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DESCRI PTI ON
Title of Invention: SYNTHETIC |NTERVEDI ATE OF OXAZOLE COVPOUND
AND METHOD FOR PRODUCI NG THE SAME |

Technical Field

The present invention relates to a synthetic
internediate of oxazole conpound, and a nethod of production
10 thereof.

Background Art

A 2, 3-di hydroi mdazo [2, 1-b] oxazol e conpound 'represent ed
15 by Formula (1) below or a salt thereof is useful as an

antitubercular agent (Patent Literatures 1, 2 and 3).

1

R
\ \/(Cﬁz) n\O ::: o2
_ (1)

N 7/0
o

In Formula (1), Rl is a hydrogen atom or |ower-alkyl
gr oup;
20 R2 is a l-piperidyl group substituted at the 4-position
with a substituent selected from
(Ala) a phenoxy group substituted on the phenyl noiety
with one or nore hal ogen-substituted |ower-alkoxy groups,
(Alb) a phenoxy-substituted |ower-alkyl group
25 substituted on the phenyl noiety with one or nore hal ogen-
substituted |ower-alkyl groups,
(Ale) a phenyl-substituted |ower-al koxy |ower-alkyl
group substituted on the phenyl noiety wth hal ogen,
(Aid) a phenyl-substituted |ower-alkyl group
30 substituted on the phenyl noiety with one or nore hal ogen-

substituted |ower-al koxy groups,
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_2_

(Ale) an anino group substituted with a phenyl group
substituted_ with one or nore hal ogen-substituted | ower-al koxy
groups, and a l|ower-alkyl group, and

(Alf) a phenyl-substituted |ower-alkoxy group
substituted on the phenyl miety with one or nore hal ogen-
substitut ed |ower-al koxy groups; and

nis an integer from 1 to 6.

These patent Iliteratures disclose Reaction Schenmes A
and B below as the processes for producing the aforenentioned

2, 3-di hydroi m dazo [2, 1-b] oxazol e conpound.

Reaction Schene A:

R! 2 ’ R!
T HOOR /_A<CH2\O —@—RZ

on— ) ’ = o ™
2 _ 2
TN o

Y
=
1~
o
o
&
/
o
88

wherein R' is a hydrogen atom or lower-alkyl group; R2is a
substituted pxperidyl group or a substituted piperazinyl group;

and X! is a halogen atom or a nitro group.

Reaction Schene B:
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H .
7R\ R
09N (CHo) n
- g\ b
N
02N

wherein X2 is a halogen or a group causing a substitution reaction

simlar to that of a halogen; n is an integer from1 to 6; and R,

R2 and X! are the sane as in Reaction Schene A.

An oxazol e compound represented by Fornmula (la) :

HsC
Wy ety S
0

N
T
OZNS\‘I{I

, i.e., 2-methyl-6-nitro-2-{4- [4- (4-
trif luoronethoxyphenoxy) piperidin-I-yl] phenoxynethyl }-2,3-

10  di hydroi mi dazo [2, 1-b] oxazole (hereunder, this conpound may be
simply referred to as "Compound la") is produced, for exanple, by
the method shown in the Reaction Schenme C bel ow (Patent
Literature 3). In this specification, the term "oxazole conpound'’

~neans  an oxazol e derivative that enconpasses conpounds that

15 contain an oxazole ring or an oxazoline ring (dihydrooxazole

ring) in the nolecule.

Reaction Schene c:



WO 2011/093529 PCT/JP2011/052307

ey Tjacc N Yoty

ii)
(2a) ch@s OH - HaC Q§ —oq (5a)
0 (4a) d
OO
(6a)
CH3

O
:cn:O

o

(7a) 0L CHs
- DO

(8a)

OZNJ: N (9a) /—3(\ —< >— /\:>— —@-oc&
X: Cl, Br ;7/ (1a)

However, the aforenentioned nethods are unsatisfactory

Y

in terns of the yield of the objective conmpound. For exanple, the
5 nethod of Reaction Scheme C allows the objective oxazole Conpound

(la) to be obtained from Compound (2a) at a yield as |low as

35.9% Therefore, alternative nethods for producing the conpound

in an industrially advantageous manner are desired.

10 Citation List

Patent Literature
PTL 1: WR004/ 033463
PTL 2: WR004/ 035547

15 PTL 3: WO2008/ 140090

Summary of | nvention
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Techni cal Problem

An object of the present invention is to provide a
novel synthetic internediate that is usable for producing an
5 oxazol e conpound represented by Forrmula (1) including Conpound
(la)y at a high yield and high purity (in particular, a high
optical purity) , and a method for producing the synthetic
internediate .
Solution to Problem
10
The present inventors conducted extensive research to
achi eve the above object, and found that the objective oxazole
conpound represented by Formula (1) can be produced at a high
yield and high purity by using the conpound described below as a
15 synthetic internmediate, and a production nmethod using the
synthetic internediate. The present invention has been

acconplished according to these findings.

More specifically, the present invention provides the

20 following aspects and the Iike.

[tem 1.

A conpound represented by Formula (11) :

X3\><
(CHxn—0 RZ (11)

25 wherein R' is a hydrogen atom or |ower-alkyl group;
R2 is a 1l-piperidyl group substituted at the 4-position with a
substituent selected from

(Ala) a phenoxy group substituted on the phenyl noiety

with one or nore hal ogen-substituted |ower-al koxy groups,

30 (Al'b) a phenoxy-substituted |ower-alkyl group
substituted on the phenyl noiety with one or nore hal ogen-
substituted |ower-alkyl groups,

(Ale) a phenyl-substituted |ower-alkoxy |ower-alkyl
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group substituted on the phenyl noiety w th hal ogen,

(Aid) a phenyl-substituted |ower-alkyl group
substituted on the phenyl nmoiety with one or nore hal ogen-
substituted |ower-al koxy groups,

5 (Ale) an anmino group substituted with a phenyl group
substituted with one or nore hal ogen-substituted | ower-al koxy
groups, and a |lower-alkyl group, and

(AIf) a phenyl-substituted | ower-al koxy group
substituted on the phenyl nmoiety with one or nore hal ogen-

10 substituted | ower-al koxy grolups;

nis an integer from 1 to 6; and

X3 is an organic sulfonyl oxy group.

l[tem 2.
15 A method for producing the conpound of Item 1,
the method conprising reacting a conpound represented

by Formula (10) :

HO R1
Ho\><(CH2)n—o—®~R2 (10)

wher ei n Rl, R2 and n are the same as in Iltem 1,

20 wth an organic sulfonic acid.

Iltem 3.

A conpound represented by Formula (10) :

HO, R1 :
HO\><(CH2)n—O—®—R2 (10)

25 wher ei n Rl, R2 and n are the sane as in Item 1.

ltem 4.
A method for producing the conpound of Item 3,
ihe met hod conprising reacting a conpound represented

30 by Formula (9) :
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HO R
HO\><(CH2)n—O Xt 9

wherein X! is a leaving group, and R' and n are the same as in
[tem 1,
with a conmpound represented by Formula (2) :

5 H—R (2

wherein R2 is the sane as in ltem 1.

Item 5.
A nethod for producing the conpound of Item 3,
i0 the nethod conprising reacting a conpound represented

by Formula (9) :
HO, R1

Ho\><(CH2)n—O X! )

wherein X! is a leaving group, and R' and n are the same as
defined in Item 1,

15 with a conpound represented by Fornula .(9-i) :

A

—Cc—g"

R I (9-1)
0

wherein R* is a lower-alkyl group or a phenyl group which nmay have
a substituent or substituents; and RB is a hydrogen atom or a

20 lower-alkyl group, R* and R® may form a cycloal kyl ring together
with the carbon atom to which they are bonded,

to obtain a conmpound represented by Formula (9-ii) :

RB
A 1
R —1~0 R
9-ii)
O\X(CHz)n—O@‘XI (
25 wher ei n Rl, X1 , n, R* and RB are the sanme as the above,

the conpound represented by Formula (9-ii) is reacted Wwith a

conmpound represented by Formula (2) :
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_8_
H—R® (9
wherein R2 is the sane as defined in ltem 1,
to obtain a compound represented by Fornmula (9-iii) :
RB
R*——0_R'

. 9_. ..
5

wherein R, R2, n, R* and R® are the same as the above, and

subj ecting the compound represented by Formula (9-iii) to

deprot ecti on.

10 ltem 6.

A nethod for producing a conpound represented by Formula . (12) :

0
ZA<R1
(CH2)n—O-‘®——R2 (12)

wher ei n Rl, R2 and n are the same as in ltem 1,

the nethod conprising subjecting the conmpound of Item 1

15 to an epoxidation reaction.

[tem 7.
A method for producing a conmpound represented by Formula (1) :

R1
CHo)n
( \20 R2

N
0]
| />/ 1)
N
O,N

20 wher ei n Rll, R2 and n are the same as in ltem 1,
the nmethod conprising the steps (a to (c) :
(a) subjecting the conpound of Item 1 to an epoxidation reaction

to prepare a conpound represented by Fornmula (12) :
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0]

AV

(CHo)n—0 R? (12)

wherein R, R2 and n are the same as in Item 1;

(by reacting a conpound represented by Formula (12) with a

conpound represented by Formula (8) :

H .
N
| >*X2 ®)
7
O,N

wherein X?is a halogen atom to prepare a conpound represented by
Fornmula (13) :

R1

0 R?
CHn

| N OH 13)
XZ
O,N

wherein R, R2, X2 and n are the sane as described above; and

(c) subjecting the conmpound represented by Fornula (13)

to aring closure reaction to prepare the conpound represented by

Formula (1) .

The present invention also provides the follow ng
nmet hod.

Item 7. A nethod for producing a conpound represented by Formula

R1
(CHo)n
\20 R?

| N
0
| />/ (1)
N
O,N
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wherein R' is a hydrogen atom or |ower-al kyl group;
R2 is a 1-piperidyl group substituted at the 4-position with a
substituent selected from
(Ala) a phenoxy group substituted on the phenyl noiety
5 wth one or nore hal ogen-substituted | ower - al koxy groups,

(Alb) a phenoxy-substituted | ower - al kyl group
substituted on the phenyl noiety with one or nore hal ogen-
substituted |ower-alkyl groups,

(Ale) a phenyl-substituted | ower - al koxy | ower -al kyl

10 group substituted on the phenyl noiety wth hal ogen,

‘(Aid) a phenyl-substituted | ower - al kyl group
substituted on the phenyl noiety with one or nore hal ogen-
substituted | ower-al koxy groups,

(Ale) an amno group substituted with a phehyl group

15 | substituted wth one or nore halogen-substituted |[|ower-al koxy
groups, and a |ower-alkyl group, and

(Alf) a phenyl-substituted | ower - al koxy group
substituted on the phenyl noiety with one or nore hal ogen-
substituted | ower-al koxy groups; and

20 nis an integer from 1 to s6;
the method conprising the steps of

(a) reacting a conmpound represented by Forrmula (9 :

HO\><(CH2)n—04©—x1

wherein X! is a leaving group, and R! and n are the sane as in
25 Item 1, with a conpound represented by Fornmula (2) :
H——R? (2)
wherein R2 is the same as in Item 1, to prepare a conpound

represented by Formula (10):

\><(CH2)n—o—®- (10)

30 wher ei n Rl, R2, and n are the sane as the above;

(b) reacting the conmpound represented by Fornula (100
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with an organic sulfonic acid to prepare a conmpound represented

by Formula (11) :

HO R
X3\><
(CHy)n—0 —R?2  (11)

wherein X2 is an organic sulfonyloxy group, and R', R?, and n are

5 the sane as the above;

(c) subjecting the conpound represented by Formula (11)
to an epoxidation reaction to prepare a conpound represented by
Formula (12) : |

0
A<R1
(CHz)n—O‘Q—RZ (12)

10 wherein R, R?, and n are the sane as the above;
(d) reacting the compound represented by Forrmula (12) with a

compound represented by Fornula (s :

H
N
| />—'X2 ®)
N
O,N

wherein X* is a halogen atom to prepare a conpound repreéent ed by
15 Formula (13):

R1

0 R2
(CHn—""__

N/
| OH (13)
X2
N/>
O,N

wherein R, R2, X2, and n are the same as the above; and

(e) subjecting the conpound represented by Fornmula (13) to a ring
closure reaction to prepare a conpound represented by Fornul a
20 (1) '
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N
0]
| />/ M)
N
O,N

wherein R', R?, and n are the same as the above.

Each term described in the present specification is
specifically as follows.

In this specification, the term "room tenperature"
means a tenperature, for exanple, within the range from 10°C to
35°C.

The term "at the 4-position” of 1-piperidyl group mneans
the position shown by the numeric character 4 below as generally

understood by those having ordinary skill in art

—N 4

Each group described in the present specification is

specifically as follows.

The hal ogen atons (or halogen) include a fluorine atom

chlorine atom bromne atom and iodine atom

The | ower-al koxy groups include, for exanple, linear or
branched al koxy groups having 1 to 6 carbon atons (preferably 1
to 4 carbon atoms) . Mre specifically, t hey include nethoxy,
et hoxy, n-propoxy; i sopropoxy, n-butoxy, isobutoxy, tert-butoxy,
sec- but oxy, n-pentyloxy, 1-ethylpropoxy, isopentyloxy,
neopentyl oxy, n-hexyloxy, 1,2,2-trinethylpropoxy, 3,3;
di met hyl but oxy, 2-ethyl butoxy, isohexyloxy and 3-nethyl pentyl oxy

groups .
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The hal ogen-substituted |ower-al koxy groups include the
| owner - al koxy groups as nentioned above substituted with 1 to 7,
preferably 1 to 3, halogen atons. Mre specifically, they include
f 1 uoromet hoxy, difluoromethoxy, trifluoronethoxy, chloronethoxy,
di chl oronet hoxy, trichl oromet hoxy, brononethoxy, dibronmonet hoxy,
di chl orof | uoronet hoxy, 2,2,2-trifluoroethoxy, pentaf |uoroethoxy,
2-chl oroet hoxy, 3,3,3-trifluoropropoxy, heptaf | uoropropoxy,
hept af | uor oi sopropoxy, 3-chl oropropoxy, 2-chl oropropoxy, 3-
bromopropoxy, 4,4,4-trifluorobutoxy, 4,4,4,3,3-pentaf | uorobutoxy,
4- chl or obut oxy, 4-bronobutoxy, 2-chlorobutoxy, 5,5,5-
trifluoropentyl oxy, 5-chloropentyloxy, 6,6,6-trifluorohexyloxy

and 6-chl orohexyl oxy groups.

‘The phenoxy groups substituted on the phenyl nviety
with one or nore hal ogen-substituted |ower-al koxy groups include,
for exanple, phenoxy groups substituted on the phenyl moiety with
one or nore 1 to 3 (preferably 1) hal ogen-substituted | ower-

al koxy groups as nentioned above.

The | ower-al kyl groups include linear or branched alky
groups having 1 to 6 carbon atons (preferably 1 to 4 carbon

atons) . More specifically, they include nethyl, ethyl, n-propyl,

i sopropyl, n-butyl, isobutyl, tert-butyl, sec-butyl, n-pentyl, 1-
et hyl propyl, isopentyl, neopentyl, n-hexyl, 1,2;2-trinethylpropyl,
3, 3-di methyl butyl, 2-ethylbutyl, isohexyl and 3-nethyl pentyl

gr oups .

The hal ogen-substituted |ower-alkyl groups include the
| ower -al kyl groups as nentioned above substituted with 1 to 7,
preferably 1 to 3, halogen atons. Mre specifically, they include
fluoromethyl, difluoronmethyl, trifluoromethyl, chloronethyl,
di chl oronmet hyl, trichloronmethyl, brononethyl, dibronmonethyl ,
di chl orof luoronethyl, 2,2-difluoroethyl, 2,2,2-trif luoroethyl,

pent af | uoroethyl, 2-fluoroethyl, 2-chloroethyl, 3,3, 3-
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trifluoropropyl, heptafluoropropyl, 2,2,3,3, 3-pentaf | uoropropyl
hept af | uoroi sopropyl, 3-chloropropyl, 2-chloropropyl, 3-
bromopropyl , 4,4,4-trifluorobutyl, 4,4,4,3,3-pentafluorobutyl, 4-
chl orobutyl, 4-bronmobutyl, 2-chlorobutyl, 5,5,5-trifluoropentyl,

5-chl oropentyl, 6,6,6-trifluorohexyl and 6-chlorohexyl groups.

The phenoxy-substituted |ower-alkyl groups are
exenmplified by the |ower-al kyl groups as nentioned above
substituted with one phenoxy group. More specifically, they
i ncl ude phenoxynethy 1, 2-phenoxyethyl, 1-phenoxyethyl, 2-
phenoxyet hyl, 2-phenoxy-I|-nethylethyl, 2-phenoxy-I-ethylethyl, 3-
phenoxypropyl and 4-phenoxybutyl groups.

The phenoxy-substituted |ower-alkyl groups substituted
on the phenyl noiety with one or nore hal ogen-substituted |ower-
al kyl groups include, for exanple, the phenoxy-substituted | ower-
al kyl groups as nentioned above substituted with i to 3
(preferably 1) hal ogen-substituted |ower-alkyl groups as

nmenti oned above.

The | ower-al koxy |ower-alkyl groups are exenplified by
the |ower-al kyl groups as nentioned above substituted with one
| ower - al koxy group as nentioned above. More spegifically, t hey
i ncl ude nethoxynethyl, 2-nethoxyethyl, 1-ethoxyethyl, 2-
et hoxyet hyl, 2-isobutoxyethyl, 2,2-dinethoxyethyl, 2-nethoxy-I-
net hyl et hyl, 2-nethoxy-1-ethylethyl, 3-nethoxypropyl, 3-
et hoxypropyl, 3-isobutoxypropyl, 3-n-butoxypropyl, 4-n-
propoxybutyl, |-nethyl-3-isobutoxypropyl, 1,I-dinethyl-2-n-
pentyloxyethyl,. 5- n- hexyl oxypentyl, 6-nethoxyhexyl, 1-
et hoxyi sopropyl and 2-nethyl - 3- met hoxypropyl groups.

The phenyl -substituted |ower-al koxy | ower-alkyl groups
are exenplified by the |ower-al koxy |ower-alkyl groups as
nenti oned above substituted with one phenyl group on a |ower-

al koxy group. More specifically, they include benzyl oxynethyl,
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(2- phenyl et hoxy) nmet hyl, (1-phenyl et hoxy) methyl, 3- (3-

phenyl propoxy) propyl, 4- (4-phenyl butoxy) butyl, 5- (5-

phenyl pentyl oxy) pentyl, 6- (6-phenyl hexyl oxy) hexyl, 1, 1-dinethyl -
(2- phenyl et hoxy) ethyl, 2-nmethyl-3- (3-phenyl propoxy) propyl, 2-
benzyl oxyet hyl , 1-benzyl oxyethyl, 3-benzyl oxypropyl, 4-

benzyl oxybutyl, 5-benzyl oxypentyl and 6-benzyl oxyhexyl groups.

The phenyl -substituted |ower-al koxy |ower-alkyl groups
substituted on the phenyl noiety with halogen include, for
exanpl e, the phenyl —subéti tuted [|ower-al koxy | ower-alkyl groups
as mentioned above having 1 to 7, nore preferably 1 to 3 hal ogen

atons .

The phenyl -substituted |ower-alkyl groups are
exenplified by the |ower-alkyl groups as nmentioned above
substituted with one phenyl group. More specifically, they
i nclude benzyl, 1-phenylethyl, 2-phenylethyl, 1-nmethyl-I-
phenyl et hyl, 1,1-dinethyl-2-phenylethyl, 1,1-dinethyl-3-
phenyl propyl, 3-phenyl propyl and 4-phenyl butyl groups.

The phenyl -substituted |ower-alkyl groups substituted
on the phenyl noiety with one or nore hal ogen-substituted |ower-
al koxy groups include, for exanple, the phenyl-substituted | ower-
al kyl groups as nentioned above substituted with 1 to 3
(preferably 1) hal ogen-substituted | ower-alkoxy groups as

nmenti oned above.

The phenyl groups substituted with one or nore hal ogen- .
substituted | ower-al koxy groups include, for exanple, phenyl
groups substituted with 1 to 3 (preferably 1) hal ogen-substituted
| ower - al koxy groups as nentioned above. The phenyl groups
substituted with one or nore hal ogen-substituted | ower-al koxy

groups include, for exanple, phenyl groups substituted with 1 to

3 (preferably 1) hal ogen-substituted | ower-al koxy groups.
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The amino groups substituted with a phenyl group
substituted with one or nore hal ogen-substituted |ower-al koxy
groups and a |ower-al kyl group include, for exanple, am no groups
substituted with one phenyl group substituted with one or nore

hal ogen-substituted || ower-al koxy groups as nentioned above and

one | ower-al kyl group as nentioned above.

The phenyl -substituted | ower-al koxy groups are
exenplified by the |ower-alkyl groups as nentioned above
substituted with one phenyl group. Mre specifically, they
i ncl ude benzyl oxy, 1-phenylethoxy, 2-phenylethoxy, 1-nethyl- 1-
phenyl et hoxy, 1,I-dinethyl-2-phenyl et hoxy, 1,1-dinethyl-3-
phenyl propoxy, 3-phenyl propoxy and 4-phenyl but oxy groups.

The phenyl -substituted |ower-alkoxy groups substituted
on the phenyl npiety with one or nore hal ogen-substituted | ower-
al koxy groups include, for exanple, the phenyl-substitut ed' | ower -
al koxy groups as nentioned above substituted with 1 to 3
(preferably 1) hal ogen-substituted |ower-alkoxy groups as

menti oned above.

A method for -producing an oxazol e conmpound represented
by Formula (1), which is one aspect of the present invention, is
expl ai ned below. Qher aspects can also be understood by this

expl anati on.
The nethod for producing the oxazol e conpound
represented by Fornula (1) of the present invention is

schematically illustrated in the follow ng Reaction Schene D.

Reaction Schene bD:
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Ho_ R H—R? . R
HO (2)
'%(CHZ)'“‘O_@'XI — H0\><(Cﬂz) n—04<i>‘122
(9) (10)
HO__ R 0, Rl _

Oganic sulfonic acid X3\>< — ) Q< ,

— (CHy) n—0 \ / R — (CHp) n_OORz

(11) - (12)

H | .
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Y
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5
/
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Y
=,

In Reaction Schene b, R, R2, X1, X2, X3and n are the same as the

above . ‘
5 One aspect of the nmethod for producing the oxazol e

conmpound represented by Formula (1) conprises Steps 1 to 5

descri bed bel ow.

Step 1: Reacting a conpound represented by Fornmula (9 :
HO R1

HO\><(CH2)n—O xt 9

wherein R' is a hydrogen atom or lower-alkyl group, n is an

10

integer from1to 6, and X1 is a leaving group, with a conpound

represented by Formula (2) :
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H R2 (2)
wherein R2 is a 1-piperidyl group substituted at the 4-position
with a substituent sel ected from

(Ala) a phenoxy group substituted on the phenyl noiety

5 with one or nore hal ogen-substituted |ower-al koxy groups,

(Alb) a phenoxy-substituted | ower - al kyl group
substituted on the phenyl noiety with one or nore hal ogen-
substituted |ower-alkyl groups,

(Ale) a phenyl-substituted |ower-al koxy |ower-alkyl

10 group substituted on the phenyl nmoiety wth hal ogen,

(Aid) a phenyl-substituted [|ower-alkyl group
substituted on the phenyl noiety with one or nore hal ogen-
substituted |ower-al koxy groups,

(Ale) an amino group substituted with a phenyl group

15 substituted with one or nore hal ogen-substituted | ower-al koxy
groups, and a |ower-alkyl group, and

(AIf) a phenyl-substituted |ower-alkoxy group
substituted on the phenyl noiety with one or nore hal ogen-
substituted |ower-alkoxy groups, to prepare a conpound

20 represented by Fornula (10) :

HO. R1 .
HO\><(CH2)n—O‘®7R2 (10)

wherein R', R2 and n are the sane as the above.

Step 2: Reacting the conpound represented by Fornula (10) with an
25 organic sulfonic acid to prepare a conpound represented by

Formula (11) :

HO, R .
X3\><
(CHz)n—O——< >—R2 (11)

wherein X3 is an organic sulfonyloxy group, and R', R2 and n are
the sanme as the above.

30

Step 3: Subjecting the conpound represented by Fornula (11) to an
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epoxidation reaction to prepare a conpound represented by Formula

(12):
o)
LA<R1
(CHz)n—O—Q——RZ (12)

wherein R, R2 and n are the same as the above..

Step 4: Reacting the conpound represented by Formula (12) with a

conpound represénted by Formula (8) :

| />—X2 @®)

N
O,N

wherein X2 is a halogen atom to prepare a conpound

represented by
10 Formula (13) :

R1

o) R?
CHn "

| NG OH (13)
X2
N/> _
N .

wherein R, R2, X2 and n are the sanme as the above.,

07)

Step 5: Subjecting the conpound represented by Formula (13) to a

15 ring closure reaction to prepare a conmpound represented by
Formula (1) :

y
(0]
| />/ )
N
O,N
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wherein R', R2 and n are the sanme as the above.

Each step is eXpI ained in detail below.
<Step 1>

The conpound represented by Formula (10) is prepared by
reacting the conpound represented by Formula (9) with the
conmpound represented by Formula (2) .

Exanpl es of the leaving groups represented by Xlin
Formula (9 include a halogen atom a hal ogen-substituted or
unsubstituted |ower al kanesul fonyloxy group, substituted or

unsubstituted arylsulf onyloxy group, and the like. Anong these,

-hal ogen atom is preferable. The hal ogen-substituted or

unsubstituted | ower al kanesul fonyl oxy groups are specifically
exenplified by linear or branched al kanesul fonyloxy groups having
1to 6 carbon atonms, such as nethanesul f onyl oxy,

et hanesul f onyl oxy, n-propanesul fonyl oxy, isopropanesulf onyl oxy,

n- but anesul f onyl oxy, tert-butanesulf onyl oxy, n-pentanesulf onyl oxy,
n- hexanesul f onyl oxy, trif luoronethanesulf onyloxy, and 2,2, 2-

trifluoroethanesul f onyl oxy groups.

The substituted or unsubstituted arylsulf onyl oxy groups

“include, for exanple, phenylsulfonyloxy and naphthylsulf onyl oxy

groups which each nmay have, on the benzene ring, 1 to 3
substituents selected fromthe group consisting of linear or
branched al kyl groups having 1 to 6 carbon atons, |inear or

branched al koxy groups having 1 to 6 carbon atons, nitro groups

‘and hal ogen atoms. The phenyl sul fonyl oxy groups which may have

the substituent or substituents are specifically exenplified by
phenyl sul fonyl oxy, 4-nethyl phenyl sul f onyl oxy, 2-

nmet hyl phenyl sul f onyl oxy, 4-nitrophenyl sulf onyl oxy, 4-

nmet hoxyphenyl sul f onyl oxy, 2-nit rbphenyl sul f onyl oxy ahd 3-

chl orophenyl sul f onyl oxy groups. The napht hyl sul f onyl oxy groups
are specifically exenplified by a-naphthylsulf onyloxy and [
napht hyl sul f onyl oxy groups.

The reaction of a conpound represented by Formula (2
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with a conpound represented by Fornmula (9) is perforned without a
solvent or in an inert solvent, under the presence of a

transition netal conpound and a ligand, and under the presence of

a basic conmpound or the absence thereof.

In this step, the use of a transition netal and a
ligand is essential. They are conbined and added as a catalyst to
the reaction system As for the addition nmethod, the transition
nmetal and ligand can be added to the reaction system separately,

or a conplex thereof may be added to the system

Exanpl es of transition metal conpounds include
compounds conprising 8 to 11 group elenents. Preferable exanples
t hereof include nickel conpounds, palladium conmpounds and copper
compounds. Anong these, palladium conpounds are the nost
preferable. The palladium conpounds are not particularly |imted,
and exanples thereof incl udé tetraval ent pall adi um conpounds,
such as sodi um hexachl oropalladium (1v) acid tetrahydrate and
pot assi um hexachl oropal | adium (1v) acid; divalent palladium
compounds, such as palladium (11) chloride, palladium (1)
brom de, pall adi Um (1) acetate, palladium (11) acetyl acetonate,
di chl orobi s (benzonitrile) palladium (11) ,

di chl orobi s (triphenyl phosphi ne) palladium (11) and

“dichloro (cycl oocta-1, 5-diene) palladium (11); 'zeroval ent palladi um

compounds, such as tris (dibenzylideneacetone) dipalladium (0),
chl orof orm conplex of tris (dibenzylideneacetone) dipalladium (o)
and tetrakis (triphenyl phosphine) palladium (0); and the like.
Anmong these, tris (dibenzylideneacetone) dipalladium (o and

chl orof orm conplex of tris (di benzylideneacetone) dipalladium (o)

are preferable.

Exanpl es of ligands include phosphines, N heterocyclic
carbenes and the like. The phosphines are not particularly
limted and exanples thereof include nobnodentate phosphines, such

as triisopropyl phosphine, tri-tert-butyl phosphi ne,
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tri phenyl phosphi ne, tri-o-tolyl phosphine, 2- (di-tert-
but yl phosphi no) bi phenyl, 2-di- tert-butyl phosphino-2 "- (N N
di met hyl am no) bi phenyl, 2-di- tert-butyl phosphino-2 °'-
nmet hyl bi phenyl, 2-di- tert-butyl phosphino-2' ,4',6'-triisopropyl-
1,1 -bi phenyl , 2- (di cycl ohexyl phosphi no )bi phenyl , 2-di- tert-
but yl phosphino-1 , 1'-binaphthyl , 2'-dicycl ohexyl phosphino-2 | 6-
di met hoxy-3-sulf onato-1, 1'-biphenyl hydrate sodium salt, 2-
(di cycl ohexyl phosphi no) -2' - (N, N-di et hyl am no) bi phenyl, 2-
di cycl ohexyl phosphi no-2' ,6'-di-i-propoxy-1, 1'-biphenyl, 2-
di cycl ohexyl phosphi no-2' - net hyl bi phenyl, 2-
(di cycl ohexyl phosphino) -2' ,4' ,6'-triisopropyl-1, 1'-biphenyl, 2-
di phenyl phosphi no-2' - (N, N-di net hyl ami no) bi phenyl, 5- (di-tert-
but yl phosphino) -1' ,3',5'-triphenyl-1" H-[1,4'] -bipyrazole, 2- (di-
tert-butyl phosphi no) -1-phenyl-I|H pyrrole, and 2- (di-tert-
but yl phosphi no) -1-phenyl -1 Hi ndol ¢; bi dentate phosphines, such as
1, 2-bi s (di phenyl phosphi no) benzene, 2,2'-bis (di phenyl phosphino) -
1,1'-binaphthyl, 4,5-bis (diphenyl phosphi no) -9, 9-di net hyl xant hene,
1, 2-bi s (di phenyl phosphi no) ethane, 1, 3-
bi s (di phenyl phosphi no) propane and 1, 1-
(di phenyl phosphi no) ferrbcene. Anmong these, nore preferable are 2-
di -tert-butyl phosphino-2' ,4',6'-triisopropyl-1, 1'-biphenyl, 5-
(di-tert-butyl phosphino) -1' ,3',5'-triphenyl-1" H-[1,4 ]-bipyrazole,
2-di -tert-butyl phosphino-2' - (N N-di net hyl anmi no) biphenyl, 2-
(di cycl ohexyl phosphi no) bi phenyl, and 2- (di-tert -butyl phosphi no) -
1- phenyl -1 Hpyrrol e, and nost prgferabl e is 2-di-tert-
butyl phosphino-2' ,4' ,6'-triisopropyl-1, 1'-biphenyl.
The N-heterocyclic carbenes are not particularly

limted, and exanples thereof include 1,3- (bis (2, 6-
di i sopropyl phenyl) imdazolinium chloride, 1,3- (bis (2 6-
di i sopropyl phenyl) imdazolium chloride, 1,3- (bis (2 4, 6-
trimet hyl phenyl) imnidazolinium chloride, 1,3- (bis(2 4,6-

trimet hyl phenyl) imdazolium chloride and the Iike.

Exanpl es of complexes of transition netal conmpounds and

ligands include palladium conpl exes. The pall adium conpl exes are
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not particularly Ilimted, and exanples thereof include
napht hoqui none- [1, 3-bis (diisopropyl phenyl) i mdazol -2-
ylidene] palladium (0), naphthoquinone- [1, 3-bis (nesi ty_I ) i m dazol -
2-ylidene] palladium (0), allylchloro- 11, 3-
bi s (diisopropyl phenyl) imdazol-2-ylidene] palladium (11),
allylchloro- [1, 3-bis (diisopropyl phenyl) imdazol-2- |
ylidene] palladium (I11), allylchloro- [1, 3-bis (mesityl) im dazol -2-
ylidene] palladium (11), allylchloro- [1, 3-bis (diisopropyl phenyl) -
2-imdazolidinylidene] palladium (11), phenyl al lylchloro- 11, 3-
bi s (diisopropyl phenyl) imdazol-2-ylidene] palladium (I1),
phenyl al I yl chl oro- [1, 3-bis (diisopropyl phenyl) -2-
i m dazolidi nylidene] palladium (11), dichloro- [1, 3-
bi s (diisopropyl phenyl) imdazol-2-ylidene] palladium (i11) diner,
di chl oro- (1, 2-bis (di phenyl phosphi no) ferrocenyl) palladium (11) ,
di chlorobis (tricycl ohexyl phosphine) palladium (11), dichloro- (1, 5-

cycl ooctadi ene) -palladium (I11) and the IliKke.

The inert solvents include single or mixed. sql vents,
for exanple, water; ether solvents such as dioxane,

t et r ahydr of ur an, diethyl ether, diethylene glycol dinmethyl ether
and ethylene glycol dinethyl ether; aliphatic hydrocarbon
solvents such as hexane and heptane; aromatic hydrocarbon
solvents such as benzene, toluene and xylene; |ower alcohol
solvents such as nethanol, ethanol, isopropanol and tert-butanol;
ket one solvents such as acetone and nethyl ethyl ketone; and

pol ar solvents such as N, N-di met hyl f ormam de (DMF),

di met hyl sul foxide (DVMBO) , hexanet hyl phosphoric acid trianm de and
acetonitrile . Aromatic hydrocarbon solvents are preferable.

As the basic conpounds, a variety of known ones can be
used, which include, for exanple, alkali netal hydroxides such as
sodi um hydroxi de, potassium "hydroxide, cesium hydroxide and
lithium hydroxide; alkali metal carbonates such as sodium
carbonate, potassium carbonate, cesj um carbonate and lithium
carbonate; alkali netal hydrogencarbonates such as lithium

hydr ogencar bonat e, sodi um hydrogencarbonate and potassium
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hydr ogencar bonat €; alkali metals such as sodium and potassium
inorganic bases such as sodium anide, sodium hydride and
potassium hydride; alkali netal alkoxides such as sodium
net hoxi de, sbdi um et hoxi de, potassium nethoxide and potassium
ethoxide, Ilithium tert-butoxide, sodi um tert-butoxide, potassium
tert-butoxide; and organic bases such as triethyl am ne,
tripropylamne,  pyridine, quinoline, piperidine, imdazole, N-
et hyl di i sopropyl am ne, dimethy !l am nopyridi ne, trinmethylam ne,
di met hyl ani | i ne, N- met hyl nor phol i ne, 1, 5-
di azabi cycl o[ 4. 3. 0] nonene-5 (DBN) , 1, 8-
di azabicyclo [5.4.0]undecene-7 (DBU) and 1 4-
di azabi cycl o[ 2. 2. 2] oct ane (DABCO) .

These basic conpounds are used singly or as -a mxture

‘of two or nore.

More preferable exanples are alkali nmetal al koxides
such as sodi um net hoxi de, sodium ethoxide, potassium nethoxide,
pot assium ethoxide, |lithium tert-butoxide, sodium tert-butoxide
and potassium tert-butoxide; and al kali nmetal hydroxides such as
sodi um hydroxi de and potassium hydroxide, or a mxed base of

tributylam ne and potassium hydroxide.

The anmount of transition netal conpound used is usually
0.0001 to 1 nmol, preferably 0.001 to 0.1 nol per nmole of a
compound represented by Formula (2) .

The ampunt of ligand used is usually 0.00005 to 10 nol,
preferably 0.001 to 0.4 nol per nole of a conpound represented by
Formula (2) . Additionally, the anount of ligand used is usually
0.5 to 10 nol, preferably 1 to 4 nol per nole of a transition
metal conpound.

.The amount of basic conpound used is usually 0.5 to 10
nol, preferably 0.5 to 6 nol per nole of a conmpound represented

by Fornula (2) .

The above reaction may be perforned at normal pressure;

in an inert gas atnmobsphere such as nitrogen or argon; or under
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pressure.

A compound represented by Formula (99 is used in an
anount of at least 0.5 nol, preferably about 0.5 to 5 nol per
nmol e of a conmpound represented by Formula (2) .

The reaction tenperature of the above reaction is
usual ly room tenperature to 200°C, pref'erably room tenperature to

150°c. The reaction tinme is usually about 1 to 30 hours.

<Step 2>

A conpound represented by Formula (11) is prepared by
reacting a conmpound represented by Fc;rrrula (1) with an organic
sul fonic acid.

The reaction of a conpound represented by Formula (10)
with an organic sulfonic acid is performed w thout a solvent, or
in an inert solvent; and in the presence of a basic conpound, or
in the absence thereof.

Exanmpl es of organic sulfonic acids include nethane
sulfonic acid, paratoluene sulfonic acid, trifluoromnethane
sul fonic acid, nitrobenzene sulfonic acid (ortho-, neta-, para-) ,
2,4,6-trinmethyl benzene sulfonic acid and 2,4, 6-
triisopropyl benzene sulfonic acid. The organic sulfonic acids are
preferably used in the form of an acid halide (nore preferably,
chl oride) .

An organic sulfonyloxy group represented by X3 is a
group derived from an organic sulfonic acid. Exanples of organic
sul fonyl oxy groups include nethanesulf onyloxy (nesyloxy) ,
par at ol uenesul fonyl oxy  (tosyloxy) , trif |l uoronethanesul fonyl oxy,
nitrobenzenesul f onyloxy (ortho-, meta-, para-), 2,4,6-
trinet hyl benzenesul f onyl oxy and 2,4, 6-
triisopropyl benzenesul f onyl oxy .

The inert solvents include single or m xed solvents,
for exanple, water; ether solvents such as di oxane,
tetrahydrofuran, cyclopentyl nethyl ether, diethyl ether,

di ethyl ene glycol dinmethyl ether and ethylene glycol dinethyl

ether; ester solvents such as nmethyl acetate, ethyl acetate,
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i sopropyl acetate and t-butyl acetate; aliphatic hydrocarbon
solvents such as hexane and heptane; aromatic hydrocarbon
sol vents such as benzene, toluene and xylene; |ower alcohol
solvents such as nmethanol, ethanol, isopropanol and tert-butanol;
ketone solvents such as acetone and nethyl ethyl ketone; and
pol ar solvents such as N, N-dinmethylformam de (DMF) ,
di met hyl sul f oxi de (DMSO), hexanethyl phosphoric acid triamde and
acetonitrile. Cyclopentyl nmethyl ether, ethyl acetate and N N
di met hyl f or mam de (DMF) are preferable.

As the basic conpounds, a variety of known ones can be
used, which include, for exanple, alkali netal hydroxides such as
sodi um hydroxi de, potassium hydroxide, cesium hydroxide and
[ithium hydroxide; alkali mnetal carbonates such as sodium
carbonate, potassium carbonate, cesium carbonate and lithium
carbonate; alkali nmetal hydrogencarbonates such as lithium
hydr ogencar bonat e, sodi um hydrogencarbonate and potassium
hydr ogencar bonat e; al kali metals such as sodium and potassium
i norgani ¢ bases such as sodium am de, sodium hydride and
pot assium hydride; alkali netal alkoxides such as sodium
net hoxi de, sodi um ethoxi de, potassium net Hoxi de, potassium
et hoxide, Ilithium tert-butoxide, sodi um tert-butoxide, potassium
tert-but oxide; and organic bases such as triethylam ne,
tripropyl ani ne, pyridine, quinoline, piperidine, imdazole, N-
et hyl di i sopr opyl ami ne, dimethy | am nopyridine, trimethylani ne,

di met hyl ani | i ne, N- et hyl nor phol i ne, 1, 5-
di azabi cycl o[ 4. 3. 0] nonene-5 (pBN) , 1, 8-
di azabi cycl o[ 5. 4. 0] undecene- 7 (DBUY) and 1, 4-
di azabi cycl o[ 2. 2. 2] oct ane (DABCO) .
These basic conmpounds are used singly or as a mxture

of two or nore.

A basic conpound is usually wused in an amount of 0.5 to
10 nol, preferably 0.5 to 6 nol per nole of a conpound

represented by Formula (10) .
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A sulfonic acid is usually wused in an anpunt of at
least 0.5 nol, preferably about 0.5 to 5 nol per nole of a
conmpound represented by Formula (10)
The reaction tenperature of the above reaction is

usually -20°C to 100°c, preferably -10°C to room tenperature. The

reaction tine is usually about 15 minutes to 30 hours.

<Step 3>

A conmpound represented by Fornula (12) is prepared by
subjecting a conpound represented by Formula .(11) to an
epoxi dation reaction.

The epoxidation reaction is performed wthout a solvent,
or in an inert solvent; and in the presence of a basic conmpound,
or in the absence thereof.

The inert solvents include single or mxed solvents,
for exanple, water; ether solvents such as dioxane,

t et r ahydr of ur an, Cycl opentyl nethyl ether, diethyl ether,

di ethylene glycol dinmethyl ether and ethylene glycol dinethyl
ether; ester solvents such as nethyl acetate, et hyl acet at e,

i sopropyl acetate and t-butyl acetate; aliphatic hydrocarbon
solvents such as hexane Aand hept ane; aronmatic hydrocarbon
solvents such as benzene, toluene and xylene; |ower alcohol
solvents such as nmethanol, ethanol, isopropanol and tert-butanol;
ketone solvents such as acetone and nethyl ethyl ketone, and

pol ar solvents such as N,N-dinethylformam de (DVF) ,

di met hyl sul f oxide (DMBO) , hexanethyl phosphoric acid triamde and
acetonitrile . Cyclopentyl nethyl ether, nethanol and N, N

di met hyl f or mam de (DMF) are preferable.

As the basic conpounds, a variety of known ones can be
used, which include, for exanple, alkali netal hydroxides such as
sodi um hydr oxi de, potassium hydroxide, cesium hydroxide and
[ithium hydroxide; alkali mnetal carbonates such as sodium
carbonate, potassium carbonate, cesium carbonate and lithium
carbonate; alkali netal hydrogencarbonates such as lithium

hydr ogencar bonat e, sodi um hydrogencarbonate and potassium
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“hydr ogencar bonat e; alkali nmetals such as sodium and potassium

i norgani ¢ bases such as sodium anmide, sodium hydride and
potassium hydride; alkali netal alkoxides such as sodium
met hoxi de, sodi um ethoxi de, potassium methoxide, potassium
ethoxide, lithium tert-but oxide, sodium tert-but oxide, potassium
tert-butoxide; and organic bases such as triethylam ne,
tripropylamne, pyridine, quinoline, piperidine, imdazole, N-
et hyl di i sopropyl am ne, di met hyl am nopyri di ne, trimet hyl am ne,
di met hyl ani | i ne, N- met hyl nor phol i ne, 1, 5-
di azabi cycl o[ 4. 3. 0] nonene-5 (DBN) , 1, 8-
di azabicyclo [5.4.0]undecene-7 (DBU) and 1,4-
di azabi cycl o[ 2. 2. 2] oct ane (DABCO .

These basic conpounds are used singly or as a mxture

of two or nore.

The anount of basic conmpound used is usually 0.5 to 10
nmol, preferably 0.5 to 6 nol per nole of a conpound represented

by Formula (11) .

The above reaction tenperature of the above reaction is
usually -20°C to 100°c, preferably 0°C to room tenperature. The
reaction time is usually about 15 mnutes to 30 hours.

The above reaction may be perfornmed in the presence of
a phase-transfer catal yst. Usabl e phase-transfer catalysts
include quaternary ammonium salts substituted by a substituent or
substituents selected from the group consisting of linear or
branched al kyl groups having 1 to 18 carbon atons, phenyl |ower-
al kyl groups and phenyl groups, such as tetrabutyl anmoni um
chloride, tetrabutylammonium bromde, tetrabutylamonium fluoride,
tetrabutyl ammoni um iodide, tetrabutylamonium hydroxide,
tetrabutyl ammoni um hydrogen sulfate, tributyl nmethyl anmoni um
chloride, tributylbenzylamonium chloride, tetrapentylanmoni um
chloride, tetrapentylamonium bromde, tetrahexylanmmonium
chl ori de, benz'yl di met hyl oct yl anmoni um chl ori de,

met hyl tri hexyl anmoni um  chl ori de,
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benzyl di met hyl oct adecanyl anmoni um chl ori de
net hyl tri decanyl ammoni um chloride, benzyltripropyl ammoni um
chl oride, benzyltriethylairanonium chloride, phenyltriethylaittnonium
chloride, tetraethylamonium chloride and tetranethyl amoni um
chloride; phosphonium salts substituted by a linear or branched
al kyl groups having 1 to 18 carbon atons, such as
t et rabut hyl phosphonium chloride; and pyridinium salts substituted
by a linear or branched alkyl groups having 1 to 18 carbon atons,
such as 1-dodecanyl pyridi nium chloride.

In this case, the reaction is preferably perfornmed in
water, or in a mxed solution of water and an organic solvent
inmriscible with water (benzene, toluene, xylene, nethylene
chloride, 1,2-dichloroethane, etc.).

The phase-transfer catalyst is usually used in an
amount of 0.01 to 0.5 nmol, preferably 0.2 to 0.3 nol per nole of

a conmpound represented by Fornula. (11) .

<Step 4>

A conpound represented by Formula (13) is prepared by
reacting an epoxy conpound represented by Forrmula (12) with a 4-
ni troi m dazol e conpound represented by Formula (s) .

A conpound represented by Forrmula (12) is usually used
in an amount of 0.5 to 5 mol, preferably 0.5 to 3 nmol per nole of
a conmpound represented by Fornmula (s) .

As the basic conpounds, a variety of known ones can be
used, which include, for exanple, inorganic bases such as netal
hydri des, alkali netal |ower alkoxides, hydroxides, carbonates
and hydrogencarbonates, and organic bases such as acetates.

The nmetal hydrides are specifically exenplified by
sodi um hydri de and potassium hydride.

The alkali netal |ower alkoxides are specifically
exenplified by sodium nethoxide, sodium ethoxide and potassium
tert-but oxi de .

The hydroxides are specifically exenplified by sodium

hydroxi de and potassium hydroxide. The carbonates are
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specifically exenplified by sodium carbonate and potassium
car bonate .

The hydrogencarbonates are specifically exenmplified by
sodi um hydrogencarbonate and potassi um hydrogencarbonate

The inorganic bases also include sodium anmides in
addition to the above.

The acetates are specifically exenplified by sodium
acetate and potassium acetate. The organic salts in addition to
the above are specifically exénpl ified by triethylamne,
trimet hyl am ne, di i sopropyl et hyl ani ne, pyridine, dinethylaniline,
1- met hyl pyrroli di ne, N- et hyl nor phol i ne, 1,5-

di azabi cycl o[ 4. 3. 0] nonene-5 (DBN) , 1, 8-
di azabicyclo [5.4.0]undecene-7 (DBU) and 1, 4-
di azabi cyclo [2.2.2] octane (DABCO .

The basic conpound is used usually in 0.1 to 2 nol,
preferably 0.1 to 1 nol, nore preferably 0.1 to 0.5 nol per nole
of a conpound represented by Fornmula (8) . '

The reaction of a conpound represented by Fornula (12)
and a compound represented by Fornula (8 is perforned wusually in
a suitable solvent.

As the solvents, a variety of known ones can be used.
Solvents that do not inhibit the reaction are preferable.

Exanpl es of such solvents include aprotic polar solvents such as
di methyl formam de (DW) , dinmethylsulf oxide (DVSO and

acetonitrile; ket one solvents such as acetone and nethyl ethyl

ket one; hydrocarbon solvents suc.h as benzene, toluene, xylene,
tetralin and liquid paraffin; alcoholic solvents such as methanol,
et hanol, isopropanol, n-butanol and tert-butanol; ether solvents
such as tetrahydrofuran (THF) , cyclopentyl nethyl ether, dioxane,
di i sopropyl ether, diethyl ether and diglynme; ester solvents such
as nethyl acetate, ethyl acetate, isopropyl acetate and t-butyl
acetate; and m xtures thereof. These solvents may contain water.

The reaction of a conpound represented by Fornula (12)
with a conmpound represented by Formula (8 is perfornmed, for

exanple, by dissolving the conpound represented by Fornula (8 in
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a reaction solvent, adding a basic conmpound to the solution at an
ice-cooling tenperature or room tenperature (e.g., 30°C under
stirring, stirring the mixture at room tenperature to 80°C for 30
mnutes to 1 hour, thereafter adding the conpound represented by
Formula (12) , and continuing stirring the mxture normally at
room tenperature to 100°c, preferably at 50°C to 100°C for 30

mnutes to 60 hours, preferably for 1 to 50 hours.

The compound represented by Forrmula (8 is a known
conpound, or a conpound that can be easily prepared according to

a known net hod.

<Step 5>

A conpound represented by Formula (1) is prepared by
subj ecting a conmpound represented by Forrmula (13) to a ring
cl osure reaction. _

The ring closure reaction is performed by dissolving
the conpound represented by Fornmula (13) , which is obtained in
Step 4, in a reaction solvent, and adding a basic conpound
thereto and stirring the m xture.

As the reaction solvents and the basic conpounds, the
sanme reaction solvents and basic conpounds as those used in Step
4 can be used.

The basic conpound is usually used in an anpunt of 1 to
an excessive ampunt, preferably 1 to 5 nol, nore preferably 1 to
2 nol per mole of a compound represented by Formula (13) .

The reaction tenperature of the ring closure reaction
is usually 0°C to 150°cCc, preferably 0°C to room tenperature. The
reaction time is usually 30 mnutes to 48 hours, preferably 1 to
24 hours, nore preferably 1 to 12 hours.

The reaction mxture may be used in the subsequent ring
closure reaction without isolating the compound represented by
Formula (13), which is produced in Step (4). A target conpound
represented by Fornmula (1) can also be prepared, for exanple, by

reacting a conmpound represented by Formula (12) with a conpound
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represented by Fornula (8 at room tenperature to 100°c, then
adding a basic conpound to the reaction mixture, and further
stirring the mxture at 0°C to 100°c, or by reacting a conpoUnd
represented by Fornmula (12) with a conpound represented by
Formula (s) at room tenperature to 100°C, then condensing the
reaction mxture, dissolving the residue in a high-boiling point
solvent, adding a basic conmpound to the obtained solution, and

further stirring the solution at 0°C to 100°C

The target conpound represented by Fornmula (1) can al so
be prepared by using 0.9 to 2 nol of a basic conmpound per nole of
a conpound represented by Fornula (8 in the reaction of a
compound represented by Fornula (12) and the compound represented
by Formula (8); and stirring the reaction mxture at 50°C to
100°C so as to perform in a single process, a reaction between
t he compound represented by Formula (12) and the compound
represented by Fornula (8) , as well as(a ring closure reaction of
a conpound represented by Formula (13) produced by the above

reaction.
The conmpound represented by Fornmula (100 in Reaction
Scheme D above can- - be produced from the compound represented by

Formula (90 using the process shown in Reaction Schenme E bel ow

Reaction Schene E
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R* ¢ R’ ¥
- A 1
12-—*——0 R
HO (9 i)
\><(CH2)n— @—xl —2 0 (CHz)n_O‘OXI

(9-11)

RH (2)

R —1—0 R
H0\><
P g rqum— SR gy S
Deprotection . ]

(10) - (9-iii)

In the above fornulas, R', R, X! and n are the sane as
the above; R* is a lower-alkyl group or a phenyl group which may
have a substituent or substituents; and R’ is a hydrogen atom or a

| ower - al kyl  group. R* and R® may form a cycloalkyl ring together

with the carbon atom to which they are bonded.

In Reaction Schenme E, a conpound répresented by Fornul a
(9) is reacted with a conpound represented by Formula (9-i) to
obtain a conpound represented by Formula (9-ii) . Subseguent | vy,
the compound represented by Formula (9-ii) is reacted V\,ith~ a
conpound represented by Formul a (é) to obtain a conpound
represented by Formul a (9-iii) . Thereafter, the conpound
represented by Formula (9-iii) is subjected to deprotection to
obtain a conpound represented by Formula (10) .

Exanmpl es of lower-alkyl groups represented by R* and R
include the aforenentioned | ower - al kyl gr oups. Ex_arrpl es of
substituents in the phenyl group which may have a substituent or
substituents represented by R* include the aforementioned | ower-
al koxy groups. Preferably, 1 to 3 such substituents are present
on the phenyl ring.

_Exanpl es of cycloalkyl rings that may be forned by R* and
RP together with the carbon atom to which they are bonded include

cyclopentane ring, cyclohexane ring, cycloheptane ring, and the



WO 2011/093529 PCT/JP2011/052307

_34_
like.
Exanpl es of conpounds represent ed by Fornula (9-i)
i ncl ude acet one, benzal dehyde, p- net hoxybenzal dehyde, 2,4-
di met hoxybenzal dehyde, cycl opent anone, cycl ohexanone,

cycl ohept anone, and the Iike.

In the reaction of the conpound represented by Formula
(9) with the compound represented by Formula (9-i), the conpound
represented by Fornula (9-i) is generally wused in an anount of 1
to 200 mol, and preferably 1 to 100 nmol per mole of the conmpound
represented by Formula (9 .

The reaction of the conpound represented by Formula (9)
with the conmpound represented by Forrmula (9-i) is performed in a
suitable solvent and in the presence of a suitable acid catalyst.

As the solvents, a wide variety of known ones can be
used, and those that do not inhibit the reaction are preferably

used. Exanpl es of solvents include aprotic polar solvents such as

di met hyl f or mani de (DVF) , di net hyl sul f oxi de (DMSO) , and
acetonitrile; hydr ocar bon sol vents such as benzene, t ol uene,
X'yl ene, tetralin, hexane, pent ane, and liquid paraffin; et her
sol vents such as tetrahydrofuran (THF) , di oxane, di i sopr opyl

ether, diethyl ether, and diglynme; ester solvents such as nethyl

acetate, ethyl acetate, i sopropyl acetate, and t-butyl acetate;
hal ogenat ed ° hydr ocar bon solvents such as di chl or onet hane, and
1, 2-di chl or oet hane; and mixtures thereof. Ketone solvents such as

acetone, nethyl ethyl ketone, and cyclohexanone are also usable.
Exanples of <catalysts include inorganic acids such as
hydrochloric acid, hydrobromc acid, and sulfuric acid; organic
aci ds such as benzenesul fonic aci d, p-tol uenesulf onic acid,
canphor sul f oni ¢ | acid, and acetic acid; amonium salts such as
ammoni um  chl ori de, pyridi nium hexaf | uoroanti nonate; and Lew s
acids such as BF;-(0C,H;),, titanium tetrachloride, and scandi um
triflate. These acid catalysts my be used in a conmon catalytic
anount . Specifically, the catalyst is generally wused in an anount
of 0.01 to 1 nol, and preferably 0.01 to 2 nol per nole of the

compound represented by Formula (9 .
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The reaction is generally performed at O to 200°C and
preferably at room tenperature to 150°C, and generally conpletes
in about 30 minutes to about 72 hours.

Two hydroxy groups of the conmpound represented by Formul a

(99 are protected by the reaction described above.

The subsequent reaction of the conmpound represented by
Formul a (9-ii') .vvith the conpound represented by Formula (2 is
performed under the sane conditions as those for the reaction of
the conpound represent ed by Fornula (99 "with the conpound
represented by Formula (2) described above.

In the deprotection of the conmpound represented by
Formula (9-iii) thus obtained, various known reaction conditions
for renoving a protection group from a protected hydfoxy group may
be enployed. For exanpl e, the deprotection of the conpound
represented by Fornmula (9-iii) is preferably performed in a
suitable solvent and in the presence of an acid.

Exanpl es of solvents wused in this deprotection include
those used in the reaction of the conpound represented by Formula
(99 with the conpound represented by iForrruIa (9-i) described
above . ‘

Exanpl es of acids include inorganic acids such >as
hydrochloric acid, hydrobromic acid, and sulfuric acid;, organic
acids such as benzenesul fonic aci d, p-tol uenesul fonic aci d,
canphorsul f onic acid, and acetic acid; and ammonium salts such as
ammoni um chloride, and pyridini um hexaf | uoroanti monat e.

The acid is generally used in an anmpbunt of 0.01 to 1 nol,
and preferably 0.01 to 0.2 nol per nmole -of the conpound
represented by Formula (9-iii) .

The reaction is generally performed at 0 to 200°c, and
preferably at room tenperature to 150°C, and generally conpletes

in about 30 mnutes to 24 hours.

The raw material conpounds and intended conpounds in

each of the above reaction fornmulae, which include the conpounds
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of the present invention, may be in the form of free conpounds or
salts. Exarrpi es of such salts include pharmacol ogically

acceptable salts derived from inorganic bases, organic bases,

inorganic acids and organic acids.

The salts of inorganic bases include, for exanple,
nmetal salts such as alkali netal salts (e.g., lithium salts,
sodium salts and potassium salts) and alkaline earth netal salts
(e.g. calcium salts and magnesium salts), amonium salts, salts
of alkali netal carbonates (e.g. lithium carbonate, potassium

carbonate, sodium carbonate and cesium carbonate) , salts of

al kali netal hydrogencarbonates (e.g. lithium hydrogencarbonate,
sodi um hydrogencarbonate and potassi um hydrogencarbonate) , and
salts of alkali netal hydroxides (e.g. lithium hydroxide, sodium

hydr oxi de, potassium hydroxide and cesium hydroxide)

The salts of organi c bases include, for exanple, salts

of tri (lower) alkylam ne (e.g. trinethylan ne, triethylam ne and

N- et hyl di i sopropyl ami ne) , pyridine, quinoline, piperidine,
i m dazol e, picoline, dinethylan nopyridine, di met hyl ani | i ne, N-
(I ower) al ky | morpholine (e.g. N-nethylnorpholine) ,-1,5-

di azabi cyclo [4.3.0]1nonene-5 (DBN , 1, 8-
di azabi cycl o[ 5. 4. 0] undecene- 7 (DBY) , and 1, 4-
di azabicyclo [2.2.2]octane (DABCO .

The salts of inorganic acids include, for exanple,
hydrochl ori des, hydr obr oni des, hydr oi odi des, sul fates, nitrates

and phosphat es.

The salts of organic acids include, for exanple,
formates, acetates, propionates, oxalates, nalonates, succinates,
fumarates, nuleates, |actates, nmamlates, citrates, tartrates,
carbonates, picrates, nethanesulfonates, et hanesul f onat es, p-

tol uenesul f onates and gl utanates.
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Further, the raw material conpounds and intended
conmpounds shown in each of the above reaction fornmulae, which
i nclude the conpounds of the present invention, may be in the
form of solvates (e.g., hydrates and ethanolates) . Preferable

5 solvates include hydrates .

Each target conpound obtained in each of the above
steps can be isolated and purified from a reaction mxture, for
exanpl e, by separating a crude reaction product through isolation
operations such as filtration, condensation and extraction after

10 a reaction mxture is cooled, and subjecting the separated |
reaction product to comon purification operations such as colum
chromat ography and recrystallization. Conversely, the conpounds
obtained in each step may al so be used as the raw materials in
the following step in the form of the reaction mxtures as is,

15 without subjecting them to isolation.

The raw material conpounds used in each step described above and
the objective conpounds may be racenmic or optically active
i sonmers, unless otherwi se specified. However, in order to obtain

20 an optically active isonmer of the conpound represented by Fornmula

(1 -

N
0
| />/ M
N
O,N

wherein R!, RZ2 and n are the same as the above, optically active
i somers of the conpounds shown below are preferably used.
25

A compound represented by Formula (9) :

HO . R1
W
HO\>\(CH2)n—O—®—X1 (9)

wherein R', X! and n are the sane as the above.
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A compound represented by Formula (10) :
HO \\R1
\\
Ho\>\(CH2)n—o-~®—R2 (10)
wherein R, R2 and n are the sanme as the above..
A conpound represented by Formula (11) :
HO, “R1
\)
x3\>\
(CHon—0 —R2 (11)
wherein R', R2, X3 and n are the same as the above.

10 A compound represented by Formula (12) :

0
f 5 R
(CHgn—O@——RZ (12)

wherein R', R2. and n are the sane as the above.

A compound represented by Forrmula (13) :

CHgn—" \ / o

(13)
>

N
N
O,N

I
O
s Q0

¥

15

wherein R, R2, X2 and n are the sanme as the above..

Use of the compound represented by Formula (90 in Step
1 enables the optically active isonmers of the compounds
20 represented by Fornmulas (1), and (10) -(13) to nmmintain their
configurations in each step, obtaining the objective conpound

with a high optical purity.
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Advant ageous Effects of |nvention

The present invention allows a conpound represented by
Formula (1) to be produced from a conmpound represented by Formula
(2y at a high yield.

According to the present invention, when an optically
active isomer is used as the raw material conpound, an optically
active isomer of the conpound represented by Fornula (1 can be
produced with high optical purity.

According to the research conducted by the present
inventors, this is probably because of the reason described
bel ow; however, the scope of the present invention is not limted
t her eby.

Previ ously known nethods include the step in which an
R-Ns phenoxi de conpound starts a nucleophilic attack, as shown in
the reaction fornula below. In this step, phenoxide attacks the
site shown by the arrow path A in the R Ns conpound to obtain the
objective R-enantiomer . However, phenoxide also attacks the site
shown by the arrow path B, causing the production of S-enantioner
as a byproduct. This reduces the optical purity of the resulting
product. In contrast, the method of the present invention does
not include the step that causes the reduction of the optical
purity; therefore, the nmethod of the present invention is

superior to the known nmethods in this respect.
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ol
A
(o}

v

\j

1] path A
path B o) R-Ns |
path A 7?-enanti or aer
(obj ective product

. LQ/O\E %OO
R

'o—< >—R R
: & enant i omer
path B (non- obj ective
product)

Description of Enbodi nents
Hereunder, the present invention is explained in detail

with reference to Exanples.

The abbreviations used hereunder have the neanings
usually wunderstood by those having ordinary skill in the art,
unl ess otherwi se specified. For exanple, the abbreviations shown
bel ow have the followi ng neanings.
s: singlet, d: doublet, t: triplet, q: quartet, m: nultiplet, dd:
doubl e doublet, dt: double triplet, br: broad (wde)
ag. : aqueous solution

MeOH:  Met hanol

Ref erence Exanple 1
Production of 2- [ (4-bronmophenoxy) nethyl] -2-nethyl oxirane

4- Br onophenol (80 g, 462 mml) , 2- (chloronethyl) -2-
nmet hyl oxi r ane (400 m) and potassium carbonate (95.86 g, 693
nmmol) were mixed  and allowed to react at 100°C for 4 hours. After
the reaction was conpleted, the mxture was concentrated under
reduced pressure. Ethyl acetate (200 nml) and water (400 m) were
added thereto, followed by extraction. The water |ayer was
extracted with ethyl acetate (200 ml) . The organic |ayer was

washed with water (200 nl) twice. The organic layer was then
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concentrated under reduced pressure to renove the ethyl acetate.

Ther eaft er,

tol uene was added and the resulting mxture was

concentrated under redu

product .

ced pressure, obtaining 120 g of crude

'H NVR (300MHz, CDClz) 5ppm 1.47 (3H

Hz), 2.86 (1H, d, J =
(1H d, J = 10.7 Hz),
dd, J = 6.9, 2.3 Hz) .
Exanple 1

4.8 Hz), 3.90
6.80 (2H, dd, J

s), 2.73 (1H

d, J

= 4.8

(1H d, J = 10.7 Hz), 4.02

= 6.9, 2.3 Hz),

7.37 (2H,

Production of {R -3- (4-bronophenoxy) -2-nethy|probane-|, 2-di ol

A mxture of

nmol), D- (-) -diisopropyl

nol ecul ar
(900 m)
(17.7 g,

Si eves

was stirred

62.4 mmol)
stirring at -16 to -18°C for 0.5 hour.

cunene hydroperoxi de

added thereto dropw se

was added

B-methal lyl al

tartrate (17.53 g,
(Ms-4A, 45.0 g), and dehydrated
at -18°C. Ti tani um

(404 g (total

at -16 to -18°C over

to the m xture,

cohol (90.0 g,
75.0 mol)

amount), 2.12

hours, foll owed by stirring at -10°C for 5 hours.

sul f oxi de

13°C over

stirred

stand overnight.

conductio

was subj ected

(95.7 g,

a period of

at

n

room tenper

of stirring

of (s)-2-methylglycidyl

hydr oxi de
t ol uene
40°C for

4-

agueous

Br onophenol

solution thus

9

hours. Af t

room tenperature, acti

g) were added thereto.

stirred

for

0.5 hour

sol ution

1,225 nmol) was

ature for 6 h

After adding Celit

for 0.5 hour,

to filtration, obt ai ni

al cohol .

(108 g, 624 muol)

obtained, followed by stirring

added thereto -
0.7 hour. The

Ther eafter,

a period

1.25

t ol uene

nol )

tetrai sopropoxi de
followed by
80%

was

of 2

Di et hyl

at 11 to

resulting mxture

ours, and allowed t
e (18.0 g) and

t he reaction

ng a toluene

was

o

m Xt ure

sol ution

(110 g) were added to the

er cooling the reaction mixture

(9.0 g) and Celite

vated carbon
The reaction

and subjected

m xture was

to filtration.

t hen
The

and -a 25% sodi um

at

to
(45.0
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toluene |ayer was washed with water, and then the toluene
and cunyl alcohol were distilled off under reduced
pressure. Toluene (162 m) was added to the concentrated
residue, followed by heating to 70°C to dissolve the
concentrated residue. The resulting solution was cooled to
room tenperature over a period of 5 hours. Hexane (162 mnl)
was added to the solution, followed by stirring for 5
hour s. The precipitated white crystals were collected by
filtration, and then washed with a nixed solvent (90 nml) of
hexane and tol uene (‘hexane/tol uene nixed ratio of 3/1)
The crystals were dried by a blower at 50°C, obtaining
123.8 g of the objective product (yield: 76.1% based on 4-

br onophenol ).

Melting point: 90°C

Optical purity: 92.2%e

'H NVR(CDC13) 5ppm 1.30 (s, 3H , 2.08 (i, J = 5.5 H, 1H , 2.62
(s, 1H), 3.58 (dd, J = 11.2 Hz, JJ = 6.1 Hz, 1H , 3.72 (dd, J
8.5 Hz, 2, 3.90 (o, J = 8.5 t, 2, 6.81 (dt, J = 9.1 tg, JJ
2.3 Hz, 2H) , 7.39 (dt, J = 9.1 Hz,.JJ = 2.2 Hz, 2H .

Exanmple 2
Producti on of 3- (4-bronpbphenoxy) - 2-net hyl propane-1, 2-di ol

A mixture of B-nmethallyl alcohol (10 g, 139 mmol)
and sodium tungstate dihydrate (92 ng, 0.28 mmol) was
stirred at room tenperature, and a 35% hydrogen peroxide

solution (17.3 g, 153 mml) was added thereto dropw se over

a period of 5 mnutes. The mixture was heated to 40°C and
stirred for 7 hours. Pot assi um carbonate (9.6 g, 69 mmol)
and 4- bronophenol (7.9 g, 46 nmowl) were added to a half
anount of the resulting reaction mnmixture (70 mml, based on

B-methallyl alcohol), followed by stirring at 60°C for 2.5
hour s. After adding toluene (30 m), the nmixture was
heated, washed with water at a tenperature about 60°C and

then cooled with ice. The precipitated crystals were
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collected by filtration, washed with toluene (5 m), and
then dried wunder reduced pressure, obt ai ni ng 9.8 g of 3- (4-
br omophenoxy ) - 2-net hyl propane- | , 2-di ol (yield: 82% (based
on 4-bronmophenol )) .

Exanple 3 .

Production of 3- (4-bronpphenoxy) -2-nethyl propane-1, 2-diol

2- [ (4- Bronophenoxy) met hyl ]-2-met hyloxirane (72.9 g, 300
mml) , acetone (360 m), water (180 m), and sulfuric acid (7.3
m) were m'xed and stirred at 60°C for 1 hour. After cooling, the
nm xture was concentrated under reduced pressure. Et hyl acetate
(360 M) and a saturated sodium bicarbonate solution were added
to the concentrated residue, followed by extraction. Thereafter,
the ethyl acetate layer was dried over anhydrous sodium sulfate.
Et hyl acetate (102 ml) was added to the resulting crude product
and heated to dissolve the crude product. The resulting
solution was cooled to room tenperature, and then hexane (204
m) was added thereto, followed by stirring at a tenperature 10°C
or less for 1 hour. The precipitated crystals were collected by
filtration and then washed with a mxture of ethyl acetate (24
m) and hexane (48 m) . The resultin'g crystals were dried under
reduced pressure, obtaining 44.0 g of the objective product

(yield: 56% .

Exanple 4
Production of {R)-1- [4- (2, 3-epoxy-2-methyl propoxy) phenyl] -4- [4-

(trifluoronethoxy )phenoxy] piperidine

{R)-3- (4-Bronophenoxy) -2-nethyl propane-1, 2-diol (87.96
g, 336.9 mmol, optical purity of 92.2%e), 4-[4-
(trifluoronethoxy) phenoxy] piperidine (80 g, 306.2 nmol),
tris (di benzylideneacetone) dipalladium (o) (Pd,dba;, 701 mg, 0.77
mol ) , 2-di- tert-butyl phosphino-2 ',4',6'-triisopropyl-1, 1'-
bi phenyl (780 ng, 1.84 mmol), sodium tert-butoxide (33.85 g,
352.2 mmol), and toluene (240 nml) were mxed, followed by

stirring under an argon atnosphere at 70°C for 6 hours. After
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cooling, an amonium chloride aqueous solution was added to the
reaction mxture, followed by extraction wth toluene.
Thereafter, the organic layer was distilled off under reduced
pressure, obtaining a crude product of (rR)-2-nethyl-3- (4-{4-4-
(trifluoronethoxy) phenoxy] piperidin-I-yl Jphenoxy) propane-1, 2-
di ol

'H-NMR (300MHz, CDCl,) 5ppm 1.28 (3H s), 1.88-2.03 (24 m),
2.03-2.19 (24 m), 2.22 (1H, br. s), 2.75 (1H br. s), 2.92-3.05
(24, m), 3.30-3.45 (24, m), 3.57 (1H d, J = 11.2 Hz), 3.73 (1H,

d, J = 11.2 Hz), 3.86 (1H, d, J = 9.0 Hz), 3.93 (1H d, J = 9.0
Hz), 4.36-4.48 (1H, m), 6.78-6.98 (6H m), 7.13 (2H d, J = 9.3
Hz) .

Ethyl acetate (810 ml) and triethylamne (62 g, 612
mmol) were added to the resulting crude product. Met hanesul f onyl

chloride (40.3 g, 351.8 nmol) was added thereto while cooling
with ice until the starting materials becane undetectable,
followed by stirring for 20 m nutes. After the reaction was
conpleted, water was added to the mxed solution, followed by
extraction wth ethyl acetate. The ethyl acetate |ayer was washed
with water and then distilled off under reduced pressure,
obtaining a crude product of (s -2-hydroxy-2-nethyl-3- (4-{4- [4-
(trifluoromet hoxy) phenoxy] pi peri di n-1-

y| Jphenoxy) propyl net hanesul f onate .

'H NMR  (300MHz, CDCl,) S5ppm 1.37 (3H, s), 1.98-2.05 (2H m),
2.05-2.19 (2H m), 2.63 (1H s), 2.93-3.07 (24 m), 3.03 (3H s),
3.32-3.43 (24 m), 3.85 (1H, d, J = 9.2 Hz), 3.90 (1H d, J = 9.2
Hz), 4.27 (2H s), 4.38-4.47 (1H .m), 6.81-6.97 (6H m), 7.14 (2H,
d, J = 10.0 Hz) .

Met hanol (954 nl) and potassium carbonate (84.7 g, 612
mmol) were added to the crude product. The resulting mxture was

stirred for 30 minutes at a tenperature from 0°C to room
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tenperature. Thé reaction mxture was distilled off under reduced
pressure, and then toluene and water were added thereto. The |
toluene layer was washed with water and distilled off under
reduced pressure, i sopropanol (520 M) and water (130 m) were
added to the resulting residue and heated to dissolve the
residue. The resulting solution was cooled to obtain precipitated
crystals. The precipitated crystals thus obtained were collected
by filtration and dried, obtaining 98.5 g of (R -I-{4-[(2 3-
epoxy- 2- net hyl propoxy) phenyl] -4- [4-
(trifluoromethoxy) phenoxy] piperidine (yield: 76.2 %).

Optical purity: 94.32%e

'H NVR (300MHz, CDCl,) &ppm: 1.48 (3H, s), 1.9-2.1 (4H m), 2.72
(1H d, J =5 H), 2.86 (1H d, J =5 Hz), 2.9-3.1 (2H m), 3.3-
3.5 (24 m), 3.91 (1H d, J = 10 Hz), 3.98 (1H d, J = 10 Hz),
4.3-4.5 (1H, m), 6.8-7.0 (6H m); 7.14 (2H, d, J = 9 Hz) .

Exanple 5
Production of 4-[(4-bronophenoxy) nethyl] -2, 2, 4-trimethyl-1, 3-
di oxol ane

3- (4-Bronmpbphenoxy) -2-nethyl propane-1, 2-diol (261 ng,

1.00 mmol ) , acetone (77 ng, 1.3 mmol) , tetrahydrof uran (5 ni) ,
and a boron trifluoride diethyl ether conplex (3 drops) were

m xed. The m xture was stirred.at room tenperature for 67 hours,
and acetone (102 ng, 1.76 nmml) was added thereto, followed by
stirring for 2 hours. Sodi um carbonate, ethyl acetate, and water
were added to the reaction mixture to conduct extraction. The -
organic layer was washed with a saline solution twice. A residue
was obtained by concentrating the organic |ayer under reduced
pressure, and the residue was subjected to chronmatography
refining (methylene chloride) wusing silica gel, obtaining 121 ng

of the objective conpound (yield: 40% .

Property: colorless oily product

'H NV\R (CDCl ;) Sppm  1.43 (9H s), 3.74 (1H d, J = 8.6 Hz), 3.78
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(1H d, J = 8.6 Hz), 3.84 (1H d, J = 8.8 Hz), 4.11 (1H d, J =
8.8 Hz), 6.78 (2H d, J = 9.0 Hz), 7.36 (2H d, J = 9.0 Hz).

Exanple 6

Production of 4- [(4-bronmophenoxy) nethyl] -2, 2, 4-trinmethyl -1, 3-
di oxol ane |

3- (4-Bronophenoxy) -2-nethyl propane-I, 2-diol (261 ng,
1.00 mml) , acetone (10 .nm) , and a boron trifluoride diethyl
ether complex (3 drops) were nmixed. The nmixture was then stirred
at room tenperature for 14 hours. A residue was obtained by
concentrating the mxture under reduced pressure, and ethyl
acetate and water were added thereto, followed by extraction. The
organic layer was washed with a saline solution twice. A residue
was obtained by concentrating the organic |ayer under reduced
pressure, and the resulting residue was then subjected to
chromat ography refining (nethylene chloride) using silica gel,

obtaining 183 mg of the objective conpound (yield: 61% .

Property: colorless oily product

'H NMR (CDCl,) Sppm: 1.43 (9H s), 3.75 (iH d, J = 8.6 Hz), 3.78
(1H d, J = 8.6 Hz), 3.85 (1H d, J = 8.8 Hz), 4.11 (1H d, J =
8.8 Hz), 6.79 (2H d, J = 9.1 Hz), 7.37 (2H d, J = 9.1 Hz).

Exanple 7
Production of 4-7[4- (trifluoronmethoxy) phenoxy] -1- {4- [ (2, 2, 4-

trinmethyl-1 ,3-di oxol an-4-yl )net hoxy ]phenyl }pi peridi ne

4- [ (4- Bronophenoxy) nethyl] -2, 2, 4-trinethyl-1, 3-dioxol ane
(156 ng, 0.518 mmol), 4- [4- (trifluoromethoxy) phenoxy] pi peridine
(135 ng, 0.517 mmol), palladium acetate (1.2 ng, 0.0053 nmol),
tri- tert-butyl phosphine tetraphenylborate (2.7 ng, 0.0052 muol),
sodium tert-butoxide (55 ng, 0.57 nmol), and toluene (2 nL) were
m xed and stirred under reflux for 2 hours. Ethyl acetate and
water were added to the reaction mxture, followed by extraction.
The organic |layer was washed with water twice. A residue was

obtai ned by concentrating the organic |ayer under reduced
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pressure, and the resulting residue was then subjected to
chromat ography refining (methylene chloride) wusing silica gel,

obtaining 232 mg of the objective conmpound (yield: 93% .

Property: pale yellow oily product

'H-NMR (CDC1,) 5ppm 1.43 (9H s), 1.9-2.0 (24 m), 2.1-2.2

m), 2.9-3.1 (24 m), 3.3-3.4 (24 m), 3.75 (1H d, J = 8.7 Hz),

3.78 (1H d, J = 8.7 Hz), 3.84 (1H, d, J = 8.8 Hz), 4.13 (1H

J=18.8H) , 44-4.5 (1H m), 6.84 (2H d, J = 9.2 H) , 6.9-

(4H, ™), 7.14 (2H d, J = 9.2 H).

Exanple 8
Production of 2-nmethyl-3- (4-{4-[4-

(2H,

7.0

(trifluoromethoxy) phenoxy] piperidin-l-yl }phenoxy) propane-1, 2-diol

4- [4- (Trifluoromethoxy) phenoxy] -1-{4- [(2, 2,4-trinethyl-

1, 3-di oxol an-4-yl ) net hoxy] phenyl }piperidine (223 ng, 0.463 mmol) ,

ethanol (10 nL) , and concentrated hydrochloric acid (2 nL) were

m xed and stirred at room tenperature for 14 hours. Witer was
added to the reaction mixture, followed by neutralization wth

sodi um car bonat e. Et hyl acetate was added to the mxture to

conduct extraction. The organic |ayer was washed with water three

times. The organic layer was concentrated under reduced pressure,

obtaining 196 mg (yield: 96% of the objective conpound.

Property: White crystal

'H-NMR (CDCl 5) 5ppm 1.27 (3H s), 1.9-2.0 (2H m), 2.1-2.2 (2H,

m), 2.4 (1H, br. s), 2.8 (1H, br. s), 2.9-3.1 (2H m), 3.3-3.4
(24, m, 3.56 (1H d, J = 11.2 Hz), 3.71 (1H, d, J = 11.2 Hz),
3.85 (1H d, J =9
m), 6.85 (2H, d, J

9.2 Hz), 6.9-7.0 (4H m), 7.13 (2H d, J
9.2 Hz) .

Exanple 9
Production of (R -2-nethyl-6-nitro-2- {4-[4- (4-

trif luoronet hoxyphenoxy) piperidin-lI-yl] phenoxynethyl }-2,3-

.1 H), 3.91 (1H d, J = 9.1 Hz), 4.4-4.5 (1H
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di hydroi m dazo[2, 1-b] oxazol e

{R -1- [4- {2, 3-epoxy-2-net hyl propoxy )phenyl] -4- [4-
(trif luoronmethoxy )phenoxy ]piperidine (10.0 g, 23.6 mmol,
optical purity of 94.3%e), 2-chloro-4-nitroimndazole (4.0
g, 27.2 mmol), sodium acetate (0.4 g, 4.9 mmol), and t-
butyl acetate (10 mi) were mxed and stirred at 100°C for
3.5 hours. Met hanol (70 mM) was added to the reaction
m xture, and then a 25% sodi um hydroxi de aqueous solution
(6.3 g, 39.4 nmol) was added thereto dropwi se while cooling
with ice. The resulting mxture was stirred at 0°C for 1.5
hours, and further stirred at approximtely room
tenperature for 40 mnutes. Water (15 nml) and ethyl
acetate (5 m) were added thereto, and the mxture was
stirred at 45 to 55°C for 1 hour. The m xture was cooled
to room tenperature, and the precipitated crystals were
collected by filtration. The precipitated crystals were
subsequently washed w th nethanol (30 ni) and water (40
m) . Methanol (100 M) was added to the resulting
crystals, followed by stirring under reflux for 30 m nutes.
The mixture was cooled to room tenperature. The crystals
were then collected by filtration and washed w th nethanol
(30 M) . The resulting crystals were dried. under reduced
pressure, obtaining 9.3 g of the objective product (yield:
73%
Optical purity: 99.4%e.

Example 10
Producti on of 3- (4-chl orophenoxy) -2-net hyl propane-1, 2-di ol
A mxture of pB-nmethallyl alcohol (50 g, 693 mmol)

~and sodium tungstate dihydrate (460 ng, 1.4 nmol) was
stirred at room tenperature. A 30% hydrogen peroxide
solution (86.5 g, 763 mmvl) was added thereto  dropw se over

a period of 5 mnutes. The m xture was heated to 40°C and
stirred for 9 hours. Pot assi um carbonate (79.7 g, 576

nmol ) and 4-chl or ophenol (52.4 g, 407 nmol) were added to
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the resulting reaction m xture, fol | oned by stirring at

70°C for 1 hour. After addi ng t ol uene (390 m), t he

m xture was heated and then washed with water at a

temperature about 60°C. The reaction m xture was cool ed
with ice, and then the ©precipitated crystals were collected
by filtration. The resulting crystals were dried under
reduced pressure, obt ai ni ng 60.0 g of 3- (4-chlorophenoxy) -
2- net hyl pr opane- | , 2-di ol (yield: 68% (based on 4-

chl or ophenol )) .

“H-NVR  (300MHz, CDCl ;) 5ppm 1.29 (3H, s), 2.29 (1H, br.t, J = 5.9
Hz), 2.74 (1H s), 3.57 (1H dd, J = 11.1, 5.9 Hz), 6.79-6.90 (2H,
m), 7.19-7.30 (2H, m).

Exanple 11
Production of 2-methyl-3- (4-{ 4- [4-

(trif luoromethoxy) phenoxy] piperidin-I-yl }phenoxy) propane-1, 2-diol

3- (4-Chl orophenoxy) - 2-met hyl propane-1, 2-di ol (190.7 nyg,
0.88 mmol) , 4- [4- (trif luoromethoxy) phenoxy] piperidine (208.9 nm,
0.8 mol), Pd,dba; (1.8 ng, 0.002 mmol), 2-di - tert-butyl phosphino-
2',4',6'-triisopropyl -1, 1' - bi phenyl (3.4 ng, 0.008 mmol), sodium
tert-but oxi de (76.9 nmy, 0.8 mmol), and toluene (0.6 m) were
m xed. The mixture was stirred under an argon 4at nmosphere at 110°C
for 3 hours. It was confirmed that 2-methyl-3- (4-{4- [4-
(trif | uoronethoxy) phen_oxy] pi peridin-1-yl }phenoxy) propane-1, 2-diol

was produced wth the inversion rate of 91% using UPLC

Anal ysis conditions (UPLC)
Det ector: U traviol et absorpti on det ect or (measur enent
wavel engt h: 220 ran)
Col Ljrm: ACQUITY UPLC BEH C18 (2.1 mm (inside dianeter) x 50
mm 1.7 un) , manufactured by WATERS
Colum tenperature: 50°C
Mobile phase: 0.1 M HCOONH 4, ag./MeCH

G adi ent condi tions: The ratio of 0.1 M HCOONH , agq./MOH was
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linearly changed from 70/30 to 20/80 in 3 mnutes.

Exanple 12 .
Production of (R -2-nethyl-3- (4-{4- [4- (trifluoronethoxy) phenoxy]

pi peridin-1-yl }phenoxy) propane-1, 2-diol p-toluenesulf onic acid
salt .

{R -3- (4-Bronophenoxy) -2-nmethyl propane-l, 2-diol (20.0 kg,
76.6 mol), 4- [4- (trifluoromethoxy) phenoxy] piperidine (22.0 kg,
84.3 nol), tris (dibenzylideneacetone) dipalladium (o (175 g, 0.19
mol ), 2-di-tert-butyl phosphino-2 ',4',6'-triisopropyl-1, 1°'-
bi phenyl (195 g, 0.46 nol), sodium tert-butoxide (8.46 kg, 88.0
nol) , and toluene (240 m) were nixed, followed by stirring under
an argon atnosphere at 70°C for 3 hours. After cooling, an
ammoni um chlori de aqueous solution was added to the reaction
m xture, followed by extraction with toluene. ‘ | sopropanol was
flowed therein, and p-toluenesulf onic acid nonohydrate (16.0 kg,
84.1 nmol) was added thereto, followed by stirring. The
precipitated crystals thus obtained were collected by filtration
and dried, obtaining 40.3 kg of (R)-2-nethyl-3- (4-{4-[4-
(trifluoromethoxy) phenoxy] piperidin-I-yl }phenoxy) propane-1, 2-diol

p-toluenesul fonic acid salt (yield: 85.7%.

Exanple 13
Production of {R -1- [4- (2, 3-epoxy-2-nethyl propoxy) phenyl] -4-

[4- (trifluoronethoxy) phenoxy] piperidine

(R -2-methyl-3- (4-{4- [4-
(trif luoromethoxy) phenoxy] piperidin-Il-yl }phenoxy) propane-1, 2-diol
p-toluenesul fonic acid salt (9 kg, 14.7 nmol), cyclopentyl nethyl
ether - (9 L), and triethylanmine (4.2 kg, 41.1 nol) were mixed.
Théreafter, nmet hanesul f onyl chloride (1.9 kg, 16.8 mol) was added
thereto dropwise at a tenperature of 5°C or less. After the
reaction was conpleted, a 25% sodi um hydroxi de aqueous solution
(9 L) was added to the mixture, followed by stirring at a
tenperature about 40°C for 90 m nutes. Tol uene and water were

added to the reaction mxture. The toluene |ayer was washed with
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water and then distill ed of f under reduced pressure. 70%

i sopropanol (63 L) was added to the resulting residue, followed
by heating to dissolve the residue. After cooling, precipitated
crystals were collected by filtration and dried, obtaining 5.4 kg
of (£)-1-[4-(2, 3-epoxy-2-net hyl propoxy) phenyl ] -4-[ 4-
(trifluoronmethoxyphenoxy] piperidine (yield: 86.7 %).

Exanple 14
Production of (R)-2-nethyl-3- (4-{4-[4- (trifluoronethoxy) phenoxy]

pi peridin-1-yl }lphenoxy) propane-1, 2-diol

{R) - 3- (4-Bronophenoxy) -2-nmethyl propane-l, 2-diol (2.0 g,
7.7 mol) , 4- [4- (trifluoronethoxy) phenoxy] piperidine (2.0 g, 7.7
mmol ) , tris (di benzylideneacetone) dipalladium (o) (0.141 g, 0.15
nmol) , 2-di- tert-butyl phosphino-2 ',4',6"'-triisopropyl-1, 1'-
bi phenyl (0.157 g, 0.37 mmol), potassium hydroxide (0.864 g, 15.4
mol) , tributylamne (5 nL) , and xylene (46 n) were m xed,
followed by stirring under a nitrogen atnosphere at 80°C for 6
hours. Using HPLC, it was confirnmed that {R -2-rTethyI¥3- (4-{4- [4-
(trifluoronethoxy) phenoxy] piperidin-l-yl }phenoxy) propane-1, 2-diol

was produced with the inversion rate of 96%

Exanple 15
Production of {R)-2-nethyl-3- (4-{4-[4- (trifluoronethoxy) phenoxy]

pi peridin-1-yl }phenoxy) propane-1, 2-diol

{R)-3- (4-Bronophenoxy) -2-nmethyl propane-l, 2-diol (2.0 g,
7.7 mmol), 4-[4- (trifluoronethoxy) phenoxy] piperidine (2.0 g, 7.7
mml ), tris (dibenzylideneacetone) dipalladium (o) (0.141 g, 0.15
mol ), 2-di- tert-butyl phosphino-2 ',4",6'-triisopropyl-1 ,1"-
bi phenyl (0.157 g, 0.37 mmol), potassium phosphate (1.88 g, 8.86
mmol) , and toluene (46 nl) were mixed, followed by stirring under
a nitrogen atnosphere at 80°C for 21 hours. Usi ng HPLC, it was
confirmed that (R)-2-methyl-3- (4-{ 4-[4-
(trifluoronethoxy) phenoxy] piperidin-l-yl }phenoxy) propane-1, 2-diol

was produced with the inversion rate of 52%.
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Exanple 16
Production of (rR)-2-nmethyl-3- (4-{4- [4- (trifluoromethoxy) phenoxy]

pi peridin-1-yl }phenoxy) propane-1, 2-diol

(37 - 3- (4-Bronophenoxy) -2-met hyl propane-1, 2-diol (2.0 g,
7.7 mmol) , 4- [4- (trifluoronethoxy) phenoxy] piperidine (2.0 g, 7.7
mmol) , tris (dibenzylideneacetone) dipalladium (o) (0.141 g, 0.15
mmol) , 2-di- tert-butyl phosphino-2 ',4",6'-triisopropyl-1, 1'-
bi phenyl (0.157 g, 0.37 mml), sodium hydroxide (0.354 g, 8.86
mmol ), and toluene (46 m) were mxed, followed by stirring under
a nitrogen atnosphere at 80°C for 14 hours. Using HPLC, it was
confirnmed that (R -2-nethyl-3- (4-{ 4- [4-
(trifluoronmethoxy) phenoxy] piperidin-1-yl |phenoxy)propane-1, 2-diol

was produced with the inversion rate of 93%

Exanple 17
Production of (R -2-nmethyl-3- (4-{4-[4- (trifluoronethoxy) phenoxy]

pi peridin-1-yl 1}phenoxy) propane-1, 2-di ol

(R -3- (4-Bronophenoxy) -2-nethyl propane-1, 2-diol (2.0 g,
7.7 mmol), 4- [4- (trifluoronethoxy) phenoxy] piperidine (2.0 g, 7.7
mol ), tris (dibenzylideneacetone) dipalladium (o) (0.141 g, 0.15
mol ) , 2-di- tert-butyl phosphino-2 ',4',6'-triisopropyl-1, 1'-
bi phenyl (0.637 g, 0.15 mmol), cesium carbonate (2.885 g, 8.86
mmol) , and toluene (46 m) were n‘ixe_d, followed by stirring under
a nitrogen atnosphere at 80°C or 14 hours. Using HPLC, it was
confirmed that () -2-nmethyl-3- (4-{ 4- [4-
(trifluoronmethoxy) phenoxy] piperidin-1-yl |phenoxy) propane-1, 2-di ol

was produced with the inversion rate of 79%

Exanple 18
Production of (R -2-nmethyl-3- (4-{ 4- [4- (trifluoronethoxy) phenoxy]

pi peridin-1-yl 1}phenoxy) propane-1, 2-diol

(R - 3- (4-Bronmophenoxy) -2-nethyl propane-1, 2-diol (2.0 g,

7.7 mol ), 4- [4- (trifluoronethoxy) phenoxy] piperidine (2.0 g, 7.7

mmol ), tris (dibenzylideneacetone) dipalladium (o) (0.141 g, 0.15
mol ), 2-di- tert-butyl phosphino-2' - {Nn ZV-di net hyl am nobi phenyl
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(0.126 g, 0.37 mmol) , potassium hydroxide (0.864 g, 15.4 mol) ,
tributylamine (5 nL) , and xylene (46 m) were mxed, followed by
stirring under a nitrogen atnosphere at 80°C for 21 hours. Using
HPLC, it was confirnmed that (R -2-methyl-3- (4-{ 4- [4-
(trifluoromethoxy) phendxy] pi peridin-1-yl }phenoxy) propane-1, 2-diol

was produced with the inversion rate of 99%

Exanple 19
Production of ({RrR -2-methyl-3- (4-{4- [4- (trifluoromnethoxy) phenoxy]

pi peridin-1-yl }phenoxy) propane-1, 2-diol

{R -3- (4-Bronophenoxy) -2-nethyl propane-1, 2-diol (2.0 g¢,
7.7 mol), 4-[4- (trifluoromethoxy) phenoxy] piperidine (2.0 g, 7.7
mml ), tris (dibenzylideneacetone) dipalladium (o) (0.141 g, 0.15
mol ) , 2-di- tert-butyl phosphi no-2" - (N N-di nethyl am no) bi phenyl
(0.126 g, 0.37 mmol), sodium hydroxide (0.354 g, 8.86 mml), and

.toluene (46 M) were mnixed, followed by stirring under a nitrogen

at nosphere at 80°C for 14 hours. Using HPLC, it was confirmed
that {R -2-methyl-3- (4-{4- [4- (trifluoronethoxy) phenoxy] piperidin-
| -yl }phenoxy) propane-1, 2-diol was produced with the inversion

rate of 85%

Exanple 20
Production of (R -2-nethyl-3- (4-{4- [4- (trifluoromethoxy) phenoxy]

pi peridin-1-yl }phenoxy) propane-1, 2-diol

{R -3- (4-Bromophenoxy) -2-met hyl pr‘opane—l , 2-diol (275 ng,
1.05 nmml ), 4-1[4- (trifluoronethoxy) phenoxy] piperidine (250 ng,
0.96 nmmol ), tris (dibenzylideneacetone) dipalladium (o) (4.4 ng,
0. 0048 mmol ), 5- (di- tert-butyl phosphino) -1 ,3',5'-triphenyl-I'H
[1, 4' ]-bipyrazole (5.8 ng, 0.011 mmol), sodium tert-butoxide (106
g, 1.10 mmol ), and toluene (0.75 m) were mxed, followed by
stirring under a nitrogen atnosphere at 100°C for 2 hours. Using
HPLC, it was confirned that {R -2-methyl-3- (4-{ 4- [4-
(trifluoronethoxy) phenoxy] piperidin-I-yl }phenoxy) propane-1, 2-diol

was produced with the inversion rate of 99%



10

15

20

25

30

35

WO 2011/093529 PCT/JP2011/052307

_54_
Example 21

Pr oducti on of (R -2-nethyl-3- (4-{4- [4- (trif luoromethoxy) phenoxy]

pi peridin-1-yl } phenoxy) propane-1, 2-diol

{R) -3- (4-Bronmophenoxy) - 2- et hyl pr opane- |, 2-di ol (275 nyg,
1.05 itimol) , 4- [4- (trif | uoronethoxy) phenoxy] pi peri di ne (250 ng,
0.96 itinol), tris (dibenzylideneacetone) di pal | adi um (0) (4.4 ny,
0.0048 itimol), 2- (di- tert-butyl phosphino) -1-phenyl -1 Hpyrrol e (3.3
ng, 0.011 mmol) , sodium tert-butoxide (106 g, 1.10 mml) , and
t ol uene (0.75 m) were m xed, followed by stirring under a
nitrogen atnosphere at 100 °C for 2 hours. Using HPLC, it was
confirmed t hat {R -2-nethyl - 3- (4-{ 4- [4- (trif luoronethoxy) phenoxy]
pi peridin-I-yl }phenoxy) propane-1, 2-diol was produced wth the

i nversi on rate of 93%

Example 22

Pr oducti on of {R -2-nethyl-3- (4-{ 4- [4- (trif luoronethoxy) phenoxy]

pi peridin-1-yl } phenoxy) propane-1, 2-diol

(R -3- (4-Bronophenoxy) - 2- et hyl pr opane- |, 2-di ol (275 nyg,
1.05 mmol), 4- [4- (trif luoromethoxy) phenoxy] piperidine (250 ny,
0.96 mmol), tris (di benzylideneacetone) di pal | adi um (0) (4.4 ny,
0.0048 mmol), 2- (di- tert-butyl phosphi no) -1- phenyl -1 Hi ndol e (3.9
ny, 10.011 nmmol ), sodi um tert-butoxide (106 g, 1.10 mol), and
t ol uene (0.75 m) were m xed, followed by stirring wunder a
nitrogen atnosphere at 100 °C for 2 hours. Using HPLC, it was
confirmed t hat {R) -2-nethyl - 3- (4-{ 4- [4- (trif luoronethoxy) phenoxy]
pi peridin-I-yl }phenoxy) propane-1, 2-diol was produced wth the

i nversi on rate of 89%

Exanple 23

Production  of {R -2-nethyl -3- (4-{4- [4- (trif luoronethoxy) phenoxy]

pi peridin-1-yl } phenoxy) propane-1, 2-diol

(R -3- (4-Bronmophenoxy) - 2- et hyl pr opane- |, 2-di ol (275 nyg,
1.05 mmol), 4- [4- (trif luoronethoxy) phenoxy] piperidine (250 nmy,
0.96 mmmol), tris (di benzylideneacetone) di pal | adi um (0) (4.4 ny,
0.0048 nmmol), 2- (di- tert-butyl phosphi no) -1, 1’ - bi napht hyl (4.6 ny,
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0.011 mmol) , sodium tert-butoxide (106 g, 1.10 mmol) , and tol uene
(0.75 m) were nixed, followed by stirring under a nitrogen
at nosphere at 100°C for 2 hours. Using HPLC, it was confirmed
that (R -2-methyl-3- (4-{4- [4- (trifluoronethoxy) phenoxy] piperidin-
| -yl } phenoxy) propane-1, 2-diol wés produced with the inversion

rate of 96%

Exanple 24
Production of (s) -4- (4-bronophenoxy) nethyl -2, 2, 4-trinethyl-1, 3-
di oxol ane

{R -3- (4-Bronophenoxy) -2-methyl propane-1, 2-diol (25 g,

0.1 mol) and p-toluenesulfonic acid (0.91 g, 4.8 nmml) were

di ssolved in acetone (300 g), followed by stirring under reflux
for 5.5 hours. The progress of reaction was nonitored by TLC
The generated water was renoved by azeotropic distillation wth
300 g of solvent wunder atnospheric pressure, and 300 g of acetone
was added during the reaction. After. the reaction was conpleted,
the solvent was renmpved under a reduced pressure and the
resulting concentrated residue was dissolved in isopropyl acetate
(250 nL) . The organic layer thus obtained was washed with a 1 M
sodi um hydroxi de aqueous solution (100 nmL) . Thereafter, the
organic layer was concentrated and dried, obtaining 25 g of (9)-
4- (4-bronmophenoxy)nmethyl -2, 2,4-trimethyl-1, 3-di oxol ane (yield:
829 .

Exanple 25

Production of (5 -4- [4- (trifluoronethoxy) phenoxy] -I1-{4-[(2 2,4-

trinethyl-1, 3-dioxolane-4-1y) nethoxy] phenyl }piperidine

(S) -4- (4-Bronmophenoxy)methyl -2, 2,4-trinmethyl-1, 3-
di oxol ane (2.32 g, 7.7 mmol), 4- [4-
(trifluoronethoxy) phenoxy] piperidine (2.0 g, 7.7 mmol),
tris (di benzylideneacetone) dipalladium (o) (0.141 g, 0.15 mmol), 2-
di cycl ohexyl phosphi no-2' - (N, N-di net hyl am no) bi phenyl (0.145 g,
0.37 mmol), potassium hydroxide (0.864 g, 15.4 nmol),

tributylamine (5 m) , and xylene (46 nl) were mxed, followed by
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stirring under a nitrogen atnosphere at 80°C for 8 hours. Using
HPLC, it was confirmed that (s) -4- [4- (trifluoronethoxy) phenoxy] -
| -{4- [(2,2, 4-trimethyl -1, 3-dioxol ane- 4- '
I' y) met hoxy] phenyl }piperidine was produced with the inversion rate

of 99%

Exanple 26

Production of (s) -4- [4- (trifluoronethoxy) phenoxy] -1-{4-[(2, 2, 4-

trinmethyl -1, 3-dioxol ane-4-1ly) nethoxy] phenyl }piperidine

(S)-4-( (4-bronophenoxy) nmethyl) -2, 2,4-trinethyl-I, 3-
di oxolane (2.32 g, 7.7 mol) , 4- [4-
(trifluoronethoxy) phenoxy] piperidine (2.0 g, 7.7 muol),
tris (dibenzylideneacetone) dipalladium (o) (0.141 g, 0.15 mol), 2-
di cycl ohexyl phosphino-1, 1’-biphenyl (0.130 g, 0.37 muol),
pot assium hydroxide (0.864 g, 15.4 mol), tributylanine (5 nL) ,
and xylene (46 ml) were mxed, followed by stirring under a
nitrogen atnosphere at 80°C for 8 hours. Using HPLC, it was
confirnmed that (s) -4- [4- (trifluoronethoxy) phenoxy] -1-{4-[(2 2, 4-
trimethyl -1, 3-dioxol ane-4-1y) nethoxy] phenyl }piperidine was

produced with the inversion rate of 99%

Exanple 27
Production of (5 -4-[4- (trifluoronethoxy) phenoxy] -1-{4-[(2 2,4-

trinmethyl -1, 3-dioxol ane-4-1y) nethoxy] phenyl }piperidine

(s)-4- ((4-Bronophenoxy) nethyl) -2, 2,4-trinethyl-1, 3-
di oxol ane (287 ny, 1 mmol), 4- [4- '
(trifluoronethoxy) phenoxy] piperidine (261 nyg, 1 nmol), palladium
acetate (11) (2.2 ng, 0.01 nmol), 2-dicyclohexyl phosphino-2' ,6"'-
di met hoxy-1, 1'-biphenyl (12.3 ng, 0.03 mmol), sodium tert-
butoxide (106 ng, 1.1 mmol), and toluene (1.3 m) were m xed,
followed by stirring under reflux under a nitrogen at rmsphere for
8 hours. Using NMR, it was confirnmed that (S)-4-[4-
(trif luoronethoxy) phenoxy] -1- {4- [(2,2, 4-trinethyl-I, 3-dioxol ane-
4-1y) nmet hoxy] phenyl }piperidine was produced with the inversion

rate of 99% or nore.
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Exampl e 28
Production of (RrR)-3- (4-bronophenoxy) -2-nethyl propane-I, 2-diol

A mixture of p-methallyl alcohol (90.0 g, 1.25 nol),
D- (-)-diisopropyl tartrate (17.5 g, 74.8 nmmol), nolecular
sieves 4A (45.0 g), and dehydrated toluene (450 m) was
stirred under a nitrogen atnosphere at -20°C Titani um
t et rai sopropoxi de (17.7 g, 62.4 mol) was added thereto
over a period of 5 minutes, followed by stirring for 0.5
hour . Thereafter, 80% cunene hydroperoxide (309 g, 1.62
nmol) was added thereto dropwise at -20 to -15°C over a
period of 2 hours, followed by stirring at -10°C for 3
hours. Di nethyl sulfoxide (59.2 g, 748 mmol) was added
thereto dropwise at 20 to 35°C over a period of 0.5 hour.
The resulting mxture was stirred at 30 to 40°C for 3
hour s. The m xture was allowed to cool and then to stand
over ni ght. After adding Celite (18 g), the nixture was
subjected to filtration, obtaining a toluene solution of
(s)-2-net hyl gl yci dyl al cohol .

4- Br onophenol (127 g, 734 mmol) and a 10% sodi um
hydroxi de aqueous solution (176 g, 440 nmol) were added to
the toluene solution thus obtained, followed by stirring at
55°C for 5 hours. The mxture was allowed to cool and then
to stand overnight. After cooling the mxture to 12°C, 10%
diluted sulfuric acid (2.17 N, 423 m) was added thereto,
followed by stirring for 0.2 hour. The toluene |[|ayer was
separated, and then washed with a 5% sodi um hydroxide
aqueous solution (178 m) , a 5% saline solution (128 m, 3
tinmes) and water (128 ml, twice) . Thereafter, toluene and
cunyl al cohol (cunyl alcohol: Bp 60 to 65°C/2 mmHg) were
removed from the organic layer by distillation under
reduced pressure. The residue was cooled to 70°C and
toluene (191 m) was added thereto. The resulting mnixture
was cooled to 5°C. The precipitated crystals were collected
by filtration and then washed with cooled toluene (95 n)
The crystals thus obtained were dried by a blower,



WO 2011/093529 PCT/JP2011/052307
-58-

obtaining 154.0 g of (r)-3- (4-bronophenoxy) -2-nethyl propane-
1,2-diol (yield: 80.3% based on 4-bronmophenol)

Optical purity: 88.6%e.

Melting point: 87-89°C.



WO 2011/093529 PCT/JP2011/052307
_5 9_
CLAI M5
[Caim 1]

A compound represented by Formula (11) :
HO,

R1
(CHy)n—0 —R2  (11)

5 wherein R! is a hydrogen atom or |ower-alkyl group;

R2 is a 1-piperidyl group substituted at the 4-position with a
substituent selected from

(Ala) a phenoxy group substituted on the phenyl npiety
with one or nore hal ogen-substituted | ower-al koxy groups,

10 (Alb) a phenoxy-substituted |ower-alkyl group
substituted on thle phenyl noiety with one or nore hal ogen-
substituted |ower-alkyl groups,

(Ale) a phenyl-substituted |ower-al koxy | ower-alkyl
group substituted on the phenyl npiety wth hal ogen,

15 (Aid) a phenyI-Substituted | ower - al kyl group
substituted on the phenyl npbiety with one or nore hal ogen-
substituted | ower-al koxy groups,

(Ale) an anmno group substituted with a phenyl group
substituted with one or nore hal ogen-substituted | ower-al koxy

20 groups, and a |lower-alkyl group, and

(AIf) a phenyl-substituted |ower-al koxy group
substituted on the phenyl npbiety with one or nore hal ogen-
substituted | ower-al koxy groups;

nis an integer from 1 to 6; and

25 X3 is an organic sulfonyl oXy  group.

[Caim 2]
A method for producing the conpound of claim 1,
t he nethod co'rrprisi ng react i ng a conpound represented

30 by Formula (10) :
HO,

R1
HO\><(CH2)n—O RZ  (10)
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wherein R, R2 and n are the sanme as defined in claim 1,

with an organic sulfonic acid.

[Caim 3]

5 A conpouhd represented by Formula (10]::

HO R1
H°\><(CH2)n—o~®—R2 (10)

wherein R, R2 and n are the same as defined in claim 1.

[Caima]
10 A method for producing the conpound of claim 3,
the method conprising reacting a compound represented

by Formula (9 :

HO, R1
HO\X(CHZ)n—OOX1 9)

wherein X! is a leaving group, and R' and n are the same as
15 defined in claim 1,
with a conpound represented by Forrmula (2 :
H—R2 (2)

wherein R2 is the sanme as defined in claim 1.

20 [Caims]
A nethod for producing the compound of claim 3,
the method conprising reacting a conmpound represented

by Formula (9 :
HO

_R! |
HO\><(CH2)n—O X! 9

25 wherein X! is a leaving group, and R' and n are the sane as
defined in claim 1,

with a conpound represented by Forrmula (9-i) :
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R-crR?®

0
wherein R* is a |ower-al kyI‘ group or a phenyl group which nay have

(9-i)

a substituent or substituents; and R® is a hydrogen atom or a
| ower-al kyl group, R* and RB may form a cycloal kyl ring together
5 with the carbon atom to which they are bonded,

to obtain a conpound represented by Fornmula (9-ii) :

RB

R1

R 0
0~y O_<\_/}X1 (9-i1)

wherein R', X1 , n, R* and RB are the sane as the above,
10 t he conmpound represented by Fornula (9-ii) is reacted with a
conmpound represented by Fornula (2) :
H—R2 (2
wherein R2 is the same as defined in claim 1,

to obtain a conpound represented by Formula (9-iii) :

15
RB
A 1
R"l—O R
o< ,  (9-iii)
(CH2)n—0 R
wherein R, R, n, R* and R® are the sane as the above, and
subj ecting the conpound represented by Formula (9-iii) to
deprot ecti on.
20

[Claim 6]
A nmethod for producing a conpound represented by

Formula (12) :

0
ZA<R1

- (CHy)n—0 R? (12)

25 wherein R', R2 and n are the same as defined in claim 1,
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the nmethod conprising subjecting the conpound of claim

1 to an epoxidation reaction.

[Caim7]
5 A method for producing a compound represented by

Formula (1):

R1
CH
( \zc))n R?
N
o . _
) (1)
N

O,N
wherein R', R2 and n are the sane as defined in claim 1,
the nmethod conprising the steps (a to (c¢) :
10 (a) subjecting the conmpound of claim 1 to an epoxidation reaction
to prepare a conpound represented by Formula (12) :
O

A<R1

(CHz)n—0- RZ  (12)

wherein R, RZ and n are the sane as defined in claim 1;
(b)y reacting a conmpound represented by Formula (12) with a

15 conmpound represented by Fornmula (s) :

H
N
| >'><2 )
7
O,N

2

wherein X2is a halogen atom to prepare a conpound represented by

Formula (13) :
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R1

0 R?
(CHn—

| | N OH (13)
X2
N/>
O,N

wherein R', R, X*and n are the same as the above;, and
(c) subjecting the conpound represented by Formula (13)
to aring closure reaction to prepare the conmpound represented by'

Formula (1) .
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