the E configuration is
50% or more;

A compound represented by formula (1-a) in which the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration.

A compound represented by formula (l-a) in which a relative
configuration of the substituent at the 1—po$ition of the
cyclopropane\ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration, and the
double bond of the substituent at the 3-position of the
cyclopropane'ring is in the E configuration.

A compound represented by formula (l-a) in which absolute
configuration of the l-position of the cyclopropane ring is
‘an R configuration, and the double bond of the substituent
at the 3-position of the cyclopropane ring is in the E
configuration.

A compound represented by formula (1—a) in which absolute
configuration of the l-position of the cyclbpropane ring is
an R configuration, a relative configﬁration of the
substituent aﬁ the l-position of the cyclopropane ring and
the substituent at the 3-position of the cyclopropane ring
is a trans configuration, and the double bond of the
substituent at the 3—poéition of the cyclopropane ring is in
tﬁe E configuration.

A compound represented by formula (l-a) in which a relative

- configuration of the substituent at the l-position of the



10

15

20

25

WO 2011/105524 PCT/JP2011/054221

23

cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration, and R? is
methyl;

A compound represented by formula (l-a) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, and R? is methyl;

A compound represented by formula (l-a) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, a relative configuration of the
substituent at the l-position of the cyclopropane ring and
the substituent at the 3-position of the cyclopropane ring
is a trans configuration, and R? is methyl;

A compound represented by formula (l-a) in which the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration or a mixture of
E configuration and Z configuration, the proportion of the E
configuration is 50% or more, and R? is methyl;

A compound represented by formula (i—a) in which a relative
configuration of the substituent at the l-position of the
cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration, the double
bond of the substituent at the 3-position of: the
cyclopropane ring is in the E configuration or a mixture of
E configuration and Z configuration, the proportion of the E
configuration is 50% or more, and R® is methyl;

A compound represented by formula (l-a) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, the double bond of the substituent at

the 3-position of the cyclopropane ring is in the E
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configuration or a mixture of E configurationvand Z
configuration, the proportion of the E configuration is 50%
or more, and R? is methyl;

A compound represented by formula (l-a) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, a relative configuration of the
substituent at the l-position of the cyclopropane ring‘and
the substituent at the 3-position of thé cyclopropane ring
is a trans configuration, the double bond of the substituent
at the 3-position of the cyclopropane ring is in the E
configuration or a mixture of E configuration and Z
configuration, the proportion of the E configuration is 50%
or more, and R? is methyl;

A compound represented by formula (1—a) in which the double
bond of the substituent af the 3-position of the
cyclopropane ring is in the E configuration, and R? is
methyl.

A compound represented by formula (l-a) in which a relative

~configuration of the substituent at the l-position of the

cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration, the double
bond of the substituent at the 3-position of the

cyclopropane ring is in the E configuration, and R? is

" methyl.

A compound represented by formula (l-a) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, the double bond of the substituent at
the 3-position of the cyclopropane ring is in the E

configuration, and R? is méthyl.
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A compound represented by formula (l-a) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, a relative configuration of the
substituent at the l-position of the cyclopropane ring a?d
the substituent at the 3-position of the cyclopropane ring
is a trans configuration, the double bond of the substituent
at the 3-position of the cyqlopropane ring is in the E
configuration, and R? is methyl.

A compound represented by formula (l-a) in which a relative
configuration of the substituent at the l-position of the
cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is ‘a trans configﬁration, and R? is
ethyl;-

A compound represented by formula (l-a) in which absolute
configuration of the 1—poéitioﬁ ofbthe cyclopropane ring is
an R configurétion, and R® is ethyl;

A compound represented by formula (l-a) in which absolute
configuration of the 1—position of the cyclopropane ring is
an R configuration, a relétive configuration of the
substituent at the l-position of the cyclopropane ring and
the substituent at the 3-position of the cyclopropane ring
is a trans configuration, and R? is ethyl;

A compound represented by formula (l1-a) in which the double
bond of the substituent at;the 3-position of the
cyclopropane ring is in the E configuration or a mixture of
E configuration and Z configuration; the proportion of the E
configuration is 50% or more, and R? is ethyl;

A compound represented by formula (l-a) in which a relative

configuration of the substituent at the l-position of the
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cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration, the double
bbnd of the substituent at the 3-position of the
cyclopropane ring is in the E configuration or a mixture of
E configuration and Z configuration, the proportion of the E
configuration is 50% or more, and R® is ethyl;

A compound represented by formula (l-a) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, the double bond of the substituent at
the 3-position of the cyclopropane ring is in the E
configurafion or a mixture of E configuration and Z
configuration, the proportion of the E configuration is 50%
or more, and R? is ethyl;

A compound represented by formula (l-a) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, a relative configuration of the
substituent at the l-position of the cyclopropane ring and
the substituent at the 3?position of the cyclopropane ring
is a trans configuration, the double bond of the substituent
at the 3-position of the cyclopropane ring is in the E
configuration or a mixture of E configuration and 2
configuration, the proportion of the E configuration is 50%
or more, and R? is ethyl;

A compound represented by formula (l-a) in which the double

bond of the substituent at the 3-position of the

cyclopropane ring is in the E configuration, and R? is ethyl.

A compound represented by formula (l-a) in which a relative
configuration of the substituent at the l-position of the

cyclopropane ring and the substituent at the 3-position of
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the cyclopropane ring is a trans configuration, fhe double
bond of the substituent at the 3-position of the

cyclopropane ring is in the E configuration, and R? is ethyl.
A compound represented by formula (l-a) in which absolute

configuration of the l-position of the cyclopropane ring is

. an R configuration, the double bond of the substituent at

the 3-position of the cycloprdpane ring is in the E
configuration, and R? is ethyl.

A compound represented by formula (l-a) in which absolute
configuration of the l-position of the cyclopropane ring is
an R configuration, a relative configuration of the
substituent at the l-position of the cyclopropane ring and
thé_substituent at the 3-position of the cyclopropane ring
is a trans configuration, the double bond of the substituent
at the 3—position of the cyclopropane ring is in the E

configuration,. and R? is ethyl.

A compound representedvby formula (l-a) in which a relative
configuration of the substituent at the l-position of the
cyclopropane ring and the substituent at the 3-position of

the cyclopropane ring is a cis configuration;

A compound represented by formula (1l-a) in which absolute

configuration of the 1—position‘of the cyclopropane ring is
an R configuration, and a relative configuration of the
substituent at the l-position of the cyclopropane ring and
the substituent at the 3-position of the cyclopropane ring
is a cis configuration;

A compound represented by formula (1-a) in which.a relative

configuration of the substituent at the l-position of the
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cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a cis configuration, and the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration;

A compound represented by formula (l-a) in which absolute
configuration of the l-position of the cyclopropané ring is
an R configuration, a relative configuration of the
substituent at the l-position of the cyclopropane ring and
the substituent at the 3-position of the cyclopropane ring
is a cis configuration, and the double bond of the
substituent at the 3-position of the cyclopropane ring is in

the E configuration;

A compound represented by formula (1-b) in which R? is
methyl and a relative configuration of the substituent at
the 1-position of the cyclopropane ring and the substituent
at the 3-position of the cyclopropane ring is a trans
configuration; |

A compound represented by formula (1-b) in which-R2 is
methyl and absolute configuration of the l-position of the
cyclopropane ring is an R configuration;

A compound represented by formula (1-b) in which R? is
methyl and absolute configuration of the l-position of the
cyclopropane ring is an R configuration, a felative
configuration of the substituent at the l-position of the
cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuratién;

A compound represented by formula (l-b) in which R? is

methyl and the double bond of the substituent at the 3-
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position of the cyclopropané ring is in the E configuration-
or a mixture of E configuration and Z configuration, the
proportion of the E configuration is 50% or more;

A compound represented by formula (1l-b) in which R? is
methyl and a relative configuration of the substituent at

the l-position of the cyclopropane ring and the substituent

.at the 3-position of the cyclopropane ring is a trans

configuration, the double bond of the substituent at the 3-

position of the cyclopropane ring is in the E.configuration
or a mixture of E configuration and Z configuration, the
proportion of the E configuration is 50% or more;

A compound represented by formula (1-b) in which R? is
methyl and absolute configuration of the 1—position of the
cyclopropane ring is an R configuration, the double bond of
the substituent at the 3-position of the cyclopropane ring
is in the E Configuration or a mixture of E configuration
and Z configuration, the proportion of the E configuration
is 50% or more;

A compound represented by formula (1-b) in which R?* is
methyl and absolute configuration of the l-position of the
cyclopropane ring is an R configuration, a relative
configuration of the substituent at the l-position of the
cyclopropane‘ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration, the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the.E configuration or a mixture of
E configuration and Z configuration, the proportion of the E
configuration is 50% or more;

A compound represented by formula (1-b) in which R? is
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methyl and the double bond of the substituent at the 3-

position of the cyclopropane ring is in the E configuration;

A compound represented by formula (l-c) in which R? is
methyl and a relative configuration of the substituent at
the l-position of the cyclopropane ring and the substituent
at the 3-position of the cyclopropane ring is a trans
Configuration, the double bond of the substituent at the 3-
position of the cyclopropane ring is in the E configuration.
A compound represented by formula (l1-c) in which R? is
methyl and absolute configuration of the l—positioh of the
cyclopropane ring is an R configuration, the double bond of
the substituent at the 3—position.of‘the cyclopropane ring
is in the E configuration.

A compound represented by formula (l-c) in which R? is ethyl
and a relative configuration of the substituent at the 1-
position of the cyclopropane ring and the substituent at the
3-position of the cyclépropane ring is a trans
configuration;

A compound represented by formula (1;c) in which R? is ethyl
and absolute configuration of the 1-position of the
cyclopropane ring is an R configuration;

A compound represented by formula (l-c) in which R? is ethyl
énd absolute configuration of the l-position of the
cyclopropane ring is an R configuration, a relative
configuration of the substituent at the l-position of the
cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration;

A compound represented by formula (1-c) in which R? is ethyl
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and the double bond of the substituent at the 3-position of
the cyclopropane ring is in the E configuration or a mixture
of E configuration and Z configuration, the proportion of
the E configuration is 50% or more;

A compound represented by formula (l1-c) in which R? is ethyl

“and a relative configuration of the substituent at the 1-

position of the cycloﬁropane ring and the substituent‘at the
3-position of the cyclopropane ring is a trans configuration,
the double bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration or a mixture of
E configuration and Z configuration, the proportion of the E
configuration is 50% or more;

A compound represented by formula (l-c) in which R? is ethyl
and absolute configuration of the l-position of the
cyclopropane ring is an R configuration, the double bond of
the substituent at the 3-position of the cyclopropane ring
is in the E configuration or a mixture of E configuration
and Z configuration, the proportion of the E configuration
is 50% or more; .

A compound represented by formula (l-c) in which R? is ethyl
and absolute configuration of the l-position of the
cyclopropane ring is an R configuration, a relative
configuration of the substituent at the l-position of the
cyclopropane ring and the substituent at the 3-position of
the cyclopropane ring is a trans configuration, the double
bond of the substituent at the 3-position of the
cyclopropane ring is in the E configuration or a mixture of
E configuration and Z configuration, the proportion of the E

configuration is 50% or more;
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A compound represented by formulé (1-c) in which R2 is ethyl
and the double bond of the substituent at the 3-position of
the cyclopropane ring is in the E configuration.
A compound rebresented by formula (l-c) in which R? is ethyl
5 and a relative configuration of the substituent at the 1-
position of the cyclopropane ring and the substituent at the
3-position of the cyclopropaﬁe ring is a trans configuration,
the double bond of the substituent at the 3—position of the
cyclopropane ring is in the E configuration.

10 A compound represented by formula (l-c) in which R? is ethyl
and absolute configuration of the l-position of the
cyclopropane ring is an R configuration, the double bond of
the substituent at the 3-position of the cyclopropane ring

is in the E configuration.

15
The method for producing the compound of the present
invention will be described below.
The compound of the present- invention can be produced,
20 for example, by the following process.

(Production Process 1)
A process Qf reacting an alcohol compound représented by

formula (2):

F F

- | (2)
OH
F F

25 wherein R' represents thée same meanings as described above,
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with a carboxylic acid compound represented by formula (3):

H3C ' CH3

CH=C(CN)SR? (3)
HO
O

whereiﬁ R? represents the same meanings as described above,
or a reactive derivative thereof.

Examples of the reactive derivative include an acid
halide of the carboxylic acid compound represented by
formula (3), an acid anhydride of the carboxylic acid
compound represented by formula (3), an ester of the
carboxylic acid compound represented by formula (3) and so
on. Examples of the acid halide include an acid chloride
compound and an acid bromide compound, and examples of the
ester include a methyl ester, an ethyl ester and so on.

The reaction is usually conducted in a solvent in the
presence of a condensing agent or a base.

Examples of the condensing agent used iﬁ the reaction
include dicyclohexylcarbodiimide and l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride.

Examples of the base used in the reaction include
organic baseé such as triethylamine, pyridine, N, N-
diethylaniline, 4-dimethylaminopyridine and
diisopropylethylamine.

Examples of the solvent used in the reaction
hydrocarbons such as benzene,'toluene and hexane; ethers
such as diethylether and tetrahydrofuran; 'halogenated
hydrocarbons such as chloroform, dichloromethane, 1,2-

dichloroethane and chlorobenzene; a mixture of these
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solvents; and so on.

The reaction time of the reaction is usually within a
range from 5 minutes to 72 hours.

The reaction temperature of the reaction is usually
within_a range from -20°C to 100°C (from -20°C to a boiling
point of a solvent in case the boiling point of the solvent
to be used is lower than 100°C), and preferably from -5°C to
100°C (from -5°C tb a boiling point of a solvent in case the
boiling point of the solvent to be used is lower than 100°C).

In the reaction, a molar ratio of the alcohol compound
represented by formula (2) to the carboxylic acid compound
represented by formula (3) or a reactive derivative thereof
to be used can be arbitrarily set, and preferably an
equimolar ratio or a ratio close thereto.

The condensing agent or base can be usually used in an
arbitrary proportion within a range from 0.25 mol to an
excessive amount, and preferably from 1.0 mol to 2 mol,

"based on 1 mol of the alcohol cqmpound represented by
formula (2). These condensing agents or bases are
appropriately selected according to the kind of the
carboxylic acid compound represented by formula (3) or a
reactive derivative thereof.

After the completion of the reaction, the reaction
mikture is usually subjected to a post—treatment operation,
for example, the reaction mixture is filtered and then the
filtrate is concentrated, or the reaction mixture is poured
into water and the obtained solution is extracted with an
organic solvent and then concentrated, and thus the éompound B

of the present invention can be obtained. The obtained
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compound of the present invention can be purified by an

operation such as chromatography.

(Production Process 2)

Among the compound of the present invention, a
compound represented by formula (1-1) in which a relative
cohfiguration of the substituent at the leosition of the

cyclopropane ring and the substituent at the 3-position of

the cyclopropane ring is a cis configuration can be produced

by the process shown below.

Formula (1-1)

RN f  HeC CHs
R’ 14\ 3 BN CED
O CH=C(CN)SR?2
F F O

wherein R' and R? represents the same meanings as described
above.
A process of reacting a lactone compound represented by

formula (4):

HsC CHs

SR? (4)
O .
o CN
wherein R? represents the same meanings as described above,

with a compound represented by formula (5)
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R (5)
Cl
F F

wherein R! represents the same meanings as described above,

in the presence of a base.

The reaction is usually conducted in a solvent in the
presence of a base. Examples of the solvent used in the
reaction include ketones such as acetoné, methyl ethyl
ketone and methyl isobutyl ketone; ethers such as
tetrahydrofuran; halégenated hydrocarbons such as chloroform,
dichloromethane, 1,2-dichloroethane and chlorobenzene; acid
amides such as N,N-dimethylformamide; sulfoxides such as
dimethyl sulfoxide; a mixture of these solvents; and so on.

Examples of the base used in the reaction include
carbonates such as sodium carbonate, potassium carbonate and
cesium carbonate.

The reaction time of the reaction is usually within a
range from 5 minutes to 72 hours.

The reaction temperature of the reaction is usually
within a range from -20°C to 100°C (from -20°C to a boiling
point of a solvent in case the boiling point of the solvent
to be used is lower than 100°C), and preferably from -5°C to
100°C (from -5°C to a boiling point of a solvent in case the
boiling point of the solvent to be used is lower than 100°C).

In the reaction, a molar ratio of the lactone compound

represented by formula (4) to the compound represented by
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formula (5) to be used can be arbitrarily set; and
preferably an equimolar ratio or a raﬁio close thereto.

The base can be usually used in an arbitrary
proportion within a range from 1.00 mol to an excessive
amount, and preferably from 1.0 mol to 2 mol, based on 1 mol
of the lactone compound represented'by formula (5).

After the completion of the reaction; the reaction
mixture 1is usualiy subjected to a post-treatment operation,
for example, the reaction mixture is filtered and then the
filtrate is concentrated, or the reaction mixture is poured
ihto water and the obtained solution is extracted with an
organic solvent and then concentrated, and thus the compound
represented by formula (1-1) can be isolated. The compound
represented by formula (1-1) can be purified by an operation

such as chromatography.

An alcohol compound represented by formula (2) is a

~compound described in JP-A-2000-63329 or JP-A-2001-213848.

An intermediate of the present invention can be

produced, for example, by the process shown below.

(Reference Production Process 1)

Among the carboxylic acid compound represented by
formula (3), a carboxylic acid compound represented by
formula (3-1) ih which-a.relative configuration of the
substituent at the l-position of the cyclopropane ring and
the subStituent at the 3-position of the cyclopropane ring

is a trans configuration can be produced, for example, by
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the process shown below.
(First Step)
A carohaldehyde ester derivative represented by

formula (6):

CHO
! (6)
3
RO
5 - 0

wherein R represents Cl—Cs alkyl, is reacted with a nitrile

compound represented by formula (7):

R2S CN  (7)

N

wherein R® represents the same meanings as described above,
10 in the presence of a base, and thus a compound represented

by formula (8):

H,C  CHs
CH=C(CN)SR?
(8)

RO

o
wherein R and R? répresents the same meanings as described
above, can be produced.

15 (Second Step)

The compound represented by formula (8) is subjected

to a hydrolysis reaction in the presence of a base, and thus

a carboxylic acid compound represented by formula (3-1):
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H3C CH3
CH=C(CN)SR?

. 3 ‘ (3'4)
HO

wherein R? represents the same meanings as described above,

can be produced.

The reaction of the first step is usually conducted by
using the nitrile compound represented by formula (7) in the
proportion of 1.0 to 1.5‘mol and a base in the proportion of
1 to 10 moi, based on 1 mol of the caronaldehyde ester
derivative represented by formula (6), and réacting them in
a polar solvent at 0°C to 80°C, and preferably 0°C to 30°C.
Examples of the based used in the reaction include
carbonates such as potassium carbonate and sodium carbonate;
and alkali metal compounds such as sodium hydride. Examples
of the polar solvent used in the reaction include acid
amides such as N,N-dimethylformamide; and sulfoxides such as
dimethyl sulfoxide. .

After the completion of the reaction, the reaction
'mixture is usually subjected to a post—treatment operation,
for example, the reaction mixture is added to water and the
obtained solution is extracted with an organic solvent, and
.then the organic layer is dried and concentrated, and thus
the compound represented by formula (8) can be obtained.

The reaction of the Second step- is usually conducted
by‘using an alkali hydroxide in the proportion of 1 to 10

mol based on -1 mol of the compound represented by formula
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(8) iﬁ a solvent at 0°C tb 80°C, and preferably 0°C to 30°C.
Examples of the alkali hydroxide usedvin the reaction
include potassium hydroxide and sodium hydride. Examples of
the solvent used in the reaction include water and alcohols
such as methanol and ethanol.

After the completion of the reaction, the reaction

- mixture is subjected to a post-treatment operation, for

example, the reaction mixture is acidified and then

extracted with an organic solvent, and then the organic

~layer is dried and concentrated, and thus the carboxylic

acid compound represented by formula (3-1) can be isolated.

The caronaldehyde ester derivative represented by

formula (6) is a compound described in Tetrahedron 45,3039-

3052(1989).

(Reference Production Process 2)

A lactone compound represented by formula (4):

H3C_ CHj

SR? (4)
0 _ o .

0 - CN

wherein R? represents the same meanings as described above,
can be produced, for example, by reacting a lactol

derivative represented by formula (9):
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HsC  CHs
(9)
HO N ©

with a nitrile compound represented by formula (7):

R2S CN (7)

N

wherein R? represents the same meanings as described above,
in the presence of a base.

The reaction is ﬁsually conducted by using the nitrile.
compound represented by formula (7) in the proportion of 1.0
to 1.5 mol and the base in the proportion of 1 to 10 mol,
based on 1 mol of the lactol derivative represented by
formula (9) in a polar solvent at 0°C to 80°C, and preferably
0°C to 50°C. Examples of the based used in the reaction
include carbonates such as potassium carbonate and sodium
carbonate; and‘alkali metal compounds such as sodium hydride.
Examples of the polar solvent used in the reaction include
the reaction include acid amides such .as N,N-
dimethylformamide; and sulfoxides such as dimethyl sulfoxide.

After the completion of the reaction, the reaction
mixture is subjected to a post-treatment operation, for
ekample, the reaction mixt@re is acidified and extracted
with an organic solvent, and then the organic layer is dried
and concentrated, and thus the lactone compound represented

by formula (4) can be isolated.

The lactol derivative represented by formula (9) is a
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compound described in Synthetic Communications,17,1089-

1094 (1987).

Examples of pests on which the compound of the present
invention has a control effect include harmful arthropod
pests such as harmful insects and harmful acarines, and more

specifically,‘the following pests.

Hemiptera: planthoppers such as Laodelphax striatellus,
Nilaparvata lugens, and Sogatella'furcifera; leafhoppers
such as Nephotettix'cincticeps, and Nephotettix virescens,
aphids such as Aphis gossypii, and Myzus persicae, plant
bugs such as Nezara antennata, Riptortus clavetus,‘
Eysarcoris lewisi, Eysarcoris parvus, Plautia stéli,.and'
Halyomorpha mista, white flies such as Trialeurodes
vaporariorum, Bemisia tébaci, and Bemisia argehtifolii,
scales such as Aonidiella aurantii, Comstockaspis perniciosa,
Unaspis citri, Ceroplastes rubens, and Icerya purchasi, lace
bugs, bed bugs such as Cimex lectularius, jumping plantlice

and so on;

Lepidoptera:.Pyralidae such és Chilo suppressalis,
Cnaphalocrocis medinalis, Notarcha derogata, and Plodia
interpunctella, Spddoptera_litura, Pseudaletia separata,
Noctuidae such as Trichoplusia spp., Heliothis spp., and
Earias spp., Pieridae such as Pieris rapae, Toftricidae such

as Adoxopheys spp., Grapholita molesta, Adoxophyes orana

fasciata, and Cydia pomonella, Carposinidae such as

Carposina niponensis, Lyonetiidae such as Lyonetia spp.,
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Lymantriidae such as Lymantria spp., Lymantriidae such as
Euproctis spp., Yponameutidae such as Plutella xylostella,
Gelechiidae such as Pectinophora gossypiella, Arctiidae such
as Hyphantria cunea, Tineidae such as Tinea translucens, and
Tineola bisselliella, and so on;

Diptera: Culex spp. such as Culex pipiens pallens,
Culex tritaeniorhynchus, and Culex quinquefasciatus, Aedes
spp. such as Aedes aegypti, and Aedes albopictus, Anopheles
spp. such as Anopheles sinensis, and Anopheles gambiae,
Chironomidae, Muscidae such as Musca domestica, and Muscina
stabulans, Calliphoridae, Sarcophagidae, little housefly,
Anthomyiidae such as Delia platura, and Delia antiqua,
Tephritidae, Drosophilidae, Phoridae such as Megaselia
spiracularis, Clogmia albipunctata, Psychodidae, Simuliidae,

Tabanidae, Stomoxyidae, Agromyzidae, and so on;

Coleoptera: Diabrotica spp. such as Diabrotica
virgifera virgifera, and Diabrotica undecimpunctaté howardi,
Scarabaeidae such as Anomala cuprea, and Anomala rufocuprea,
Curculionidae such as Sitophilus zeamais, Lissorhoptrus
oryzophilus, and Callosobruchuys chienensis, Tenebrionidae
such as Tenebrio molitor, and Tribolium castaneum,
Chrysomelidae such as Oulema oryzae, Aulacophora femoralis,
Phyllotreta striolata, and Leptinotarsa decemlineata,
Dermestidae such as Dermestes maculates, Anobiidae,
Epilachna spp. such as Epilachna vigintioctopunctata,
Lyctidae, Bostrychidae, Ptinidae, Cerambycidae, Paederus
fuscipes, and so on;

Blattodea: Blattella germanica, Periplaneta fuliginosa,
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Periplaneta américana, Periplaneta brunnea, Blatta
orientalis, and so on;

Thysanoptera: Thrips palmi, Thrips tabaci,
Frankliniella occidentalis, Frankliniella intonsa, and so
on;

Hyménoptera: Formicidae such as Monomorium pharaosis,
Formica fusca japonica, Ochetellus glaber, Pristomyrmex
pungens, Pheidole noda, and Linepithema humile, long-legged

wasps such as Polistes chinensis antennalis, Polistes

jadwigae, and Polistes rothneyi, Vespidae such as Vespa
mandarinia japonica, Vespa simillima, Vespa analis insularis,

. Vespa crabro flavofasciata, and Vespa ducalis, Bethylidae,

Xylocopa, Pompilidae, Sphecoidae, mason wasp, and so on;

Orthoptera: mole crickets, grasshoppers, etc.;

Shiphonaptera: Ctenocephalides felis, Ctenocephalides
canis, Pulex irritans, Xenopsylla cheopis, and so on;

Anoplura: Pediculus humanus corporis, Phthirus pubis,

Haematopinus eurysternus, Dalmalinia ovis, and so on;

Isoptera: Reticulitermes spp. such as Reticulitermeé
speratus, Coptotermes formosanus, Reticulitermes flavipes,
Reticulitermes hesperus, Reticulitermes virginicus,
Reticulitérmes tibialis, and Hetérotermes aureus,
Incisitermes spp. such as Incisitermes minor, and
Zootermopsis spp. such as Zootermopsis neyadensis, and so
on;

Acarina: Tetranychidae such as Tetranychus urticae,
Tetranychus kanzawai, Panonychus citri, Panonychus ulmi, and

Oligonychus spp., Eriophyidae such as Aculops pelekassi, and
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Aculus schlechtendali, Tarsonemidae such as
Polyphagotarsonemus latus, Tenuipalpidae, Tuckerellidae,

Ixodidae such as Haemaphysalis longicornis, Haemaphysalis

.flava, Dermacentor variabilis, Ixodes ovatus, Ixodes

persulcatus) , Ixodes scapularis, Boophilus microplus,
Amblyomma americanum, and.Rhipicephalus sangﬁineus, Acaridae
such as Tyrophagus putrescentiae, Dermanyssidae such as
Dermatophagoides farinae, Dermatophagoides ptrenyssnus,
Cheyletidae such as Cheyletus eruditus, Cheyletus
malaccensis, and Cheyletus moorei, chicken mite such as
Ornithonyssus bacoti, Ornithohyssus sylvairum, and
Defmanyssus galiinae,.Trombiculidae such as Leptotrombidium
akamushi, ahd so on;

Araneae: Japanese foliage spider (Chiracanthium
japonicum), redback spider (Latrodectus hasseltii), Nephila
clavata (Tetragnatﬁidae), Cyclosa oétotuberculata,
St.Andrew’s cross spider.(Argiope amoena), Wasp sopider
(Argiope bruennichii), orb-weaving spider (Araneus
ventricosus), grass spider (Agelena silvatica), wolf spider
(Pardosa astrigera), dock spider (Dolomedes sulfurous),
Carrhotus xanthogramma, common house spider (Achaearanea
tepidariorum), Coelotes insidiosus, jumping spider
(Salticidae), huntsman spider (Heteropoda  venatoria), etc.;

Chiiopoda: centipedes such as housé centipede
(Thereuonema hilgendorfi), Scolopendra subspinipes,
Scolopendra subspinipes japonica, Scolopocryptops
rubiginosus, Bothropolys asperatus, etc.;

Diplopoda: millipedes such as garden millipede (Oxidus

gracilis), garden millipede (Nedyopus tambanus), train
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