WD 2012/ 026617PCT/ JP2011/ 069858 1 DESCRI PTI ON PROCESS FOR PRODUCI NG
CARBOXYLI C ACI D ESTER 5TECHNI CAL FI ELD [0001] The present application is
filed, clhaDrvreg2641@ prioriti es based on the Japanese PaPERMIPAPPDINSK | on
Nos. 2010-189175 (filed on August 26, 2010) and 2011-150781 10(filed on
July 7, 2011), and a whole of the contents of these applications is

i ncor porated herein by reference. The present invention relates to a
process for producing a carboxylic acid ester. 15BACKGROUND ART [ 0002]
Carboxylic acid esters are inportant as various chem cal products. Anong
them Kketocarboxylic acid esters apes&prownIidR be useful as internediates in
the preparation 20o0f am no acids and the |ike. [0003] Her et of or e,
sonme processes for produci ng carboxylic acid esters from al dehydes have
been devel oped. For exanple, Non-patent literature 1 (see, e.g., Table 1)

25di scl oses a procegscfos pordprdODYC IRt hyhrAORYL.IObROZOatkgTa®R a carboxylic
acid ester by reacting 4-nitrobenzal dehyde as
5 TECHNICAL FIELD
[0001]
The present application is filed, claiming the
priorities based on the Japanese Patent Application Nos.
2010-189175 (filed on August 26, 2010) and 2011-150781
10 (filed on July 7, 2011), and a whole of the contents of
these applications is incorporated herein by reference.
The present invention relates to a process for

producing a carboxylic acid ester.

15 BACKGROUND ART
[0002]

Carboxylic acid esters are important as various
chemical products. Among them, ketocarboxylic acid esters
are known to be useful as intermediates in the preparation

20 of amino acids and the like.
[0003]

Heretofore, some processes for producing carboxylic
acid esters from aldehydes have been developed. For
example, Non-patent literature 1 (see, e.g., Table 1)

25 discloses a process for producing methyl 4-nitrobenzoate as

a carboxylic acid ester by reacting 4-nitrobenzaldehyde as



WO 2012/ 026617PCT/ JP2011/ 069858 2 an al dehyde, an al cohol, iodine and
sodiumnitrite. Non-patent literature 2 (see, e.g., Supporting information,
page 2) dweebmsrssia process for producing cinnam ¢ aci d PeFiIezo18869858
carboxylic acid ester by reacting ci nnamal dehyde 5 as an al dehyde and a
qgui none in the presence of a catalyst prepared by a triazoliumsalt and

1, 8-di azabi cycl o[ 5. 4. 0] - undeca-7-ene. [0004] Non-patent literature 1:
Synt hesi s, pages 276 to 282 (2010) 10Non-patent literature 2: Journal of

t he American Chem cal Society, Vol. 132, pages 1190 to 1191 (2010)

DI SCLOSURE; 10Ra 1 AMENT ONa PROBESI TO  BEd S48 VERY BYo d Ham! AVENTEEON 156 R005]

An object of the present invention is to provide a novel process for

produci Ng g€ OOKYEd fael s BSieée, MEANS, FERSOLYL NG ThiEc PRROBLEN, 20[ 0006]
As a result of the present inventors' iIntensive studies for solving the

above- descgi beth probs e séhea Py £s€8Es i A¥eNbro8uL$ngCceoRhinshedcik0007]
25The present invention provides the follow ngs: [1] A process for

produci ng & €&F boxyl i €a Asb Ly £S5t esciad 2022502663 PCHLIP2AA:1ABA8RTde

5 as an aldehyde and a gquinone in the presence of a catalyst
prepared by a triazolium salt and 1,8-diazabicyclo[5.4.0]-
undeca-7-ene.

[0004]
Non-patent literature 1: Synthesis, pages 276 to 282 (2010)
10 Non-patent literature 2: Journal of the American Chemical

Society, Vol. 132, pages 1190 to 1191 (2010)

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
15 [0005]
An object of the present invention is to provide a

novel process for producing a carboxylic acid ester.

MEANS FOR SOLVING THE PROBLEM
20 [0006]

As a result of the present inventors' intensive
studies for solving the above-described problem, the
present invention is accomplished.

[0007]
25 The present invention provides the followings:

{1] A process for producing a carboxylic acid ester,



conprising a step of oxidizing an al dehyde by m xi ng an al cohol, carbon
di oxi de, the al dehyde and at | east one conpound selected fromthe group
consi sti yoap12#26@dfipound represented by the fornula (2- PLT/IB20RPOMSEC] -Y | 1
R3 OR8 R4 (2-1) wherein R2 represents an al kyl group optionally having a
substituent or an aryl group optionally3having a substituent; R3 and R4
each independently represents an al kyl group 10optionally having a
substituent or an aryl group optionally having a substituent, or R3 and R4
are linked together to forma dival ent hydrocarbon group optionally having
a substitusiiipisin@roupred o£HEdEdDpingnah| y1hanyog Bysublinhguent; 15Y
represents a group of -S or a group of -N(R5)-, wherein R5 represents an
al kyl groupl @gte onadd yodavd hgx bdsubshié t sbaéhpde adnar gt yeasp opki onal ly
having a substituent, or R5 is linked to R4 to forma dival ent hydrocarbon
group optlm@dmma@el&@e@ubﬁémtue@tgr@@ﬁ 20R8isepngsent 8 asmpbkykd group;
Coz-

and a conpound represented by the fornmula (2-2): RI\r"C---Y IIl R3
R4 represented by the formula (2-1):
) H
R N Cc Y
BN @
R® OR® R*
5

wherein R® represents an alkyl group optionally having a
substituent or an aryl group optionally having a
substituent;

R’ and R* each independently represents an alkyl group

10 optionally having a substituent or an aryl group optionally
having a substituent, or R® and R* are linked together to
form a divalent hydrocarbon group opticonally having a
substituent or a group of -CH=N- optionally having a
substituent;

15 Y represents a group of -S- or a group of -N(R’)-, wherein
R® represents an alkyl group optionally having a
substituent or an aryl group optionally having a
substituent, or R® is linked to R? to form a divalent
hydrocarbon group optionally having a substituent; and

20 R® represents an alkyl group; and

a compound represented by the formula (2-2):

RZ2—N*—C Y
N 2-2)

R® CO, R*



(2-2) WO 2012/026617PCT/JP2011/ 069858 4 wherein R2, R3, R4 and Y are as
defined above. [2] The process according to the above item|[1l], wherein

t he procewe 20/@e617i ed out in the presence of oxygen. PCTjJBlo17/b@ssy ocess
according to the above item|[1l] or [2], 5wherein the al dehyde is a conpound
represented by the formula (1): 0 ( H (4l) wherein Rl represents a

hydr ocarbon group optionally having a substituent or a heteroaryl group
optionally having a 10substituent, and n represents 0 or 1; the alcohol is
a conpound represented by the formula (4): R9---CH(4) wherein RO

represent s;Rd- & kyk? grgup potiepal | yrbayk nge fi Aogubsbituent; and the
carboxylic acid ester is a conpound represented by the formula (3): 00 Rl (
11COR9( 3) [2] The process according to the above item [1l], wherein

the process is carried out in the presence of oxygen.

[3] The process according to the above item [1] or [2],

5 wherein the aldehyde is a compound represented by the

formula (1):

L1

\ . "

wherein R! represents a hydrocarbon group optionally having

(1)

O—=0
O—0O

a substituent or a heterocaryl group optionally having a
10 substituent, and
n represents 0 or 1;

the alcohol is a compound represented by the formula (4):

R9—OH (4)

wherein R® represents an alkyl group optionally having a
15 substituent; and
the carboxylic acid ester is a compound represented by the

formula (3):

O O
LIV, e
\ ~/n |

wherein Rl, R’ and n are as defined above.

20 [4] The process according to the above item [1], [2] or [3],

wherein the compound represented by the formula (2-1) is a



wherein R, RO and n are as defined above. 20[4] The process according to
the above item|[1], [2] or [3], wherein the conpound represented by the
formul a (MORP1ZEB6E7T WO 2012/ 026617PCT/ JP2011/ 069858 5 ceérpdarmdl/fepiesent ed
by the formula (2-3): CHR2-N N/ C=CR7 (2-3) wherein R2, R8 and Y are
as defined above; R6 and R7 each independently represents a hydrogen atom
an 5al kyl group optionally having a substituent or an aryl group optionally
having a substituent, or R6 and R7 are taken together with the carbon atons
to which they are attached to forma ring; and represents a
?izngl)e bourshpsud deeibt €sdebdd oy 408 coppauad (pepyesented by the fornul a
OR®

CH
7N

RZ—N Y
\ _/
c—=¢
/ \
R7

RG

(2—3)

wherein R?, R® and Y are as defined above;

R® and R’ each independently represents a hydrogen atom, an
5 alkyl group optionally having a substituent or an aryl

group optionally having a substituent, or R® and R’ are

taken together with the carbon atoms to which they are

attached to form a ring; and

represents a single bound or a double bond; or

10 a compound represented by the formula (2-4):
r
CH
RZ—N\/ \/Y (2—4)
N—/C
R7

wherein Rz, R7, R® and Y are as defined above; and

the compound represented by the formula (2-2) is a compound

represented by the formula (2-5):



OR8 CH R2-NVN NC\ R7 (2-4) wherein R2, R7,
and the conpound represented by the formula (2-2)
by the fowoube/28153) :

C-C R6R7 wherein R2, R6, R7 and Y are as defi ned above;
Cx2. R2-N+ N (2-6)

represented by the formula (2-6):

RZ—N* Y
(2-5)
/

wherein R?, R®, R’

a compound represented by the formula

COy

|
C
N"/ \Y

/

N—/=¢C

\

R7

R?— (2—6)

and Y are as defined above;

R8 and Y are as defined above;

Is a conmpound represented

WD 2012/ 026617PCT/ JP2011/ 069858 @®CTOR201BR8698F8 N( 2- 5)

or a conpound

or

(2-6) :

5 wherein R2, R’ and Y are as defined above.

[5] The process according to the above item [4],

the formulae (2-3), (2-4), (2-5) and

(2—6) 14

wherein in

Y is a group of

-N(R®)-; and R?® and R® each is independently a phenyl group

optionally having a substituent.

10 [6] A process for producing a carboxylic acid ester,
comprising a step of reacting an aldehyde, an alcohol and
carbon dioxide in the presence of at least one compound
selected from the group consisting of a compound
represented by the formula (2-1):

5 H
R N C Y
| | (2—1)
R® OR® R*
15

wherein R?

represents an alkyl group optionally having a



N===C\ R7 5wherein R2, R7 and Y are as defined above. [5] The process
according to the above item[4], wherein in the formulae (2-3), (2-4),
(2-5) andwb2efy0266d7i s a group of -N(R5)-; and R2 and R5PpeaQaR201$/069858

i ndependently a phenyl group optionally having a substituent. 10[6] A
process for producing a carboxylic acid7ester, conprising a step of
reacting an al dehyde, an al cohol and carbon di oxide in the presence of at
| east one conpound sel ected fromthe group consisting of a conmpound
represented by the formula (2-1): 15 RR-NCY R3 OR8 R4 (2-1) 7

subst!tuergu]@gtﬂfué\rwloﬂr@:upa@pli@ﬂ@b;%ayoba%ﬂglaysuasﬁ.ht;uant; R3 and R4
each independently represents an al kyl group optionally having a

substi t uendudst Bu ) @%‘I@d@“@@@ﬂu'anéﬁéﬂ@eﬁt&%bibbﬁfégéhtsOénR3 and R4
are 5 linked together to forma dival ent hydrocarbon group optionally

having a sabsyi tgesip %p@i@zﬁ@ypyOﬁavgﬁ?l\l@p&hasahwehavbagaa swhstituent; Y
represents a group of -S- or a group of -N(R5)-, wherein R5 represents an

al kyl gro | xred bya heyi Mgy end Osubsbbt ueatnel ap aPyhknaratip soptional ly
havi ng a gﬁ%ﬁ?%tuent, or RS is I%nked to R4 to forma dival ent hydrocarbon

groups opt i pivaikd ¥ Hsyd tige A S4IbSSHhueNtdi vtk R8 HpF &S£MbSn adr&hKy! group;

and a conpound represented by the fornmula (2-2): 15
optionally having a substituent or a group of -CH=N-
optionally having a substituent;
Y represents a group of -S- or a group of -N(R®°)-, wherein
R® represents an alkyl group optionally having a

10 substituent or an aryl group optionally having a

substituent, or R° is linked to R? to form a divalent
hydrocarbon group optionally having a substituent; and

R® represents an alkyl group; and

a compound represented by the formula (2-2):

R2—N*—C Y
| | (2—2)

R® CO,y R*

15

wherein Rz, R3, R?* and Y are as defined above.

[7] The process according to the above item [6], wherein

the process i1s carried out in the presence of oxygen.

[8] The process according to the above item [6] or [7],
20 wherein the aldehyde is a compound represented by the

formula (1):

(@) (@]
L) 8
R C C H

\ 7/




R 2----Nr G---Y IIl R3CO2- R4 (2-2) wherein R2, R3, R4 and Y are as
defined above. [7] The process according to the above item|[6], wherein
t he proced® 20R/26617i ed out in the presence of oxygen. PCT/JPBJ1/T$H85%r ocess
according to the above item[6] or [7], 20wherein the al dehyde is a
conpound represented by the formula (1)8/ rl ) rl RL\CnCH WO
2012/ 026617PCT/ JP2011/ 069858 8 wherein R represents a hydrocarbon group
optionally having a substituent or a heteroaryl group optionally having a
substituent; and n represents 0 or 1; 5the al cohol is a conpound
repr esent echdye imerf orepit@sédys ROnydEbikdybehegebnpRBprepnesent haaing Kyl
group optionally having a substituent; and the carboxylic acid ester
i s a conpaunsuiseplesent edr by héeedOhoybubao(ig) optionally having a
substituent; and
n represents 0 or 1;

5 the alcohol is a compound represented by the formula (4):

R9—OH (4)

wherein R® represents an alkyl group optionally having a
substituent; and
the carboxylic acid ester is a compound represented by the

10 formula (3):

(o] (o]
AN
\ ~ /n

wherein Rl, R’ and n are as defined above.

[9] The process according to the above item [6], [7] or [8],

wherein the compound represented by the formula (2-1) is a

15 compound represented by the formula (2-3):
T
CH
RL——N// ~

(2—3)

Y
\ _/
c—==¢

/ N\

RS RY

8 and Y are as defined above;

wherein Rz, R
R® and R’ each independently represents a hydrogen atom, an

alkyl group optionally having a substituent-or an aryl



00 R1 ( 11COR9(3) wherein Rl, R9 and n are as defined above. [9] The
process according to the above item[6], [7] or [8], wherein the conpound

r epr esentwa 2b12/eb@7f ormul a (2-1) is a 15conpound repr esegtrgd2dyosdsss f or mul a
(2-3): ORB CHR2Z -NVN/ C==C/ \ R R7 (2-3) wherein R2, R8 and Y are
as defined above; R6 and R7 each independently represents a hydrogen atom
an al kyl group optionally having a substituent-or an aryl WO

2012/ 026617PCT/ JP2011/ 069858 9

group optionally having a substituent, or R® and R’ are
taken together with the carbon atoms to which they are

attached to form a ring; and

represents a single bound or a double bond; or

5 a compound represented by the formula (2-4):
T
CH
RZ—N\/ \/Y (2—4)
N—/cC
\R,

wherein R?, R’, R® and Y are as defined above; and
the compound represented by the formula (2-2) is a compound
represented by the formula (2-5):

COy

2 +/

10 R6 R7

E

wherein R2, RG, R' and Y are as defined above; or

a compound represented by the formula (2-6):

COy
|

C
Z .
N (2—6)

/

N—/~C

RZ__

R7

wherein R2, R’ and-¥ are as defined above.



group optionally having a substituent, or R6 and R7 are taken together with
the carbon atons to which they are attached to forma ring; and
repr esentWooein2gdié bound or a doubl e bond; or 5a conpoRfd/JPEIt/ee8sk ed by
the formula (2-4): OR6 VCHN R2 -N (2-4) NCQ R7 wherein R2, R7, R8 and Y
are as defined above; and the conpound nepresented by the fornmula (2-2) is
a conpound represented by the forrmula (2-5): wherein R2, R6, R7 and Y
are as defined above; or a conpound represented by the fornula (2-6): CO2-
Ki NR2 -11+ (2-6) N===:

[10] The process according to the above item [9], wherein

in the formulae (2-3), (2-4), (2-5) and (2-6), Y is a group

of -N(R%)-; and R? and R®> each is independently a phenyl

group optionally having a substituent.

5 [0008]
According to the present invention, a novel process

for producing a carboxylic acid ester from an aldehyde can

be provided.

10 MODES FOR CARRYING OUT THE INVENTION
[0009]

The process for a producing a carboxylic acid ester
according to the present invention is characterized by
comprising a step of oxidizing an aldehyde by mixing an

15 alcohol, carbon dioxide, the aldehyde and at least one

compound selected from the group consisting of a compound

represented by the formula (2-1) (hereinafter sometimes

referred to as "compound (2-1)") and a compound represented

by the formula (2-2) (hereinafter sometimes referred to as
20 "compound (2-2)"), or by comprising a step of reacting an

aldehyde, an alcohol and carbon dioxide in the presence of
at least one compound selected from the group consisting of
the compounds (2-1) and (2-2).
Hereinafter, the oxidation of an aldehyde is sometimes
25 referred to as the "present reaction". Also, the reaction

of an aldehyde, -an alcohol and carbon dioxide is sometimes -



R7 wherein R2, R7 and--Y are -as defined above. WO

2012/ 026617PCT/ JP2011/ 069858 10 [10] The process according to the above
item [ 9] ,wehersmizesirn the fornmulae (2-3), (2-4), (2-5) ardTB206)/069¥58 S a
group of -N(R5)-; and R2 and R5 each is independently a phenyl group
optionally having a substituent. 5[ 00081 According to the present

i nvention, a novel process for producing a carboxylic acid ester from an

al dehyde can be provided. 10MODES FOR CARRYI NG QUT THE | NVENTI ON [ 0009] The
process for a producing a carboxylic acid ester according to the present
invention iSfehedACtEraZeehdy" sPIPERSI PBadt sbEP. Of 1OXtE 1k zb Pgs @ al dehyde by
m xi ng an 15al cohol, carbon dioxide, the al dehyde and at | east one conpound
sel ected fromatien 9rOMPaT@ASySE 1 g O%idiceaparadchapeeseat ed By the fornul a
(2-1) (hereinafter sonetines referred to as "conpound (2-1)") and a
conpound represent £d byidhesfornul a (2-2) (hereinafter sonetimes referred
to as 20"conpound (2-2)"), or by conprising a step of reacting an al dehyde,
an alcohol[@@ggﬁarbon di oxide in the presence of at |east one conpound
selected fromthe group consisting of the conpounds (2-1) and (2-2).

Hereimafter, the;oxidaliofe of1@nphdebydeei sss@mehi ks gbeekakred to as the
"present reaction". so, the reaction

invention will be described below.
[0011]

In the present invention, any aldehyde may be used as

long as it is a compound having a group of "-CHO", but

10 preferred examples thereof include those represented by the
formula (1) (hereinafter sometimes referred to as "compound
()" .

Hereinafter, the present invention will be described

in detail with reference to embodiments using the compound
15 (1) as an aldehyde.
[0012]

In the formula (1), examples of the "hydrocarbon group
optionally having a substituent" for R! include an alkyl
group optionally having a substituent, an alkenyl group

20 optionally having a substituent and an aryl group
optionally having a substituent.
[0013]

As to R!, examples of the alkyl group in the "alkyl

group optionally having a substituent"” include linear or
25 branched C;-Ci;; alkyl groups such as a methyl group, an

ethyl group, a propyl group, an isopropyl group, a butyl



of an al dehyde,

-an al cohol and carbon dioxide is sonetines WO

2012/ 026617PCT/ JP2011/ 069858 11 referred to as the "present reaction”. In
t he presewdeantéion, an al dehyde is oxidi zed and convertedriomi1/ac8sy boxylic

acid ester.

invention wll

[0010] 5Firstly, the al dehyde to be used in the present

be described below. [0011p In the present invention, any

al dehyde may be used as long as it is a conpound having a group of "-CHO',
but 10preferred exanples thereof include those represented by the formla
(1) (hereinafter sonetines referred to as "conpound (1)").

Her ei naft egrodhe £ esembut Prenatdbep, Wl bebendeser ybedpl nadekak pwiih
reference to enbodi nents using the conpound 15(1) as an al dehyde. [0012]

In the forgaba (1, p&xegD! @500 4hHe ahydeptagbenpgr aHp eptieratlychaving a

substituent™

for

Rl include an al kyl group optionally having a substituent,

an al kenyl 5 o PLIPG 20994 | Hnah | ¥s h@v&ggllg?ﬁapﬂigyAgab,agngan aryl group

optionally having a substituent. [

to Rl, exanples of the

al kyl groupi &t PEcy@ dytoSyPUpropb| onaky¥1ba8hagiageslsti kuent” incl ude

| i near or
5

10

15

20

25

cyclohexyl group and a menthyl group.

Examples of the substituent which the alkyl group may

have include a group selected from the following Group Gl:

[0014]

<Group G1>

a C1-Cyig alkoxy group optionally having a fluorine atom;

a

Cq9-C2o

group;

a

a

C7=Ca0

Ce~C1o

group;

a

a

a

a

Ce=Cuo
C2-C1o
C1-Cio
C2-C1o
Ce=Caz0

Cs5-Cao

aralkyloxy group optionally having a C;-Cip alkoxy

aralkyloxy group having a C4-Cip aryloxy group;

aryloxy group optionally having a C;-Ci alkoxy

aryloxy group having a Cg-Cio aryloxy group;

acyl group optionally having a Ci-Cjip alkoxy group;
alkylthio group;

alkoxycarbonyl group;

aryl group;

hetercaryl group; and

halogen atom.

[0015]

In

Group Gl, examples of the "C;-Cijo alkoxy group

optionally having a fluorine atom" include a methoxy group,

an ethoxy group, a propoxXy group, an isopropoxy group, a



25branched C1-Cl12 al kyl groups such as a nethyl group, an ethyl group, a
propyl group, an isopropyl group, a butyl WD 2012/026617PCT/JP2011/ 069858
12 group,weanroiz@mfyl group, a sec-butyl group, a tert-BGTYP20IL/069858 a
pentyl group and a decyl group; and cyclic C3-Cl2 al kyl groups such as a
cycl opropyl group, 2,2- dinethylcyclopragyl group, a cyclopentyl group, a
5cycl ohexyl group and a nent hyl group. Exanpl es of the substituent
whi ch the al kyl group may have include a group selected fromthe foll ow ng
Goup d: [0014] <G oup G > 10a C1-C10 al koxy group optionally having a
fluorine a3 wmx@ ok &f al kybexyxgr gupuppt aosattyubaxiyngraupl- @10 al koxy
group; a C7-C20 aral kyl oxy group having a C6-Cl0 aryl oxy group; a C6-Cl0

aryl oxy groamp:-opitonal dyolaving a €4i €10cabkexyylbgryoypoup.C6- C10 aryl oxy
group having a C6-Cl0 aryl oxy group; a C2_Cl0 acyl group optionally having
a Cl-Co al koxy motples &-€HO atjadbhhioadkoupxkyagE€duflOpalkaxycgr bonyl
group; 20a C6-C20 aryl group; a C5_C20 heteroaryl group; and a hal ogen
atom having a C;-Cip alkoxy group" include a benzyloxygroup, a 4-
5 methylbenzyloxy group and a 4-methoxybenzyloxy group.
Examples of the "C;-C,¢ aralkyloxy group having a Cg-
Ci0 aryloxy group" include a 3-phenoxybenzyloxy group.
Examples of the "C¢-Cip aryloxy group optionally
having a C;-C;o alkoxy group" include a phenoxy group, a 2-

10 methylphenoxy group, a 4-methylphenoxy group and a 4-
methoxyphenoxy group.

Examples of the "C4-Cio aryloxy group having a Cg-Cig
aryloxy group" ‘include a 3-phenoxyphenoxy group.
Examples of the "C,-C;o acyl group optionally having a

15 C1-Ci1o alkoxy group" include an acetyl group, a propionyl
group, a benzylcarbonyl group, a 4-methylbenzylcarbonyl
group, a 4-methoxybenzylcarbonyl group, a benzoyl group, a
2-methylbenzoyl group, 4-methylbenzoyl group and 4-
methoxybenzoyl group.

20 Examples of the "C;-C;¢ alkylthio group"” include a
methylthio group, an ethylthio group and an isopropylthio
group.

Examples of the "C,-C;, alkoxycarbonyl group" include
a methoxycarbonyl group and an ethoxycarbonyl group.

25 Examples of the "Cg-Cyo aryl group” include a phenyl

group, a l-naphthyl group and a 2-naphthyl group.



[0015] In Goup G, exanples of the "Cl-Cl0 al koxy group 25optionally
having a fluorine atont include a nethoxy group, an ethoxy group, a propoxy
group, arwpe@pdly group, a WO 2012/ 026617PCT/ JP2011,0898881/0@8fut oxy
group, an isobutoxy group, a sec-butoxy group, a tert-butoxy group and a
trifluoronethyl oxy group. Exanples of tha "C7-C20 aral kyl oxy group
optionally having a 01-010 al koxy group” include a benzyl oxygroup, a 4-
5net hyl benzyl oxy group and a 4-met hoxybenzyl oxy group. Exanples of the
"C7-C20 aral kyl oxy group having a 06- C aryl oxy group" include a

3- phenoxybenzyl Dxymgl @sipo £ Exaapl'es-0f , t hetE£6a €F0 grplpXyigeaupeopt 2enal |y
havi ng a 01-010 al koxy group" include a phenoxy group, a 2- 10net hyl phenoxy

group, a 4oyeidyl phiecoxy grdupyandya 4roupi haxyppemaxylgpgevpp, a 2-
Exanpl es of the "C6-Cl0 aryl oxy group having a C6-010 aryl oxy group"

“include aq3tpheypbDxypbeppxy FroupnoEyanprespokntihe 410Z3u@h01gaykhrgueup
optionally having a 15C -C o al koxy group" include an acetyl group, a
propi onyl groupxamap beszyt canbonyhlggetpatams- irethybbenz ¥l catrharylatgmgup, a
4- met hoxybenzyl car bonyl group, a benzoyl group, a 2-nethyl benzoyl group,
4- methyl benzelyl o gt weipa et dndnet boxsybaazaybmgr oup.

[0016]

Examples of the alkyl group having a group selected
from Group Gl include a chloromethyl group, a fluoromethyl
group, a trifluoromethyl group, a methoxymethyl group, an

10 ethoxymethyl group, a l-methoxyethyl group, a 2-
methoxyethyl group, a methoxycarbonylmethyl group, a
phenylmethyl group, a 2-pyridylmethyl group, a 3-
pyridylmethyl group, a l-ethoxycarbonyl-2,2-dimethyl-3-
cyclopropyl group and a 2-methylthioethyl group.

15 [0017]

As to R!, examples of the alkenyl group in the
"alkenyl group optionally having a substituent" include
linear, branched or cyclic C;-Ci;; alkenyl groups such as a
vinyl group, a l-propenyl group, a l-butenyl group, a 2-

20 methyl-l-propenyl group, and a l-cyclohexenyl group.

Examples of the substituent which the alkenyl group
may have include a group selected from the above Group Gl.
[0018]

Examples of the alkenyl group having a group selected

25 from Group Gl include a 2-chlorovinyl group and a 2-

trifluoromethytvinyl -group.



20Exanpl es of the "G -C o al kylthio group” include a nethylthio group, an
ethylthio group and an i sopropylthio group. Exanpl es of the "02-010
al koxycarWwor12/g6@dap” i ncl ude a net hoxycarbonyl group aRG@TAR21/HESLCar bonyl
group. 25Exanples of the "C6-020 aryl group” include a phenyl group, a

1- napht hyl group and a 2-naphthyl group.15 WO 2012/ 026617PCT/JP2011/ 069858
14 Exanpl es of the "C5-C20 heteroaryl group" include a 2- pyridyl
group, a 3-pyridyl group, a 4-pyridyl group, a 2- quinolyl group, a
3-quinolyl group and a 4-quinolyl group. Exanples of the "hal ogen atonft
include a foapgj ne atom 5a chlorine atomand a brom ne atom [0016]
Exanpl es of the al kyl group having a group selected from Goup Gl include a
chl oronmet hyl grmsiptoart) uexenpldyl ogr enp, aaylr gkbupr arethyl "grgup, a

met hoxynet hyl group, an 10et hoxynet hyl group, a 1-methoxyethyl group, a 2-
met hoxyet hyto@s oot i enaBL oKy eanyoaykapsbytugheupinalpdenyl ret hykrgioup, a
2-pyridyl methyl group, a 3- pyridylnmethyl group, a

1- et hoxy cag bonyd - 2uch di s88 hyAedyl cyebapy opyb-geouplpndngl2grelly| bhiseet hyl
group. 15[ 0017] As to R1l, exanples of the al kenyl group in the

"al kenyl greupy DPéORRI §yohayi 801 ansphshi/l ugpblpi, nal adaabhnegn, ghapched or

cyclic C2-C12 al kenyl groups such as a vinyl group, a 1-propenyl group, a
1- but enyl gioup,sey2yl 2§pstpyl -1 -propenyl group, and a 1-cycl ohexenyl
gr oup. Exanpl es of the substituent which the al kenyl group may have
include a groupess&heTéedofronet Bebabovaefeowpith. th8048)1 group mayExanpl es
of the al kenyl group having a group selected 25from G oup Gl include a
2-chl or ovityde gi Ot Puddda agPoup selected from the following Group G2:
[0020]
10 <Group G2>
a C;-C;o alkoxy group optionally having a fluorine atom or
a C1-Cip alkoxy group;
a Cg—Cio aryloxy group optionally having a C;-Cip alkoxy
group;
15 a Ce¢—Cyip aryloxy group having a Cg-Cip aryloxy group;
a C,.Ci9 acyl group optionally having a C;-Ci;p alkoxy group;
a C;-C¢ alkylenedioxy group:
a nitro group; and
a halogen atom.
20 [0021]

In Group G2, examples of the "C;-Ciy alkoxy group
optionally having a fluorine atom or a C;-C;o alkoxy group”
include a methoxy group, an ethoxy group, a propoxy dgroup,
an isopropoxy group, a butoxy group, an isobutoxy group, a

25 sec-butoxy group, a tert-butoxy group, a pentyloxy group, a

cyclopentyloxy group, a fluoromethoxy group, a



trifluoromethylvinyl group. WD 2012/026617PCT/JP2011/069858 15 [0019]

As to R, exanples of the aryl group in the "aryl group optionally having a
substi t ueN02012/2balde C6- C20 aryl groups such as a phenyPCEIB21/060858

2- met hyl phenyl group, a 4- 5net hyl phenyl group, a 1-naphthyl group, a
2-napht hyl group and a styryl group. 16 Exanpl es of the substituent which
the aryl group may have include a group selected fromthe foll ow ng G oup
&: [0020] 10<Goup &> a Cl-Cl10 al koxy group optionally having a fluorine
atomor a Cl1-Cl0 al koxy group; a C6-Cl0 aryloxy group optionally having a

Cl- C10 al kioxyf piiotdre Hivex £6g £30p ar ¥ | wxyhgkompthaxiyngrauph- @4 aryl oxy group;
a C2..Cl10 acyl group optionally having a G -d o al koxy group; a Cl-C6

al kyl enedi @xtyogymetphoay Ngto0p gaedpa A8dhaxhakhger gtenp.20[ 0021] I n
G oup &, exanples of the "Cl-Cl0 al koxy group optionally having a fluorine

atom or a Cl- ClExahkbDxy gfotpé "ogtode arykbhoxyrgupupptasnelhexy group, a
propoxy group, an i sopropoxy group, a butoxy group, an isobutoxy group, a

25sec- but axav HOUP, Ca-¢ £ ta kb oxyggo oD, iAcpeaeyhogiegbaiipgraup, a 2-
cycl opentyl oxy group, a fluoronethoxy group, a
5 methylphenoxy group, a 4-methylphenoxy group and a 4-
methoxyphenoxy group.
Examples of the "Cg-Ci¢ aryloxy group having a Cg-Cio
aryloxy group" include a 3-phenoxyphenoxy group.
Examples of the "C;-Cio acyl group optionally having a
10 C1-Cip alkoxy group" include an acetyl group, a propionyl
group, a benzylcarbonyl group, a 4-methylbenzylcarbonyl
group and a 4-methoxybenzylcarbonyl group.
Examples of the "C;-C¢ alkylenedioxy group"” include a
methylenedioxy group and an ethylenedioxy group.
15 Examples of the "halogen atom" include a fluorine atom
and a chlorine atom.
[0022]
Examples of the aryl group having a group selected
from Group G2 include a 4-chlorophenyl group, a 4-
20 methoxyphenyl group and a 3-phenoxyphenyl group.
[0023]
As to R', the heteroaryl group in the "heteroaryl
group optionally having a substituent”™ include C4-Cig
heteroaryl groups having at least one hetero atom such as a

25 nitrogen atom, an oxygen atom and a sulfur atom. Specific

examples of the heterocaryl group include a 2-pyridyl—group,



WO 2012/ 026617PCT/ JP2011/ 069858 16 trifl uoronmet hoxy group, a nethoxynet hoxy
group, an ethoxynet hoxy group and a net hoxyet hoxy group. Exanples of the
"06- 010 awwploxyn2g610up optional ly having a Cl-ClO al koxypgrgumilnevsisude a
phenoxy group, a 2- 5nethyl phenoxy group, a 4-nethyl phenoxy group and a 4-
met hoxyphenoxy group. Exanples of the "@§- Caryl oxy group having a C6-Cl10
aryl oxy group" include a 3-phenoxyphenoxy group. Exanples of the "02-010
acyl group optionally having a 100 -C o al koxy group"” include an acetyl
group, a propionyl group, a benzylcarbonyl group, a 4-nethyl benzyl carbonyl

group and A #Mf@yyp%zytﬁ@fb@wl groupuryl grobyanal esfakytihgrodd-,06
al kyl enedi oxy group” include a nethyl enedi oxy group and an et hyl enedi oxy

group. 15Exasmheshef-2heur Pal geetpatndl ai nckudera-BLyQki Aengl ograng .a
chl orine atom [0022] Exanp?es of the aryl group having a group

selected from4y oup & include a 4-chlorophenyl group, a 4- 20net hoxyphenyl
group and a 3-phenoxyphenyl group. [0023] As to Rl, the heteroaryl group in

the "heteroarylegmuPe Opb f onad | ¥olip¥ing a1$uhBbirbuant” repekbydat@40010
het eroaryl groups having at | east one hetero atom such as a
5 the formula (1) include benzaldehyde, 4-chlorobenzaldehyde,
2-methylbenzaldehyde, 4-fluorobenzaldehyde, 2-
methoxybenzaldehyde, 2,4-dichlorobenzaldehyde, 2-
nitrobenzaldehyde, 2-naphthylbenzaldehyde, 2-
pyridylaldehyde, acetaldehyde, n-propylaldehyde,

10 isopropylaldehyde, n-butylaldehyde, n-pentylaldehyde, n-
hexylaldehyde, n-heptylaldehyde, n—octylaldehyde,
cyclohexylaldehyde, 4-(methylthio)-1-butanal, acrolein and
3-phenyl-2-propenealdehyde.

The compound (1) wherein n represents 0 in the formula

15 {1l) may be a commercially available product or one prepared
by any known method such as a method comprising oxidation
of an alkyl alcohol or benzenemethanol, a method comprising
hydroformylation of a terminal double bond, or a method
comprising dihalogenation of a methyl group and subsequent

20 hydrolysis.

[0025]
Examples of the compound (1) wherein n represents 1 in
the formula (1) include phenylglyoxal, 4-
chlorophenylglyoxal, 2-methyl phenylglyoxal, 4-
25 fluorophenylglyoxal, 2-methoxyphenylglyoxal, 2,4-

dichlorophenylglyoxal, 2-nitrophenylglyoxal, 2-



25ni trogen atom an oxygen atom and a sul fur atom Specific exanples of the
het eroaryl group include a 2-pyridyl-group, WO

2012/ 0266YPROR/2FA011/ 069858 17 a 3-pyridyl, a 4-pyri dyPCTAPA11/069$8 gr oup,
a 3-furyl group, a 5-nethyl-2-furyl group and a 2-chl oro-3-pyridinyl group.
[ 0024] Exanpl es of the conmpound (1) wherl@ n n represents 0 in 5the fornula
(1) include benzal dehyde, 4-chl orobenzal dehyde, 2-nethyl benzal dehyde,

4-fl uor obenzal dehyde, 2- met hoxybenzal dehyde, 2, 4-di chl or obenzal dehyde, 2-
ni trobenzal dehyde, 2-napht hyl benzal dehyde, 2- pyridyl al dehyde,

acet al dehytkeph tth pr @pydad dehydey r 10i sopl opylyahdabyegae , nmbhyll gl gelyde,
n- pentyl al dehyde, n- hexyl al dehyde, n-heptyl al dehyde, n-octyl al dehyde,

cycl ohexyl et ithehytgo < 41 ( et bybp i @) ydx Ut anabpragkobeibxandg

3- phenyl - 2- pr openeal dehyde. The conpound (1) wherein n represents O in the
formul a 15191 ¢teeyx PEg By SRADE! £+ ahéyhavahliable-pkeducbudanang prepared by
any known nethod such as a nethod conprising oxidation of an al kyl al cohol

or benzenerei yianDyox Al n@hdosk ¢oppyi gbrg1hydrof ornyl ation of a term na
doubl e bond, or a nethod conprising dihal ogenati on of a methyl group and

subsegjuent 20hyrh®| ¥yemSouh®025] whereibkxanpkpsestntbelconapauad folmuiMaer ei n
n represents 1 in the formula (1) include phenyl gl yoxal, 4-
chl or ophenyl glyoxabe 2-c@thytcpheny! gihyoxabledpridbhibuobepbanybagkypaxald,
2- met hoxyphenyl gl yoxal , 2, 4- dichl orophenyl gl yoxal, 2-nitrophenyl gl yoxal,
2- WO 2015y 066 It IR2OHd4 069868as a method comprising oxidation
of a ketoalcohol with oxygen in the presense of a metal
catalyst (see, e.g., JP-A-2000-336055).
10 [0026]
Next, the alcohol to be used in the present invention
will be described.
[0027]
In the present invention, the alcohol to be used is
15 not limited, but preferable examples thereof include a
compound represented by the formula (4) (hereinafter
sometimes referred to as "compound (4)").
[0028]
In the formula (4), examples of the alkyl group in the
20 "alkyl group optionally having a substituent” for R®
include linear or branched C;-C;; alkyl groups such as a
methyl group, an ethyl group, a propyl group, an isopropyl
group, a butyl group, an isobutyl group, a sec-butyl group,
a tert-butyl group, a pentyl group and a decyl group; and

25 cyclic C3-C;» alkyl groups such as a cyclopropyl group, a-

2,2—dimethylcyclop£opyl group, a cyclopentyl group, a



18 napht hyl gl yoxal , 2-pyridi negl yoxyl al dehyde, nethyl gl yoxal, ethyl gl yoxal,
n- propyl gl yoxal , isopropyl gl yoxal, cycl ohexyl gl yoxal,

4- (met hy|WHi2002/26@xo- | - but anal , vi nyl gl yoxal and styryl CYOR2111/0&¥5ke
conpound (1) wherein n represents 1 in the formula (1) may be a

commerci ally avail abl e product or one prepared by any known net hod such as
a nethod conprising oxidation of a ketoal cohol with oxygen in the presense
of a netal catalyst (see, e.g., JP-A-2000-336055). 10[ 0026] Next, the
al cohol to be used in the present invention will be described. [0027] In
the presentydIveskydngrolme ahgohohehohbe ysedpi.s 15not |imted, but

pref erabl e exanpl es thereof include a conpound represented by the formula
(4) (hereinafterxsapeés nes teéesupdtiouant” ehipaunte( 41lkyl HRO2AP may

In the formula (4), exanples of the alkyl group in the 20"al kyl group

optional | yndwyi Ngc Buseibst gtoept sefect& Frehudael fBRaAbWARgbGaRGReE3CL- C12
al kyl groups such as a nethyl group, an ethyl group, a propyl group, an
i sopropy! po@zip}; a butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, a pentyl group and a decyl group; and 25cyclic C3-Cl2
al kyls growpsrsushcas a cycl opropyl group, a 2, 2-di net hyl cycl opropyl group,
a cycl opentyl group, a WO 2012/026617PCT/JP2011/069858 19 cycl ohexyl group
and a nentdhyd,-greupl kExpanptesp obpt henalbgt hhuent whif¢hotrhaeakkym;gr oup may
a C;-Cyp aralkyloxy group optionally having a C;-Cio alkoxy
group;
a C+-Cyo aralkyloxy group having a Ce¢Cip aryloxy group;
10 a Cg—-Cy1p aryloxy group optionally having a C;-Cjo alkoxy
group;
a C¢-Cyip aryloxy group having a C4-Cyp aryloxy group;
a C,-Cip acyl group optionally having a C;-Cjp alkoxy group;
a Ci;-Cyp alkylthio group;
15 a Cy-Cipo alkoxycarbonyl group;
a Cg-Coo aryl group;
a Cs5-Cyp heterocaryl group:; and
a halogen atom.
[0030]
20 In the Group G3, examples of the "C;-Cip alkoxy group
optionally having a fluorine atom" include a methoxy group,
an ethoxy group, a propoxy group, an isopropoxy group, a
butoxy group, an isobutoxy group, a sec-butoxy group, a
tert-butoxy group and a trifluoromethyloxy group.

25 Examples of the "C;-C,y aralkyloxy group optionally

having a C1-Cip alkoxy group" include a benzyloxy group, a



have include a group selected fromthe follow ng Goup G3:

[ 0029] 5<G oup

&3> a Cl1-Cl10 al koxy group optionally having a fluorine atom a C7-C20

ar al kyl oxXyogprupedpt i onal | y havi ng a Cl- Cl0 al koxy gr oupCTHPZUI1/GPE58

ar al kyl oxy group having a C6-Cl10 aryl oxy group; 10a C6-Cl0 aryl oxy group
optionally having a C-C o al koxy group;20a C6-C10 aryl oxy group having a
C6- C10 aryl oxy group; a C2 _Cl10 acyl group optionally having a d-d o al koxy

group; a Cl-Cl0 al kylthio group; 15a C2_C10 al koxycarbonyl group; a CB6- C20
aryl group; a C5_C20 heteroaryl group; and a hal ogen atom [0030] 20In the

G oup G3, Sxaemh btz yhexy Gr&op abkaxy graephoRybenaklyxhaviragpa fl uorine

atom' include a nethoxy group, an ethoxy group, a propoxy group, an

i SOpropoxy groupxarfp béis 0xXF GHOUPC, am, | SOBAL RXYogyogpoup Be€ihyt axysgroup
tert-butoxy group and a trifluoronethyl oxy group. 25Exanples of the "C7-C20
ar al kyl oxycqy cirpy oty oed by hawveé ngd@ £133ReAbkoxs¥ngy0bRy preupde a

benzyl oxy group, a

Examples of the "C¢-Cyy aryloxy group optionally

5 having a C;-Cyp alkoxy group" include a phenoxy group, a 2-

methylphenoxy group, a 4-methylphenoxy group and

methoxyphenoxy group.

a 4-

Examples of the "Cg-Cyy aryloxy group having a Cg-Cig

aryloxy group" include a 3-phenoxyphenoxy group.

10 Examples of the "C,-C;o acyl group optionally having a

C1-Ci1p alkoxy group" include an acetyl group, a propionyl

group, a benzylcarbonyl group, a 4-methylbenzylcarbonyl

group, a 4-methoxybenzylcarbonyl group, a benzoyl group, a

2-methylbenzoyl group, a 4-methylbenzoyl group and a 4-

15 methoxybenzoyl group.

Examples of the "C;-Cio alkylthio group" include a

methylthio group, an ethylthio group and an isopropylthio

group.

Examples of the "C;-C;p alkoxycarbonyl group" include

20 a methoxycarbonyl group and an ethoxycarbonyl group.

Examples of the "Cg-Cy9 aryl group" include a phenyl

group, a l-naphthyl group and a 2-naphthyl group.

Examples of the "Cs5-Cy,¢ heterocaryl group" include a 2-

pyridyl group, a 3-pyridyl group, a 4-pyridyl group, a 2-

25 quinolyl group, a 3-quinolyl group and a 4-quinolyl group.

Examples of the "halogen atom" include a fluorine atom,

a



WO 2012/ 026617PCT/ JP2011/ 069858 20 4-net hyl benzyl oxy group and a
4- met hoxybenzyl oxy group. Exanples of the "C7-C20 aral kyl oxy group having a
Co6- Co arWypariz/gsdiap” i nclude a 3-phenoxybenzyl oxy groupCTHR2MpP@85%0f t he
"C6-ClO aryl oxy group optionally 5having a Cl-Cl0 al koxy group” include a
phenoxy group, a 2- nethyl phenoxy group,2la 4-nethyl phenoxy group and a 4-
met hoxyphenoxy group. Exanpl es of the "C6-Cl0 aryl oxy group having a
C6- C10 aryl oxy group" include a 3-phenoxyphenoxy group. 10Exanpl es of the
"C2-Cl10 acyl group optionally having a Cl-Cl0 al koxy group” include an
acetyl groupchbBopingi atyh gidup, bachenzykeambonyl group, a
4- met hyl benzyl car bonyl group, a 4-net hoxybenzyl carbonyl group, a benzoyl
group, a 2ro@3hyl benzoyl group, a 4-nethyl benzoyl group and a 4-
15net hoxybenzoyl group. Exanpl es of the "CI-Cl al kylthio group”
i ncl ude a net hyttdhel @5 0vip, tlaed €lLhylt frougr bapiandaagriosppsepylthido group.
Exanpl es of the "C2-Cl0 al koxycarbonyl group” include 20a net hoxycar bonyl
group and farorethoxysasboiytl @gieup. ckxaprphesholl theupC6aCZuakpmegnhaup”
i ncl ude a phenyl group, a 1-naphthyl group and a 2-napht hyl group. Exanpl es
of the "O05g8a6p hed et oaf yhogomephyl ngkudp, aa2mepibkeke tgkougroap3- pyr i dyl
group, a 4-pyridyl group, a 2- 25quinolyl group, a 3-quinolyl group and a
4- qui nol y le gt oxipme Exppy supf & he-mbshogestati;ontyrongl, ude2a fluori ne atom
methoxyethyl group, a methoxycarbonylmethyl group, a
phenylmethyl group, a 2-pyridylmethyl group, a 3-
pyridylmethyl group, a l-ethoxycarbonyl-2,2-dimethyl-3-
10 cyclopropyl group and a 2-methylthiocethyl group.
[0032]

Examples of the compound (4) include methanol, ethanol,
l-propanol, isopropanol, 1-butanol, isobutanol, l-pentanol,
l-hexanol, cyclohexanol, benzylalcohol, 2-phenylethanol and

15 2-pyridinemethanol.
The compound (4) may be a commercially available
product or one prepared by any known method such as a
method comprising partial oxidation of an alkane or an
alkyl-substituted benzene, a method comprising addition of

20 water to a double bond, or a fermentation method.
[0033]
The amount of the alcochol to be used is preferably 1
mol or more relative to 1 mol of an aldehyde. The upper
limit of the amount is not limited, but it is preferably

25 100 mol or less from an economic point of view.

[0034]



WO 2012/ 026617PCT/ JP2011/ 069858 21 a chl orine atom and a brom ne atom

[ 0031] Exanpl es of the al kyl group having a group selected from G oup
G3 i ncl udeoaordn2esionet hyl group, a fluoronethyl 5group, paTtip2dil/uessset hyl
group, a methoxynet hyl group, an ethoxynethyl group, a 1-nethoxyethyl

group, a 2- nethoxyethyl group, a nethoxggcarbonyl net hyl group, a
phenyl met hyl group, a 2-pyridyl nethyl group, a 3- pyridylnmethyl group, a

1- et hoxycar bonyl-2, 2-di met hy1l- 3- 10cycl opropyl group and a
2-met hyl t hi oet hyl group. [0032] Exanpl es of the conpound (4) include
net hanol , et hangl yeilnPFOPANOthe | SORSORAAS! (211 bubagol2-psohutanglk,

1- pentanol, 1-hexanol, cycl ohexanol, benzyl al cohol, 2-phenyl ethanol and
152- pyri di yeget haae! . The conpound (4) may be a commrercially
avai |l abl e product or one prepared by any known net hod such as a net hod
conprisingrpggdj al oxidation of an al kane or an al kyl -substituted benzene,
a nethod conprising addition of 20water to a double bond, or a fernentation

met hod. [0033] 1n the Tf‘@rﬁﬂpé'@tégilihéfné' ¢ohpl texhRpusedoirs tpeebakghly 1
nmol or nore relative to 1 nol of an al dehyde. The upper limt of the anount

is nog limted, Pytend +91pyef f@@by%%’éieﬁam@ REvE8§Sal 6QBLaA t@eaRON C
poi nt of view’  [0034] WD 2012/026617PCT/JP2011/ 069858
for R® and R! include linear or branched C;-C;; alkyl
groups such as a methyl group, an ethyl group, a propyl
group, an isopropyl group, a butyl group, an isobutyl group,
a sec-butyl group, a tert-butyl group, a pentyl group and a
10 decyl group; and cyclic C3-C;, alkyl groups such as a
cyclopropyl group, a 2,2-dimethylcyclopropyl group, a
cyclopentyl group, a cyclohexyl group and a menthyl group.
Examples of the substituent which the alkyl group may
have include a group selected from the following Group G4:
15 [0036]
<Group G4>
a C¢-C1o9 aryl group optionally having a C;-Cio alkoxy
group;
a C;-Cyo alkoxy group optionally having a fluorine atom;
20 a benzyloxy group optionally having at least one group
selected from the group consisting of a C;-C;p alkoxy group,
a C;-Cio alkyl group and a C¢-Cio aryloxy group;
a Cg-Cy19 aryloxy group optionally having a C;-Cjo alkoxy
group;
25 a Ce¢—Cjo aryloxy group having a Ce-Cjp aryloxy group;

a C,-Cip acyl group optionally having a C;-Cyo alkoxy group;



22 Herei nafter, the compounds (2-1) and (2-2) will be descri bed.
[0035] In the fornmulae (2-1) and (2-2), exanples of the al kyl 5group in the
"al kyl greQporgRse@ial | y having a substituent” for R3 an®@CRAPRNEDHEES | i near
or branched C1-Cl12 al kyl groups such as a nmethyl group, an ethyl group, a
propyl group, an isopropyl group, a butyl3 group, an isobutyl group, a
sec-butyl group, a tert-butyl group, a pentyl group and a 10 decyl group;
and cyclic C3-Cl2 al kyl groups such as a cycl opropyl group, a
2, 2-di et hyl cycl opropyl group, a cyclopentyl group, a cycl ohexyl group and
a menthyl greaboxy grolanpl es of the substituent which the al kyl group
may have include a group selected fromthe followng Goup 4: 15[ 0036]
<G oup (A>m@g C6-Cl0 aryl group optionally having a Cl-Cl o al koxy group; a
Cl1- C10 al koxy group optionally having a fluorine atom 20a benzyl oxy group
optional | y3 hemidgidé d€&sl one group selected fromthe group consisting of
a Cl1-Cl10 al koxy group, a Cl1-Cl0 al kyl group and a C6-Cl0 aryl oxy group; a
C6- C10 aryjmxy7proup optionally having a Cl1-Cl0 al koxy group; 25a C6-Cl0
aryl oxy group having a C6-Cl0 aryl oxy group; a C2_Clct acyl group
optiopal |y having en&lsfdlp abkpxyxgepups oWO:-RO12€02664 7R JGZ20LE 069858
optionally having a C;-Cio alkoxy group" include a phenyl
group, a naphthyl group, a 4-methyl phenyl group and a 4-
methoxyphenyl group.
Examples of the "C;-Cjo alkoxy group optionally having
10 a fluorine atom" include a methoxy group, an ethoxy group,
a propoxy group, an isopropoxy group, a butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy group
and a trifluoromethoxy group.
Examples of the "benzyloxy group optionally having at
15 least one group selected from the group consisting of a Ci-
Ci0 alkoxy group, a C;-Cio alkyl group and a C¢-C;¢ aryloxy
group" include a benzyloxy group, 4-methylbenzyloxy group,
a 4-methoxybenzyloxy group and a 3-phenoxybenzyloxy group.
Examples of the "C¢-C;o aryloxy group optionally
20 having a C;-C;o alkoxy group" include a phenoxy group, a 2-
methylphenoxy group, a 4-methylphenoxy group and a 4-
methoxyphenoxy group.
Examples of the "C¢-Cio9 aryloxy group having a Cg-Cig
aryloxy group" include a 3-phenoxyphenoxy group.

25 Examples of the "C;-C;o acyl group optionally having a

C1-Ci10 alkoxy group" include an acetyl group,- & propionyil



23 a carboxy group; and a fluorine atom [0037] 5In the Goup 4, exanples
of the "C6-Cl0 aryl group optionally having a Cl-Cl0 al koxy group" include
a phenyl yPaop/02e61iapht hyl group, a 4-nethyl phenyl gr oRFTHARZD1H06PSSS

met hoxyphenyl group. Exanples of the "Cl-Cl0 al koxy group optionally having
10a fluorine atom' include a nethoxy gradp, an ethoxy group, a propoxy
group, an isopropoxy group, a butoxy group, an isobutoxy group, a
sec-butoxy group, a tert-butoxy group and a trifluoronethoxy group.
Exanpl es of the "benzyl oxy group optionally having at 15l east one group

sel ect ed f&odup hea onpytoashshyDgdgebup, Ch- 4GhOtaLkBEY zgl 6HRbOR YTL- C10
al kyl group and a C6-Cl10 aryl oxy group"” include a benzyl oxy group,

4- met hyl begizyh©XYa 04 Omdt héx fo88: NOX N bBOAYL 0¥ o@pPUR BBHZAY]l group, a
3- phenoxybenzyl oxy group. Exanpl es of the "C6-Cl0 aryl oxy group optionally

20havi ng a Gle €HD1 BEKDXY1 06 BURD, | ACk ublet Ry PPena¥y19gedpp and- amat-hyl phenoxy
group, a 4-nethyl phenoxy group and a 4- nethoxyphenoxy group.

Exanpl es ahe thexyEdn£dP1 agybegy group having a 06-010 aryl oxy group”
i ncl ude a 3-phenoxyphenoxy group. 25Exanples of the "C2-Cl0 acyl group
optiomnal | yfth@aygng a Cl-ClO0 al koxy group” include an acetyl groupf-a
preplonyl WD 2012/ 026617PCT/ JP2011/ 069858
Examples of the alkyl group having a group selected
from Group G4 include a fluoromethyl group, a
trifluoromethyl group, a methoxymethyl group, an
ethoxymethyl group, a methoxyethyl group, a benzyl group, a
10 4~-fluorobenzyl group, a 4-methylbenzyl group, a
phenoxymethyl group, a 2-oxopropyl group, a 2-oxobutyl
group, a phenacyl group and a 2-carboxyethyl group.
[0039]
In the formulae (2-1) and (2-2), examples of the aryl
15 group in the "aryl group optionally having a substituent"
for R® and R*® include Cg-Cio aryl groups such as a phenyl
group, a 2-methylphenyl group, a 4-methylphenyl group, a 1-
naphthyl group and a 2-naphthyl group.
Examples of the substituent which the aryl group may
20 have include a group selected from the above Group G2.
[0040]
Examples of the aryl group having a group selected
from Group G2 include a 4-chlorophenyl group and a 4-
methoxyphenyl group.

25 [0041]

In the formulae (2-1) and (2-2), R’ and R* may be



24 group, a benzyl carbonyl group, a 4-nethyl benzyl carbonyl group, a

4- met hoxybenzyl car bonyl group, a benzoyl group, a 2-nethyl benzoyl group, a
4- et hyl b¥020124/026616up and a 4- met hoxybenzoyl group. 5[ ®038P2011/069858Exanpl es
of the al kyl group having a group selected from Goup & include a
fluoronet hyl group, a trifluoronethyl grgup, a nmethoxynethyl group, an

et hoxynet hyl group, a nethoxyethyl group, a benzyl group, a

104- fl uor obenzyl group, a 4-nethyl benzyl group, a phenoxynethyl group, a

2- oxopropyl group, a 2-oxobutyl group, a phenacyl group and a

2- car boxyet fwke gr o6Pet hOP30) torihe Hovaukae hgdipcarBoh2gZbupexanpl es of
the aryl 15group in the "aryl group optionally having a substituent” for R3

and R4 i nchpdeokBt GlOhav yhg 08 085s SUEHeAS . a phanyl c 9roEpthd Qi vel &yt phenyl
group, a 4-nethyl phenyl group, a 1- naphthyl group and a 2-naphthyl group.

Exampl es ofydhscsebshi frenp whtThdéhg atMy1eneugrsay, 28havemenehudaca group
sel ected fromthe above G oup &. [0040] anples of the aryl group having

a group sehesthpd & reimE one oﬁpplydgrapén@hhpgoamgmy reugypaand a 4-
met hoxyphenyl group. 25[0041] In the formulae (2-1) and (2-2), R3 and R4-

nmay be VIbﬁ@Hé%@2ﬁﬁi3&¥§1J&?@ﬂél059858a85-himkaﬁgnog@bhpc wozoform a

di val ent hydrocarbon group optionally having a substituent. Exanples of the
di val ent hygdfogarbon-gi pupgtHeh pde ayelbybapengroyp-daytr gretpyl ane group,

a vinylene group, a propane-1,2-diyl group, a
cyclohexane-1,2-diyl group, an o-phenylene group, a 1,2-
diphenyl ethylene group and a 1,2-diphenylvinylene group.

Examples of the substituent which the divalent

10 hydrocarbon group may have include a group selected from
the above Group G2.
[0042]

As to R® and R*, it is preferred that they are linked

together to form a divalent hydrocarbon group optionally
15 having a substituent.
(0043]

In the formulae (2-1) and (2-1), examples of the alkyl
group in the "alkyl group optionally having a substituent"”
for R® and R’ include linear or branched Ci1-Cio alkyl

20 groups such as a methyl group, an ethyl group, a propyl
group, an isopropyl group, a butyl group, an isobutyl group,
a sec-butyl group, a tert-butyl group, a pentyl group,
tert- pentyl group and a decyl group; and cyclic C3-Ci»
alkyl groups such as a cyclopropyl group, a 2,2-

25 dimethylcyclopropyl group, a cyclopentyl group, a

cyclohexyl group, a menthyl group and an adamantyl group.



5propene-1, 2-diyl group, a butane-1,2-diyl group, a 2- butene-1,2-diyl
group, a cyclopentane-1,2-diyl group, a cyclohexane-1, 2-diyl group, an

0- phenyl| eN© 28r24up617a 1, 2- di phenyl et hyl ene group and aPCT/JP2011/069858

1, 2-di phenyl vi nyl ene group. Exanples of the substituent which the dival ent
10hydr ocar bon group may have include a gwoup selected fromthe above G oup

&. [0042] As to R3 and R4, it is preferred that they are |inked
together to forma dival ent hydrocarbon group optionally 15having a
substituent. [0043] In the fornulae (2-1) and (2-1), exanples of the

al kyl group in ghenpBéKydf gtieips @t t OPabhy WAYERYtResHbEYLt yevlup mar, R2 and
R5 include linear or branched Cl1-Cl12 al kyl 20groups such as a nethyl group,

an ethyl OfOWp,imcDi®PYs GFrOWP, s@DetBO@N OPYh GheUPolachihyl cgpapps:an

i sobutyl group, a sec-butyl group, a tert-butyl group, a pentyl group,
tert- pentybogapup and a decyl group; and cyclic C3-Cl2 al kyl groups such
as a cycl opropyl group, a 2,2- 25dinethyl cycl opropyl group, a cycl opentyl
group, a cyctohexys>group, a nenthyl group and an adamantyl group. WO
2012/ 026617PCT/ JP2011/ 069858 26 Exanpl es of the substituent which the

al kyls group amychaveryned psiep aof Doa SBY et edn§r @ntt ke, § okirwkpg G oup 5:
[ 0044] <G oup Gb>
group;
a C1-Ci1o alkoxy group optionally having a fluorine atom;
a Cy-Cyo aralkyloxy group optionally having a Ci;-Cip alkoxy
group;
10 a C;7-Cyo aralkyloxy group having a Cg—Cyp aryloxy group;
a Cg¢-Cio aryloxy group optionally having a C;-Ci;p alkoxy
group;
a C¢-Cip aryloxy group having a Ce¢-Cip aryloxy group;
and
15 a C,-Cio acyl group optionally having a C;-C;o alkoxy group.
[0045]

In the Group G5, examples of the "Cg¢-Ciy aryl group
optionally having a C;-C;o alkoxy group”" include a phenyl
group, a naphthyl group, a 4-methyl phenyl group and a 4-

20 methoxyphenyl group.

Examples of the "C;-Ciy alkoxy group optionally having
a fluorine atom" include a methoxy group, an ethoxy group,
a propoxy group, an isopropoxy group, a butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy group

25 and a trifluoromethoxy group.

Examples of the "C;-C;¢ aralkyloxy group eoptionally



5a 06-010 aryl group optionally having a G -d o al koxy group; a Cl-Co

al koxy group optionally having a fluorine atom a 07-020 aral kyl oxy group
opti onal lwohawymneia C -C o al koxy group; 10a 07-020 ar alpkyliexoi1/g698s8 havi ng
a 06-010 aryl oxy group; a 06-010 aryl oxy group optionally having a CG-do
al koxy group; a 06-010 aryl oxy group haging a 06-010 aryl oxy group; and 15a
02-010 acyl group optionally having a 01-Cl10 al koxy group. [0045] I n
the G oup Gb, exanples of the "06-010 aryl group optionally having a d-Co
al koxy group" include a phenyl group, a naphthyl group, a 4-nethyl phenyl
group and s n? red haxyphenyd x @rotdup” incl@@@'@ém@%l&i@? gPduPlOaal koxy

group optionally having a fluorine atoni include a nethoxy group, an ethoxy

group, a pf-QROXYy ISPy 1 &y | $OPEE POXN QrQU@etﬁobyb@xyygbgyp?raaptsobutOXy
group, a sec-butoxy group, a tert-butoxy group 25and a trifl uoromet hoxy

group. Exanpl esgofmd Nes "OF - 020 ecpldy] Ox¥a DEPUOx PP§ O8R! havid® a Cqo -
2012/ 026617PCT/ JP2011/ 069858 27 having a Cl-Cl0 al koxy group” include a
benzyl oxy @rousy sy Mptdiv benzyl @Xy &1 dLphandx fodn APl BR¥Y§esayl oxy group.
5 Examples of the "C4-Cip aryloxy group optionally having
a C1-Cyp alkoxy group" include a phenoxy group, a 2-
methylphenoxy group, a 4-methylphenoxy group and a 4-
methoxyphenoxy group.
Examples of the "C¢-Cio aryloxy group having a C¢-Cio
10 aryloxy group" include a 3-phenoxyphenoxy group.
Examples of the C;-Cio acyl group optionally having a
C1-Cio alkoxy group include an acetyl group, a propionyl
group, a benzylcarbonyl group, a 4-methylbenzylcarbonyl
group, a 4-methoxybenzylcarbonyl group, a benzoyl group, a
15 2-methylbenzoyl group, a 4-methylbenzoyl group and a 4-
methoxybenzoyl group.
[0046]
Examples of the alkyl group having a group selected
from Group G5 include a methoxymethyl group, an
20 ethoxymethyl group, a l-methoxyethyl group, a 2-
methoxyethyl group, a benzyl group, a 4-fluorobenzyl group,
a 4-methylbenzyl group, a phenoxymethyl group, a 2-
oxopropyl group, a 2-oxobutyl group and a phenacyl group.
[0047]
25 In the formulae (2-1) and (2-2), examples of the aryl

group in the "aryl group optionally having a substituent”



Exanpl es of the "C7-C20 aral kyl oxy group having a Cs- Caryl oxy group”

i ncl ude a 3-phenoxybenzyl oxy group. 5Exanples of the "C6-Cl0 aryl oxy group
opt i onal 1yORaZ/3ge1da Cl- C10 al koxy group” include a phen®@<CF/IRaUpeIsss 2-

nmet hyl phenoxy group, a 4-nethyl phenoxy group and a 4- met hoxyphenoxy group.
Exanpl es of the "C6-Cl0 aryl oxy group h&8 ng a C6-Cl0 10aryl oxy group"

i ncl ude a 3- phenoxyphenoxy group. Exanpl es of the C2-Cl0 acyl group

optionally having a Cl-Cl0 al koxy group include an acetyl group, a

propi onyl group, a benzyl carbonyl group, a 4-nethyl benzyl carbonyl group, a
4- met hoxybeswz YRCadbd Bl Dielpde ac behzpyar gr ogipoups 152<hesbyhbphaayll group,

a 4-nmet hyl benzoyl group and a 4- net hoxybenzoyl group. [0046]

Exanpl es ofrdiye, ad kytngsiotipy hayiogpa groupapeteeledrbupm & aup G5 include a
met hoxynet hyl group, an 20et hoxynet hyl group, a 1-nmethoxyethyl group, a 2-

met hoxyet hyé t gy Dvtpen @l bercEyd, g4 ollpme Bhyibhenydbgpayp, groops-a
4- et hyl benzyl group, a phenoxynethyl group, a 2- oxopropyl group, a

2- oxobut yld gfietpy Bolte @y phenagy| gropp, 61 0047 tRHL phehelf grbubaen@2al) and
(2-2), exanples of the aryl group in the "aryl group optionally having a

substj t uent, -0 LOIPSOPEEHSIET/ P23 1/ 069858 28 for R2 and R5 include
C6- C20 aryl groups such as a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a 2- netiwdhbesaylofrong, sabdt rehbyt phebyh gheupryd 3rbup may
di et hyl phenyl group, a 2,4, 6-trinmethyl phenyl group and a
52, 6-di i spepyiphenyé grovPpup selected from the following Group G6:
[0048]
<Group G6>
10 a C;-Cyo alkoxy group optionally having a fluorine atom or
a C;-Cip alkoxy group; and
a halogen atom.
[0049]
In the Group G6, examples of the "C;-C;p alkoxy group
15 optionally having a fluorine atom or a C;-C;o alkoxy group"
include a methoxy group, an ethoxy group, a propoxy group,
an isopropoxy group, a butoxy group, an isobutoxy group, a
sec-butoxy group, a tert-butoxy group, a pentyloxy group, a
cyclopentyloxy group, a fluoromethoxy group, a
20 trifluoromethoxy group, a methoxymethoxy group, an
ethoxymethoxy group and a methoxyethoxy group.
Examples of the "halogen atom" include a fluorine atom
and a chlorine atom.
[0050]

25 Examples of the aryl group having a group selected

from Group G6 include a 4-chlorophenyl group, a 4-



Exanpl es of the substituent which the aryl group may have include a group
selected fromthe following Goup G5: [0048] <G oup G6> 10a C1-Cl0 al koxy
group optwonrralZdozedidvi ng a fluorine atomor a Cl-ClO al k@<F/IGRAUPIsIhd a
hal ogen atom [0049] In the G oup G5, exanples of the "Cl-Cl0 al koxy group
15 optionally having a fluorine atom or 28 Cl1-Cl10 al koxy group" include a
met hoxy group, an ethoxy group, a propoxy group, an i Sopropoxy group, a
but oxy group, an isobutoxy group, a sec-butoxy group, a tert-butoxy group,
a pentyl oxy group, a cyclopentyl oxy group, a fluoronethoxy group, a

20t ri f | uormosEt drvopeyh & YL Pg r Gupred o Xy nBf fedycyl oupphanyet hexypet hoxy group
and a net hoxyet hoxy group. Exanpl es of the "hal ogen atom' include a
fluorine at@mand a chlorine atom [0050] 25Exanples of the aryl group
having a group selected from G oup G6 include a 4-chl orophenyl group, a 4-
WO 2012/ 026617PGT/ 92 044/ 60858 (291 neshaxypheny| RYradp Badlanked to

2, 6-di chl orophenyl group. [0051] In the fornulae (2-1) and (2-2), R5
may be |inkedd ofd¥ntd dDvan entli vad eotahydnogashpnogeouvpadpli aaalihy havi ng
a Ssubstituent. Exanples of the dival ent hydrocarbon group include

pol yneet hyl enes ©f tudst SUEkaamp las etfhweneligralght ehydisediydengregapup and a
tetranet hyl ene group; a vinylene group, a propane-1,2-diyl group, a
propene- 1, Zn¢hiyde gbOlPmethylene groups such as an ethylene group, a
trimethylene group and a tetramethylene group; a vinylene
group, a propane-1,2-diyl group, a propene-1,2-diyl group,
a butane-1,2-diyl group, a 2-butene-1,2-diyl group, a
10 cyclopentane-1,2-diyl group, a cyclohexane-1,2-diyl group
and an o-phenylene group.

Examples of the substituent which the divalent
hydrocarbon group may have include a group selected from
the above Group G2.

15 [0052]

In the formula (2-1), examples of the alkyl group for
R® include linear or branched C;-Cg¢ alkyl groups such as a
methyl group, an ethyl group, a propyl group, an isopropyl
group, a butyl group, an isobutyl group, a sec-butyl group,

20 a pentyl group and a hexyl group.
[0053]

The compound (2-1) is preferably a compound

represented by the formula (2-3) (hereinafter sometimes
referred to as "compound (2-3)") or a compound represented
25 by the formula (2-4) (hereinafter sometimes referred to as

"compound (2-4)"), more preferably the compound (2-3). - The



a butane-1,2-diyl group, a 2-butene-1,2-diyl group, a
10cycl opent ane- 1, 2-di y1 group, a cycl ohexane-1, 2-diyl group and an

0- pheny| eN© 28124136617 Exanpl es of the substituent whiP€R/JPHE1/86933 ent
hydr ocar bon group nmay have include a group selected fromthe above G oup
&. 15[ 0052] In the formula (2-1B0 exanples of the al kyl group for

R8 include linear or branched Cl1-C6 al kyl groups such as a nethyl group, an
et hyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl
group, a sec-butyl group, 20a pentyl group and a hexyl group. [0053] The

conmpound (orpoirsd Pref 2y abd Yo Pe EONPMOLNda I epmpsenticdepyetbatbar Byl ahe2- 3)
(hereinafter sonetines referred to as "conpound (2-3)") or a conpound

represent etbdhbya t Pe-10r (et fe {Ra et heoRébahber reogetedesor @kerred to as
"“conmpound (2-4)"), nore preferably the conpound (2-3). The WO

2012/ 0266 178Xzl 329 112 0698580 80a covmpsnd ( 2egreksnpeaf Byabhy @oemopaund
represented by the formula (2-5) (hereinafter sonetines referred to as

"compound (2-8) " )h&fe En £OFPO USEINE EPRES enk edr bydt Be &sr mubapbdnB) (2-
(hereinafter sonetines referred to as "conpound (2- 56)"), nore preferably

the copnmpound \ 2-dre prefdoamly, thbecopnpesent neasjion is preferably carried
out by m xing an al cohol, carbon dioxide, an al dehyde and at | east one

conmpound sel ectieghd TPM the PFrOsPnEONSaSLing 05 phefeeapoyndsart2ed) out2-4),
(2-5) and (2-6). Also, the 10present reaction is preferably carried out in

the presensg mixalg | £asd1 Lo LONPOLIPEN Sel egiad, f aaml Behgdeupnaoasi sting of
the conmpounds (2-3), (2-4), (2-5) and (2-6).
least one compound selected from the group consisting of
the compounds (2-3), (2-4), (2-5) and (2-6). Also, the
10 present reaction is preferably carried out in the presence
of at least one compound selected from the group consisting
of the compounds (2-3), (2-4), (2-5) and (2-6).
Hereinafter, the compounds (2-3), (2-4), (2-5) and (2-
6) will be described.
15 [0054]
In the formulae (2-3), (2-4), (2-5) and (2-96), R° has
the same meaning as R? in the formulae (2-1) and (2-2), and
Y has the same meaning as Y in the formulae (2-1) and (2-2).
When Y is a group of -N(R%)-, R® has the same meaning as R’
20 in the formulae (2-1) and (2-2).
In the formulae (2-3) and (2-4), R® has the same
meaning as R® in the formula (2-1).
[0055]
In the formulae (2-3), (2-4), (2-5) and (2-6), Y is
25 preferably a group of -N(R®)-.

[0056]



Hereinafter, the compounds (2-3), (2-4), (2-5) and (2- 6) wll be
descri bed. 15[ 0054] In the fornmulae (2-3), (2-4), (2-5) and (2-6), R2
has t he swomomreéing as R2 in the fornulae (2-1) and (2p2rgrandocdsirs t he
same neaning as Y in the fornmulae (2-1) and (2-2). Wen Y is a group of
-N(R5)-, R5 has the same neaning as R5 2Qin the fornulae (2-1) and (2-2).
In the fornulae (2-3) and (2-4), R8 has the sane neaning as R8 in the
formula (2-1). [0055] In the formulae (2-3), (2-4), (2-5) and
(2-6), Y is 25preferably a group of -N(R5) [ 0056] WO

2012/ 026617Pd{ﬁ2%/§§19f§§§a§1(2—3%, kp- hhe fiorayl aga(223k) ,(2t4kis (2-5)
and (2-6), it is preferred that at |east one of R2 and R5 is a bul ky group.

More preferabtyyr&& @tk Ror ar€abetbna B8l kY grhQuR® R2 andulp ngxolag the

sane or different groups. 5Exanples of the bul ky group for and

include CAiofdZ,teFdi Yy 2l i larlll QPSS r2UERLaS 22 iy Riftadp 9" @Bpaaad a
tert-pentyl group; C3- Cf6 cycl oal kyl groups such as a cyclopropyl group, a

2, 2-di met hpd L) ol opyd SRR r Ba £ EL PERRt Y¥LogpouUp, a cyclohexyl group, a
nenthyl group and 10an adamantyl group; a phenyl group having substituents

at least 2 and 6, nQsidd 096 {Ke %Qﬁﬁb@%&ﬁt edrpRenyhqgrdUP) c3HAR ag-a
2, 6-di met hyl phenyl ‘group, a 2, 6-di chl orophenyl group, a

2,4, 6-trirethyl phenyly gmsgpl a@%\%; §ucﬁla§ogr9@y£pbseyh greup; aﬁﬁdaa

napht hyl group haV|ng a al kyl group at 2 position such as

g geg Pgtgg«%&t%d pgroup, chFey |§§cp$aib%lsg'?§ﬁb§,u§ﬁ&h'Qstﬁe
phenyl group inc a Cl-Cl12 al kyl group and a hal ogen
atom cyclopropyl group, a 2,2-dimethylcyclopropyl group, a
cyclopentyl group, a cyclohexyl group, a menthyl group and
10 an adamantyl group; a phenyl group having substituents at
least 2 and 6 positions (2, 6-disubstituted phenyl group)
such as a 2,6-dimethylphenyl group, a 2,6-dichlorophenyl
group, a 2,4,6-trimethylphenyl group and a 2, 6-
diisopropylphenyl group; and a naphthyl group having a C;-
15 Ci1o alkyl group at 2 position such as 2-methylnaphthyl
group.

Examples of the substituent in the 2, 6-disubstituted
phenyl group include a C;-C;, alkyl group and a halogen
atom.

20 The bulky group is preferably a tert-butyl group, a
tert-pentyl group, a cyclohexyl group, an adamantyl group
or a 2,6-disubstituted phenyl group, more preferably a 2,6-
disubstituted phenyl group, and still more preferably a
2,6-diisopropylphenyl group.

25 [0057]

Examples of the alkyl group in the "alkyl group



20The bul ky group is preferably a tert-butyl group, a tert-pentyl group, a
cycl ohexyl group, an adamantyl group or a 2, 6-disubstituted phenyl group,
nor e prefWOaBIY026612, 6- di substituted phenyl group, and CTUP201YPE858
preferably a 2, 6-diisopropyl phenyl group. 25[0057] Exanples of the al kyl
group in the "alkyl group WO 2012/0266B2PCT/JP2011/ 069858 32 optionally
havi ng a substituent” for R6 in the fornulae (2- 3) and (2-5) and for R7 in
the formulae (2-3), (2-4), (2-5) and (2-6) include linear, branched or
cyclic C1-C10 al kyl groups such as a nethyl group, an ethyl group, a propyl
5group, anpsbpiapyy gEolpg a dubytiguenp! Aori RObuhythgr 6upmudaseq2but yl
group, a tert-butyl group, a pentyl group, a decyl group, a cycl opropyl
group, 2, 23diavet hyt<ycl opd opyt RF olp, the cystapeatyl(2gBoyp,(2a4gycl(@réyyl
group and a nenthyl group. 10Exanples of the substituent which the alkyl
group nmay sreve(2He) utkec buge oupnset echednénem bhecgbove G edp, G41kfyQ058]
Exanpl es of the al kyl group having a group selected from Goup 4 include a
f1 uoromet hytows®upucla dstaihétioydnetbyb, ganupthalmegtbapymat bybpgdoup, an

et hoxynmet hyl group, a nethoxyethyl group, a benzyl group, a 4-fluorobenzyl

groups a 4dgreipy! denzydpgseyud, geopbenaxyaeybyyrgupypanai2ebxaglopgyougr,oup,
a 2-oxobutyl group, a phenacyl group and a 2-carboxyethyl group. 20[ 0059]

Exanpl es of dde-wityy]l o ooipp ) nat bert abytydr gupuppt bopahkylhavrong,aa
substituent” for R6 in the fornmulae (2- 3) and (2-5) and for R7 in the
fornmul ae (el §2odp, 42ch3lapdopPlbyroup) ude2€8ifndBhalylcgpouppyiuch as a
phenyl group, 25a 2-nethyl phenyl group, a 4-nethyl phenyl group, a 1-
group, a cyclopentyl group, a cyclohexyl group and a
menthyl group.
10 Examples of the substituent which the alkyl group may
have include a group selected from the above Group G4.
[0058]
Examples of the alkyl group having a group selected
from Group G4 include a fluoromethyl group, a
15 trifluoromethyl group, a methoxymethyl group, an
ethoxymethyl group, a methoxyethyl group, a benzyl group, a
4-fluorobenzyl group, a 4-methylbenzyl group, a
phenoxymethyl group, a 2-oxopropyl group, a Z2-oxobutyl
group, a phenacyl group and a 2-carboxyethyl group.
20 [0059]
Examples of the aryl group in the "aryl group
optionally having a substituent" for R® in the formulae (2-
3) and (2-5) and for R’ in the formulae (2-3), (2-4), (2-5)
and (2-6) include C¢-Cio9 aryl groups such as a phenyl group,
25 a 2-methylphenyl group, a 4-methylphenyl group, a 1-

naphthyl group and a 2-naphthyl group.



napht hyl group and a 2-naphthyl group, 33 Exanples of the substituent

whi ch the aryl group nmay have include a group selected fromthe above G oup
Q. [0060yoBspbas of the aryl group having a group selpettiezh1dbeosss G oup
& include a 4-chl orophenyl group and a 4- nethoxyphenyl group. [0061] In
the fornmulae (2-3) and (2-5), R6 and R73may be taken together with the
carbon atons to which they are l1lOattached to forma ring. Exanples of the
ring include a cyclopentane ring, a cyclohexane ring and a benzene ring.

[ 0062] In the formulae (2-3) and (2-5), it is preferred that R6 and

R7 each indepeﬂ@ﬁ@ﬁﬁYeée@fe@E@t§uﬁsBYQﬁQﬂ€nwﬁ£@H1Qhe15égla$kbhpgh99p
optionally having a substituent. Mire preferably, R6 and R/ are both a

hydrogen atpope {0063de a groupnNséhecteanutas {Re3hpahd GZobp, preferably
represents a single bound. 20[ 0064]
[0060]
Examples of the aryl group having a group selected
5 from Group G2 include a 4-chlorophenyl group and a 4-
methoxyphenyl group.
[0061]
In the formulae (2-3) and (2-5), R® and R’ may be
taken together with the carbon atoms to which they are
10 attached to form a ring. Examples of the ring include a
cyclopentane ring, a cyclohexane ring and a benzene ring.
[0062]
In the formulae (2-3) and (2-5), it i1s preferred that
R® and R’ each independently represents a hydrogen atom or
15 an alkyl group optionally having a substituent. More
preferably, R® and R’ are both a hydrogen atom.
[0063]

In the formulae (2-3) and (2-5), —— preferably

represents a single bound.
20 [0064]

Examples of the compound (2-3) include a
2-methoxy-1,3-di-tert-butylimidazolidine,
2-ethoxy-1,3-di-tert-butylimidazolidine,
2-n-propoxy-1,3-di-tert-butylimidazolidine,

25 2-methoxy-1, 3-dicyclohexylimidazolidine,

2-ethoxy-1,3-dicyclohexylimidazolidine, _ .



Exanpl es of the conpound (2-3) include a

2- met hoxy-1, 3-di-tert-butylimdazolidine,

2- et hoxy-Wwo2eo2t@nt - but yl i m dazol i di ne, PCT/JP2011/069858
2-n-propoxy-1, 3-di-tert-butylimdazolidine,

252- met hoxy- 1, 3-di cycl ohexyl i m dazol i di ne,

2- et hoxy- 1, 3-di cycl ohexyli m dazolidine, W) 2012/026617PCT/JP2011/069858 34
2- propoxy-1, 3-di cycl ohexyl i m dazol i di ne,

2- met hoxy- 1, 3-di adamant yl i m dazol i di ne,

2- met hoxy-4., -6§§HW|3I@ Ol bk €1 imidazolidine,
2- met hoxy- 1.%??#5[(2 6- dlgi%propy phenyl ]i m dazol i di ne,

52- met hoxyz%mégr%ﬁ%(ﬁ,ﬂv&éam@ﬁ 13mbesaybligidazolidine,
2- et hoxy- 1, 3-bi s[ (2, 6-diisopropyl) phenyl]imdazolidine,

2- et hoxy- 1y 3pbisd & #, B=-41pRet hyvinpheryl 1 dphdazol i di ne,
2- propoxy-1, 3-bi s[(2, 6-diisopropyl)phenyl]im dazolidine,

2- pr opoxy- %&&&%21 A1t et éwaipb ﬁy&ﬂ,m grzalidifedazolidine,
102- but oxy- 1, 3- bi s (2, 6- dllsopropy phenyl | i m dazol 1 di ne,

2- butoxy- 1 7B, B=%14 s hy) s pheiwbih gehi/di DRidazolidine,
2- |ségrop8§§m%ﬂg£5$§ ?% 6- dPF%opropyl)pheng}??nldgzgl|é|ﬁéo reane

2-1 SOPr opOXYsdn 3e Pl [ 42 fis (irél@ibé{dﬁsﬁbﬁﬁﬂﬂ)h@h?@?ﬁ?fnh&aﬂ@ildlne,
2- met hoxy- 4, 5-di net hyl1-1, 3- bi's i i sopropyl ) phenyl] - 15i m dazol i di ne,

2- et hoxy- 4. Seigh byﬁ—ﬂls?)gbz Si,(@-rflrﬁmé’éhﬁ‘iBMé%th?E!hﬁlha_zb_ﬂIhaaéé!,l di ne,
2- et hoxy-4, 5-dinethyl-1, 3 2, 6-dii sopropyl)phenyl]- imdazolidine,

202-eth |i di
2 ot howy 4.5 S or b 15 by fééaéﬂ%.@?iﬁ%?ﬁéﬁ?‘“ﬁgﬁ?{‘@afanégi‘??. ding.

e oy 2 oyl 7 hepbenyhkda28iAdazol i di ne,
2o £ e ol o et en o e

10 2-butoxy-1,3-bis[ (2, 6-diisopropyl)phenyl]limidazolidine,
2-butoxy-1,3-bis[(2,4,6-trimethyl)phenyl]limidazolidine,
2-isopropoxy-1,3-bis[(2,6-diisopropyl)phenyllimidazolidine,
2-isopropoxy-1,3-bis[(2,4,6~trimethyl)phenyl]limidazolidine,
2-methoxy-4,5-dimethyl-1,3-bis[ (2, 6-diisopropyl)phenyl] -

15 imidazolidine,
2-methoxy-4,5-dimethyl-1,3-bis[ (2,4, 6-trimethyl)phenyl] -
imidazolidine,
2-ethoxy-4,5-dimethyl-1,3-bis{ (2, 6-diisopropyl)phenyl]-
imidazolidine,

20 2-ethoxy-4,5-dimethyl-1,3-bis[(2,4,6-trimethyl)phenyl]-
imidazolidine, |
2-methoxy-4,5-dichloro-1,3-bis[ (2, 6-diisopropyl)phenyl]-
imidazolidine,
2-methoxy-4,5-diphenyl-1,3-bis[(2,4,6-trimethyl)phenyl]-

25 imidazolidine,

2-methoxy-4,5-difluoro-1,3-bis[ (2, 6-diisopropyl)phenyl]-



WO 2012/ 026617PCT/ JP2011/ 069858 35 i m dazol i di ne,

2- met hoxy-4-nmethyl -1, 3-bis[(2,4,6-trinethyl)phenyl]- imdazolidine,

2- met hoxywo,28124i2641( 2, 6- di chl or o) phenyl ] i m dazol i di ne,  PCT/JP2011/069858

52- met hoxy- 1-tert-butyl-3-phenylim dazol i di ne,

2- met hoxy- 1- cycl ohexyl-3-[ (2, 6-dii sopropy ) phenyl] - i m dazolidi ne,

2- met hoxy- 1- pheny1-3-[(2, 4, 6-trinmet hyl)phenyl]im dazoli di ne,
2-ethoxy-1-tert-butyl-3-[(2,6-diisopropyl)phenyl]- 10i m dazolidine, and
2-ethoxy-I-tert-butyl-3-[(2,4,6-trimethyl)phenyl]- imdazolidine. [0065]
Exanpl es ofmideez soigponed (2-4) include a 5-met hoxy-

151, 4-dinmethyl-1,2,4(5H)-triazoline, and 5-nethoxy-1, 3, 4-

triphenyl-A.re i &k -1 +hegwyine, 3100661 2 Fxpopt esmethyhepaenpoynd (2-5)
i ncl ude a 2-carboxy-4, 5-di hydro-1, 3-di-tert-butylimdazolium

202- car boxym#Aa Sz &1ty ®; 1, 3- di cycl ohexyl i m dazol i um
2- car boxy- 4, 5-di hydro- 1, 3-di adamant yl i m dazol i um

2- car boxy -2, s €h &y @ 0; 1.8t 6 pheoyhii 8h U826} pHBhyl]imidazolidine,

2- car boxy-4, 5-di hydro- 1, 3-bi s[ (2, 6-dii sopropyl )phenyl]- imdazolium
252- cgar boxy=rfle th shk P B At o R $1 L 2-ghény L imeliAyb) pheay}] - i nm dazolium
2-methoxy-l-cyclohexyl-3-[(2,6-diisopropyl)phenyl]-

imidazolidine,
2-methoxy-1-phenyl-3-[(2,4,6-trimethyl)phenyl]imidazolidine,
2-ethoxy-1l-tert-butyl-3-[(2,6-diisopropyl)phenyl]-

10 imidazolidine, and
2-ethoxy-l-tert-butyl-3-[(2,4,6-trimethyl)phenyl]-
imidazolidine.

[0065]
Examples of the compound (2-4) include a 5-methoxy-

15 1,4-dimethyl-1,2,4(5H)-triazoline, and 5-methoxy-1,3,4-
triphenyl-1,2,4 (5H)-triazoline.

[0066]
Examples of the compound (2-5) include a
2-carboxy-4,5-dihydro-1,3-di-tert-butylimidazolium,

20 2-carboxy-4,5-dihydro-1,3-dicyclohexylimidazolium,
2-carboxy-4,5-dihydro-1,3-diadamantylimidazolium,
2-carboxy-4,5-dihydro-1,3-diphenylimidazolium,
2-carboxy-4,5-dihydro-1,3-bis[ (2, 6-diisopropyl)phenyl]-
imidazolium,

25 2-carboxy-4,5-dihydro-1,3-bis[ (2,4, 6-trimethyl)phenyl]-

imidazolium,



WO 2012/ 026617PCT/ JP2011/ 069858 36

2- car boxy-4, 5-di hydro-4, 5-di net hyl-1, 3-bi s[ (2, 6-

di i sopr opyb)ypiranydiyi m dazol i um PCT/JP2011/069858
2- car boxy-4, 5-di hydr o- 4, 5-di net hy1-1, 3- bis[(2 4, 6-
tr|nethyl)phenyl]lnldazollun1

52- car boxy- 4, 5-di hydro-4, 5-di chl oro-1, 3- bIS[(2 6-

di i sopropyl ) phenyl ]i m dazol i um

2- car boxy- 4, 5-di hydro-4, 5-di pheny1-1, 3-bi s[(2, 4, 6-

trimethyl )ﬂ@e{%&i ﬂagﬂdiilgjﬂairo 4,5-dimethyl-1,3-bis[ (2, 6-
2- car boxy- 4, 5-di hydro-4,5 fT uor o- 1, ble(Z,G-

10di i soprqpyis)cgéﬁ%p( 1) ph &g ol iIHmiazollum
2- car boxy-4, 5- |hydyo gﬁnethyl bIS[(2 4,6-trimethyl)-

phenyl i m gazolh sy - 2; $2a8 é{r6v—5 §L8Yﬂé@h§zl3ib85f)£3[QQQKFGLQV 0) pheny1] -
i m dazolium 152- carboxy 4, dlhydro 1-tert-butyl-3-phenylim dazolium

2- car boxy-dy Sndi hydy ohdn ¢V Fiehexyd: Bak( 2, 6- di i sopropyl)-
phenyl ]i m dazol i um

2- cardoxy-A, oz h by lr o, é—@{w&go&[s%ﬂcﬁi&fb@t bybiphenyél- imidazolium
202- car boxy- 4, 5-di ydro -tert-butyl-3-[(2,6 dllsopropyl)

phenyl]|rn&gggép enyl]imidazolium,
2-carboxy-4,5 hydyo 1- tert butyl-3-[(2,4,6-trinmethyl)-

phenyl i m gazolp 4 096d1 n ¢oEx 2Pt €81 phehPe-c0BPBYBY (£246k-i ncl ude a
5-carboxy- 1, 3, igf%lphenyl %%I ?mg 4- %?lZzgllugl 37@[0 g] The

conmpounds {2rddtid) ARy ] MBYi @8- 81 cemercially avail abl e product or those
prepared by, for exanple a nmethod described in J. Am Chem Soc., Vol. 127,
page 9079 2-carboxy-4,5-dihydro-4,5-difluoro-1,3-bis[ (2, 6~

10 diisopropyl)phenyl]imidazolium,
2-carboxy-4,5-dihydro-4-methyl-1,3-bis[(2,4,6-trimethyl) -
phenyl]imidazolium,
2-carboxy-4,5-dihydro-1,3-bis[(2,6-dichloro)phenyl] -
imidazolium,

15 2-carboxy~4,5~-dihydro-1-tert-butyl-3-phenylimidazolium,
2-carboxy=-4,5-dihydro-1-cyclohexyl-3-[ (2, 6-diisopropyl) -
phenyl]imidazolium,
2-carboxy-4,5-dihydro-1-phenyl-3-[(2,4, 6é-trimethyl)phenyl] -
imidazolium,

20 2-carboxy-4,5-dihydro-l-tert-butyl-3-[ (2, 6-diisopropyl) -
phenyl]imidazolium, and
2-carboxy=-4,5~dihydro-l-tert-butyl-3-[(2,4, 6~-trimethyl) -
phenyl]imidazolium.

[0067]
25 Examples of the compound (2-6) include a 5-carboxy-

1,3,4-triphenyl-4H, 1,2,4-triazolium.



5(2005). [0069] The amount of at | east one conpound sel ected fromthe
group consisting of the conpounds (2-1) and (2-2) to be used is preferably
0. 001 nolwobeofk/haesmwl , nore preferably 100.01 nol to 0. 3powlp2meba@sssve to 1
nmol of an al dehyde. [0070] The carbon di oxide to be used in the
present reaction may be in the formof @7ther a gaseous carbon dioxide, a
solid carbon dioxide (i.e., dry ice) or a supercritical 15carbon dioxide.
The gaseous carbon di oxide may be diluted with an inert gas such as

ni t rogen. The amount of carbon dioxide to be used is preferably 1 nol
or nore refj@déeye to 1 nol of an al dehyde. The upper limt of the amount is
not limted. 20[0071] The present reaction is preferably carried out

in the presencerpd oxg6indadhe20xygendt e2be) used be hheopmesenkingaction
may be in the formof either a gaseous oxygen, a gaseous oxygen diluted

Wi th an In§&$115§1é3§90a§cﬂléfogﬁase2§aepakaasep¢rE@rOéxaﬁpieQraan
at nospheri c oxygen luted with an inert gas such as nitrogen WO

2012/ 0266 1{BH,Jd P20+ 0688580 38. am. cHbBg.spBUNt vel  oxygenphgebeoused is
preferably 1 to 100 nol relative to 1 nol of an al dehyde. The

present regegdon, may be carried out in the presence of a solvent (with the
provi so that al cohol 5solvents are excluded). The sol vent is not
limted as;dosg; as it does not inhibit the present reaction, but exanples
t her eof |nclude et her solvens such as tetrahydrofuran, nmethyl tert-butyl

ether, cyclopentyd mbiyt &thgf,1889tdbh80psRAPYLInEL Belect@astrebmsS@hwent s
such as ethyl acetate and butyl acetate;
group consisting of the compounds (2-1) and (2-2) to be
used is preferably 0.001 mol to 0.5 mol, more preferably
10 0.01 mol to 0.3 mol, relative to 1 mol of an aldehyde.
[0070]
The carbon dioxide to be used in the present reaction
may be in the form of either a gaseous carbon dioxide, a
solid carbon dioxide (i.e., dry ice) or a supercritical
15 carbon dioxide. The gaseous carbon dioxide may be diluted
with an inert gas such as nitrogen.
The amount of carbon dioxide to be used is preferably
1 mol or more relative to 1 mol of an aldehyde. The upper
limit of the amount is not limited.
20 [0071]
The present reaction is preferably carried out in the
presence of oxygen. The oxygen to be used in the present
reaction may be in the form of either a gaseous oxygen, a
gaseous oxygen diluted with an inert gas such as nitrogen,

25 an atmospheric oxygen, or an atmospheric oxygen diluted

with an inert gas such as nitrogen.



aromati c solvents such as toluene and chl orobenzene; nitrile solvents such
as acetonitrile and propionitrile; and a m xture thereof. The
anount ofWORe1243béiént to be used is not limted, 15but BECRAGPRUAHDEIPSSLO0
parts by weight or less relative to 1 part by weight of an al dehyde. [0072]
In the present reaction, the order of m38 ng of the reactants is not
limted. In a preferred enbodi nent, for 20exanple, an al dehyde, an al cohol,
and at | east one conpound selected fromthe group consisting of the
conpounds (2-1) and (2-2), and optionally a solvent, are m xed, and then
carbon di oxi de Tise agifiegint cof hexygenl tanbe muxtdr ¢s phefarsbng iLstpreberably
carried out under an atnosphere of an 25inert gas such as nitrogen. [0073]

39 Thel prebenive east 1 oo ey f bgn carderddout under either reduced
pressure, normal pressure or increased pressure, preferably normal pressure

or increased pressusfes¢RO74¢adbihenreagt benchenpedabuceihothkhe present
reaction may vary dependi ng on the kind and anount of at |east one conpound
sel ected fgyBdiee GsOUP SoONBest i NYiOh the poeposodshé&2- A)candl(2-2),
preferably -20C to 150C, nore preferably OC to 100C. Wen the reaction

t enpeg at urepliverdd esse tdanl u@dL) . the reaction rate of the present reaction
tends to becone | ower. Wien the reaction tenperature exceeds 150C, the

selectivity of The pseseit feasdbtonithends &e beagnesl avetoe004%] 15The
progress of the present reaction can be nonitored
inhibit the present reaction, but examples thereof include
ether solvens such as tetrahydrofuran, méthyl tert-butyl
ether, cyclopentyl methyl ether, and diisopropyl ether;

10 ester solvents such as ethyl acetate and butyl acetate;
aromatic solvents such as toluene and chlorobenzene;
nitrile solvents such as acetonitrile and propionitrile;
and a mixture thereof.

The amount of the solvent to be used is not limited,

15 but practically 100 parts by weight or less relative to 1
part by weight of an aldehyde.

[0072]
In the present reaction, the order of mixing of the
reactants is not limited. In a preferred embodiment, for

20 example, an aldehyde, an alcohol, and at least one compound
selected from the group consisting of the compounds (2-1)
and (2-2), and optionally a solvent, are mixed, and then
carbon dioxide is added to the resultant mixture. The
mixing is preferably carried out under an atmosphere of an

25 inert gas such as nitrogen.

[0073]



by anal ytical neans such as gas chromatography, high-performance liquid
chromat ogr aphy, thin-layer chromatography, nucleic magnetic resonance
spect r um&Qap124i26617or i nfrared absorpti on spectrum anal PETEP220POETH]
After conpletion of the reaction, carbon dioxide used in the present
reacti on and carbon nonoxi de generated f3om car bon di oxi de by the present
reaction can be easily renoved as a gas fromthe resultant reaction

m xture. The 25desired carboxylic acid ester can be taken out fromthe
resultant reaction mxture by, for exanple, cooling the WO

2012/ 026617 PCT/ T 0dA< 969858 46t nbx t 1s ¢, bepthepaklyoatt endeeneenheat i on of
the m xture. The resultant carboxylic acid ester can be purified by a

puri fi cat it eshts €ssteh verdasthréasios, oeoliiopeabeanpregsapby, or
crystallization. 5[0077] Thus obtained carboxylic acid ester is a conpound
represent gskdse 4181 § o sthal (Sreéberei oaf ipersapetli pesseaterred to as
"conmpound (3)") when the al dehyde is the conpound (1) and the al cohol is

t he compourgbv4) . 10[0078] When the conpound (1) wherein nis O in the
formula (1) is used as an al dehyde, the conpound (3) wherein nis O in the

formda (3) is ™ ataeck i dxan@hesr&f usechoeotpeupdebdhti nehude oremayl
benzoate, nethyl 4-chlorobenzoate, 15nethyl 2-nethyl benzoate, nethyl

4-f 1 uor oberwpt@epemdivg dn tké hexybeaz@asrounet BY| a2- nehs@benzoat e, net hyl
2,4- dichl orobenzoate, nethyl 2-naphthal enecarboxyl ate, nethyl

2- pyri di nessigwxyd ad €1 e dRé dyt ratetiaé egrovphybnpl epi agabe, thet hyl but anoat e,
nmet hyl pentanoate, nethyl hexanoate, 20nethyl heptanoate, nethyl octanoate,
met hyl cycd@hexan@at 2-1) and (2-2), preferably -20°C to 150°C, more
preferably 0°C to 100°C. When the reaction temperature is
10 less than -20°C, the reaction rate of the present reaction
tends to become lower. When the reaction temperature
exceeds 150°C, the selectivity of the present reaction
tends to become lower.
[0075]
15 The progress of the present reaction can be monitored
by analytical means such as gas chromatography, high-
performance liquid chromatography, thin-layer
chromatography, nucleic magnetic resonance spectrum
analysis, or infrared absorption spectrum analysis.
20 [0076]
After completion of the reaction, carbon dioxide used
in the present reaction and carbon monoxide generated from
carbon dioxide by the present reaction can be easily
removed as a gas from the resultant reaction mixture. The

25 desired carboxylic acid ester can be taken out from the

resultant reaction mixture by, for example, coocling the



met hyl 4-(met hyl t hi o) but anoate, nethyl 3-butenoate, nethyl acrylate, nethyl
3- phenyl - 2- propenoat e, ethyl benzoate, ethyl 4-chlorobenzoate, ethyl

2- met hyl WoOngwAresi7et hyl 4- fl uorobenzoate, ethyl 4-net REXYPENYOEBES et hyl
2- 25nitrobenzoate, ethyl 2,4-dichlorobenzoate, ethyl 2-

napht hal enecar boxyl ate, ethyl 2-pyridi naoar boxyl ate, ethyl WO

2012/ 026617PCT/ JP2011/ 069858 41 acetate, ethyl propionate, ethyl butanoate,
et hyl pentanoate, ethyl hexanoate, ethyl heptanoate, ethyl octanoate, ethyl
cycl ohexanoate, ethyl 4- (nethylthio)butanoate, ethyl 3-butenoate, ethyl

acryl at e, rhistthyte 3-gheivha Pt propespatencbrizitibanzoatre herzylred-
chl or obenzoate, benzyl 2-nethyl benzoate, benzyl 4- fluorobenzoate, benzyl

4- met hoxy bEiw oad 51 etz yda 2ookiy 1 1 Obgoz@ak et ebebzy! b2, gudichkdr bheazoat e,
benzyl 2- naphthal enecarboxyl ate, benzyl 2-pyridi necarboxyl ate, 10benzyl

acetate, hanzytidqHopOnatecedenzysubnt apoat eribeazybnpesbannat e, benzyl:
hexanoat e, benzyl heptanoate, benzyl octanoate, benzyl cycl ohexanoate,

benzyl 4- J{mmeddwd ddu o) anpat eysbenzytaBibnt enoate, benzyl acrylate and
benzyl 3-phenyl-2-propenoate. 15[0079] Wien the conmpound (1) wherein nis 1
inthe forradar(1l) is used as an al dehyde, the conpound (3) wherein nis 1
inthe fornula (3) is obtained. Exanples of such conpound (3) include

met hyl benzoyl foiuatshtaetidy| cdrbaRehl or abeazeytéer st &, coRbBYUNhA
2- met hyl benzoyl format e, methyl 4-fluorobenzoyl fornmate, nethyl

4- met hoxybedpeyd dotsamtiey teé hgbrdubat (Bbenreyeinefate, sbReRyne?, 4-
di chl orobenzoyl format e, net hyl 2-naphthoyl formate, nethyl

a- 0x0- 2- pyrd th neagetatLs medhydbupdr usat g, whehhyhe2al1dbayabutianeake, mnet hyl
2- oxopent anoate, nethyl 3-nethyl-2- oxobutanoate, nethyl
a- oxo- cycl ehexanedcet atend NEhdyd1dohol is the compound (4).

10 [0078]

When the compound (1) wherein n is 0 in the formula
(1) is used as an aldehyde, the compound (3) wherein n is O
in the formula (3) is obtained. Examples of such compound
(3) include methyl benzoate, methyl 4-chlorobenzocate,

15 methyl 2-methylbenzoate, methyl 4-fluorobenzoate, methyl 4-
methoxybenzoate, methyl 2-nitrobenzoate, methyl 2,4-
dichlorobenzoate, methyl 2-naphthalenecarboxylate, methyl
2-pyridinecarboxylate, methyl acetate, methyl propionate,
methyl butanocate, methyl pentanocate, methyl hexanoate,

20 methyl heptanocate, methyl octanocate, methyl cyclohexanoate,
methyl 4-(methylthio)butanocate, methyl 3-butenocate, methyl
acrylate, methyl 3-phenyl-2-propenocate, ethyl benzoate,
ethyl 4-chlorobenzoate, ethyl 2-methyl benzoate, ethyl 4-
fluorobenzoate, ethyl 4-methoxybenzoate, ethyl 2-

25 nitrobenzoate, ethyl 2,4-dichlorobenzoate, ethyl 2-

naphthalenecarboxylate, ethyl 2-pyridinecarboxylate, ethyl



WD 2012/ 026617PCT/ JP2011/ 069858 42 (met hyl t hi 0) - 2- oxo- but anoat e,

met hyl

2- 0X0- 3- but enoat e, net hyl 2-oxo-4-phenyl-3-butenoate, ethyl benzoylfornate,
et hyl 4- chbanomesaoy! f ormat e, et hyl 2-net hyl benzoyl f or meteJpatiivyéosss
4-fl uorobenzoyl formate, ethyl 4-nethoxybenzoylformate, 5ethyl

2-ni trobenzoyl formate, ethyl 2,4- dichl anobenzoyl formate, ethyl

2- napht hoyl format e, et hyl aoxo-2-pyridineacetate, ethyl pyruvate, ethyl
2- oxobut anoat e, ethyl 2-oxopentanoate, ethyl 3-nethyl-2-oxobutanoate,
a- oxo- cycl ohexaneacetate, ethyl 4-(nmethylthio)-2-oxo- 10butanoate, ethyl

2- 0x0- 3- bf enoat &, @myi ;?r&%f?oﬁa@@ené(@h?i Buteneate, benzy!

benzoyl formate, benzyl™ 4-

2-met hyl b

4- nethoxybenzoylfornate

orobenzoylfornate benzyl

4] oL B eet)l?%ﬂz}i{éxéﬂ&é’e@r obengoyhEpEARbLELeheBEY 1
enzyl 2 nltrobenzoylfornate benzy 2, 4-

15di chl or ohenzoyd £OF @t ©y1 b@gﬂ@l/&hgxaﬁl@awoyéﬁﬁwahe benzyl

a- 0xo- 2- pyrldlneacetate benzyl pyruvate, benzyl 2- oxobutanoate, benzyl
2- oxopent apaatiey1 HelgybuSaiei fy 1-eh Ioi?“f)é@@ﬁBgtebe@%Hgl acrylate,

a- oxo- cycl ohexaneacet at e, benzyi 4- (et hyl thio)-2-oxo-

et hyl

ut anoat e, benzyl

2- 0X05 3- btamflﬁtﬁ@wn Pb»?ﬂgy&%@n@?é@eél BBRAYH - ﬁeﬁ%geeat BenEyamales [0080]

Her ei naf ter

resent invention w be descri bed 25in noie det ai

by

way Of Exail &Sond 008, VL2DY2 D2R61APCELAP2ALY 052858143 . <Exarpl & 1>

10

15

20

25

fluorobenzoate, benzyl 4-methoxybenzoate, benzyl 2-
nitrobenzoate, benzyl 2,4-dichlorobenzoate, benzyl 2-
naphthalenecarboxylate, benzyl 2-pyridinecarboxylate,
benzyl acetate, benzyl propionate, benzyl butanocate, benzyl
pentanoate, benzyl hexanoate, benzyl heptanoate, benzyl
octanoate, benzyl cyclohexanocate, benzyl 4-
(methylthio)butancate, benzyl 3-butenocate, benzyl acrylate
and benzyl 3-phenyl-2-propencate.
[0079]

When the compound (1) wherein n is 1 in the formula
(1) is used as an aldehyde, the compound (3) wherein n is 1
in the formula (3) 1s obtained. Examples of such compound
{3) include methyl benzoylformate, methyl 4-
chlorobenzoylformate, methyl 2-methylbenzoylformate, methyl
4-fluorobenzoylformate, methyl 4-methoxybenzoylformate,
methyl 2-nitrobenzoylformate, methyl 2,4-
dichlorobenzoylformate, methyl 2-naphthoylformate, methyl
a—-oxo-2-pyridineacetate, methyl pyruvate, methyl 2-
oxobutanoate, methyl 2-oxopentancate, methyl 3-methyl-2-

oxobutanoate, methyl a-oxo-cyclohexaneacetate, methyl 4-



A 50 m schrenck tube equipped with a magnetic rotor was charged with

nmet hyl gl yoxal nonohydrate (140 ny), 2-

met hoxy- IW0-2b124[266176- di i sopr opyl ) phenyl ]i m dazol i di ne ( BOTZRY)1/06P8Fhanol (1
g) and tetrahydrofuran (5 g) under a nitrogen atnosphere, and the resultant
m xture was stirred while maintaining tH€ tenperature of the mxture in a
wat er bath at 25C. Dry ice (1.0 g) was added to the mxture to initiate the
reaction, and the m xture was stirred at a 10room t enperature under nor mal
pressure for 8 hours. At 30 mnutes and 1 hour follow ng the start of the
reaction, @hgthekrtiilo )2 wesododesndoatéhemeengli DRoRbXxBubatechespegti vely.
After conpletion of the reaction, carbon dioxide and the by-product carbon
nonoxi de wektehy Enbveto-as-phgagl fBobuildhbetepcacthoh bextuyefotheme,t he
resultant reaction m xture was anal yzed with a gas chromat ography i nternal
standard retiwd 4-oclledesivemeoyhadbrimbeeyi etdydf 2rrthiilylpgnbvglieowaatE)% | n
the reaction mxture after conpletion of the reaction, 80% of nethyl gl yoxal
was renai nethynreatl esh o 26 DOB2Fo kxaapl etByl 4-metAokBekhiz oyt Formase-, st eel
pressure reaction tube equi pped with a magnetic rotor was charged with
phenyd gl yoxigit y momeryiche @itb €n £ 2P0f opha t @; nethpxy2143-bi s[ (2, 6-

25di i sopropyl ) phenyl ]i m dazolidine (30 ng) and nethanol (5 g) under a

ni trogen adid@sphesesnangl fbemiesyl éahyl nkxhapprthagl f¥Omate, ethyl o-

2012/ 026617PCT/ JP2011/ 069858 44 cooled in a dry ice bath at -70C. To the
cool ed m xdxi-€2-vapr bdltiesh csyate€p €2hg), papdveben thaypr essuoputeaactaten tube
was sealed. The resultant m xture was reacted by stirring it at 60C for 6
hours. S5Afdtety T arpdedpemt ahodbe, reanyl obrmeanbon2dbasbdeaandte, ethyl

a-oxo-cyclohexaneacetate, ethyl 4-(methylthio)-2-oxo-

10 butanoate, ethyl 2-oxo-3-butenocate, ethyl 2-oxo-4-phenyl-3-
butenoate, benzyl benzoylformate, benzyl 4-
chlorobenzoylformate, benzyl 2-methylbenzoylformate, benzyl
4-fluorobenzoylformate, benzyl 4-methoxybenzoylformate,
benzyl 2-nitrobenzoylformate, benzyl 2,4-

15 dichlorobenzoylformate, benzyl 2-naphthoylformate, benzyl
a-oxo-2-pyridineacetate, benzyl pyruvate, benzyl 2-
oxobutanoate, benzyl 2-oxopentanocate, benzyl 3-methyl-2-
oxobutanoate, benzyl a-oxo-cyclohexaneacetate, benzyl 4-

. (methylthio)-2-oxo-butanocate, benzyl 2-oxo-3-butenocate and

20 benzyl 2-oxo-4-phenyl-3-butencate.

Examples
[0080]
Hereinafter, the present invention will be described
25 in more detail by way of Examples.

[(0081]



t he by-product carbon nonoxi de were renoved as a gas fromthe reaction

m xture. Then, the resultant reaction m xture was anal yzed wth a gas

chr omat ogW@@Rp12/02661&r nal st andard nmet hod to determ ne t hRCTURWIYDEBEB of

met hyl benzoylformate 10was 7% In the reaction mxture after conpletion of
the reaction, 90% of phenyl gl yoxal was ®&mai ned unreacted. [0083] <Exanple
3> A 100 ml stainless-steel pressure reaction tube 15equi pped with a
magneti c rotor was charged with 4- (nethylthio)-2-o0xo-1- butanal (100 ng),
2- met hoxy-1, 3- bis[(2,6-diisopropyl)phenyl] imdazolidine (20 ng), nethanol
(500 ng) arekdmprahysrofuran (2 g) under a nitrogen atnosphere, and the
resultant m xture was cooled 20in a dry ice bath at -70C. To the cool ed

m xture was addeds@ryl i sehfengl, tapd éhenphbbe pLeRSHr Ragraeticomotvle was
seal ed. The resultant m xture was reacted by stirring it at 60C for 6

hours. was chaé&rwionpheth pgdfokhe meachiyapateanbao fpoxi de and 25t he
by- product carbon nonoxi de were renoved as a gas fromthe reaction m xture.

Then, the meswbtent, 36804 [ 0N, 641 UsEprIBy 2PPRENZ661MPELLIP2A1 1069858 45
was anal yzed with a gas chromat ography internal standard nethod to

det ersni ne fdpt mdenynsl d(Dfgeihy! tdrrénpiibyktibaa) 8- gxounbiwiranoat e was
20% In the reaction mxture after conpletion of the reaction, 30% of 4-

5( et hyl t hi 0§ r &g 0a dmbsibi0e8d , Vasd r enal pedulbanacinedtulr@0&4l skxamplde 4>
A 100 m stainless-steel pressure reaction tube equipped with a magnetic
rotor was el Qe htHimihexyhe 10ahgfehyderé 146 apy, m2xARkBOXY- &, Fakies] ( 2, 6-
bath at 25°C. Dry ice (1.0 g) was added to the mixture to
initiate the reaction, and the mixture was stirred at a
10 room temperature under normal pressure for 8 hours. At 30
minutes and 1 hour following the start of the reaction, dry
ice (1 g) was added to the reaction mixture, respectively.
After completion of the reaction, carbon dioxide and
the by-product carbon monoxide were removed as a gas from
15 the reaction mixture. Then, the resultant reaction mixture
was analyzed with a gas chromatography internal standard
method to determine that the yield of methyl pyruvate was
10%. In the reaction mixture after completion of the
reaction, 80% of methylglyoxal was remained unreacted.
20 [0082]
<Example 2>
A 100 ml stainless-steel pressure reaction tube
equipped with a magnetic rotor was charged with
phenylglyoxal monohydrate (200 mg), 2-methoxy-1,3-bis[(2,6-
25 diisopropyl)phenyl]imidazolidine (30 mg) and methanol (5 g)

under a nitrogen atmosphere, and the resultant mixture was



di i sopropyl ) phenyl] im dazolidine (30 ng), nethanol (100 ng) and
tetrahydrofuran (3 g) under a nitrogen atnosphere, and the resultant

m xture WO 20Bd2e@d7in a dry ice bath at - 70C. To the c®6Td@20t/Me98F%e was
added dry ice (2 g), and 15then the pressure reaction tube was seal ed. The
resultant m xture was reacted by stirring it at 60C for 6 hours.

After conpletion of the reaction, the resultant reaction m xture was

anal yzed with a gas chromatography internal standard nmethod to determ ne
that the yield of 20 nethyl hexanoate was 14% In the reaction m xture

after conpletion oh 4heryenstivacn8to ofiore hexyd wldelyie gvasi e ned
unr eact ed. After conpletion of the reaction, carbon dioxi de gas was

rel eased fwo dd@=@resguL €l €ACE) Pnahitibehen tRbUpRekB@raSpeassuoa to
normal . The gas was anal yzed with a CO concentrati on neter (gaseous

det ect or XX22800as CosaDSd . W2 2D 1rd RGP G 204 1% 069858 46d Ebgctri c Co.
Ltd.) to determ ne that the concentration of carbon nonoxide in the gas was

78 ppm [ 0985} r &ixampl £t 5608A 460 81 hetiaknl ess-steel pressure reaction tube
equi pped with a nmagnetic rotor was charged with 4-

(et hyl t hi 0) - 2-RREet - bothanat i $A00f NPhe ZegathoKY- 4a’bon dioxide and

di hydro-1, 3-bis[(2, 4, 6-trinethyl)phenyl]imdazolium (10 ng), nethanol (500
mg) and tetxahygrof tdast (SaghotinbdenoridOniveregeamatads pieae gaand riche
resultant m xture was cooled in a dry ice bath at -70C. To the cool ed

m xt ure wash@dgesceiynigex{drg), Biwh ! haie thespl esstir ees€BLdh 0N kuheenas
seal ed. The resultant m xture was reacted by stirring it at 60C for 4

hours. 15Atieragerpredi wncfatesr enebnatogeaphonidicexnde sndnihed
by- product carbon nonoxi de were renoved as a gas fromthe reaction m xture.

Then, the neswbdand deasimOnNe Nti&ur ehvwagianal yredevhiyh degasytHoamaitegr aphy
internal standard nethod to determ ne that the yield of nethyl 4-
10 was 7%. In the reaction mixture after completion of the
reaction, 90% of phenylglyoxal was remained unreacted.
[0083]
<Example 3>
A 100 ml stainless-steel pressure reaction tube
15 equipped with a magnetic rotor was charged with 4-
(methylthio)-2-oxo-1- butanal (100 mg), 2-methoxy-1,3-
bis[(2,6-diisopropyl)phenyl] imidazolidine (20 mg),
methanol (500 mg) and tetrahydrofuran (2 g) under a
nitrogen atmosphere, and the resultant mixture was cooled
20 in a dry ice bath at -70°C. To the cooled mixture was
added dry ice (2 g), and then the pressure reaction tube
was sealed. The resultant mixture was reacted by stirring
it at 60°C for 6 hours.
After completion of the reaction, carbon dioxide and

25 the by-product carbon monoxide were removed as a gas from

the reaction mixture. Then, the resultant reaction mixture



20( et hyl t hi 0) - 2- oxo- butanoate was 10% [0086] <Exanple 6> A 100 mi

stai nl ess-steel pressure reaction tube equi pped wth a nagnetic rotor was
char ged WORIR/Me6d§l 25al dehyde (140 np), PCT/JP2011/069858

5- met hoxy-1, 3, 4-tri phenyl-1,2,4(51-i)- triazoline (23 ng), nethanol (100
ng) and tetrahydrofuran WO 2012/026617RGT/JP2011/069858 47 (2 g) under a
nitrogen atnosphere, and the resultant m xture was cooled in a dry ice bath
at -70C. To the cooled m xture was added dry ice (2 g), and then the
pressure reaction tube was sealed. The resultant m xture 5was reacted by

stirring ikadta 164 HitWUiSgas chréhbebgeappleihearahblt Beahaaeli on,
carbon di oxi de and t he by-product carbon nonoxi de were renoved as a gas

fromthe reacid®nc & xétemiddethat henéegublanbsroaehiyongmi xture was _
anal yzed with a gas chromatography internal standard 10method to determ ne

that the yimdehefties Wh-hexaneet eny@seSas! pothe 1eagihd orestxigne after
conpletion of the reaction, 80% of n-hexyl aldehyde was remai ned unreacted.

[0087] <Exgipterd>a A6y 106nple6iah nbesehst eehcpi 8a5UBOSN 8&CHON tube
equi pped with a nmagnetic rotor was charged w t hbenzal dehyde (150 ny),

2- metNoxy - S BEK Lo =2 dbksoprORYAARDERy L] Lahdageli dhheac88dny), net hanol
(140 ng) and tetrahydrofuran (2 g) under a nitrogen atnosphere, and 20

then the rgsad4pnt mxture was cooled in a dry ice bath at -70C. To the
cool ed m xture was added dry ice (2 g), and then the pressure reaction tube
was seal ekpddigpresad tant mxture was reacted by stirring it at 40C for 6
hours. After conpletion of the reaction, carbon dioxide and 25t he

by- product car bpm apneXi sea We1 &s s esyel BsedsFas LEBBtion tube
equipped with a magnetic rotor was charged with n-hexyl
10 aldehyde (140 mg), 2-methoxy-1,3-bis[(2,6-
diisopropyl)phenyl] imidazolidine (30 mg), methanol (100
mg) and tetrahydrofuran (3’g) under a nitrogen atmosphere,
and the resultant mixture was cooled in a dry ice bath at -
70°C. To the cooled mixture was added dry ice (2 g), and
15 then the pressure reaction tube was sealed. The resultant
mixture was reacted by stirring it at 60°C for 6 hours.
After completion of the reaction, the resultant
reaction mixture was analyzed with a gas chromatography
internal standard method to determine that the yield of
20 methyl hexanoate was 14%. In the reaction mixture after
completion of the reaction, 80% of n-hexyl aldehyde was
remained unreacted.
After completion of the reaction, carbon dioxide gas
was released from the pressure reaction tube to return the
25 pressure to normal. The gas was analyzed with a CO

concentration meter (gaseous detector XX2200T, Cosmos



the reaction m xture. Then, the resultant reaction mxture 48 was anal yzed
with a gas chromat ography internal standard nethod to determ ne that the

yi el d of Wethio2h@fizoate was 5% In the reaction m xtur @CAIPEN1/6@EH et i on
of the reaction, 92% of benzal dehyde was remai ned unreacted. S5After

conpl etion of the reaction, carbon dioxidde gas was rel eased fromthe
pressure reaction tube to return the pressure to nornal. The gas was

anal yzed with a CO concentration nmeter (gaseous detector XX2200T, Cosnpbs

El ectric Co., Ltd.) to determine that the concentration of 10carbon

nmonoxi de imlébergascoas BB8dppmo[ 8888 mshsanhbe 8he conceAtl@@imin of

stai nl ess-steel pressure reaction tube equi pped wth a nagnetic rotor was
charged w ¢ardSphesybgl yexah tneolhydrabe (83Ppfiy), 2-car boxy-4, 5-di hydro-
1,3-bis[(2,4,6-trinmethyl)phenyl]imdazolium (30 ng), nethanol (300 ng) and
tetrahydrofoo@®m) (3 g) under a nitrogen atnosphere, and the resultant

m xture was cooled in a dry ice bath at -70C. To the cool ed m xture was
20added drycxgepl@ §), and then the pressure reaction tube was seal ed. The
resultant m xture was pressured to 1 MPa with air, and then reacted by

stirrsng it at H0hOoml 3sbounsess-steel prébbarecesnketibantabet he reaction,
air, carbon dioxide 25and the by-product carbon nonoxi de were renoved as a

gas from tbguigpedi withi xtuagneTbenrotbe wesuthampyetieagcthon- WO

2012/ 026617PCT/ JP2011/ 069858
(methylthio)-2-oxo-1-butanal (100 mg), 2-carboxy-4,5-
dihydro-1,3-bis[(2,4,6-trimethyl)phenyl]imidazolium (10 mg),
methanol (500 mg) and tetrahydrofuran (3 g) under a

10 nitrogen atmosphere, and the resultant mixture was cooled
in a dry ice bath at -70°C. To the cooled mixture was
added dry ice (2 g), and then the pressure reaction tube
was sealed. The resultant mixture was reacted by stirring
it at 60°C for 4 hours.

15 After completion of the reaction, carbon dioxide and
the by-product carbon monoxide were removed as a gas from
the reaction mixture. Then, the resultant reaction mixture
was analyzed with a gas chromatography internal standard
method to determine that the yield of methyl 4-

20 (methylthio)-2-0oxo- butanocate was 10%.

[0086]
<Example 6>

A 100 ml stainless-steel pressure reaction tube
equipped with a magnetic rotor was charged with n-hexyl

25 aldehyde (140 mg), 5-methoxy-1,3,4-triphenyl-1,2,4(5H)-

triazoline (23 mg), methanol (100 mg) and tetrahydrofuran



49 m xture was anal yzed with a gas chromatography internal standard nethod
to determne that the yield of nethyl benzoylformate was 31% In the
reacti on woxviyeeafht er conpletion of the reaction, 35% etTtphanybg@byoxal was
5remai ned unreacted. | NDUSTRI AL APPLI CABI LI TY [0089] Carboxylic acid esters
are inportant conpounds as 1Ovarious chem cal products. Carboxylic acid
esters such as ketocarboxylic acid esters are known to be useful as
intermediates in the preparation of am no acids and the |ike. The present
invention is industrially available as a process for producing a carboxylic

acid ester(2 O 2Rd2f 026017 PEJédP20A3E0R8868 2AdCLAEMBetulhaproCcess for
produci ng a carboxylic acid ester, conprising a step of oxidizing an

al dehyde hy; i xi 0028 S8beoROLn sagponidborhds, athergbdehyde and at | east
one conpound selected fromthe group consisting of a compound represented
by the forsabaé@-mixtiReNvas added dry ice (2 g), and then the
pressure reaction tube was sealed. The resultant mixture
5 was reacted by stirring it at 60°C for 6 hours.

After completion of the reaction, carbon dioxide and
the by-product carbon monoxide were removed as a gas from
the reaction mixture. Then, the resultant reaction mixture
was analyzed with a gas chromatography internal standard

10 method to determine that the yield of methyl hexanoate was
5%. In the reaction mixture after completion of the
reaction, 80% of n-hexyl aldehyde was remained unreacted.
[0087]
<Example 7>

15 A 100 ml stainless-steel pressure reaction tube
equipped with a magnetic rotor was charged withbenzaldehyde
(150 mg), 2-methoxy-1,3-bis[ (2,6~
diisopropyl)phenyl]limidazolidine (30 mg), methanol (140 mg)
and tetrahydrofuran (2 g) under a nitrogen atmosphere, and

20 then the resultant mixture was cooled in a dry ice bath at
-70°C. To the cooled mixture was added dry ice (2 g), and
then the pressure reaction tube was sealed. The resultant
mixture was reacted by stirring it at 40°C for 6 hours.

After completion of the reaction, carbon dioxide and

25 the by-product carbon monoxide were removed as a gas from

the reaction mixture. Then, the resultant reaction mixture



- -Y (2-1) R3 ORBR4 wherein R2 represents an al kyl group optionally
having a 10substituent or an aryl group optionally having a substituent;
R3 and Ri4weaotr/izeciependent|y represents an al kyl group eptrijemalbessievi ng a
substituent or an aryl group optionally having a substituent, or R3 and R4
are |linked together to 15form a dival ent4ghydrocarbon group optionally
havi ng a substituent or a group of -CH=N optionally having a substituent;
Y represents a group of -S- or a group of -N(R5)-, wherein R5 represents an
al kyl group optionally having a 20substituent or an aryl group optionally

having a spbstitaepted 0hif® & SghsnkedohetB4rhpnioiAtardhvakeahghydr ocar bon
group optionally having a substituent; and R8 represents an al kyl group;
and a conpikhd eps egept edi by thetf eraulde{d- ¥ methyl benzoate was

5%. In the reaction mixture after completion of the

reaction, 92% of benzaldehyde was remained unreacted.

5 After completion of the reaction, carbon dioxide gas
was released from the pressure reaction tube to return the
pressure to normal. The gas was analyzed with a CO
concentration meter (gaseous detector XX2200T, Cosmos
Electric Co., Ltd.) to determine that the concentration of

10 carbon monoxide in the gas was 98 ppm.
[0088]
<Example 8>
A 100 ml stainless-steel pressure reaction tube
equipped with a magnetic rotor was charged with
15 phenylglyoxal monohydrate (130 mg), Z2-carboxy-4,5-dihydro-
1,3-bis[(2,4,6~trimethyl)phenyl]imidazolium (30 mg),
methanol (300 mg) and tetrahydrofuran (3 g) under a
nitrogen atmosphere, and the resultant mixture was cooled
in a dry ice bath at -70°C. To the cooled mixture was
20 added dry ice (2 g), and then the pressure reaction tube
was sealed. The resultant mixture was pressured to 1 MPa
with air, and then reacted by stirring it at 60°C for 3
hours.
After completion of the reaction, air, carbon dioxide
25 and the by-product carbon monoxide were removed as a gas

from the reaction mixture. Then, the resultant reaction



WD 2012/ 026617PCT/ JP2011/ 069858 51 R, 2----Ne CG---Y 111 R3 C®2- R4 ( 2 -2)
wherein R2, R3, R4 and Y are as defined above. 2. The process

accor di ngvoaod@sémrl, wherein the process is 5carried owcTiymdiesygsesence

of oxygen. 3. The process according to claiml or 2, wherein the al dehyde
is a conpound represented by the fornulag(1l): (1) 10wherein RI- represents
a hydrocarbon group optionally having a substituent or a heteroaryl group

optionally having a substituent, and n represents 0 or 1; the alcohol is a
conpound represented by the formula (4): R9---0OH(4) 15 wherein R9

represent sy Ah @ KYika 9" H4P1 PPEd ORBEh Ya hgys NendosbbsEhPBPt i ndBenkhe

carboxylic acid ester is a conpound represented by the formula (3):
standard method to determine that the yield of methyl
benzoylformate was 31%. In the reaction mixture after

completion of the reaction, 35% of phenylglyoxal was

5 remained unreacted.

INDUSTRIAL APPLICABILITY
[0089]
Carboxylic acid esters are important compounds as
10 various chemical products. Carboxylic acid esters such as
ketocarboxylic acid esters are known to be useful as
intermediates in the preparation of amino acids and the
like. The present invention is industrially available as a

process for producing a carboxylic acid ester.



WO 2012/ 026617PCT/ JP2011/ 069858 52 ii R1L ( 11 )OR9 00 wherein R, R9 and n
are as defined above. 4. The process according to claiml1, 2 or 3,
wher ei n tWe 28edRp@ddnd represented by the fornula (2-1) PSTAPYAPEES]
represented by the fornmula (2-3): OR8 CH R2-NV. / ¢ R8/\ R7 (2-3) wherein
R2, RO and Y are as defined above; R6 am® R7 each independently represents
a hydrogen atom an 10al kyl group optionally having a substituent or an
aryl group optionally having a substituent, or R6 and R7 are

CLAIMS

1. A process for producing a carboxylic acid ester,
comprising a step of oxidizing an aldehyde by mixing an

5 alcohol, carbon dioxide, the aldehyde and at least one
compound selected from the group consisting of a compound

represented by the formula (2-1):

H
R2—N C Y
| | (2—1)

RS OR8 R4

wherein R? represents an alkyl group optionally having a
10 substituent or an aryl group optionally having a’
substituent;
R® and R? each independently represents an alkyl group
optionally having a substituent or an aryl group optionally
having a substituent, or R® and R* are linked together to
15 form a divalent hydrocarbon group optionally having a
substituent or a group of -CH=N- optionally having a
substituent;
Y represents a group of -S- or a group of -N(R’)-, wherein
R®> represents an alkyl group optionally having a
20 substituent or an aryl group optionally having a
substituent, or R®> is linked to R! to form a divalent
hydrocarbon group optionally having a substituent; and
R® represents an alkyl group:; and

a compound represented by the formula (2-2):



taken together with the carbon atons to which they are attached to forma

ring;

and

represents a single bound or a double bond; or

conpound wepnesrsiied by the formula (2-4): OR8 CH R2 - NYCTNR20RT/0498584)

2012/ 026617PCT/ JP2011/ 069858 53 wherein R2, R7,

above;

10

15

and the conpound represented by tshe formula (2-2) is a conpound
represented by the formula (2-5): CO R2-Nr NG --C/I\R R67 (2-5)
Swherein R2, R6, R7 and Y are as defined above; or

R2—N*—C Y
| | (2—2)
R® CO, R*

wherein Rz, R3, R? and Y are as defined above.

2. The process according to claim 1, wherein the process is

carried out in the presence of oxygen.

3. The process according to claim 1 or 2, wherein the

aldehyde is a compound represented by the formula (1):

O (o]
) o
R C C

\ . "

wherein R! represents a hydrocarbon group optionally having

a substituent or a heteroaryl group optionally having a
substituent, and
n represents 0 or 1;

the alcohol is a compound represented by the formula (4):

R®——OH (4)

wherein R® represents an alkyl group optionally having a
substituent; and
the carboxylic acid ester is a compound represented by the

formula (3):

R8 and Y are as defi ned

15a
WO



a conmpound represented by the fornmula (2-6): CO ¢ R2 Nr/ NN=C R7 (2-6)
wherein R2, R7 and Y are as defined above. 105. The process according to
claim4, wbaneyneiin the formulae (2-3), (2-4), (2-5) an@cTAPHNI/NMH8sS a
group of N(R5)-; and R2 and R5 each is independently a phenyl group
optionally having a substituent. 156. Asprocess for producing a carboxylic
acid ester, conprising a step of reacting an al dehyde, an al cohol and
carbon dioxide in the presence of at |east one conpound selected fromthe
group consisting of a conpound WO 2012/026617PCT/JP2011/ 069858 54
represented by tBe forgula (2-1): R-NCHY Il R3 OR8 R4 (2-1)

AT

wherein Rl, R’ and n are as defined above.

4. The process according to claim 1, 2 or 3, wherein the
5 compound represented by the formula (2-1) is a compound

represented by the formula (2-3):

Y (2—38)
\ ./
C

wherein R?, R® and Y are as defined above;

R® and R’ each independently represents a hydrogen atom, an
10 alkyl group optionally having a substituent or an aryl

group optionally having a substituent, or R® and R’ are

taken together with the carbon atoms to which they are

attached to form a ring; and

represents a single bound or a double bond; or

15 a compound represented by the formula (2-4):
L
CH
~N
RZ—N\/ Y (2—4)



wherein R2 represents an al kyl group optionally having a substituent or an
aryl group optionally having a 5substituent; R3 and R4 each independently
repr esentWon124126647 gr oup optional ly having a substitueRCTIP2ENIEBIE gr oup
optionally having a substituent, or R3 and R4 are |linked together to forma
di val ent hydrocarbon group optionally h&a ng a substituent or a group of
-CH=N- 1Q0optionally having a substituent; Y represents a group of -S or a
group of -N(R5)-, wherein R5 represents an al kyl group optionally having a
substituent or an aryl group optionally having a substituent, or R5 is

li nked to WMeitoid ®M R0j VR eaid 1Bbhyeks ogar henigeaupbopti oaalll y having a
substituent; and R5 represents an al kyl group; and a conpound represented
by the forthd acddp@ind RRepNtsénted YoV (2h2) fB3mGOR- (R42WheEekncBRApoR3d R4
and Y are as defined above. 20 7. The process according to claim®6, wherein
the procesgepresaité@doputhé nfdbheubaesensp: of oxygen. WO

2012/ 026617PCT/ JP2011/ 069858 55 8. The process according to claim6 or 7,
wherein the al dehyde, is a conpound represented by the formula (1):

C
Z "\
2
R N{ /Y (2—5)
/p———C ' ""
R® \R7
5 wherein RZ, R6, R’ and Y are as defined above; or

a compound represented by the formula (2-6):

COy

(2—6)

7 and Y are as defined above.

wherein R?, R
10 5. The process according to claim 4, wherein in the

formulae (2-3), (2-4), (2-5) and (2-6), Y is a group of -

N(R®)-; and R® and R’ each is independently a phenyl group

optionally having a substituent.

15 6. A process for producing a carboxylic acid ester,
comprising a step of reacting an aldehyde, an alcohol and
carbon dioxide in the presence of at least one compound

selected from the group consisting of a compound



(1) R1H 5wherein RI. represents a hydrocarbon group optionally having a
substituent or a heteroaryl group optionally having a substituent; and n
repr esentWoQoy024617t he al cohol is a conpound represent e@CliyPLHE069858ul a
(4): R9---0OH(4) 10 wherein R9 represents an al kyl group optionally having a
substituent; and the carboxylic acid esttar is a conpound represented by the
formula (3): 15 ( ONO ,COR9 / n (3) wherein R, RO and n are as defined
above. 9. The process according to claim6, 7 or 8 wherein the
conpound represented by the formula (2-1) is a conpound 20represented by
the formilgedZes9nte WD P04 02EEATPLT(IPR2O11/ 069858 56

H
RZ—N c Y
l | (2—1)

R® OR® R4

wherein R? represents an alkyl group optionally having a
substituent or an aryl group optionally having a

5 substituent; R® and R* each independently represents an
alkyl group optionally having a substituent or an aryl
group optionally having a substituent, or R® and R* are
linked together to form a divalent hydrocarbon group
optionally having a substituent or a group of -CH=N-

10 optionally having a substituent;
Y represents a group of -S- or a group of -N(R’)-, wherein
R®> represents an alkyl group optionally having a
substituent or an aryl group optionally having a
substituent, or R° is linked to R! to form a divalent

15 hydrocarbon group optionally having a substituent; and
R® represents an alkyl group; and

a compound represented by the formula (2-2):

RZ—N*—~C Y
| I l (2—2)

R® CO, R*

% and Y are as defined above.

wherein R?, R3, R
20
7. The process according to claim 6, wherein the process is

carried out in the presence of oxygen.



OR8 I R2-NZCHN Y \/ C===C R /\ R7 (2-3) wherein R2, R8 and Y are as

defi ned above; R6 and R7 each independently represents a hydrogen atom an
al kyl gr oNp 20p®G2661dl | y havi ng a substituent or an aryl BToEp1vpedsshal |y
havi ng a substituent, or R6 and R7 are taken together with the carbon atons
to which they are attached to forma ring and represents a single
bound or a doubl e bond; or a conpound represented by the formula (2-4):
wherein R2, R7, R8 and Y are as defined above; and the conpound represented
by the formula (2-2) is a conmpound represented by the fornmula (2-5): CO

8. The process according to claim 6 or 7, wherein the

aldehyde is a compound represented by the formula (1):
T

AN

\ / " C H

5 wherein R! represents a hydrocarbon group optionally having

(1)

O—O0

a substituent or a heteroaryl group optionally having a
substituent; and

n represents 0 or 1;

the alcohol is a compound represented by the formula (4):
R?—OH (4)

10

wherein R® represents an alkyl group optionally having a
substituent; and
the carboxylic acid ester is a compound represented by the

formula (3):

(o) ()
AN
15 \ /"

wherein R!, R’ and n are as defined above.

9. The process according to claim 6, 7 or 8, wherein the
compound represented by the formula (2-1) is a compound

20 represented by the formula (2-3):



1 CR-NM NY\lI CGC / \RR67 (2-5) 57 wherein R2, R6, R7 and Y are as
defi ned above; or a conpound represented by the formula (2-6): CO2- cl R2
N1- N Y \WONR8I2026617\ R7 (2-6) wherein R2, R7 and Y areP&3/Jazfli/ne&d5%bove.
10. The process according to claim9, wherein in the fornulae (2-3), (2-4),
(2-5) and (2-6), Y is a group of - N(R5B6 and R2 and R5 each is

I ndependently a phenyl group optionally having a substituent.

M (2—3)
\ _/
C

wherein Rz, R® and Y are as defined above;
R® and R’ each independently represents a hydrogen atom, an
alkyl group optionally having a substituent or an aryl

5 group optionally having a substituent, or R® and R’ are
taken together with the carbon atoms to which they are

attached to form a ring; and

represents a single bound or a double bond; or

a compound represented by the formula (2-4):

ORS8

CH

y Ny
_/
N=—C

p
R

RZ—N (2—4)

10
wherein R2, R7, R® and Y are as defined above; and
the compound represented by the formula (2-2) is a compound

represented by the formula (2-5):

[
C
N¥¢7 \\Y

\ _/ =

R2_
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wherein R2, R6, R’ and Y are as defined above; or
a compound represented by the formula (2-6):
CO,

(2—6)

wherein R?, R’ and Y are as defined above.

10. The process according to claim 9, wherein in the
formulae (2-3), (2-4), (2-5) and (2-6), Y is a group of -
N(R®)-; and R® and R®> each is independently a phenyl group

optionally having a substituent.



