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DESCRIPTION

Title of Invention

METHOD FOR PRODUCING ALFA - HYDROXY KETONE COMPOUND

Technical Field
[0001]
The invention relates to a method for producing an o-

hydroxy ketone compound, and the-like.

Background Art
[0002]
As a method for producing an a-hydroxy ketone

compound by a coupling reaction of an aldehyde compound,

vfér example, Patent Document 1 discloses a method of using

a catalyst prepared from73—ethylbenzothiazolium salt and a
basic compound and a method of using a catalyst prepared'

from 3—benzylthiézolium-salt and a basic compound.

Citation List
Patent Literature’
[0003]

PLT1: JP-A-2008-44929

Summary of Invention

Technical Problem
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[0004]
In the present invention, the aim to be solved by the
present invention is to provide an innovative method for

producing an a-hydroxy ketone cOmpbund, and the like.

Solution tb Problem
[0005]

In view of the above state of the art, the in&entors
of the pregent invention have made various investigations
and consequently have‘completed the present invention.

That is, the invention is as follows.

[1] A method for producing an a—hydroxy ketone compound by
carrying out ‘a coupling reaction of an aldehyde coméound in
the presénce of a base compound and a thiazolium salt

defined by a formula (1).

(wherein R! and R? independently denote é hydrogen atom, an
alkyl Which may have a substi£uent, an alkoxycarbonyl which
may have a substituent, an alkylcarbonyl which may have a
substituent,:orban aryl which may have a substituent,4or r:
and R?’ may be bonded to each other to form a ring together
with.the carbon atéms bonded to R' and R?; R° denotes a

hydrogen atom, a halogen atom, an alkyl which may have a
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substituent, or an aryl which may has

denotes‘an aryl which may have a snbstituent or e halogen
atom; X~ denotes an anion; n denotes 1 or 2; in the case n
is 2, 2‘groups denoted by Wo»maybbe mutually the same or
different; and all or some of a plurality of groups denoted
by R° may be the same or different). |

[2]_A metnod for producing an a-hydroxy ketone compound by
carrying out a coupling reaction of an aldehyde compound in
the presence of a base compound and a thiazolium salt

defined by a formula (1')

w! R3
®
SN
' \N R4 ' San
R1 = .
. LI s x ©

(wherein R' and R® independenﬁly denote a hydrogen atom, an
alkyl which may have a substituent, an alkoxycarbonyl which
may ha&e a substituent, an alkylcarbonyl which may have a
substituent, or an aryl which ﬁay have a substituent, or R!
and R? may be bonded to each other to form a ring together
with tne carbon'atoms bonded to R! and R?; R3, R*, and R®

independently denote abhydrogen atom, a halogen atom, an

ialkyl which may have a substituent, or an aryl which may

have a substituent; W' and W? independently denote an aryl
which may have a substituent or a halogen atom; and X~
denotes an anion).

[3] A method for‘producing an oa-hydroxy ketone compound by
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carrying out a coupling reaction of-.
the presence of a base compound and a thiazolium salt

defined by a formula (1''")

w! RS

N RY o
Y -
R ©

r2 R® RS X
(wherein R! ana R? independently denote a hydrogen atom, an
alkyl which may have a substituent, an alkoxycarbonyl which
may have a substituent, an alkylcarbonyl>which may have a
substituent,vor an aryl which may have a substituent, or R!
iand R? may be bonded to each other to form a ring together
with the carbon atoms bonded to R' and R?; RS, R4( and R’
independently denote a hydrogen atom, a halogen atom, an
alkyl which may have a substituent, or an aryl which may
have a substituent; R® denotes a hydrogen atom or an alkyl
which may héve a substituent; W' denotes aﬁ‘aryl which may
have a substituent or a halogen atom; and X denotes an
anion) .
[4] A method for producing an a-hydroxy ketone compound by
gérrying out a coupling reaction of an aldehyde compound in
the presence of-thiazol—Z—ylidene defined by a formula (1-

2)



10

15

20

WO 2013/035650 PCT/JP2012/072277

(1-2)

(wherein Rl‘and R? indepéndently dencte a hydrogen atom, an
alkyl which may have a substituent,‘an alkoxycarbonyl which
may have a substituent, an alkylcarbonyl which may have a
substituent, or an aryl which may have a substituent, or R?
and Rz‘may be bonded to each other to form a ring together
with the carbon atoms bénded to R' and R?*; R° denotes a
hydrogen atom, a halogén atom, an alkyl which may have a
substituent, or an aryl Which may have a substituent; W°
denotes an aryl which may have a substituent or a halogen
atom; n denotes 1 or 2; in the case n 1is 2, 2‘groups
denoted by W° may be mutually the same or different;.and
all or some_éf a plurality of groups.denoted'by R’ may be
the same or different).

[5] A method for pfbducing an a-hydroxy ketone compound by
carrying out a coupling reaction of an aldehyde compound in

the presence of thiazol-2-ylidene defined by a formula (1'-

2)
w! RS
SN
N R4 ' (1'-2)
S :
R o
R2 WZ RS »

(wherein R* and R? independently denote a hydrogen atom, an
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alkyl which may have a substituent, ¢

may have a substituent, an alkylcarbonyl which may have a
substituent, or an aryl which may have a substituent, or R?
and R?® may be bonded to each other to form a ring together
with the carbon atoms bonded to R' and R?; R3, R?, and RSI
independently denote a hydrogeh atom, a halogen atom, an
alkyl which may have a substitUent; or an aryl Which may
have a substituent; and W' and W’ independently denote an
aryl whichvmay have a substituent or a halogen atom).

[6] A method for producing‘an a-hydroxy ketone compound by
carrying out a coupling reaction of an aldehyde compound in

the presence of thiazol-2-ylidene defined by a formula

~

(1''-2)
-w R3
S/\ -
/J\\T/N R* (r+'-2)
o .
R? '
RZ. R8 RS

(wherein rR! and R? independently denote a hydrogen atom, an
alkyl which may have a substituent, an alkoxycarbonyl which
may have a\subsﬁituent, aﬁ alkylcarbonyl which may have a
substituent, or an aryl which may have a substituent, or R!
and R? may be bonded to each other to form a ring together
with the carbon atoms bonded to R' and R*; R’, R%, and R®
independently denote 'a hydrogen atbm, a halogen atom, an
alkyl which may have a substiﬁuent,‘or an aryl‘which may

have a substituent; R® denotes a hydrogen atom or an alkyl
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which may have a substituent; and W'

may have a substituent or-a halogen atom).

[7] The methed as deseribed in one of [1]’to [6] in which
the-coupling reaetioﬁ of an aldehyde compound is cafried
out in the presence of carbon dioxide.

[8] The method as described in one of [i] to [7] in which
the base compound is at least one kind of‘compound selected
from the greup consisting of organic bases,‘alkali metal
salts, and-alkaline earth metal salts.

[9] The method as described in one of [1l] to [8] in which
the coupling reaction of an aldehyde compound 1s a homo-
coupling reaction of an aldehyde compeund defined by a

formula (2)

SO

R®”  H

(wherein R® denotes a hydrbgen atom, an alkyl which may
have a substituent, an eryl which may have a substituent,
or a heteroaryl which may have a substituent).

[10]‘The method as described in one of [1] to [8] in which
the.couplingdreaction of an aldehyde compound is a-eross—

coupling reaction of:an aldehyde compound defined by a

" formula (2)
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(wherein R® denotes a hydrogen atom,
have a substituent, an aryl which may have a substituent,
or a heteroaryl which may have a substituent)

and an aldehyde compound defined by a formula (4)

/U\ (4)

R H

- (wherein R’ is different from R® and denotes a hydrogen

atom, an alkyl which may have a substituent, an aryl which
may have a substituent, or a heteroaryl which may have a
substituent).

[11] The method as deScribed in [10] in which R® denotes an
alkyl which may have a substituent and R’ denotes a
hydrogen atom. o |

[12] The method as described in [1l1l] in which the aldehyde
compound defined by the formula (4) is formaldehyde co-
existiﬁg with water. |

[13] The method as described in [12] in which the coupling
reaction of an aldehyde compound is carried out in the
presence of a sol&ent having no compatibility with water.
[14] The method as deséribed in oné of [10] to [13] in
which the aldehyde compound defined by the formula (2) 1is
3-methylthiopropanal and the q—hydroxy ketone com?ound is
4—methylthio—Z—oxo—l—butanol.

[15] A thiazolium salt defined by a formula (1)
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R2

9
A(\/‘VO)n- : ‘
® =\
s/\N_@ "
RS N TNRY,,

(wherein R' and R? independently denote a hydrogen atom, an
alkyl which may have a éubstituent, an alkoxycarbonyl which
may have a substituent, an alkylcarbonyl which may have a

substituent, or an aryl which may have a substituent, or R*

and R? may be bonded to each other to form a ring together

with the carbon atoms bonded to R' and R2; R denotes a

hydrogen atom, a‘halogen atom, an alkyl which may have a
substituent, ér an aryl which may have a substituent; w°
denotes an aryl which may have a substituent or a halogen
atom; X  denotes an anion; n denotes 1 or 2; in the case n
is 2, 2 groups denoted by W’ may be mutually the same or
diffe;ént; and all or some of a blurality of groups denoted
by R® may be the same),:

[16] A thiazolium salt defined by a formula (1')

w! R3
® ,
\N —R* : (1%)
/R1 \ | B
RZ W2 R5 - X @

(wherein R? and R? independently denote a hydrogen atom, an
alkyl which may have a substituent, an alkoxycarbonyl which
may have a substituent, an alkylcarbonyl which may have a

substituent, or an aryl which may have a substituent, or R’
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and R? may be bonded to each otﬁer t¢

with thebcarbon atoms bonded to R' and R?; R?®, R% and R®
inde?endéntly denote avhyarogen atom, a halogen atom, an
alkyl which may have a substituent, or an aryl which may
have a substituent}'wlland W* independently denote an aryl
which may have a substituent or a halogen atom; and X~ |
denotes an anion);

[17] The thiazolium salt as described in [16] in which R*®
and R?* independently denote a Ci.i;o alkyl, or R' and R? are
bonded to each other to form a Cs.i;p cycloalkene ring
together with the carbon atoms bonded to R! and R’;

R®, R4( and R® independenfly denote a hydrogen atom, a
halogen atom, or a C14§ alkyl;>and

W' and W? independentiy denote a Cg.19 aryl which may have a
substituent.

[18] A thiazolium salt defined by a formula (1''")

w! R3
. _
SN _ .
, \N R4 (1"
R ==
RZ RB R5 . X @

(wherein R! and R? indepéndently denote a hydrogen atom, an
alkyl wﬁich may have a subStituent,'an alkoxycarbonyl which
~may have a substituent( an alkylcarbonyl which may have a
substitﬁent, or an aryl which may have a substituent, or R?
and R?’ may be bonded to each §ther to form a ring together

with the carbon atoms bonded to R* and R?; R®, R*, and R°®
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independently denote a hydrogen atom,

alkyl which may have a substituent, or an aryl which may
have a substituent; R® denotes a hydrogéﬁ atom or an alkyl
which may have a substitueﬁt; Wt denotés an aryl which may
have a substituent or a halogen atom; and X denotes an
anion).

[19] The thiazolium salt as described in [18] inhwhich R!
and R? independently denote a Ci-1g alkyl, or R! and R? are
bonded to each other to form a Cs-1p cycloalkene ring
together with the carbon atoms bonded to R' and R%;

R’, R*, and R’ independently denote a hydrogen atom or a Ci.
w.alkyl;

R® denotes a Ciio alkyl; and

W' denotes a Cg-10 aryl which may have a substituent.

[20] 3—[2,6—di(phenyl)phenyl]:4,5—dimethylthiazolium salf,
3-[2,6-bis (3,5-di-tert-butylphenyl)phenyl] -4, 5~
dimethylthiazolium salt, 3-[(2,6-diphenyl-3,5-
diisopropyl)phenyl]—4,5—dimethylthiazolium sélt, 3-12, 6~
bis(3,5—di—tert—butylphenyl)phenyl]—4;5,6,7—
tetrahydrobenzothiazolium salt, 3—[2,6—bis(3,5—di—tert—
butylphenyl)—4—chlorophenyl]—4,5,6,7—
_tetrahydrobenzothiazolium salt, 3-[2-(3,5-di-tert-
butylphenyl)-6-methylphenyll-4,5,6,7-
tetrahydrobenzothiazolium salt, or 3-{2,6-bis(3,5-di-tert-
butylphenyl)phenyl]-4,5,6, 7-tetrahydro-7-

ethylbenzothiazolium salt.
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[21] A thiazolf2—ylidene,defined by ¢

(R%5.

(whereiani and R? independently denoté a hydrogen atom, an
alkyl which may have a substituent, an alkoxycarbonyl which
may have a substituent, an alkylcarbonyl which may ha&e a
subsﬁituent, or an .aryl which may have a substituent, or R!
and R? may be bonded to each other to form a ring together
with the carbon atoms bonded to R! and R?; R denbtes a
hydrogen atom, a halogen atom, an alkyl which may have a
substituent, or an aryl which may have a substituent; W
denotes an afyl which may have a subétituent or a halogen
atom; n denotes 1 or 2; in the case n is 2, 2 grdups
denoted by W° may be mutuélly the same or-different; and
all or éome of a plurality of groups denoted by RO may be
the same).

[22] A thiazol-2-ylidene defined by a formula (1'-2)

, w! R3 ,
S;/\\ ,
N R4 (1'-2)
R = .

(wherein R' and R? independently denote a hydrogen atom, an
alkyl which may.havéba.substituent,'an alkdxycarbonyl which

may have a substituent, an alkylcarbonyl which‘may have a
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substituent, or an aryl which may ha-
and R? may be bonded to each bther to form a ring together

with the carbon atoms bonded to R! and R?; R?, R%, and R®

- independently denote a hydrogen atom, a halogen atom, an

alkyl which may have a substituent, or an aryl which may
have a substituent; and W' and W? independeﬁtly dendte an
aryl which may’have a substituent or a halogen atom).

[23] The thiazol-2-ylidene as described in [22] in which R?!
and_RZ independently denote a Clqg alkyl, or R' and R® are
bonded to each other tb'form a Csﬂo cycloalkeﬁe ring
together with the carbon atoms bonded to R' and R?;

R®, R*, and R® independently denote a hydrogen atom,‘a
halogen aﬁom, of a Ci-1p alkyl; and

W' and W? independently denote a Cg¢.19 aryl which may have a
substituent.

[24] A thiazol-2-ylidene defined by a formula (1''-2)

N R4 (1''=2)
1 =
R

(wherein R' and R? independently denote a hydrogen atom, an
alkyl which may have a substituent, an alkoxycarbonyl which
may have a substituent, an alkylcarbonyl which may have a
substituent, or an aryl which may have a substituent, or R
and R? may be bonded to each other to fofm a ring together

with the carbon atoms bonded to R! and R?; R®, R*, and R®
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.independently denote a hydrogen atom

alkyl which may have a substituent, or an aryl which may
héve a substituent; R® denotes a hydrogen atom or an alkyl

which may have a substituent; and W' denotes an aryl which

Amay have a substituent or a‘halogen~atom).

[25] The thiazol-2-ylidene as described in [24] in which R?

‘and R independently denote a Ci_i0 alkyl, or R' and R? are

bonded to each other to form a Cs-10 cycloalkene ring
together with the carbon atoms bonded to R! and R?;

R?, R4; and R’ independently denote a hydrogen atom or a CL
10 alkyl; |

R® denotes a Clﬂo‘alkyl} and

W' denotes a Cgio aryl which may have a substituent.

[26] 3-[2,6-di(phenyl)phenyl]-4,5-dimethylthiazol-2-
ylidene, 3—[2;6—bis(3,5—di—tert—butylphenyl)phenyl]—4,5—
dimethylthiazél—z-ylidéne, 3—[(2,6¥dipheny1—3,5-
diisopropyl)phenyl]—4,5—&1methYlthiazol—2—yliaene, 3—{2,6—
bis(3,5—di—tert—but¥lphenyl)phenyl]—4,5,6,7—
tetrahydrobenzothiazol-2-ylidene, 3-[2,6-bis (3,5-di-tert-
butylphenyl)—4—chlorophényl]—4,5,6,7e
tetrahydrobenzothiazol-2-ylidene, 3-[2-(3,5-di-tert-
butylphenyl)—6—methylphenyl]-4,5,6,7—
tetrahydrobenzothiazol-2-ylidene, 5r.3—[2,6—bis(3,55di—

tert—butylphenyl)phenyl]—4,5,6,7—tetrahydro—7—

'ethylbenzothiazol-2—ylidene.

[27] A method for producing a thiazolium salt defined by a
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formula (8)
WO
® —f—
s./\N x ©)
/
R R,
R? 3 X ©

(wherein R! and R? independently denote a hydrogen atom, an
alkyl which may have a subétitueﬁt, an alkoxycarbonyl which

5 may have a substituent, an_alkylcarbonyl which may have a
substituent, or an aryl which may have a substituent, ér R?
and R? may be bonded to each other to form a ring together
with the carbon atoms bonded to R' and R?; R’ denotes a
hydrogen atom, a halogen atom, an alkyl which may have a

10 substituent, or an aryl which may have a substituent; all
or some of 4 groups denoted by R” may be the same; W'
denotes an aryl which may have a substituent; X denotes an
anion; and n deﬁotes the same as above), which comprises

a step A of obtaining a 3-(aryl-substituted aryl)-2-

15 thiazole-thione compound defined by'a formula (7)
P Wo),
- N ) (7)
R A (R0
R2

(wherein RY, R?, R%, W%', and n respectively denote the same
as described above)
by a coupling reaction of a 3-(halo-substituted aryl)-2-

20 thiazole-thione compound defined by a formula (6)
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o | . 16
S, |
-

R1)\( \ T R

(wherein RY, R?, R, and X respectively denote the same as
described above; and Y% denotes a halocgen atom)

and an aryl compound defined by a formula (5)

WO ——L -~ (5)

5
(wherein W°' denotes the same as described above; and L
denotes a leaving group)
in the presence of a palladium catalyst; and
a step B of oxidizing the 3-(aryl-substituted aryl)-
10 2-thiazole~thione compound defined by the formula (7)
obtained in the'step A,
[28] The méthod as described in [27] in which L 1is —B(OH)Z'
br —MgXOr(wherein X% denotes a haiogen atom) .
[29] The method as described in [27] in which L is -B(OH):
15 and the coupling reaction in the step A is carried out in
the presence of a base compound.
[30] The method as described in [27] in which L is —MgXO
(wherein X° denotes a halogen atom) and the coupling
reactioﬂ in the step A is carried out in the presence of a
20 zinc compound. |

[31] A thiazole—thioné-compound>defined by a formula (7')



WO 2013/035650 PCT/JP2012/072277
17
s W R®
A
N R* (7")
R? =

(wherein R' and R? indebendently denote a hydrogen atom, an
alkyl which.may have a substituent, an alkoxycarbonyl which
may have a substituent, an alkylca%bonyl which may have a
substituent, or an aryl which may have a subsfituent, or R?
and R® may be bonded to each other to form a ring together
with the carbon atoms bonded to R* and R?; R®, R*, and R°®
independently denoté a hydrogen atom, a halogen atom, an
alkyl which may have a .substituent, or an aryl which may

10 have a substituent; and W' and W? independently denote an
aryl which may have a substituent or a halogen‘atom).
[32] in

The thiazole-thione compound as described in [31]

which R! and R? independently denote a Ci;-10 alkyl, or R! and

R? are bonded
15 “together with
R’, R*, and R®

halogen atom,

to each other to form a Cs-10 cycloalkene ring
the carbon atoms bonded to R' and R%;
independently denofe a hydrogen atom, a

or a Ci-1p alkyl; and

W' and W? independently denote a Cg.p0 aryl.

[33] A thiazole-thione compound definéd'by a formula (7'")

W

20

R3

R4 (7'")



10

15

20

25

WO 2013/035650 PCT/JP2012/072277

18

(wherein R! and R? independéntly deno

alkyl which may ﬂave'a-substituent, an alkoxycarbonyl which
may havé a substituent, an alkylcarbonyl whiéh may have a
substituent; or an aryl_which may have a substituent, or R!
and R? may be bonded to each other to form a ring together
with the carbon atoms bonded to R! and R?; R?®, R%Y, and R®
independently denote a hydrogen atom, a,halogen atom, an
élkyl which may have a substituent, or an aryl which may
have a subétituent; R® denotes a hydrogen-atom or an alkyl
which may have a substituent; and W! denotes an aryl which
may have a substituent or a halogen atom). |

[34] The thiazole-thione compound as described in [33] in

which R! and R? independently denote a Ci_jp alkyl, or R! and

R? are bonded to each other td form a Cs-19 cycloalkene ring
together with fhe carbon atoms bonded to R! and R?;

R’, R?, and R’ independently denote a hydrogen atom or a Ci-
10 aikyl;

R® denotes a Ci-19 alkyl; and

W' denotes a Cgpo aryl.

Advantageous Effects-of Invention
[0006] |

The present invention pfévidés an innovative method
for producing an afhydroxy ketone compound, and the like.
The present invention is advantageous in terms of

improvement of selectivity in production of an a-hydroxy
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ketone compound per unit catalyst am

Description of Embodiments
_[0007]

5 Hereinafter, the present invention will be described
in detail.

The present invention is characterizgd by carrying
out a coupling reaction (hereinafter, sometimes referred to
as the present reaction) of an aldehyde compound in the

10 presence of a base compound and a thiazolium salt defined

by a formula (1)

| WO,
@ — | == .
s/\N ’@ .
RS /™ (R%s.
@ .
R2 X A

(hereinafter, sometimes referred to as thiazolium salt
(1)) .
15 [0008]
The thiazolium salt (1) is preferably a thiazolium

salt defined by a formula (1')

w! R3
C]
S\
R’ =S
. R? W2 RS X ©

(hereinafter, sometimes referred to as thiazolium salt

20 (1'")) or a thiazolium salt defined by a formula (1'')
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w! R3
®
s\ |
\N R* (1)
1 =/
R
R2 R8 R5 X @

(hereinafter, sometimes. referred to as thiazolium salt
(1)) . |
[0009]

Examples of an alkyl denoted by R' and R? may be Clﬂé
straight chain, branched chain,vand cyclic alkyl such as
methyl, ethyl, propyl, isopropyl, butyl, isocbutyl, sec-
butyl, tert-butyl, pentyl, decyl, cyclopropyl, 2,2-
dimethylcyclopropyl, cyclopentyl, cyclohexyl, and menthyl.
[0010] |

Examples of a substituent which fhe alkyl denoted by
R! and R? may have may be a Cg1o aryl, which may have a Ci-1g
alkoxy, such as phenyl, naphthyi, 4—methylphényl, and 4-
ﬁethoxyphepyl; a Ci-10 alkéxy, which méy.have a fiuorine
atom, such as methoxy, ethoxy, propoxy, isopropoxy, butoxy,
isobutoxy, sec-butyloxy, tert-butoxy, and triflﬁoromethoxy;
a Ce-10 aryl-containing Ci-10 alkozxy, whiqh may have a Ci-19
élkoxy, such as benzyloxy, 4—methylbenéyloxy,vand 4-
methoxyﬁenzyloxy;.a Ci-10 alkoxy ﬁéving a Ce-190 aryloxy-
containiﬁg Cgﬂolaryl such as S-phehoxybenzylbﬁy; a Ceg-10
aryloxy, which may have a Clqg‘alkoxy, such as phenoxy, 2-
methylphenogy, 4—methflphenoxy, and 4—methoxyphenoxy; a Csg-

10 aryloxy-containing Ce-10-aryloxy such as 3-phenoxyphenoxy;
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a Cp.10 acyl, which may have a Ciqo al

propionyl, benzylcarbonyl, 4-methylbenzylcarbonyl, 4-
methoxybenzylcarbonyi, benzoyl, 2-methylbenzoyl, 4-
methylbehzoyl, and 4-methoxybenzoyl; carboxy; and a
fluofiné atom. |

[0011]

Examples of an alkyl having a substituent and denoted
byIR1 and R? may be fluoromethyl,‘trifluoromethyl,
methoxymethyl, ethoxymethyl, methoxyethyl, benzyl, 4-
fluorobenzyl, 4-methylbenzyl, phenoxymethyl, 2-oxopropyl,
2-oxobutyl, phenacyl, and 2-carboxyethyl.

[0012]

Examples of an aryl denoted by R! and R® may be ‘a Cs-1p
Y

‘ aryl such as phehyl, 2-methylphenyl, 4—methylphenyi, and

naphthyl.

Examples of a substituent which -the aryl may have may

be a Ci-10 alkyl containing a Ci-i1p alkoxy or a fluorine atom

such as fluoromethyl, trifluoromethyl, methoxymethyl,
ethoxymethyl, and methoxyethyl; a Ci-19 alkoxy, which may
have a Ci.ig alkoxy or a fluorine atom such as methoxy,

ethoxy, propoxy, 1lsopropoxy, butoxy, -isobutyloxy, sec-

.butyloxy, tert-butyloxy, pentyloxy, cyclopentyloxy,'

fluoromethoxy, trifluoromethoxy,»methoxymethoky,
ethoxymethoxy, and methoxyethoxy; and a halogen atom such
as a fluorine atom and a chlorine atom.

Examples of an aryl having a substituent may be 4-
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chlorophényl and 4-methoxyphenyl.
(0013] |

Examples of an alkoxycarbonyl denoted by R! and R? may
be C;-;; straight chain, branched chain, and cyclic
alkoxycarbonylvsuch as methoxycarbonyl, ethoxycarbonyl, n-
propoxycarbonyl, n—butoxycarbényl, seé—butoxycarbonyl,
tert—butoxycarbonyl,'pentyloxycarbonyl, decyloxycarbonyl,
cyclépropoxycarbonyl, and cyclohexyloxycarbonyl. ‘

[0014]

Examples of a substituent which the alkoxycarbonyl
denoted by R? and R? may have may be a Cg-10 aryl, which may
have a C;-1p alkoxy, such as phenyl, naphthyl, 4-
méthylphenyl, and 4-methoxyphenyl; a Ci-10 alkoxy, which>may
have a fluorine atom, such as ﬁethoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, sec;butoxy, tert-butoxy, and
trifluoromethoxy; a C¢-19 aryl-containing C;-1p alkoxy, which
may havé a Ci-1p élkoxy, such as benzyloxy, 4-
methylbenzyloxy, and 4-methoxybenzyloxy; a Ci-ip élkoxy
having a Cg-10 aryloxy-containing Ce-10 aryl such as 3-
phenoxybenzyloxy; a Cgo1g aryloxy,‘which may Have a Ci-io
alkoxy, such as phéno%y, 2-methylphenoxy, 4-methylphenoxy,
and 4-methoxyphenoxy; a Cg-10 aryloxy-containing Cg-1g

aryloxy such as 3-phenoxyphenoxy; a Cji-1p acyl,‘which may

" have a'Clﬂo alkoxy, such as acetyl, propionyl,

benzylcarbonyl, 4-methylbenzylcarbonyl, 4-

methoxybenzylcarbonyl, benzoyl, 2-methylbenzoyl, 4-
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methylbenzoyl, and 4-methoxybenzoyl;
[0015]

Examples of an alkoxycarbonyl having a substituent

'and defined by R! and R® may be fluoromethoxycarbonyl,

trifluoromethoxycarbonyl, methoxymethoxycarbonyl,
ethbxymethoxygarbonyl, benzylokycarbonyl, 4-
fluorobenzyloxycarbonyl, 4Qmethylbenzyloxycarbonyl,
phenoxyﬁethoxycarbonyl, 2—oxépropoxycarbonyl, énd 2=
oxobutoxycarbonyf.

t0016]

Examples of an alkylcarbonyl denoted by R' and R? may
be Czqi-straight chain, branched chain, and cyclic
alkylcarbonyl such as acetyl, ethylcarbonyl,
propylcarbonyl, butylcarbonyl, sec-butylcarbonyl, tert-
butylcarbonyl, pentylcarbonyl, decylcafbonyl,
cyclopropylcarbonyl, andyéyclohexylcarbonyl.

[0017] |

Examples of a substituent which an alkylcarbonyl

denoted by R! and R? may have may be a Cg-10 aryl, which may

~have a Cj-10 alkoxy, such as phenyl, naphthyl, 4-

methylphenyl, and 4-methoxyphenyl; a Ci-;p alkoxy, which may
have a fluorine atom, such aé methoxy, ethoxy, Propoxy,
isopropoxy,'butoxy, isobutoxy, sec-butoxy, tert-butoxy,
trifluoromethoxy, sec-butyloxy, tert-butyloxy, and
trifiuoromethyloxy; a qué aryl-containing C;-1p alkoxy,

which may have a Ci-10 alkoxy, such as benzyloxy, 4-
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methyibénzyloxy, and 4—methbxybenzylc

having\a Ce-10 aryloxy—containing Ceé-10 aryl such as 3-
phenoxybenzyloxy; a Ce-10 éryloxy[ which may have a Ci-ig
alkoxy, such as phenoxy, 2-methylphenoxy, 4-methylphenoxy,
and 4-methoxyphenoxy; a Ce-1p aryloxy-containing Ce-1p
aryldxy such as 3-phenoxyphenoxy; a Cj-10 acyl, which may
have a Cj;-19 alkoxy, such as acetyl, propionyl,b
benzylcarbonyl, 4-methylbenzylcarbonyl, 4-
methoxybenzylcarbonyl, benzoyl, 2-methylbenzoyl, 4-
methylbenzoyl, and 4¥methoxybenzoyl; and a fluorine atom.
[0018]

Examplés of an alkylcarbonyl having a substituent and
defined by Rl-and R®* may be fluoromethylcarbonyl,
trifluoromethylcarbonYl, methogymethylcarbOnyl,
ethoxymethylcarbonyi, benzylcarbonyl, 4-
fluorobenzylcarbonyl, 4-methylbenzylcarbonyl,
phenoxymethyléarbonyl, 2-oxopropylcarbonyl, and 2-
oxobutylcarbonyl. |
[0019]

R' and R® may be bonded to each other to form a ring

together with the carbon atoms bonded to R! and R?* and

. examples of the ring may be cycloalkene rings such as a

cyclopentene, a cyclohexene, and a cycloheptene. These
rings may be substituted with a substituent which the alkyl
may have in the case R' and R? do not form a ring.

[0020]
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Examples of an alkyl denoted by
may be Ci-ip straight chain, branched'chain, and cyclic
alkyl such as methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, decyl,
cyclopropyl, 2,2~dimethylcyclopropyl, cyblopentyl,
cyélohexyl, and menthyl.
[0021]
Exémples of a substituent which the élkyl denoted by
R, R’, R*, R’ and R® may have may be a C4.10 aryl, which may
have a Ci-1p alkoxy, such as phenyl, naphthyl, 4-
methylphenyl, and 4—méthoxyphenyl; a Ci_10 alkoxy, which may
have a fluorine atém, such aé methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, sec—buﬁoxy, tert-butoxy, and
trifluoromethoxry; a Cgi19 aryl-containing Ci-y0 alkoxy, which
may have a Ci-;9 alkoxy, such as benzyloxy, 4-
methylbenzyloxy, and 4-methoxybenzyloxy; aVCIﬂOYalkoXy
having a Cg-10 aryloxy-containing Cgo1p aryl such as 3-
phenoxybenzyloxy; a Ca&o aryloxy,Awhich may have a Ci-ip
alkoxy, such as phenoxy, 2fmethylphenoxy, 4-methylphenoxy,
and 4-methoxyphenoxy; a Cg-10 aryloxy-containing.caqo
~aryloxy such as 3-phenoxyphenoxy; a Cz.10 acyl, which may
have a Ci.1p alkoxy, such as acetyl,"pfopionyl,
benzylcarbonyl, 4-methylbenzylcarbonyl, 4-
methoxybenzylcarbbnyl, benéoyl, 2—methylbenzoyl; 4-
'ﬁethylbenzoyl, and 4-methoxybenzoyl; carboxy; and a

fluorine atom.
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[0022]

Examples of an alkyl having a substituent and denoted

by R%, R®, R* R’ and R® may be fluoromethyl,

trifluoromethyl, methoxymethyl, ethoxymethyl, methoxyethyl,
benzyl, 4-fluorobenzyl, 4-methylbenzyl, phenoxymethyl, 2-
oxopropyl, 2—oxobutyl; phenacyl, and 2—carboxyethyl.

[0023] |

Examples of an aryl denoted by R, R}, R*, and R° may
be a Cg-1p. aryl such as phenyl, 2-methylphenyl, 4-
methylphenyl, and naphthyl;

Examples of a substituent which the aryl may have may
be a Ci-10 alkyl containing a Ci-1¢ alkoxy or a fluorine étom
such as fluofomethyl, trifluoromethyl, methoxymethyl,
ethoxymethyl, énd methoxyethyl}va Ci-10 alkoxy which may
have a‘Ciqo alkoxy or a fluorine atom such as méthoxy,
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy,
tert-butoxy, pentyloxy, cyclopentyloxy, fluoromethoxy,
tfifluoromethoxy, methoxymethoxy, ethoxymethoxy, and
methoxyethoxy;’and a halogen atom such as a fluorine atom
and a chlorine atom.

EXamples of an aryl ha&ing.a substituent may be 4-
chlorophenyl and 4-methoxyphenyl. |
[0024] |

Exémples'of a halogen atom denoted by R°, R3}, R%, and
R’ may be a fluorine atom, a chlorine atom, a bromine atom,

and an iodine atom.
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W' and W? independently denote an aryl which may havé
~a substituent or a halogen atom. »
[0026]

Examples of an aryl denoted by W°, w!, and W? may be a

Ce-20 aryl such as phenyl, naphthyl, anthryl, and

phenanthryl.
[0027]

Examples of a substituent which the aryl may have are
not particularlyilimited if they do not inhibit the present
reaction and may include an alkyl which may ha?e'a_
substituent, an aryl which may have a substituént, an
alkoxy whiéh may have é substituent, a nitro group; a cyano
group; a Cz-1p alkoxycarbonyl such as methocharbonyl and
ethoxycarbonyl; an acyl such as formyl, acetyl,‘and
propionyl; a sulfo grOﬁp; and a halogen atom such as a
fluorine atom, a chlorine atom, a bromine étom, and an
iodine atom.

[0028].

Examplés of an aryl whichvmay have a substituent
denoted by W, W', and W? may be a Cgp0 aryl such as 2-
fluorophenyl, 2¥nitronaphthyl, 2—cyanophenyl( 44
nitrophenyl, 2,6-dichlorophenyl, 2,4,6—tribromophenyl, 3,5-
bis(trifluoromethyl)phenyl, 2—ﬁethylphenyl, 4-methylphenyl,
3,5-dimethylphenyl, 3,5—di—tert-buty1phen§1, and 3,5-

diphenylphenyl.

o)
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Examples of a halogen atom deno
may be a flupriﬁe atom, a chlorine étom, a bromine atom,
and an iodine atom.
[0029j

In the above—mentioned formula (l),‘it is preferable
that R}‘and R? are independently a Ci.iq (more preferably a
Ci-4) alkyl, or that R! and R® are bonded to each other to
form avC5q cyclbalkene ring (more preferably a cyclohexene

ring) together with the carbon atoms bonded to R' and R?;

it is more preferable that the carbon atom of the

‘cycloalkene ring in the thiazolium ring S side (the 7th

position in the cyclohexene ring) has a Ci-4 alkyl as a
substituent; it is preferable that R® is a hydrogen atom, a
halogen atom, or a Ci-j0 alkyl; and it is preferable that WP

is a Cg-19 aryl which may have a substituent. The aryl is

more preferably phenyl having a substituent, even more

preferably pheﬁyl having a bulky group at one of the 3rd
and the Sth\positions, and still more preferably phenyl
having a bulky group at the 3rd and.the 5th positions.
Examples of thé‘bulky grbup may be phenyl, trifluoromethyl,
tert-butyl, a chlorine atom, a bromine atom, an iodine
atom, nitro, cyano, méthOxycarbonyl, acyl,.sulfo,‘and
3,4,5;trifluorophenyl.
[0030]

In thé above-mentioned fo:mula.(l'), it is preferable

that R* anq;R2 are independently a Ci.j9 (more preferably a
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Ci-¢) alkyl, or that R!' and R? are bon

form a Cs-; cycloalkene ring (more preferably a cyclohexene
ring) together with the carbon atoms bonded to R' and R?;
i£ is more preferable that the carbon atom of tﬁe
cycloalkene ring in the thiazolium ring S side (the 7th
position’}n the cyclohexehe ring) has a Ci4 alkyl as a
substituent; it is preferable that R’, R', and R® are
independently a hydrogen atom, é halogen atom, or a Ci-jg
alkyl; and it is preferable that W' and W? are
independently a Ce-19 aryl which may have a substituent.
The aryl is more preferably phenyl‘having a substituent,
even more preferably phenyl having a bulky group at one of
the 3rd and the 5th positions, and still more preferably
phenyl having a bulky group at the 3rd and the 5th

positions. Examples of the bulky group may be phenyl,

~trifluoromethyl, tért—butyl, a chlorine atom, a bromine

atom,.an iodine atom, nitro, cyano, methoxycarbonyl, acyl,
sulfo,.and 3,4,5—trifluorophenyl.
[0031] |

In the above-mentioned formula'(l"), it is
preferabie that R' and R? are independently a Ci-i (more
preferably a Ci4) alkyl, or that R!' and R? are bonded to
each other to form a Cs- cycloalkené-ring (more preferably
a cyclohexene ring) togéther Qith the carbon atdms bonded
to R énd R?; it is mbre preferable that the carbon atom of

the cycloalkene ring in the thiazolium ring S side (the 7th
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position in the cyclohexene ring) has
substituent; it is preferable that R®, R*, and R? are
independéntly a hydrogen atom or a Cij_i;g9 alkyl; it is
preferable that R® is a Ci-10 alkyl; and it is preferable
that W' is a Ce-10 aryl which may have a substituent. The
arYl is more preferably phenyl having a éubstituent, even
more preferably phenyl having.a bulky group at one of the
3rd and the 5th positions, and still moré preferably phenyl
having a bulky group at. the 3rd and the 5th positions.
Examples of the bulky group may be phenyl, triflubromethyl,
tert-butyl, a chlorine atom, a bromine atom, an iodine
atom; nitro, cyano, methoxycarbonyl, acyl, sulfo, and
3,4,5—trifluorophenyl.
[0032]

| Examples of the anion denoted by X", that is, a
monovalent anion, méy be a halide iQn such as‘chioride.ion,
bromide ion, and iodide ion;ban alkanesulfonate ibn which
may have a fluorine atom such as methanesulfonate and
t:ifluoromethénesulfonate; acetate ion which may havé a
halogen atom such as trifluorcacetate and trichloroacetate
ion; nitrate ion; perchlorate ion; a tetrahaloborate ion
such as tetrafluoroborate'andbtetrachloroborate; a
hexahalophosphate ion such as hexafluorophosphate; a
hexahalocantimonate ionisuch as hexafluordantimonafe and
hexachloroantimonate; a pentahalostannate ion such as

pentafluorostannate and pentachlorostannate; and a
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tetraarylborate which may have a sub:
tetraphenyl borate, tetrakis(pentafluorophenyl) borate, and
tetrakis[3,5—bis(trifluoromethylfphenyl] borate.
[0033]

Examples of a thiazolium salt (1') ma§ be 3-[2,6-
di (phenyl)phenyl]-thiazolium chloride, 3-(2,6-
di(phenyl)phenyl]—4,5—dimethyl£hiazolium chlpride, 3-[2,6-
di(phenyl)phenyl]—4,5—diethylthiazolium chloride, 3-[2,6-
di(phenyl)phenyi]-4—methyl—S-acylthiazolium chlioride, 3-
[2,6—di(phenyl)phenyl]—4—methyl—S-methoxycarbonylthiazolium
chloride, 3-[2,6-bis(3,5-di-tert-butylphenyl)phenyl]-
thiazolium chloride, 3-[2,6-bis(3,5-di-tert- |
butylphenyl)phenyl];4,5—dimethylthiazoligm chloride, 3-
[2,6-bis(3-tert-butylphenyl)phenyl]-4,5-dimethylthiazolium
chloride, 3—[2,6—bis(3,5—di—tert—butylphenyi)—4—
methylphenyl]-4,5-dimethylthiazolium chloride, 37[2,6—
bis(3,5—di-tert—butylphenyl)—4—chloro§henyl]—4,5—
dimethylthiazolium chlbride, 3-(2,6-bis (3,5~
dibromophenyl)phenyl] -4, 5-dimethylthiazolium chloride, 3-
[2,6—bis(3)5—dichlorophenyl)phenyl];4,5—dimethylthiazolium

chloride, 3-[2,6-bis(3,5~-di-tert~butylphenyl)phenyl] -4, 5-

' diethylthiazolium chloride, 3—[2,6¥bis(3,5¥di—tert;

butylphenyl)phenyl]-4-methyl-5~acylthiazolium chloride, 3-
[2,6-bis(3,5-di-tert-butylphenyl)phenyl]-4-methyl-5-
ethoxycarbonylthiazolium chloride, 3-{2,6-bis[3,5-di-

trifluoromethylphenyl)phenyl]—4,5—dimethylthiazolium
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chloride, 3-[2,6-bis[3,5-di-trifluor«
"4,5-diethylthiazolium chloride, 3-[2,6-bis[3,5-di-
methoxyphenyl)phenyl]-4,5-dimethylthiazolium chloride, 3-
[2,6—bis[3,51di—methoxyphenyl)pheﬁyl];4,5—diethylthiézolium
chloride, 3—[2,6—bis[j,S—di—methylphenyl)phenle—4,5—
dimethylthiazolium cthriae, 3-[2,6-bis[3,5-di-
methylphenyl)phenyl]—4,5—diethylthiazolium chloride, 3-
[(2,6—diphenyl—3,5—diisopfopyl)phenyl]—thiazblium chloride,
3-{(2,6-diphenyl-3,5-diisopropyl)phenyl]-4,5-
dimethylthiazolium chloride, 3-[(2,6-diphenyl-3, 5~
diisopropyljphenyl]—4,5—diethyltﬁiazolium chloride, 3-[2,6-
bis(3,5—dinitrophenyl)phenyl]—4,5—dimethylthiazolium
chloride, 3—[(2;6—diphenyl—3,5—dimethyl)phenyl]—4,5-
dimethylthiazolium chloride, 3-[2,6-bis(3,5-
dibromophenyl)phényl]—4,5;dimethylthiazolium chloride, 3-
[(2,6—bis—(3,5—dicthrbphenyl)—3,5—diisopropyl)phenyl]—4,5—
dimethylthiazolium chloride, 3-[2,6-bis(3,5-di-tert-
butylphenyl)phényl]—5—n—butylthiazolium chloride, 3-[2,6-
bis(3,S—di—tert—butylpheﬁyl)phenyl]—5—tert—butylthiazolium
chloride, 3-[2,6—bis(3,5—di—tert-butylphenyl)phenyl]—5—
phenylthiazolium chloride, 3-(2,6-diphenylphenyl)-4,5,6,7-

tetrahydrobenzothiazolium chloride, 3-[2,6-bis(3,5-di-tert-

' butylphenyl)phenyl]—4,5,6,7—tetrahydrobenzothiazolium

chloride, 3-[2,6-bis(3,5-di-tert-butylphenyl)phenyl]-
4,5,6,7—tetrahydro-7—methylbenzothiazolium chloride, 3-

[2,6—bis(3,5—di—tert—butylphenyl)phenyl]—4,5,6,7—
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tetrahydro—7—ethylbenzothiazolidm ch.
di—fert—butylphenyl)phenyl]—4,5,6,7—tetrahydro—7—n—
propylbenzothiazolium chloride, 3-[2,6-bis(3,5~di-tert-
butylphenyl)phenyl]—4,5,6;7—tetrahydro—7—
isopropyibenzothiazolium chloride,. 3—[2,6—bis(3,5—di—tert—
butylphenyl)phenyl]-4,5,6,7-tetrahydro-7-n-
butylbenzothiazolium chloride, 3-[2,6-bis(3-tert-
butylphenyl)phenyl]—4,5,6,7—tetrahydrobenzothiézolium
chloride, 3-[{2,6-bis(3,5-di-tert-butylphenyl)-4~
methylphenyl]-4,5, 6, 7-tetrahydrobenzothiazolium chloride,
3-[2,6-bis(3,5-di-tert-butylphenyl)-4~chlorophenyl]-
4,5,6,7—tetrahydrobenzothiazolium chloride, 3-[2,6-bis{(3,5-
diftert—butylphenyl)—4—chlorophényl]-4,5,6,7—tetrahydro—7—
methylbenzothiazolium chloride, 3-(2,6-bis(3,5-di-tert-
butylphenyl)—4—chlorophenylj—4,5,6,7—tetrahydro—7—
ethylbenzothiazolium chloride, 3-[2,6-bis(3,5-
dibromophenyl)phenyl]—4,5,6,7—tetrahydrobenzothiazolium
chloride, 3-[2,6-bis(3,5-dichlorophenyl)phenyl]-4,5,6,7-
tetr;hydrobenzothiazolium chloride, 3—[2,6—bis(3,5—
difluorophenyl)phenyl]—4,5;6,7—tetrahydrobenzothiazolium
chloride, 3~[2,6—bis(3,5—di—triflﬁoromethylphenyl)phenyl]—
4,5,6,7—tetréhydrobenzothiazolium chloride, 3-(2,6-bis(3,5-
dimethoxyphenyl)phenyl]=-4,5,6,7-tetrahydrobenzothiazolium
chloride, 3—[2,6—bis(3,5—di—méthylphenyl)pheﬂyl]—4,5,6,7—
tetrahydrobenzothiazolium chloriaé, 5,6-dihydro~-3-[2, 6-

bis(3,5-di-tert-butylphenyl)phenyl]-4H-cyclopentathiazolium
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chloride, 5,6,7,8-tetrahydro-3-[2,6-!
butylphehyl)phenyl]—4H—cycloheptathiazolium chloride, 3—
(2,6-difluorophenyl)-4,5-dimethylthiazolium chloride, 3-
(2,6—dichlorophenyl)—4,5—dimethylthiazoiium chloride, 3-
(2,6—dibromophenyl)—4,5—dimethy1thiazolium chloride, 3-
(2,6-dibromophenyl) -4-methyl-5-acylthiazolium chloride, 3-
(2, 6-diiodophenyl) -4, 5-dimethylthiazolium chloride, 3-(2,6-
dibromophenyl)—4,5,6;7—tetrahydrobénzothiazolium chloride,
3-(2,6-dibromophenyl)-4,5,6, 7-tetrahydro-7-
ethylbenzothiazolium chlo;ide, 3-(2,4,6—tribromophehyl)—
4,5,6,7-tetrahydrobenzothiazolium chloride, 3-(2-bromo-6-
phenylphenyl)—4,5—dimethylthiazolium chloride, and 3-[2-
chloro-6-(3,5-di-tert-butylphenyl)phenyl] -4, 5-
dimethylthiazolium chloride.

Examples may also include thiazolium salts (1")
obtained by substituting "chloride" in these thiazolium
salts (1) with "iodide",'"bromide", "methanesulfonate",
"trifluoromethanesulfonate™, "nitrate", "perchlorate”,
"tetrafluoroborate", "tetrachloroborate”,
"hexafluorophosphaté",'"hexafluOroantimqnate",‘
"hexachloroaﬁtimonatef, "pentaflud}ostannate",
"pentachlorostannate”", "tetraphenyl borate",
"tetrakis(pentafluorophenyl) bbrate", and "tetrakis[3,5—
bis(trifluoromethyl)phenyl] borate”.

[0034] |

Such a thiazolium salt (lf) is a novel compound and
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may be produced by a method disclosec

Scheme 1 in J. Amer. Chem. Soc., vol. 130, p. 2234 (2008).

That is, a thiazolium salt (1') can be produced by a method

involving steps of N-formylation by causing a reaction of
2,6—diaryl—substituted aryl—l—amine, or 2,6-dihalo-
substituted aryl-l-amine, or 2—haio—6—aryl—éubstituted
aryl-l-amine with férmic acid/acetic anhydride;
thiocarbonylation by causing a reaction of the obtained N-

formylated product with a Lawesson's reagent, phosphorus

-pentasulfide, or the like; and a reaction of the obtained

thiocarbonylated product and a 2-halo-substituted-l-one
compound.
[C035]

Examples of a thiazolium salt (1'') may be 3-[2-

(phenyl) -6-methylphenyl]-thiazolium chloride, 3-[2-

'(phenyl)—6—methylphenyl]—4,5—dimethylthiazolium chloride,

3—[2—(phenyl}—6—ethylphenyl]—4,S—diethylthiazolium
chloride, 3—[2—(phenyl)-6—methylphenyl]—4—methyl—5—_
acylthiazolium chloride, 3—[2—(phenyl)—6—ethylphenyl]—4—
ﬁethylf5~methoxycarbonylthiaiolium chloride, 3-[2-(3,5-di-
tert—butylphenyl);6—methylphenyl}Fthiazolium chloride, 3-

[2—(3,5—di—tert—butylphenyl)-6—methylphenyl]—4,5—

dimethylthiazolium chloride, 3—[2—(3,5—di—tert—

butylphenyl)—6-ethylphényl]—4,5—diethylthiazolium chloride,,
3—[2—(3,5—di~tert—butylphenyl)—6—methylphenyl]-4—methyl—5—

acylthiazolium chloride, 3-[2-(3,5-di-tert-butylphenyl)-6-



10

15

20

25

WO 2013/035650 PCT/JP2012/072277

36

isopropylphenyl]—4—methyl—5—ethoxyca

chloride, 3-[2-[3,5-di-trifluoromethylphenyl)-6-
trifluoromethylphenyl]-4,5-dimethylthiazolium chloride, 3-
[2-[3,5-di-trifluoromethylphenyl)-6-methylphenyl]-4,5-
diethylthiazolium chloride, 3—[2—[3,5—di—me£hoxyphenyl)—6—
methylphenyl] -4, 5-dimethylthiazolium chloride, 3—[2-[3,5—
di—methylphenyl)—6—methylphenyl]—4,5—dimethylthiazolium
chloride, 3-[2-[3,5-di-methylphenyl)-6-ethylphenyl]-4,5~
diethylthiazolium chloride, 3-[(2-phenyl-3,6-
diisopropyl)phenyl]-4,5-dimethylthiazolium chloride, 3-[(2-
pheﬁyl—3,6—dimethyl)phenyl]—4,5—diethylthia201ium chloride,
3f[2—(3,5—dinitrophenyl)—6—methylphenyl]f4,5¥
dimethylthiazolium_ghloride, 3—[2—(3,5—dibroméphenyl)—6—
methylphenyl]—4,55dimethylthiézolium chloride, 3-[(2-(3,5-
dichlorophenyl)—3,6¥diethyl)phenyl]—4,5—dimethylthiazolium
chloride, 3-(2-phenyl-6-methylphenyl)-4,5,6,7-
tetrahydrobénzothiazolium chldfide, 3-[2-(3,5-di-tert-
butylphenyl)-6-methylphenyll-4,5,6,7-
tetrahydrobenzothiazolium chloride, 3—[2—(3,5—di—tert—
butylphenyl)—6—methylpheny1]—4,5;6;7—£ét£$hydro-7-
methylbenzotﬁiazolium chloride, 3-[2-(3,5-di-tert-
butylphenyl)-6-methylphenyl]-4,5,6,7-tetrahydro-7-
ethylbenzothiazolium chloride, 3-{2-(3,5-di-
trifluoromethylphenyl)—6—methylphenyli—4,5,6;7—
tetrahydrobenzothiazolium chloride, 3-[2-(3,5-

dimethoxyphenyl)-6-methylphenyl]l-4,5,6,7-
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tetrahydrobenzothiazolium chloride,
methylphenyl)-6-ethylphenyl]-4,5,6,7-
tetrahydrobenzothiazolium chloride, 3-(2-fluoro-6-
methylphenyl)—4,5—dimethylthiazolium chloride, 3—(2eéhloro—
6-ethylphenyl) -4, 5-dimethylthiazolium chloride, 3-(2-bromo-
6—methylphenyl)—4,5-dimethylthiazoiium chloride, 3-(2-
bromo-6-methylphenyl)-4-methyl-5-acylthiazolium chloride,
3—(é—iodo—6—methylphenyl)—4,5—dimethylthiazolium chloride,
3—(2—bromo-6-methylphenyl)—4,5,6,7-
tetrahydrobenzothiazolium chloride, 3-(2,4-dibromo-6-
methylphenyl)—4,5,6,7—tetrahydrbbenzothiaéolium chloride,
etc. |

Examples may also include thiazolium salts (l")
obtained by substituting‘"chlorideﬁ in these thiazolium
salts (1''") with "iodide", "bromide", "methanesulfonate”,
"trifluoromethanesulfonate”", "nitrate”, "perchloréte",
"tetrafluoroboraté", “tetrachloroboraté",
"hexafluorophosphate",:"hexafluoroantimonate",
"hexachloréantimonate"} "pentafluorostannate"”,
"pentachlorostannate", “tetraphenyl borate",
"tetrakis(pentafluorophenyl) borate", aﬁd "tetrakis([3, 5~
bis(trifluoromethyl)phenyl] borate".
[0036]

Such a thiazolium salt (1'") is a novel compound and
may be produced by'a method disclosed in, for example,

Scheme 1 in J. Amer. Chem. Soc., vol. 130, p. 2234 (2008).
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That is, a thiazolium salt (1'') can
method involving steps of N-formylation by causing a
reaction of 2—aryl—substituted'aryl—l—amine or 2—haio—
substituted aryl-l-amine with formic acid/aéetic anhydride;
thiocarbonylation by causing a reaction of the obtained N-
formylated product with a Lawesson's reagent, phosphorus
pentésulfide, or the like; and a reaction of the cobtained
thiocarbonylated producﬁ and a 2—halo—substituted—l—one
compound.
[0037]

Examples of a thiazolium salt (1) may be preferably
3—[2,6—di(pheny1)phenyl]—4,5—dimethylthiazolium salt, 3_'

[2,6-bis (3, 5-di-tert-butylphenyl)phenyl]-4,5-

dimethylthiazolium salt, 3-[(2,6-diphenyl-3,5-

diisopropyl)phenyl]—4,5—dimethylthiazblium salt, 3-[2,6-
bis(3,5-di-tert-butylphenyl)phenyl]-4,5,6,7-
teﬁfahydrobenzothiazolium salt, 3—[2,6—bisf3,5—di-tert—
butylphenyl)phenyll}-4,5,6,7-tetrahydro-7-
ethylbenzothiazolium chloride, 3-[2,6-bis(3,5-di-tert-

butylphenYl)—4—chlorophenyl]—4,5,6,7—

tetrahydrobenzothiazolium salt, and 3-[2-(3,5-di-tert-

butylphenyl)—6—methylphenyl]—4,5,6,7—
tetrahydrobenzothiazolium éalt.
[0038] |

A method for producing a compound>as a thiazolium

salt (l) in which W° is an aryl, that is, a thiazolium salt
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defined by the above-mentioned formu.

referred to also as a thiazolium salt (8)) may be
preferably a method involving a step A of causing a
coupling reaetion of a 3-(halo-substituted aryl)-2-
thiazole-thione compound defined by the aboveementioned
formula (6) (hereinafter, referred to also a 3-(halo-
substituted aryl)—2~thiaiole—thione compound (6)) and an
aryl compound defined by the above-mentioned formula (5)
(hereinafter, referred to also as an aryl compound (5)) in
the presence of a palladium catalyst and:a step B of
oxidizing the 3-(aryl-substituted aryl)-2-thiazole~thione
compound (hereinafter, referred to also as a 3-(aryl-
substituted aryl)-2—thiazole—thioﬁe compound (7)) defined
by the above-mentioned formula (7) and obtained in the step
A.

[0039]

As a method for producing a 3-(halo-substituted
aryl)-2-thiazole-thione compound (6), there is a method
involving steps of causing a.reaction of a halo—substitﬁted
aryl-l-amine and‘carbon disulfide in the presence of.a
dimethyl sulfoxide solvent and sodium hydroxide and causing
a reaction of the obtained product and a 2-halo-
substituted-1-one compound}

[0040]
Examples of a‘3—(halo-suestituted aryl)-2-thiazole-

thione compound (6) may be 4,5-dimethyl-3-(2, 6~
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difluorophenyl)—2(3H)—tﬁiazole—thione
dichlorophenyl)-2(3H)-thiazole-thione, 4,5-dimethyl-3-(2,6-
dibromophényl)—Z(3H)¥thiazole—thione, 4,5—dime£hyl—3—(2,6—
diiodophenyl)—2(3H)~thiazole¥thione, 4,5-diethyl-3-(2,06-
dibromophenyl)—2(3H)—thiazole—thione, 3-(2,6-
dibromophenyl) -2 (3H)-thiazole-thione, 4,5—diméthyl—3—
(2,4,6-tribromophenyl)-2(3H)-thiazole-thione, 4,5-dimethyl-
3—(2,éFdibromo—4—chlorophenyl)—2(3H)—thiazoie—thione, 4,5-
dimethyl—3—(2,6—dibromo—4—methylphenyl)—2(3H)-thiaiole—
thione, 4,5-diethyl-3-(2,4,6-tribromophenyl)-2(3H)~-
thiazole-thione, 4-methyl-5-acyl-3-(2,6-dibromophenyl) -

2 (3H)~thiazole-thione, 4—methyl—5—methoxycérbonyl—3—(2,6—
dibromophenyl)—Z(3H)—thiazole—thione, 5-n-butyl-3-(2,6-
dibromophenyl) -2 (3H)-thiazole-thione, 5-tert-butyl-3-(2,6~-
dibromophenyl)fZ(3H)—thiazole—thione, 5-phenyl-3-(2, 6-
dibromophenyi)—2(3H)—thiazole;thioﬁe, 4,5,6,7—te£rahydro—3-
(2,6fdichlorophenyl)—2(3H)—benzothiazole—thione, 4,5,6,7-
tetrahydro-3—(2,6—dibromophenyl)—2(BH)—benzéthiazole—
thione, 4,5,6,7—tetrahydro—7—methyl—3—(2,6—dibromophenyl)—
2 (3H) -benzothiazole~thione, 4,5,6,7-tetrahydro-7-ethyl-3-
(2,6—dibromophenyl)—2(3H)—benzothiézole—thione, 4,5,6,7-
tetrahydro-7-n-propyl-3- (2, 6-dibromophenyl) -2 (3H) -
benzothiazole—thione, 4,5,6,7-tetrahydro-7-isopropyl-3-
(2,6—dibromophenyl)—2(3H)—benzothiazole—thione, 4,5,0,7-
tetrahydro-3-(2,4,6-tribromophenyl) -2 (3H) -benzothiazole-

thione, 4,5,6,7-tetrahydro-3-(2, 6-dibromo-4-chlorophenyl) -
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2 (3H) -benzothiazole-thione, 4,5,6,7-1
dibromo—4—methylphényi)—2(3H)—benzothiazole—thione,
4,5,6,7-tetrahydro-3-(2,6-difluorophenyl)-2(3H) -
benzothiazole-thione, 4,5,6,7-tetrahydro-3-(2, 6-
diiodophenyl) -2 (3H)-benzothiazole-thione, 3,4,5,6-

tetrahydro—3—(2,6—dibromophenyl)—2H—cyclopentathiazole—2— .

~thione, 3,4,5,6,7-hexahydro-3-(2, 6-dibromophenyl) -2H-

cycloheptathiazole-2-thione, 3,4,5,6,7—héxahydro—3—(2,6—
diiodophenyl)—2chycloheptathiazole—2—thione, 4,5-dimethyl-
3—(2—fluo:ophenyl)—2(3H)—thiazole—thioﬁe, 4,5-dimethyl-3-
(2-chlorophenyl)-2 (3H)-thiazole~thione, 4,5—dimethyl—3—(2—
bromophenyl) -2 (3H)-thiazole-thione, 4,5-dimethyl-3-(2-
iodophenyl)-2(3H)-thiazole-thione, 4,5-diethyl-3-(2-bromo-
6-methylphenyl)-2(3H) -thiazole~thione, 3-(2-bromo-6-
methyiphenyl)—Z(3H)—thiazole+thione, 4,5-dimethyl-3-(2, 4-
dibromo-6-ethylphenyl) -2 (3H)-thiazole-thione, 4,5-diethyl-
3—(2,4—dibromo—é—methylphenyl)—2(3H)—thiazole—thione, 4-
methyl~5-acyl-3-(2=bromo-6-methylphenyl)-2 (3H)-thiazole-
thiocne, 4—methyl—S;methoxycarbonyl—3—(2—br6mo—6—
isopropylphenYl)—Z(3H)—thiazole~thione; 4,5,6,7-tetrahydro-
3-(2~chloro-6-methylphenyl) -2 (3H) -benzothiazole-thione,
4,5,6,7—tetrahydro—3—(2—bromo—64methylpheﬁyl)—2(3H)—

benzothiazole-thione, 4,5,6,7-tetrahydro-3-(2-bromophenyl) -

- 2(3H)-benzothiazole~-thione, 4,5,6,7-tetrahydro-3-(2,4-

dibromophenyl) -2 (3H) -benzothiazole-thione, 4,5,6,7-

tetrahydro—3—(2/4—dibromo—6—methylphenyl)—2(BH)—'
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benzothiazole—ﬁhione, 4,5,6,7-tetrah:

methylphenyl) -2 (3H) -benzothiazole~thione, 4,5;6,7—
fetrahydro—B—(2—ion—6—methyl;henyl)-2(3H)—benzothiazole—
thione, etc.

(0041]

Next, the step A of carrying out abcoupling reaction
of a 3-(halo-substituted aryl)—2—thiazole—thione compound
(6) and an aryl compound (5) in the presence of gipalladium
catalyst will be described.

[0042]

An aryl compound which can give a 3-(aryl-substituted
aryl)-2-thiazole-thione compound (7) by causing a coupling
reaction of the carbon atom to which a leaving,group
denoted by L in the formula (5) is'bpnded and the carbon
atom having a halogen atom as a subsfituent in the 3—(hélo—
substituted aryl)—2fthiazolefthione compound (6) may be
used as the arYl compound (5) without any particular limit.
.Preferable examples of the leaving group denoted by L in
the aryl compound (5)'are -B(0OH), and —MgX0 (wherein, %0
denotes a halogen atom) .

[0043]

In the case the leaving group denoted by L is ;B(OH)Z
(that.is, the aryl compound'(S) is arylboronic acid), the
coupling reactionvin the step A is preferably carried out
in the‘preéence of a base Compound. Such a coupling

reaction is so-called Suzuki-Miyaura coupling reaction and
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various improved methods have been de
methods may be used without any particula: limit.
[0044]

Ih tHe casé the leaving group denbted>by L is -MgX’°
(that is, the aryl compound (5) is an aryl Grignard
compound), the coupling reaction in the step A is
preferably carried out in the presence of a zinc compound.
Such a cbupling reaction is so-called Negishi coupling
reaction and varicus improved methods have been developed
and these methods méy be used without any particular limit.
[0045]

_Egamplés of the palladium catalyst to be used in the
step A may be palladium atom-containing compounds without
any particular limit in the valénce of palladium atom or
their ligands and preferably palladium catalysts such as
tetrakis(triphenylphosphiné) palladium complex consisting
of palladium atom and a ligand containing phosphorus atom.
The palladium catalyst may be commercialized products or
those prepared by cauéing a/reaction of a phosphorus
éompound and a palladium compound.

[0046]

Examples of a palladium compound to be used for
preparing the palladium catalyst may be 1,5-diphenyl-1,4-
pentadien-3-one (palladium) complex, biskl,5—diphenyl—l,4—
pentadien-3-one) (palladium)-compiex, tris(l, 5-diphenyl-

1,4-pentadien-3-one)di(palladium) chloroform complex,
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allylpalladium chloride dimer, cycloc

dichloride, cyclooctadienepalladium dibromide,
norbornadienepalladium dibromide, acetic acid palladium,
palladiumacetylaéetone,'bis(acetonitrile) dichloro
palladium, and bis({benzonitrile) dichloro palladium. These
palladium compounds may be used alone or two or more kinds
may be used in the form of a mixture.

[0047]

One kind of phosphorus compound or two or more kinds
of phosphorus compounds in the form of a mixture may be
used as the phosphorus compound for preparing the palladium
catalyst. The pﬁosphorus compound is a compound having one
or more trivalent phosphorus atoms in a molecule and
examples may be phosphorus compounds defined by
PRORIORM

(wherein Rg, R

and R indepéndently denote an alkyl which
may have a éubstituent, an aryl which may have a
substituent, an.aikoxy which may have a substituent, or an
aryloxy which may have a subs£ituent).

[0048]

Exampleé of an alkyl denoted independently by rR%, R
and R may be Ci-p¢p straight chain,; branched chain, and
cyclic alkyl such as methyi, ethyl, népropyl, isopropyl, n-
butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, n-decyl,
cyclopropyl, cyclopentyl, cyclohexyl, and menthyl. These

alkyl groups may have at least one kind of group selected
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from the group consisting df alkoxy ¢

ethoxy; a halogen atom such as a fluorine atom, a chlorine
atdm, and a bromine atom; alkoxycarbonyl such as
methoxycarboxyl‘ana ethoxycarbonyl; aryl such aé phenyl, 1-
naphthyl, and 2—naphthyl; and carboxy and examples of alkyl
having such a group may be chloromethyl, fluoromethyl,
trifluoromethyl, methoxymethyl, ethoxymethyl, 2-
methoxyethyl, methoxycarbonylmethyl, and benzyl.

[0049]

‘Examples of an aryl denoted independently by R°, R'°
and R'* may be Cg10 aryl such as phenyl, l-naphthyl, 2-
ﬁaphthyl,-and ferrocenyl. The aryl groups may have the
above—mentioned alkyl; aryl, alkoxy, halogen atom and
exampleS'of an aryl which may have these groups may be
phenyl, l-naphthyl, 2—naphthyl, 2-methylphenyl, 4-
chlorophenyl, 4-methylphenyl, and é—methoxyphenyl.

[0050]

Examples of an élkoxy denoted independently by R®, R*
and R may be Ci-20 straight chain, branched chain, and
cyclic alkoxy such as methoxy, ethoxy, N-propoxy,
isopropoxy, n-butoxy, isobuﬁoxy, seé—butoxy,'tert—butoxy,
n-pentyloxy, n-decyloxy, cyclopropoxy, cyclopentyloxy, and
cyclohexyloxy. These alkoxy groups may have at least one
kind of group selected from the group consisting of alkoxy
such as methoxy and ethoxy; a halogeh atom such as a

fluorine atom, ‘a chlorine atom, and a bromine atom;
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alkoxycarbonyl such as methoxycarbon

aryl such as phenyl and naphthyl; and carboxy and examples
of alkoxy having such a group may be chloromethoxy,
fluo:omethoxy, trifiuoromethoxy} methoxymethoxy,
ethoxymethoxy, 2-methoxyethoxy, and benzyloxy.

[0051]

Examples of an aryloxy denoted independently by R?,
R10 arvldvRll may be Cg.19 aryloxy sﬁch as phenoxy and
naphthyloxy. These aryloxy groups may have a substituent
such as the above-mentiocned alkyl, aryl, alkoxy, and
halogen atom. Examples of these aryloxy groups may be
phenoxy, l-naphthyloxy, 2-naphthyloxy, 2-methylphenoxy, 4-
chloropheﬁoxy, 4-methylphenoxy, and 4-methoxyphenoxy.
[0052]

An alkyl, an aryl, an alkoxy, and anAaryloxy denoted
independently by R?, Rmvand R*? méy‘have a group defined by
-PR°R!® (wherein R® and R'° independehtly denote as described
above) .

[0053]

Examples of such a phésphorus compound may be
triphenylphosphine, tris(4-chlorophenyl)phosphine, tris(4-
metﬂoxyphenyl)phosphine, (2Fdi—tert—
butylphosphino)biphenyl, bis (diphenylphosphino)ethane,
bis(diphenylphosphino)propane,
bis(diphenylphbsphinojbutane, 1,17 -

bis(diphenylphosphino)ferrbcene, 2,2 -
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bis (diphenylphosphino) -1, 1’ -binaphth:

bis (diphenylphosphino)-1,1’~biphenyl, 1,1’-oxybis[2,1-
phenylenebis(diphenylphoéphine)], triisopropylphosphine,
tri(tert—butyl)phosphine, tricyclohexylphosphine,
triisopropyiphosphite, tricyclohexylphosphite, and
triphenylphosphite and preferably (2—di—tert—
butylphosphino)biphenyl.

[0054]

The reaction of a phosphorus compound and a palladium
compound may be carried out by mixing the phosphorus
compound and the palladium compouﬁd in the presence of a
éolvenﬁ before the reaction in the step A or may be carried
out in the ieaction system in the presence of a 3-(halo-
substituted aryl)-=2-thiazole-thione compound (6), which is
a raw material of the reaction in the step A, a base
compound and also an aryiboronic acid.

[0055]

The use amount of the palladium éompound is
preferably in a range of 0.000001 mol to 0.2 mol and more
preferably in a range of 0.0001 mol to 0.1 mol to 1 mol of
the 3-(halo-substituted aryl)-2-thiazole-thione compound
(6). The uSé amount of the phosphorus compound is
preferablynin'a range of 1 mol to 10 mol.and‘more
preferably in a range of 1 mol to 3 mol on the basis of
phosphorus atom to 1 mol of palladium atom contained in the

palladium compound.
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[0056]

Examples of an aryl compound (5) having a ieaving
group -B(OH), denoted by L; that is, an arylboronio acid;
may be phenylboronic acid, 3,5—difluorophenylboronic acid,
l—haphthylboronic acid, 3,5-dinitrophenylbcronic acid, 3,5—
bis(trifluoromethyl)phenylboronic acid, 3,5-
dimethylphenylboronic acid, 3, 5-dimethoxyphenylboronic
acid, 3,5—dr—tert;butylphenylboronic acid, 3,5-
diphenylphenylboronic acid, etc.

[0057] |

| The use amount of the arylboronio acid is for example
in a rangevof 1 mol to 10 mol and preferably in a range of
1l mol to 5 mol to 1 mol of the 3—(halo-substituted aryl)-2-
thiazole-thione compound (6).
[0058]

A base compound to be used together wirh.the
arylboronic acid in the step A may be those which do not
inhibit the reaction and can neutralize boronic acid
without any particular limit and examples may be alkali
metal fluorides sucﬁ as potassiom fluoride, cesium
fluoride, and robidium fluoride; and alkali metal
carbonates and alkaline earth metal carbonates such as
sodiom carbonate, porassium carbonate, calcium carbonate,
and magnesium carbonate.

[0059]

The use amount of the base compound is preferably in
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a range of 1 mol to 5 mol and mére p.
1 mol to 3 mol to 1 mol of the arylboronic acid.
[0060]

Examples of an aryl compound (5) having a leaving
group -MgX°? denoted by L; that is, an aryl Grignard
compound; may bebphenylmagnesium bromide, 3,5-
difluorophenylmagnesium bromide, l-naphthylmagnesium
brbmide, 3,5—bis(trifluoromethyl)phenylmagnesium bromidé,
3,5-dimethylphenylmagnesium bromide, 3,5-
dimethoxyphenylmagnesium bromide, 3,5-di-tert-
butylphenylmagnesium bromide, 3,5-diphenylphenylmagnesium
bromide, phenylmagnesium chloride, 3,5-
difluorophenylmagnesium chloride, 1—naphthylmagnesium
chloride, 3,5-bis(trifluoromethyl)phenylmagnesium chloride,
3,5-dimethylphenylmagnesium chloride; 3,5- |
dimethoxyphenylmaghesium chloride, 3,5—di;tert—
butylphenylmagnesium chloride, 3,5~diphénylphenylmagnesium
chloride, phenylmagnesium iodide, 3,5-
difluorophenylmagnesium iodide, 1—naphthylmagnesium iodide,
3,5—bis(trifluoromethyl)phenylmagnesium iodide;'3,5?
dimethylphenylmagnesium iodide, 3,5-
dimethoxyphenylmagnesium iodide, 3,5-di-tert-
butylphenylmagnesium iqdide, 3, 5-diphenylphenylmagnesium
iodide, etc.

[0061]

Commercialized products and those which are produced
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by a conﬁentional method of preparin

from a corresponding aryl halide and magnesium metal may be
used as the aryl Grignard compound.

[0062] |

Thé use amount of the aryl Gfignard compound is for
example in a range of 1 mol to 10 mol and preferably in a
range of 1 mol to 5 mol to 1 mol of the 3-(halo-substituted
aryl)QZFthiazole—thibne compound {6).

[(0063] |

Examples of a zinc compound to be ﬁsed together with
the aryl Grignard‘compdund in the step A ﬁay be a zinc
halide such as zinc chloride and zinc bromide.

[0064]

The use amount of the zinc compound is preferably in
a range of 0.5 mol to 3 mol and more preferably in a range
of 0.8 mol to 2 mol to 1 mol éf the aryl Grignard compdund.
[0065]

The reaction_in the step A 1s generally carried out
in the presence of a solvent. A solvent to be used in the
case an arylbdronic'acid'is used as the‘aryl compbund (5)
is pfeferably an organic:solvent or a mixed solvent of an
organic solvent and water. Examples of the organic sol#ent
may be an ethe# solvent-such as diethyl ether, methyl-tert—
butyl ether, and tetrahydrofuran; a halo hydrocarbon
solvent such as chloroform and chlorobenzene; an aromatic

solvent such as’toluene-and xylene; an alcohol solvent such
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as methanol, ethanol, isopropanol, ai

nitrile solvent such as acetonitrile and propionitrile. A
solvent to be used in the case én aryl Grignard compound is
used as the aryl compound (5) is preferably an organic
solvent. Examples of the orgahic solvent may be an ether.
SOlvent such as diethyl ether, methyl tert-butyl éther, and
tetrahydrofuran; a halo hydrocarbon solvent such as
chloroform and chlorobenzene; and an‘aromatic solvent such
as toluene and xylene.

The use amount of the solvent_is not particulérly
lihited and”in consideration of the volume efficiency, it
may be practically at highest 100 times as much as a (3-
halo-substituted aryl)-2-thiazole-thione éompound (6) on
the basis of weight.

[0066]

The reaction in the step A may be cafried out in
normal pressure or in a pressurized condition.

The reactién temperature is‘preferably in a range of
-20°C to 150°C and more preferabiy in a range of 0°C to
100°C. If the reactioﬁ temperature is higher than 150°C, a
byproduct haying a high boiling point»tends fo be increased
by a side reaction and if the reacﬁion.temperature is lower
than -20°C, the‘reactivity tends to be lowered.

[0067] |
In the case an arylboronic acid is used as an aryl

compound (5), the reaction in the step A is preferably
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carried out by mixing a 3-(halo-subs

thiazole—thioné compound {6), the arylboronic acid, a
palladium catalyst, a base compound, and if necessary, a
solvent, and mixingvand stirring the mixture at a

prescribed temperature. The mixing order is not

- particularly limited. In the case an aryl Grignard

compound is used as an aryl compound (5), the reaction is
prefefébly carried out‘by miking-the aryl érignard
compound, a palladium catalyst, a zinc compound, and if
necessary, a solvent, thereafter adding a 3-(halo-
substituted aryl)—Z—thiazole—thione compound (6), and
miXing and stirring the mixture at a prescribed
temperature.

[0068]

The progression degrée of the reaction may be
confirmed by an analysis means such asrgas chromatography,,
high performance liquid chrométography, thin—iayer
chromatography, nuclear magneticAresonance spectroscopic
analysis, infrared abéorption spectrometry, etc.

(00691

The obtained reaction mixture generally contains a 3-

(aryl-substituted aryl)-2-thiazole~thione compound (7) and

on completion of the reaction, the 3-(aryl-substituted

aryl)-2-thiazole~thione compound (7) is separated and taken

out by concentration treatment or precipitation treatment

after the palladium catalyst is removed by filtration or
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u;ing a short column if necessary.
[0070] |

| The obtained 3-(aryl-substituted aryl)-2-thiazole-
thione compound (7) may be refined furthef by a refining
means such as recrystailization, éolumn chromatography,
etc.
[0071]

The 3-(aryl-substituted aryl)-2-thiazole-thione
compound (7) is preferably the above-mentioned 3-(aryl-
substituted aryl)-2-thiazole-thione compound (7') and the
above-mentioned 3= (aryl-substituted aryl)-2-thiazole-thione
compound (7F'). | |
[0072]

In the above-mentioned formula (7'), it is preférable
that R' and R? are independently a Ci.io (more preferably a
Ci-4) alkyl, or that R' and R® are bonded to each other to
form a Cs-7 cyclocalkene ring (more preferably a cyclohexene
ring) together with the‘carbon atoms bonded to R' and R?;
it is more preferable that the carbon atom of the
cycloalkene ring in. the thiazolium ring S side (the 7th
position in the cyclohexenerring) has a Cb; alkyl as a
substituent; it is preferable thatAR3, RY, and R’ are
independently a hydrogen atom; a halogen atom, or a Ci_1g
alkyl; andvit is préferable that W' and W° are |
independently a Cs-10 éryl which may héve a subsfituent.

The aryl is more preferably phenyl having a substituent,
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even more preferably phenyl having a
the 3rd and the 5th positions, and still more preferably
phenyl having a bulky-group at the 3rd and the 5th
positions. Examples of»the bulky group may be phenyl,
trifludromethyl, tert—butyl, a chlorine atom, a bromine
atom, an iodine atom, nitro, cyano, methoxycarbonyl, acyl,
sulfo, and 3,4,5-trifluorophenyl.
(00731

In the above-mentioned formﬁla (7'"y, it is
preferable that R' and R? are independently a Ci-19 (more
preferably a Ci-4) alkyl, or that R' and R?® are bonded to
each other to form a Cs- cycloalkene ring (more preferably
a cyclohexene ring) together with the carbon atoms bonded
to R' and R?; it is more preferable that the carbon atom of
the cycloalkene ring in the thiézolium ring S side (the 7th
position in tﬁe cyclohéxene ring) has é Ci-q alkyl as a
substituent; it is preferable that R}, R?, and R® are
independently a hydrogen atom or a Ci;-;0 alkyl; it is

preferable that R® is a Ci-10 alkyl; and it is preferable

that W' is a Cg-1p aryl which may have a substituent. The

aryl is more preferably phenyl having a substituent, even
more preferably phenyl having a bulky group at one of the
3rd and the 5th positions, and still more preferably phenyl
having a bulky group.at the 3rd and the 5th positions.
Examples of the bulky group may be phenyl, trifluoromethyl,

tert-butyl, a chlorine atom, a bromine atom, an iodine
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atom, nifro, cyano, methoxycarbonyl,
3,4,5—trifluoropﬁenyl.
[0074]
| Examples‘of a 34(aryl—substituted aryl)-2-thiazole-
thione compound (7) may be 4,5—dimethyl—3—[2,6—bis(3,5—di—
tert—butylphényl)phenyl]—2(BHj—thiazole—thione, 4,5-
dimethyl-3-[2,6~bis(3,5-di-tert-butylphenyl) -4~
chloropﬁenyl]—Z(3H)—thiazole—thione, 4,5-dimethyl-3-[2, 6-
bis(3,5—di-tert-butylphenyl)-4—methylphenyl]42(3H)—
thiazole-thione, 4,5—dimethyl—3—[2,6—bis(3,5—
dichlorophenyl)phenyl]-2(3H)-thiazole-thione, 4,5-dimethyl-
3—[2,6—bis(3,5—dibfomophenyl)phenyl]—2(3H)—thiazole—thione,
4,5-dimethyl-3-[2, 6-bis (3-tert-butylphenyl)-4-
chlorophenyl]—2(3H)—thiazole—thione,_4,5+dimethyl—3—(2,6—
diphenylphenyl) -2 (3H) -thiazole-thione, 4,5-dimethyl-3-[2,6-
bis(3,5—di—trifluorometh{lphenyl)phenyl])—2(3H)—thiazole-
thione, 4;5—dimethyl—é—[é;6—bis(3;5f
dimethoxyphenyl)phenyl] -2 (3H)-thiazole-thione, 4,5-diethyl-
3-[2,6-bis(3,5-dimethylphenyl)phenyl]-2(3H)-thiazole-
thione, 3—[2,6—bis(3,5—di—tert—bu£ylphenyl}phenyl]—2(3&)-
thiaiole—thione? 4,54diethyl—3—[2,6—bis(3,5—di—tert—
butylphenyl)phenyl]-Z(3H)—thiazole—thione, 4-methyl-5-acyl-

3-12,6-bis(3,5-di-tert-butylphenyl)phenyl]-2(3H)-thiazole-

thione, 4-methyl-5-methoxycarbonyl-3-[2,6-bis(3,5-di-tert-

butylphenyl)pheny11—2(3H)—thiazole—thione, S5-n-butyl-3-

[2,6-bis(3,5-di-tert-butylphenyl)phenyl]-2(3H)-thiazole-
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thione, 5—tert—butyl—3—[2,6;bis(3,5ﬂ
butylphenyl)phenyl]-2(3H)-thiazole-thione, 5-phenyl-3-[2, 6-
bis(3;5—di—tert—butylphényl)phenyl]—2(3H)*thiazole—thione,
4,5,6,7-tetrahydro-3-[2, 6-bis (3, 5-di-tert-
butylphenyl)phenyl]—Z(3H)—benzothiazole—fhione, 4,5,6,7-
tetrahydro—7—methyl—3—[2,6—bis(3,5—di—tert—
butylphenyl)phenyl] -2 (3H) -benzothiazole-thione, 4,5,6,7L
tetrahydro-7-ethyl-3-[2, 6-bis (3, 5-di-tert-
butylphenyl)pheﬁyl]—Z(3H)—benzothiazole-thione, 4,5,6,7-
tetrahydrq—7—n—propyl—3—[2,6—bis(3,5—di—tert—
butylphenyl)phenyl]—Z(BH)—benzothiazole~thione, 4,5,6,7-
tetrahydro-7-isopropyl-3-[2, 6-bis(3,5-di-tert-
butylphenyl)phenyl]-2 (3H) -benzothiazole-thione, 4,5,6,7-
tetrahydro-7-n-butyl-3-[2, 6-bis(3,5-di-tert-
butylphenyl)phenyl}—Z(3H)—benzothiazole—thione, 4,5,6,7-
tetrahydro-3-[2,6-bis(3,5-di-tert-butylphenyl)-4-
methylphenyl]—2(3H>—benzothiazole;fhione,'4,5,6,7—
tetrahydro—3—[2,6—bis(3,5—di—tert—butylphenyl)—4—
chlorophenyl]—Z(BH)—benzothiazoleFthione, 4,5,6,7~
tetrahydrd—7—ethyl-34[2,6—bis(3,5—di—tert—butylphenyl)—4—
chlorophenyl] -2 (3H) -benzothiazole-thione, 4,5,6,7-
tetrahydrof3—[2,6—bis(3,5—dichlorophenyl)phenyll—2(3H)—
benzothiazole-thione, 4,5,6,7—tetrahydro—3—[2,6—bis(3,5—
dibromophenyl)phenyl] -2 (3H) -benzothiazole-thione, 4,5,6,7-
tetrahydro-B—[2,6—bis(3,5—dimethyiphenyl)phenyl]—2(BH)—

benzothiazole-thione, 4,5,6,7-tetrahydro-3-[(2,6~bis (3,5~
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ditrifluoromethylphenyl)phenyl]—2(3H} 7
4,5/6,7—tetrahydro—3—{2,6—bis(3,5—dimethoxyphenyl)phényl]—
2 (3H) -benzothiazole-thione, 3,4,5,6—tetrahydro*3;[2,6—
bis(3,5—di—tert~butylphenyl)phenyl]—2H—cyclopentathiazole—
2-thione, 3,4,5,6,7-hexahydro-3-[2,6-bis(3,5~-di~-tert-
butylphenyl)phenyl] ~2H-cycloheptathiazole-2-thione,
4,5,6,7-tetrahydro-3-[2-chloro-6-(3,5-di-tert-
butylphenyl)phenyl] -2 (3H)-benzothiazole-thione, 4,5,6,7-
tetrahydro-3~-[2-bromo-6- (3, 5-di-tert-butylphenyl)phenyl] -

2 (3H) -benzothiazole-thione, 4,5—dimethyl—3¥[2—bromo—6~(3,5—
di—tert—butylphenyl)phenyl]—2(3H)—thiazole—£hione, 4,5~
dimethyl—3—(2—bromo—6—phenyl)phenyl~2(3H)—thiézole—thione,
4,5-dimethyl-3-[2-(3,5~-di-tert-butylphenyl)phenyl]-2(3H) -
thiazolé—thione, 4,5-dimethyl-3-[2-(3,5-di-tert-
butylphenyl)-6-methylphenyl]-2 (3H)-thiazole-thione, 4,5~
dimethyl—B—(2—phenylphenyl)—2(3H)—thiazole4thione, 4,5-
dimethyl-3—(2—phenyl-6—isopropylphenyl)—2(3H)—thiazolone,
4,5-dimethyl-3-[(2~(3,5-di~trifluoromethylphenyl)-6-
methylphenyl])—2(3H)—thiazolefthiqne, 4,5~-dimethyl-3-[2-
(3,5—dimethoxyphényl)—6—ethylpheny11;2(3H)—thiazole—thione,
4,5—diethyl—3—[2—(3,5—dimethylphenyl)—6fmethylphenyl]—
2(3H)-thiazole-thione, 3-[2-(3,5-di-tert-butylphenyl)-6-
methylphenyl]—2(3H)—thiazole—thione, 4,5-diethyl-3-[2-(3, 5~
di-tert-butylphenyl)phenyl]-2(3H)-thiazole-thione, 4-
methyl—S—acyl—B—[Z—(3,Sfdi—tert—butylphenyl)—6—

methylphenyl]-2 (3H)~thiazole-thione, 4-methyl-5-
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methoxycarbonyl-3-[2-(3,5-di-tert-bu
ethylphenyl]-2(3H)-thiazole-thione, 4,5,6,7-tetrahydro-3-
[2-(3,5-di-tert-butylphenyl)phenyl]-2 (3H)-benzothiazole-
thione, 4,5,6,7—tétrahydro—3—[2—(3,5—di—tért—butylphenyl)—
6-methylphenyl] -2 (3H) -benzothiazole-thione, 4,5,6,7-
tetrahydro-7-methyl-3-[2- (3, 5-di-tert-butylphenyl) -6-
methylphenyl]—Z(3H)—benzothiazole—thione,'4,5,6,7—
tetrahydro—7—ethyl;3—t2—(3,5—di—tert—butylphenyl)—6—
methylphenyl] -2 (3H)-benzothiazole~thione, 4,5,6,7-
tetrahydro-3-[2- (3, 5~-dimethylphenyl)-6-methylphenyl] -2 (3H) -
benzothiazole-thione, 4,5,6,7-tetrahydro-3-[2-(3,5-
~ditrifluoromethylphenyl)-6~trifluoromethylphenyl]-2(3H) -
benzothiazole-thione, 4,5,6,7-tetrahydro-3-[2-(3,5-
dimethoxyphenyl)—6—methylphenyl]—2(3H)—benzothiazole—
thione, etc.
[0075)

Next, the step B of oxidizing the 3-(aryl-substituted
aryl)-2-thiazole-thione compound (7) obtained in the step A
will be described.

[(0076]

Théioxidation in the step‘B is generally carried out
by mixing the 3-(aryl-substituted aryl)—2—thiazole—thione
compound (7) and an'oxidizing agent. Examples of the
oxidizing agent may be hydrogen peroxide, hypochlorous
écid, and perbenzoic acid and preferably hydrogen peroxide.

" An aqueous solution of 10 wt.% to 60 wt.% of hydrogen
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peroxide is preferably used.
[0077] |

The use amount of the oxidizing agent is preferably
in a range of 2 mol to 20 mol and more preferably in a
range of 2 mol to 10 mol to 1 mol of the 3-(aryl-
substituted aryl)-2-thiazole-thione compound (7).

(0078]

The reaction in the step B is generally carried out
in- the presence of a solvént. A solvent to be used is an
organic solvent or a mixed solvent of an organic solvent
and water. Examples of the organic solvent may be a halo
hydrocarbon solvent such as chloroform and chlorobenzene;
an aromatic solvent such asvtoluene and xylene; a
carboxylic aéid solvent such as acefic acid and
trifluorocacetic acid; and a nitrile solvent such as
acetonitrilevand propionitrile. The carboxylic acid
solvent is preferable. The use amount of the organic

solvent is not particularly limited and in consideration of

| the volume efficiency, it may be practically at highést 100

times as much 'as a (3-aryl-substituted atyl)—Z—thiazole—
thione compound  (7) on the basis of welght.
[0079]‘

The reaction in the step B may be carried out in
normal bressqre or in a préssufized éondition.

The reaction temperature is preferably in a range of

0°C to 150°C and more preferably in a range of 20°C to
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100°C. If the reaction temperature i
byproduct having a high béiling point tends to be increased
by a side reaction and if the reaction‘temperature is lower
than 0°C, the reactivity fends to be lowered.

[0080]

The reaction in the step B is carried out by mixing
and stifring the 3-(aryl-substituted aryl)-2-thiazole-
thione compound (7), an oxidizing agent, aﬁd if necessary,
a solvent at a desired temperature. The mixing order 1is
not_parﬁicularly limited.

[0081]

The progression degree of the reacfion may be
confirmed by an analysis means such as gas chromatography,
high performance liquid chromatography, thin-layer
chromatography, nuclear magnetic resonance spectroscopic
analysis, infrared absorption‘spectrometry, etc.

[0082]

On‘comﬁletion of the reaction, after the remaining
oxidizing agentv;s removed by reduction treatment using
sodium thiosulfate, éoncentration treatment, or extraction
with a solvent in which a thiazolium salt (8) is dissolved
and washiﬁg with water for ?emoval in a water layer if
necessary, the‘producéd thiazolium salt (8) is separated
anditaken out by forming a desired anion defined by X* by
salt exchange opération and carrying out crystallization

treatment.
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[0083]

The salt exchange operation can be carried out by,
for example, exchanging X~ to chloride ion by carrying out
extraction in an organic solvent such~as a halo hydrocarbon
solvené, an ether solvent, or the like in which the
thiazolium salt (8) can be dissolved, mixing and stirring
the resulting solvent with an agqueous saturated solution of
sodium chloride, magnes;um chloride, or the like, and
separating liquid phases; thereafter removing the solvent,
or dissolViﬁg the thiazolium salt (8) in an alcochol

solvent; and then precipitating the thiazolium salt (8) in

the form of a perchloric acid salt or a 'tetrafluoroboric

acid salt by using lithium perchlorate or lithium
tetrafluoroborate.
[0084]

| A thiazolium salt (1) in which W' is a halogen atom
can also be obtained by carrying out oxidation in the step
B using a 3-(halo-substituted aryl)-2-thiazole-thione
compound (6) in place of a 3—(a£yl—substituted aryl)-2-
thiazole-thione compound (7).
[0085]

The present invention is characterized by carrying

~out a couplihg reaction (that is, the present reaction) of

an aldehyde cdmpound-in the presence of a thiazolium salt
(1) and a base compound. The present reaction is

advantageous in terms of improvement of selectivity in
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peruction of an o-hydroxy ketone con
catalyst amount.
[0086]

The present invention is characterized by carrying
out a coupling reaction (that is, the present reaction) of
an aldehyde compouhd in the}presénce of a thiazol-2-ylidene
defined by a formula (1-2) (hereinafter, sometimes referred
to as a thiazoi—z—ylidene (1-2)) .

Generally, the reaction of a thiazolium salt (1) and
a base compound produces a thiazol-2-ylidene (1-2) which
can work as a catalyst for the coupling reaction of an
aldehyde compound. A thiazol-2-ylidene (1-2) may have
stability changed in accordance with its structure and

those which are stabilized by a bulky substituent in a

‘\/r\

present reaction can be performed by mixing_the thiazolium
salt (1), a base compound, and an aldehyde compound with no
need of confirming production of the thiazol-2-ylidene (1-
2) and also can be performed by producing the thiazol-2-
ylidene (1-2) from only the thiazolium salt (1) and a base
compound and then adding an'aldehyde compound.“

The structure of the thiazol-2-ylidene (1-2) 1is
formed by ﬁulling out hydrdgen in the form of proton from
the carbon atom at theIan'position of the thiazolium ring
of the thiazolium salt (1) by the basic éroup and‘

neutralizing the carbon atom together with X~ anion to
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produce carbene in the carbon atom at

The thiazol-2-ylidene (1-2) is preferably a thiazolf
2-ylidene defined by a formula (1'—2) (hereinafter,
referred to also as a thiazol-2-ylidene (1'-2)) and a
thiazol-2~ylidene defined by a formula (1''-2)
(hereinafter, referred to also as a thiazol-2-ylidene (1''-
2)).
[0087]

Examples of a thiazol-2-ylidene (1'-2) are 3-[2,6-
di (phenyl)phenyl]-thiazol-2-ylidene, 3-[2,6-
di (phenyl)phenyl]-4,5-dimethylthiazol-2-ylidene, 3-[2,6-
di(phenyl)phenyl]—4,5—diethylthiazol—2-ylidene, 3-[2,6-
di(phenyl)phenyl}—4—méthyl-5—acylthiazol—2—ylidene;‘3—[2,6—
di(phenyl)phenyl]—4-methyl—5—methoxycarbonylthiazol—2—
'ylidene, 3-[2,6-bis(3,5-di-tert-butylphenyl)phenyl] -
thiazol-2-ylidene, 3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl]-4,5~-dimethylthiazol-2-ylidene, 3-[2,6-
bis(3~tert—butylphenyl)phenyl]—4,5—dimethylthiazol—2—
ylidene, 3-[2,6-bis(3,5-di-tert-butylphenyl)-4-
methylphenyl]-4, 5-dimethylthiazol-2-ylidene, 3-[2,6-

Abis(3,5—di—tert—butylphenyl)—4—chlorophenyl]—4;5—

dimethylthiazol-2-ylidene, 3-[2,6-bis(3,5-

Vdibrdmophenyl)phenyl]—4,5—dimethylthiazol—2—ylidene, 3-.
[2;6—bis(3,S-dichlorophenyl)phenyl]—4,5—dimethylthiazol—2—
ylidene, 3-[2,6-bis(3,5-di-tert-butylphenyl)phenyl]-4,5-

diethylthiazol-2-ylidene, 3-[2,6-bis(3,5-di-tert-
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butylphenyl)phenyll-4-methyl-5-acyltl
[2,6—bis(3,5¥di—tert—butylphenyl)phenyl]—4—methyl45_
ethoxycarbonylthiazoi~2—ylidene, 3—[2,6—bis(3,5—di;
trifluéroﬁethylphenyl)phenyl]—4,5—dimethylthiazolf2—
ylidene, 3-[2,6-bis(3,5-di-trifluoromethylphenyl)phenyl]-
4,5-diethylthiazol-2-ylidene, 3—[2,6—bis(3,5—di¥
methoxyphenyl)phenyl]—4,5—dimethylthiaqu—2—ylidene,.3—
[2,6-bis (3, 5-di-methoxyphenyl)phenyl]-4,5-diethylthiazol-2-
ylidene, 3-[2,6-bis(3,5-di-methylphenyl)phenyl]-4,5-
dimethylthiazol-2-ylidene, 3-[2,6-bis(3,5-di-~
methylphenyl)phényl]—4,5—diethylthiazol—2—ylidene, 3-[(2,6-
diphenyl-3,5-diisopropyl)phenyl]-thiazol-2-ylidene, 3-
[(2,6~-diphenyl-3,5~-diisopropyl)phenyl]-4,5-dimethylthiazol-
2-ylidene, 3-[(2,6-diphenyl-3,5-diisopropyl)phenyl]-4,5-
diethylthiazol-2-ylidene, 3—[2,6—bis(3;5—
dinitrophenyl)phenyl]-4,5-dimethylthiazol-2-ylidene, 3-
[(2,6-diphenyl-3, 5-dimethyl)phenyl]-4,5-dimethylthiazol-2-
ylidene, 3—[2,6—bis(3,5—dibromophenyl)phenyl]—4,5— |
dimethylthiazol-2-ylidene, 3-[(2,6-bis~ (3,5~
dichlorophenyl)—3,5-diisopropyl)phenyl]—4,5—
dimethylthiazol-2-ylidene, 3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl]—5—n—butylthiazol—2—ylidene, 3-[2,6-
bié(3,5—di—tert—butylphenyl)phenyl};S—tert—butylthiazol—2~

ylidene, 3-[2,6-bis(3,5~di-tert-butylphenyl)phenyl]-5-

- phenylthiazol-2-ylidene, 3-(2,6-diphenylphenyl)-4,5,6,7-

tetrahydrobenzothiazol-2-ylidene, 3—[2,6—bis(3,5—di—tert—
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butylphenyl)phenyl]-4,5,6,7-tetrahyd

ylidene, 3-[2,6-bis(3,5-di-tert-butylphenyl)phenyl]-
4,5,6,7—tetrahydro—7—methylbenzothiazol—Z—ylidene, 3-1(2,6-
‘bis(3,5—diftert—butylphenyl)phenyl]—4,5,6,7—tetrahydro—7—
ethylbenzothiazol-2-ylidene, 3;[2,6—bis(3,5—di—teft—
butylphenyl)phenyl]l-4,5,6,7-tetrahydro-7-n-
propylbenzothiazol-2-ylidene, 3-[2,6-bis(3,5~di~tert-
butylphenyl)phenyl]-4,5,6,7-tetrahydro-7-
isoprépylbenzothiazol-Z—ylidene, 3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl]-4,5,6,7-tetrahydro-7-n-
butylbenzothiazol-2-ylidene, 3-[2,6-bis(3~tert-
butylphenyl)phenyl]-4,5,6,7-tetrahydrobenzothiazol-2-

ylidene, 3-[2,6-bis(3,5-di-tert-butylphenyl)-4-

methylphenyl]-4,5,6,7-tetrahydrobenzothiazol-2-ylidene, 3-

[2,6-bis(3,5-di-tert-butylphenyl)-4-chlorophenyl]-4,5,6,7-
tetrahydrobenzothiazol-ZFylidene, 3-[2,6-bis(3,5-di-tert-
butylphenyl)—4—chlorophenyl]-4,5,6,7—£etrahydro—7—
methylbenzothiazol-2-ylidene, 3-[2,6-bis(3,5-di-tert-
butylphenyl)-4-chlorophenyl]-4,5,6,7-tetrahydro-7-
ethylbenzothiazpl—2—ylidene, 3—[2,6—bis(3;5—
dibrémophényl)phenyl]?4,5,6,7—tetrahydrobenzothiazol—2—
ylidene, 3-(2,6-bis(3,5-dichlorophenyl)phenyl]}-4,5,6,7-
tetrahydrobenzothiazol—Z—ylideﬁe, 3-[2,6~bis(3,5-
difluorcphenyl)phenyl]l-4,5,6,7-tetrahydrobenzothiazol-2-
ylidene, 3—[2,6—bis(3,5—di;triflubromethylphenyl)phenyl]—

4,5,6,7—tetfahydrobenzothiazol—2—ylidene, 3-[2,6-bis (3,5~
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dimethoxyphenyl)phenyl]-4,5,6, 7-tetr:

ylidene, 3-[(2,6-bis(3,5-di-methylphenyl)phenyl]-4,5,6,7-
tetrahydrobenzothiazol—Z—yli@ene,'5,6—dihydro—3—[2,6—
bis(3,5—diitert~butylphenyl)phenyl]—4H—cyclopentathiazol—2—
ylidene, 5,6,7,8-tetrahydro-3-(2,6-bis(3,5-di-tert-
butylphenyl)phenyl]—4H—cyéloheptathiazol—2—ylidene, 3-(2,6-
difluorophenyl)—4,5—dimethylthiazol—2—ylidene, 3-(2,6-~
dichlorophenyl)—4,5—dimethylthiazol—2—ylidene,‘3—(2,6—
dibromophenyl) -4, 5-dimethylthiazol-2-ylidene, 3-(2,6-
dibromophenyl)-4-methyl-5-acylthiazol-2-ylidene, 3-(2,6-
diiodophenyl) -4, 5-dimethylthiazol-2~-ylidene, 3-(2,6-
dibromophenyl)—4,5,6,7—tetrahydrobenzbthiazol—Z—ylidene, 3-
(2;6—dibromophenyl)—4,5,6;7—tetrahydrd—7—ethylbenzothiazol—
Z—Ylidene, 3-(2,4,6-tribromophenyl)-4,5,6,7-
tetrahydrobenzothiazol-2-ylidene, 3-(2-bromo-6-
phenylphenyl);4,5—dimethylthiazol—2—ylidene, 3-[2-chloro-6-
(3,5-di-tert-butylphenyl)phenyl] -4, 5-dimethylthiazol-2-
ylidene, etc.

[0088]

Examples of a thiazol-2-ylidene (1''-2) are 3-[2-
(phenyi)-6—methy1ph¢ny1]-thiazol—2¥y1idene, 3-[2- (phenyl) -
6-methylphenyl1—4,5—dimethylthiazol;Z—ylidene, 3f[2—
(phenyl)—6fethylphenyl]—4,5—diethylthiazol—2—ylidené, 3-[2-
(phenyl)—6—methylphenyl]—4—methyl—S—acylthiazol—2—ylidene,
3~[2—(phenyl)—6~ethyl§henyll—4—methyl—5—

methoxycarbonylthiazol—2—ylidene, 3-[2-(3,5~-di-tert-
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butylphenyl)—6—methylphenyl]—thiazol-
di-tert-butylphenyl)-6-methylphenyl]-4,5-dimethylthiazol-2-
ylidene, 3-[2-(3,5-di-tert-butylphenyl)-6-ethylphenyl]-4,5-
diethylthiazpl—nylidene, 3—[2—(3,5—di—tert—butylphenyl)—6—
methylphenyl]-4-methyl-5-acylthiazol-2~-ylidene, 3-[2-(3,5-
di—tert—butylphenyl)—6—isopropylphenyl]—4;methyl—5—
ethoxycarbonylthiazol-2-ylidene, 3-[2-13,5-di-
trifluoromethylphenyl)—6—triflﬁoromethylphenyl]—4,5—
dimethylthiazol-2-ylidene, 3-{2-{3,5-di-
trifluoromethylphenyl)—6—methylphenyl]—4,5—die£hylthiazol—
2-ylidene, 3-[2-[3,5-di-methoxyphenyl)-6-methylphenyl]-4,5-
dimethylfhiazol—2-ylidene, 3-[2-[3,5~-di-methylphenyl)-6-
methylphenyl]-4,5-dimethylthiazol-2-ylidene, 3-[2-[3,5-di-
methylphenyl)—6—ethylphenyl]—4,5—diethylthiazol—2—ylidene;
3—[(2—phenylf3,6—diisopropyl)phenyl]—4,5—dimethylthiazol—2—
ylidene, 3-[(2-phenyl-3, 6-dimethyl)phenyl] -4, 5-
diethylthiazol-2-ylidene, 3-[2-(3,5-dinitrophenyl)-6-
methylphenyl]-4,5-dimethylthiazol-2-ylidene, 3-[2-(3,5-

dibromophenyl)-6-methylphenyl]-4,5-dimethylthiazol-2-

~ylidene, 3—[(2—(3,5—dichlorophenyl)—3,6—diethyl)phenyl]—

4,5—dimethylthiazol—2—y1idene, 3-(2-phenyl-6-methylphenyl) -
4,5,6,7-tetrahydrobenzothiazcl-2-ylidene, 3-[2-(3,5-di-
fert—butylphenyl)—6—methylphenyl]—4,5,6,7—
tetrahydrobenzothiazol-2-ylidene, 3-[2-(3,5-di-tert-
butylpheﬁyl)—6—methylphenyl]—4,5,6,7—tetréhydro—7—

methylbenzothiazol-2-ylidene, 3-[2-(3,5-di-tert-
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butylphenyl)—é—methylbhenyl]—4,5,6,7-
ethylbenzothiazol-2-ylidene, 3-[2-(3,5-di-
trifluoromethylphenyl)-6-methylphenyl]-4,5,6,7-
tetrahydrobenzothiazol-2~ylidene, 3-[2-(3,5-
dimethoxyphenyl)-6-methylphenyl]-4,5,6,7-
tetrahydrobenzothiazol—Z—ylidene, 3-[2-(3,5-di-
methylphenyl)-6-ethylphenyl]-4,5,6,7-
tetrahydrobenzothiazoi—Z—ylidene, 3—(2—fluoro;6—
methylphenyl) -4, 5-dimethylthiazol-2-ylidene, 3-(2-chloro-6-
ethylphenyl)—4,S—dimethylthiazol—Z—ylidene, 3-(2-bromo-6-
methylphenyl) -4, 5-dimethylthiazol-2-ylidene, 3 (2-bromo-6-
methylphenyl)—4—methyl—S—acylﬁhiazol—2—ylidene, 3-(2-iodo-
6-methylphenyl)-4,5-dimethylthiazol-2-ylidene, 3—(2—brqmo—
6—methylphenyl)—4,5(6,7—tetrahydrobenzothiazol—2—ylidene,
3—(2,4—dibromo—6—methylphenyl)—4,5,6,7—_
tetrahydrobenzothiazol-2-ylidene, etc.
[0089]

Such thiaZol—Z—ylidenes (1'-2) and (1''-2) are novel -
compounds and as described in the present invention, a
thiazolium salt (1) and a base compound can be reacted. As

another production‘method, the method described in JP 5-

221913 A can be employed for synthesizing these compounds.

.'That is, thia20112—ylidénes (1'-2) and (1'r—2) can be

produced by a method of heating a precursor obtained by
adding an alcohol or carbon dioxide to the carbon atom at

the 2nd position of a thiazol-2-ylidene.
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[00901

‘ Thiazol¥2—ylidenes (1'-2) and (1''-2) are preferably»_
3—[2,6—di(phenyl)phenyl]—4,5—dimethylth£aiol—Z—ylidene, 3-
(2,6-bis(3,5-di-tert-butylphenyl)phenyl]-4,5-
dimethylthiazol-2-ylidene, 3-[(2,6-diphenyl-3,5-
diisopropyl)phenyi]—4,5—dimethylthiazol—2-ylidene, 3;[2,6—
bis(3,5—di—tert—butylphenyl)phenyl]—4,5,6,7—
tetrahydrobenzothiazolf2—ylidene, 3;[2,6—bis(3,5—di—tert—
butylphenyl)phenyl]-4,5,6,7-tetrahydro-7-ethylbenzothiazol-
2-ylidene, 3—[2,6—bis(3,5—di—tert—butylphen§l)—4—
chlorophenyl]-4,5,6,7-tetrahydrobenzothiazol-2-ylidene, or
3-[2—(3,5—di—tert—butylphenyl)—6—methylphenyl]—4,5,6,7;
tetrahydrobenzothiazol-2-ylidene.
[0091]

An aldehyde compéund to be used is not particularly
limited if it is a compound héving'at least oné formyl in
its molecule. The coupling reaction in the present
invention may include a homo-coupling reaction for. coupling
a single aldehyde compound and a cross-coupling reaction
for coupling different aldehyde compounds.

(00921 |
The homo—coupiing reaction may be a homo-coupling

reaction of.an'aldehyde compound defined by a formula (2)
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(wherein R® denotes a hydrogen atom,
have a'substituent, an aryl which may have a substituent,
or é hetercaryl which may have a substituent) (hereinafter,
referred to also és an aldehyde (2))-.

5 The homo-coupling reaction of an aldehyde (2) gives
an a-hydroxy ketone compound (hereinafter, referred to also
as an a-hydroxy ketone (3)) defined by a formula (3)

Q

R® (3)
R6

OH
(wh»erein.R6 denotes the same as described above).
10 [0093]
The cross-coupling reaction may be a cross-coupling
vreactién of an aldehyde (2) and an aldehyde compound

defined by a formula (4)

O
/JL\\ e
R’ H
15 (wherein R’ is different from R® and denotes a hydrogen

atom, an alkyl which may have a substituent, an aryl which
may have a substituent, or a heteroaryl which may have a
substituent) (hereinafter, referred to also as an aldehyde
(4)). |

éO [0094]

The cross~coupling reaction of an aldehyde (2) and an
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aldehyde (4) gives an o-hydroxy keto:

a formula (5)

O
_R’ (5)
R6
OH
(wherein R® and R7 denotes the same as described above), an
5 a-hydroxy ketone compound defined by a formula (6)
@)
RS - (6)
R’ |
OH

(wherein R® and R’ denotes the same as described above), or
their mixture. The production ratio differs in accordance
~ with the types of R® and R® and one of them may be produced
10 selectively in some cases.
[0095]

Examples of an alkyl denoted by R® and R7Inay be Ci_1p
straight chain, branched chain, and cyclic alkyl such as
methyl, ethyl, propvyl, isopropyl, butyl, isobutyl, seé—

15 bufyl, tert—bﬁtyl,:penﬁyl, decyl; cyclopropyl, 2,2-
. dimethylcyclopropyl, cyclopentyl, cyclohexyl, and menthyl.

Examples of a sﬁbstituent which the alkyl may have
may be a Clﬁ.alkoxy, which may have a fluorine atom, such
as methoxy,'ethoxy, propoxy, lsopropoxy, butoxy, isobutoxy,

20 sec-butoxy, tert—butoxy, and trifluoromethyloxy; a Ce-1g
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aryl-containing Ci-1o alkoxy, which ma

such as benzyloxy, 4—methylbenzyloxy, and 4-
methoxybenzyloky; a Ci-10 @alkoxy having a Cg-10 aryloxy-
contaihing Ce-10 aryl such as 3-phenoxybenzyloxy; a Ce-10
aryloxy, which may have a Ci_io alkdxy, such as phenoxy, 2-
methylphénoxy, 4-methylphenoxy, and 4-methoxyphenoxy! a Ce-
10 aryloxy-containing Ce-19 aryloxy such as 3-phenoxyphenoxy;
a Cy-ip acyl, which may have a Ci-19 alkoxy, such as acetyl,
propionyl, benzylcarbonyl, 4-methylbenzylcarbonyl, 4-
methoxybenzylcarbonyl, benzoyl, 2-methylbenzoyl, 4-
methylbenzoyl, and 4-methoxybenzoyl; a Ci-190 alkylthio such
as methylthio, ethylthio, and isopropyl#hio; a Coo10
alkoxycarbonyl such as méthoxycarbonyl and ethoxycafbonyl;
and a halogen atom such as a fluorine atom, a chlorine
atom, and a bromine atom.

Examples of an alkyl having a éubstituent may be
»chloromethyl, fluoromethyl, trifiuoromethyl, methoxymethyl,
ethoxymethyl, methoxyethyl, methoxycarbonylmethyl, 1-
ethoxycarbonyl—Z,2—dimethyl—3—cyclopropyl, and 2-
methylthioethyl.

[0096] |

Examples of an aryl denoted by R® and Ry may be a Ce-20
aryl such as-phényl,r2—methylphenyl, 4-methylphenyl, and
naphthyl.

Examples of a substituent'which the aryl may have may

be a Ci-3p alkyl containing a fluorine atom such as
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fluoromethyl and trifluoromethyl; a ¢

-Crﬂgkalkoxy such as methoxymethyl, ethoxymethyl, and

methoxyethyl; a Ci-1p alkoxy which may‘have a fluorine atom
or .a Ci-10 alkoxy such és methoxy, ethoxy, propoxy,
isqpropoxy, butoxy, isobutoxy, sec-butoxy, tert—buto#y,
pentyloxy, cyclopentyloxy, fluoromethoxy, trifluoromethoxy,
methoxymethoxy, ethoxymethoxy; and methoxyethoxy; a Ce-10
aryloxy which may have a Ci-;p alkoxy such as phenoxy, 2-
methylphenoxy, 4-methylphenoxy, and 4-methoxyphenoxy; a Cs-
10 aryloxy which may have a Cg10 aryloxy such as 3-
phenoxyphenoxy; a Cz-19 écyl which may have a Cj-1p alkoxy
suchlas acetyl, propionyl, benzylcarbonyl, 4-
methylbenzylcarbonyl, and 4-methoxybenzylcarbonyl; a nitro
group; a halogen atom such as a fluorine atom aﬁd a
chlorine atom; and a Ci-s alkylenedioxy such és
methylenedioxy. Exampleé'of an aryl having a substituent
may be 4-chlorophenyl, 4-methoxyphenyl, and 3-
phenoxyphenyl.
[0097]

|  Examples of a heteroaryl in R® and R7 may be a Cqo1g

heteroaryl containing at least one hetero atom such as a

nitrogen atom, an oxygen atom, and a sulfur atom, such as

pyridyl, furyl, and 5-methylfuryl.
Examples of a substituent which the heteroaryl may
have may be a Ci-19 alkyl containing a fluorine atom such as

fluoromethyl and trifluoromethyl; a Ci-;p alkyl containing a
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Ci-10 alkoxy such as methoxymethyl, et

methoxyethyl; a Cij-ig alkoxy which may have a fluorine atom
or a Ci-1p alkoxy such as methoxy, ethoxy, propoxy,
isoprbpéxy, butoxy, isobutoxy, secfbﬁtoxy, tert-butoxy,
pentyloxy, cyclopentyloxy, fluoromethoxy, triflﬁoromethoxy,
methoxymethoxy, ethoxymethoxy, and‘methoxyethoxy; a Cs-10
aryloxy which may have a Ci-10 alkoxy such as phenoxy, 2-
mefhylphenoxy, 4-methylphenoxy, and 4-methoxyphenoxy; a Ce-
10 aryloxy which may have a Cg-1p aryloxy such as 3-
phenoxyphenoxy; a Cy_19 acyl which may have a Ci-10 alkoxy
such as acetyl, propionyl, benzylcarbonyl, 4-
methylbenzylcarbonyl, and 4¥methoxybenzylcarbonyl; a nitro
group; and a hélogen atom such as a fluorine atom and a
chlorine atom.

Examples df a hetercaryl having a.substituent may
include 2-chloropyridyl.

[0098]

Examples of an aldehyde (2) and an aldehyde (4) may
be an aliphaﬁic aldehyde such as formaldehyde, |
acetaldehyde, propionaldehyde, n-butyl aldehyde,
cyclopentane carbqaldehyde, cyclohexane carboaldehyde, 2-
methylpropanal, 2,2~dimethylpropanal, 3-methylthiopropanal,
2,2-dimethylbutanal, 1—methylcyclohegahe‘carboaldehyde,
2,2-dimethylnonanal, and methyl 2,2—dime£hy1—3—
oxopropanate; an aromatic aldehyde such as benzaldehyde, 4-

fluorobenzaldehyde, 4-nitrobenzaldehyde, 3-
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bromobenzaldehyde, 2-chlorobenzaldeh:

methylbenzaldehyde, 3-methoxybenzaldehyde, 3,4,5-
trimethoxybenzaldehyde, 3,4-methylenedioxybenzaldehyde, aﬁd
l-naphthoaldehyde; and a hetero-aromatic aldehyde such as
picoline aldehyde and nicotine aldehyde. As an aldehyde
(2) and an aldehyde (4), polymers of formaldehyde such as
paraformaldehyde may alsé be usable and an aldehyde may be
used in a state of cb—existing with water, e.qg., f&rmalin
water. In the case of a cross-coupling reaction of an
aldehyde (2) and an aldehyde (4), the aldehyde (2) and the
aldehyde (4) are different from each other. It is
preferable to use formaldehyde co—éxisting with water as
the aldehyde (4) and it is more preferable to use 3-
methylthiopropanal as the aldehyde (2).

[0099]

Commercialized ones and those which are produced by a
conventional method may be used as an aldehyde compound.
[0100] |

The present reaction is preferable to be caused in
the presence of a solvent.

Examplés of the solvent may be an aromatiq
hydrocarbon solvent such as toluene, xylene, and
chlorobenzene; aﬁ aliphatic hydrocafbon solvent such as
pentane, hexane, and heptane; a hélo hydrocarbon solvent
such as dichloromethane, dichloroethane,.and chloroform; an

ether solvent such as diethyl ether, methyl tert-butyl
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ether, and tetrahydrofuran; an ester

acetate; an amide solvent such as N,N—dimethylformamide and
N,N-dimethylacetamide; and an alcohol solvent such as
methanol and ethanol.

In the case an aqueoué solution such as formalin
water; that 1is, formaldehyde co-existing with water; ié'
used as an aldehyde compound, the reaction can be caused
efficiently by using a solveﬁt which has no compatibility
with water. Examples to be used as a solvent which has no
compatibility with water may be preferably the above-
mentioned aromatic hydrocarbon solvents; aliphatic
hydrocarbon solvents; and halo hydrocarbon solvents.

The use amount of the solvent may be, in

consideration of the volume efficiency, practically

~ preferably 100 parts by weight or less to 1 part by weight

bf an aldehyde compound.
[0101]

In the case the present reaction is a homo-coupling
reaction, the use amount of a thiazolium salt (1) is
preferably 0.00001 to 0.2 mol and more preferably 0.0001 to
0.05 mol to 1 mol of an aldehyde compound.

In the case the present reaction is a cross-coupling
'reaction, the use‘amount‘of a thiazolium salt (1) 1is
preferably 0.00001 to Q.Z mol and more preferably 0.000l to
0.05 mol to 1 mol of ohe of aldehyde compounds. 'In the

case the present reaction is a cross-coupling reaction,



10

15

20

25

WO 2013/035650 PCT/JP2012/072277

17

géneraliy, 1 mol or more of one aldet
to 1 mol ofAthe other aldehyde compound.
[0102]'

A base‘compound to be used in the present reaction
may be‘at least one kind of compound selected from the
group consisting of organic bases, alkali metal salts such
as alkali metal carbonates, alkaline earth metal salts such
as alkaline earth metal carbonates. |
[(0103]

Examples of an organic base may be a tertiary amine
such as triethylamine, trioctylamine,
diisopropylethylamine, and 4-dimethylaminopyridine; a
nitrogen-containing cyclic compound such as 1,8-
diazabicyclo[S.4;O]~7—undecene, l,5,7—triazabi¢yclo[4,4,0]—
5-decene; a nitrogen—cohtaining aromatic compoﬁnd such as"
pyridine and imidazole;‘and an alkali metal alkoxide such
as sodium methoxide and sodium ethoxide.

Examples of an.alkali metal carbonate may be sodium
carbonate, sodium hydrogen carbonate, potassium carbonate,
potassium hydrogen carbonate; lithium darbonate, and
lithium hydrogen carbonate.

Examples of an alkaline earth metal carbonate may be
magnesiﬁm carbonate aﬁd calcium carbonate.

A base compound is preferably an brganic base.

[0104]

The use amount of the base compound is preferably in
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a range of 0.1 to 2 mol and more pre:
0.5 to 1.5 mol to 1 mol of the thiazolium salt’(l).
[0105]

The présent reaction may be carried out in the
presence of carbon dioxide or in a gas atﬁosphere inactive
to the reaction without using carbon dioxide. Carbon
dioxide to be used in the present reaction may be gaseous
or solid-phase (dry ice) or in supercritical state.
Gaseous carbon dioxide may be diluted with an inert gas
such as nitrogen.

The use amount of carbon dioxide is preferably 1 mol

or more to 1 mol in total of base compounds and its upper

limit is not particularly limited and in consideration of

the productivity, it may be 1000 mol or ldwer.

Egamples of the gas inactive to the reaction may be
nitrogen, argon,‘ahd helium and its use amount is not
particularly limited.

[0106]

The reaction temperature of the present reaction may
be in a range of -20°C to 200°C.

The present reaction is caused by, for example, a
method of.mixing an aldehyde compound, a thiazolium salt
(1), a base compound, and if necessary, a solvent. The
mixing order is not particularly limited and a method to be
employed preférably may be a method of mixing an aldéhyde

compound, a thiazolium salt (1) and if necessary a solvent
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and thereafter adding a base compoun

a thiazolium salt (1), a base compound, and if necessary a
solvent, and thereafter adding an aldehyde compound to the
mixture. A method in which the present reaction is carried
out in carbon dioxide or in an inactive gas atmosphere is
employed more preferably.

[0107]

The present reaction may be carried out in normal
pressure or in a pressurized condition, for example, by
pressurizing with gaseous carbon dioxide or a gas inactive
to the reaction.

The progression degree of the reaction may be
confirmed by an analysis means such as gas chromatography,
high performance liquid chrematography, thin-layer ~
vchromatography, NMR, IR, etc.

(0108] | |

An o-hydroxy ketone compound can be taken out, for
example, by concentrating the obtained reaction mixture on
completion of the present reaction. The taken out o-
hydroxy ketone compound may be refined further by a
refining means such as distillatioﬁ, column chromatography,
etc.

(0109]

Examples‘of an o-hydroxy ketone compound to be

obtained in the above-mentioned manner may be 2-

hydroxyacetaldehyde, 3-hydroxy-Z-butanone, 4-hydroxy-3-
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hexanone, l,6—dimethylthio—4—hydroxy-

4-octanone, 2fhydroxy—1?phenyl—ethanone, 2-hydroxy-1-(4-
chlorophenyl)—ethanone,‘2—hydroxy—l—phenyl—2—_
phenylethanone} 2-hydroxy-1-(4-methoxyphenyl)-2-
phénylethanone, 2—hydroxy—l—(4—chlorophenyl)—2—
phenYlethanone, 2-hydroxy-1-(2-fluorophenyl)-2-
phenylethanone, 4-(methylthio)-2-oxoc-l-butanol, l-hydroxy-
2-propanone, l-hydroxy-2-butanone, 1—hydroxy—2—pentanone,

and 2-hydroxy-l-cyclcohexanone.

Examples
[0110]

Hereinafter, the present invention will be described

in detail with reference to Examples.

[0111]

(Example l)‘<Synthesis of 3-[2,6-di(phenyl)phenyl]-4,5-
dimethylthiazolium chloride> |

A 300 mL £lask purged with nitrogen was loaded with
6.6 g of 2,6—diphenylf§rmanilide,.150 g of toluene, and
’7.34'g of a Lawesson's reagent. The obtained mixture was
heated to 60°C and kept warm aﬁd'stirred for 2 hours.
After cooled to room témperature, the obtained reaction
mixture was filtered and the obtainedicrystal was washed
with 10 g of'toluene aﬁd'thereafter the filtrate and the
washing solution weré mixed and chcentréted to obtain 5.3

g of a yellow solid material.
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[Oll2j

After a 50 mL flask purged with nitrogen was loaded
with the entire amount of the obtained yellow solid
material, 8 g of dioxane, and 2.6 g of 3-chloro-2-butanone,
the mixture was heated and refluxed at a bath temperature
of ilO°C for 5 hours. The reaction solution was cooled to
room temperature and mixed with 33 g of -water and 1 g of
sodium carbonate and then.concentrated to obtain 8.1 g of a
dark brown oil. This o0il was mixed with 150 mL of
chloroform, the precipitated crystal was removed by
filtration and washed with 10 g of chloroform, and the
filtrate and the washing solution were mixed and
concentrated to obtain 4.3 g of a brown oil. This oil was
fractionated by a silica gel column (chloroform : ethanol =
85 : 15) and an eluted portion with high polarity was
concentrated to obtain 0.88 g of a light brown cryetal.

The obtained“crystal Was confirmed to be 3-[2,6-
di (phenyl)phenyl]-4,5-dimethylthiazolium chloride by ‘H-
NMR. Yield: 9.6% |
[01137

ly-NMR (d/ppm, CDCL3, on the basis of

“tetramethylsilane): 1.90 (s, 3H), 2.25 (s, 3H), 7.2-7.8 (m,

13H), 11.66 (s, 1H)
(01147
(Example 2) <Synthesis of 3-[2,6-bis(3,6-di-tert-

butylphenyl)phenyl]-4,5-dimethylthiazolium chloride>
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A 100 mL flask purged with nitr
0.9 g of formic acid and 0.82 g of acetic anhydride and the
mixture was stirred at room temperature for 1 hour and then
cooled to.5°C. A solution obtained by.dissolving 3.03 g of
2,6-bis(3,5-di-tert-butylphenyl)aniline in 15 g of
chloroform was dropwise added to the resulting_reaction
solution at 5°C for 30 minutes. Thereafter, the obtained
reaction solution was kept warm and stirred at room
temperature for 3 hours. After concentrated, the obtained
reaction mixture was mixed With 20 g of chloroform,
neutralized and washed with 15 g of a saturated sodium
hydrogen carbonate solution and washed with 15 g of water
and then the formed chloroform layer was dried and
concentrated by anhydrous sodiumvsulfatevto obtain 3.2 g of
a white solid material. The obtained white solid material’
was confirmed to be 2,6-bis(3,5-di-tert-
butylphenyl) formanilide by'gas chrométogfaphy/m%ss
spectroscopy (GC-MS). Yield 98%, M" = 497
[0115]

A 300 mL flask purged‘with nitrogen was loaded with
0.5 g of 2,6-bis(3,5~-di~tert-butylphenyl)formanilide, S'g
of toluene, and 0.31 g of a Lawesson's reagent. The
obtained mixture was heated to 60°C and.kept Qarm and

stirred for 2 hours. After cooled to room temperature, the

- obtained reaction mixture was filtered and the obtained

crystal was'washed with 10 g of toluene and thereafter, the
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filtrate and the washing solution we:
concentrated»to obtain 0.38 g of a yellow solid material.
[011l6]

After a 50 mL flask purged with nitrogen was loaded
with the entire amount of‘the obtained yellow solid
material, 1 g of dioxane, and 0.11 g of 3-chloro-2-
butanone, the mixture was heated and refluxed at a bath
temperature of 110°C for 18 hours. The reaction solution
was cooled to room temperature to obtain 0.48 g.of a brown
oil.. This o0il was fractionated by a silica gel column
(chloroform : ethanol = 85 : 15) and an eluted portion with

high polarity was concentrated to obtain 0.10 g of a light

- brown crystal.

The obtained crystal was confirmed to be 3-[2,6-
bis(3,5-di-tert-butylphenyl)phenyl]-4,5-dimethylthiazolium
chloride by ‘H-NMR.

Yield: 16.5%
[0117]

'H-NMR (8/ppm, CDCL3, on the basis of
tétramethylsilane):vl{24 (é, 36H), 1.90 (s, 3H), 2.22 (s,
3H), 7.2-7.65 (m, 9H), 11.0 (s, 1H)

[0118]
(Example 3) <Synthesis of 3-[(2,6-diphenyl-3,5-
diisopropyl)phenyl]—4,5—dimethylthiazolium chloride>

A 100 mL flask purged with nitrogen was loaded with

2.6 g of 2,6-diphenyl-3,5-diisopropyliodobenzene, 70 g of
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hexéne, and 15 g of ethanol and the
78°C by an acetone-dry ice bath. After 7.3 mL of a n-
butyllithium/hexane solution (1.63 M) was added for 10
minutes té the obtained solution, the solution mixture was
‘heafed tb room temperature and kept at the temperature and
stirred for 7 hours. After the reaction solution was
cooled to 0°C and 10 g of a tosyl azide/toluene solution
with 11 to 15 wt.% was added to the resulting reaction
solution for 5 minutes, the react;on solgtion was heated to
room temperature and kept at the temperature and stirred
for 12 hours. After mixed with 80 g of water, the obtained
reaction mixturé was subjected to extraction with 80 g of
diethyl ether and the formed organic layer was washed with
water, dried bylanhydrous magnesium sulfate, mixed with 15
g of-a‘molecular sieve (MS-3A), and dried overnight.
(0119] | |

A 500 mL flask purged with nitrogen was loaded with
the entire amounﬁ of the solution obtained by removing MS-
3A and magnesium sulfate from the above-mentioned dried
solution by filtration and a solution obtained by
suspending 0.38 g of lithium aluminum hydride in 50 mL of
diethyl ether was added to the solution at room temperature
for 20 minutes and the resulting solution mixture_was
refluxed and stirred further for 4,h§urs. After the
reaction, the reaction solution mixture was cooled to room

temperature and quenched by adding 2 g of water little by
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~little and then miged with 0.5 g of
15 wt.% of sodium hydroxide and 1.2 g of water aﬂd stirred
for 15 minutes. After é preciﬁitated white crystal was
removed by filtration, an organic layer obtained by adding
400 mL of diethyl ether and 200 mL of water and carrying
out extraction and fractionation was dried with magﬁesium
sulfate and concentrated to obtain 2.1 g of an orange color
crystal. The obtained crystal was refined by a silica gel
short column (hexane/ethyl acetate = 10 : 1) to obtain 0.74

g of an orange color crystal. The obtained orange color

crystal was confirmed to be (2,6-diphenyl-3,5-

diisopropyl)aniline by GC-MS. Yield 39%, M" = 329

(0120] |
| A 100 mL flask purged with nitrogen‘was locaded with
0.31 g of formic ‘acid and 0.29 g of acetic anhydride and
the mixture was stirred at room temperature for 1 hour and
then cooled to 5°C. A solution obtained by dissolving 0.74
g of (2,6—diphenyl—3,5—diisdpropyl)aniline in 5 g of
chloroform was dropwise added to the resulting reaction
solution at 5°C for 30 minutes. ‘Thereafter, the obtained
reaction solution was kept warm and stirred at room
temperature for 3 hpurs. The precipitated crystal was
filtered from the obtained reaction mixture, washed with
water, and dried to obtain 0.4 g of a'white crystal. After
concentrated, the filtrate was mixed with 20 g of

chloroform, neutralized and washed with 15 g of a saturated
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sodium hydrogen cérbonate solution ar

water and then the formed‘chloroform layer was dried and
concentrated by anhydrous sodium sulfate to ébtain 0.2 g of
a white solid material. The obtained two kinds of white
crystals were confirmed to be both (2, 6-diphenyl-3,5-
diisopropyl)formanilide by GC-MS. vYield 74%, M' = 357
[0121]

A 30 mL flask purged with nitrogen'was loaded with
0.6 g of (2,6-diphenyl-3,5-diisopropyl)formanilide, 50 g of
toluene, and 0.5 g of a Lawesson's reagent. Thé obtained
mixture was heated to 60°C and kept warm and stirred for 3
hours. After cooled to room temperature, the obtained
reactidn mixture was filtered and the obtained crystal was
washed with 10 g of tbluene and thereafter, the filtrate
and the washing solﬁtion were mixed and concentrated to
obtain 0.97 g of a yellow solid materiai.

[O122]

After a 50 mL flask purged with nitrogen was loaded
with 'the entire amount of the obtained yellow solid
material, 3 g of dioxane, and 0.18 g of 3-chloro-2-
butaﬁone, the mixture was heated and refluxed at a béth

temperature of 110°C for 3 hours. The reaction solution

was cooled to room temperature to obtain 1.34 g of a brown

0il. This o0il was fractionated by a silica gel column
(chloroform : ethanol = 85 : 15) and an eluted portion with

high polarity was concehtratedvto obtain 0.24 g of a light
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brown crystal. The obtained crystal
[(2,6—diphenyl—3.5—diisopropyl)phenyl];4,5—
dimethylthiazolium chloride by ‘H-NMR.
Yield: 34%
'H-NMR (8/ppm, CDCL3, on the basis of tetramethylsilane):
1.0-1.3 (m, 12H), 1.85 (s, 3H), 2.05 (s, 3H), 2.7 (m, 2H),
6.9-7.6 (m, 11H), 11.1 (s, 1H)
[0123]
(Example 4) <Synthesis of 4,5-dimethyl-3-(2,6-
dibromophenyl) -2 (3H) -thiazole-thione>

A 100 mL flask purged with nitrogen was loaded with
10 g of 2,6-dibromoaniline and 30 g of dimethyl sulfoxide
and the mixture was. cooled to 5°C while being stirred. The
fiésk was further loaded with a solution obtained by
dissolving 1.6 g of a sodium-hydroxide powder in 1.5 g of
water and the,mixture Was stirred for 10 minutes. Further,
3.0 g of carbon disulfide was added for 10 minutes ahd the
mixture was heated to room temperature and stirred for 1
hour and cooled to 5°C. The resulting reaction solution
was mixed with 4.3 g of 3—chloro-2~butanoﬁe, heated to room
temperatﬁre, and stirred for 1 hour. When the resulting
reaction solution was mixed with 40 g of water and stirred
for 30 minutes, the reaction solution was separated into a
gum-like solid-and a water layer and therefore, the water
layer was removed by decantation and the gum-like solid was

washed with 40 g of water. This solid was mixed with 50 g
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of ethanol and 5 g of concentrated h
heated and stirred at 70°C for 30 minutes. After the
reactidn, the reaction mixture was cooled fo room
temperature( and the precipitated crystal was filtered and
successively washed with 5 g of ethanol and driea to obtain
4.5 g of a light brown powder. This crystal was confirmgd
to be 4,5—dimethyl—3—(2,6—dibromophenyl)—2(3H)—thiazole—
thione by GC-MS. Yield 30%; M* = 379
[0124]
(Example 5) <Synthesis of 4,5,6,7-tetrahydroc-3-(2, 6-
dichlofophenyl)—Z(3H)—benzothiaZole—thione>

A 100 mL flask purged with nitrogen was ioéded with 5
g of 2,6-dichlorocaniline and 10 g of dimethyl sulfoxide and
the mixture was cooled to 5°C while being stirred. The
flask was further loaded with a solution obtained by
dissolving 1.3 g of a sodium hydroxide powder in 1.2 g of
water and the mixture was stirred for 10 minutés. Further,
2.4 g of carbon disulfide was added for 10 minutes and the
mixture waS‘heated to room temperature and stirred for 1
Hour and cooled to 5°C. The resﬁlting reaction solution
was mixed with 4.1 g of 2—chlofocyclohéxanone, heated to
room temperature[ and stirred for 1 hour. When the
résulting reaction solution was mixed with 30 g of water
and Stirred for 30 minutes, the reaction solution_was
separated into a gum-like solid and a water layer and

therefore, the water layer was removed by’decahtation and
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the gum-like solid was washed with 3

solid was mixed with 50 g of ethanol and 5 g of

concentrated hydrochloric acid and heated‘and stirred at
70°C for 30 minutes. After the reactign, the reaction
mixture was cooled to room temperature, and the
precipitated érystal was filtered and successively washed
with 5 g of ethanol and dried to obtain 3.1 g of a light
yellow powder. This crystal was confirmed'to be 4,5,6,7-
tetrahydro-3-(2,6-dichlorophenyl) -2 (3H) -benzothiazole-
thione by GC-MS. Yield 32%, M = 316
[0125]
(Example 6) <Synthesis of 4,5,6,7-tetrahydro-3-(2, 6-
dibromophenyl) -2 (3H) -benzothiazole-thione>

A 100 mL flask purged with nitrogen was loaded with 2
g of 2,6-dibromocaniline and 6 g of dimethyl sulf;xide and
the mixture was cooled to 5°C while being stirred. The
flask was further loaded with a solution obtained by
dissolving 320 mg of a sodium hydroxide powder in 300 mg of
water and the mixture was stirred for 10 minutes. Further,
610 mg of carbon disulfide was added for 10 minutes and the
mixture was heated to room temperature and stirred for 1
hour and cooled to 5°C. The resulting reaction solution
was mixed with 1.06 g of 2—chlordcyclohe2anone, heated to
room temperature, and stirred for 1 hour. When the
résﬁlting reaction solution was mixéd with 10 g of water

and stirred for 30 minutes, the reaction solution was -
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: separated into a gum-like solid and ¢

therefore, the water layer was removed by decantation and
the gum—liké solid was washed with 10 g of water. This
solid Was mixed with 10 g‘of ethanol and 1 g of
concentrated hydrochlcric acid»and heated and stirred at
80°C for 30 minuteé. After the reaction, the reaction
mixture was cooled to room temperature, and the
precipitated crystal was filtered and successively washed
with 5 g of ethanol and dried to obtain 1.1 g of a light
vellow powder. This crystal was confirmed to be 4,5,6,7-
tetrahydro—3—(2,6—dibromophenyl)—2(3H)-benzothiazole-thione
by GC-MS. Yield 34%, M+ = 405
[0126)] ‘
(Example 7) <Synthesis of 4,5,6,7-tetrahydro-3-(2,4,6-
tribromophenyl) -2 (3H) -benzothiazole-thione>

A 100 mL flask purged with nitrogen was loaded with
10 g of 2,4,6-tribromoaniline and 20 g of dimethyl
sulfoxide and the mixture was cooled to 5°C while being
stirred. The flask was further- loaded with a soiution
obtained by diséolviﬁg 1;21 g of a sodium hydroxide powder
inAl.l g of water and the mixture was stirréd for 10
minutes. Further, 2.3 g of carbon disulfide was added for
10 minutes and the mixtufe_wds heated to foom temperature
and stirred for 1 hour and cooled to 5°C. The resulting
reaction solutioﬁ was mixed with 4.0 g of 2-

chlorocyclohexanone, heated to room temperature, and
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stirred for 1 hour. When the resulti
was mixed with 50 g of water and stirred for 30 minutes,
the reaction solution was separated into a gum-like solid
and a water layer and therefore, the water layer was
femoved by decantation and the gum-like solid was washed
with 50 g of water. Thié solid was mixed with 30 g of
ethanol and 8 g of concentrated hydrochloric acid and
heated and stirred at 70°C for 60 minutes. After the
reaction, the reaction mixture was cooled to room
temperature, and the precipitated crystal was filtered and
successively'washed with 5 g of ethanol and dried to obtain
7.4 g of a light yellow powder. This crystal was confirmed
to be 4,5,6,7—tetrahydro—3;(2,4,6—tribromophenyl)—2(3H)f
benzothiazole-thione by GC-MS. VYield 50%, M' = 484
[0127]
(Example 8) <Synthesis of 4-methyl-5-acetyl-3-(2, 6-
dibromophenyl)—Z(3H)—thiazole—thione>

A 100 mL flask purged with nitrogen was loaded with 5
g of 2,6-dibromoaniline and 10 g of dimethyl sulfoxide and
the mixture was cooled to 5°C while being stirred. The
flask was further loaded with a solution obtained by
diésolving 800 mg Qf a'sodium hydro%ide powder in 700 mg of
water and the mixture was stirred for 10 minuteé. Further,

1.51 g of carbon disulfide was added for lovminutes and the

mixture was heated to room temperature and stirred for 1

hour and cooled to 5°C. The resulting reaction solution
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was mixed with 2.7 g of 3-chloroacety

room temperature, and stirred for 1 hour. When the

‘resulting reaction solution was mixed with 10 g of water

and stirred for 30 minutés, the reaction solution was
separated into a gum-like solid and a Qater layer and
therefore, the water layer was removed by decantation ana
the gum-like solid was washed with 10 g of water. This
solid was mixed with 30 g of ethanol and 5 g of
concentrated hydrochloric acid and heated and stirred at
80°C for 30 minutes. After the reaction, the reaction-
mixture was cooled to room témperature, and the
precipitated crYstal was filtered and successively washed-
with 5 g of ethanol and.dried to obtain 2.5 g bf a light

brown powder. This crystal was confirmed to be 4-methyl-5-

_acetyl-3-(2,6-dibromophenyl) -2 (3H)-thiazole-thione by GC-

‘MS. Yield 31%, M" = 406

[0128]

(Example 9) <Synthesis of 4,5,6,7-tetrahydro-3-[2, 6~
bis(3,5-di-tert-butylphenyl)phenyl] -2 (3H)-benzothiazole-
tﬁione>

| A 100 mL flask burged with nitrogen was loaded with
300 mg of 4,5,6,7—tetrahydro—3—(2;6—dibromophenyl)-2(3H)—
benzothiazole-thione synthesized in Example 6, 525 mg of
3,5—di—tert—butylpﬁenylboronic acid, 10 g of
tetrahydrofuran, 66 mg of (2-di-tert-

butylphosphino)biphenyl, 680 mg of cesium fluoride, and 17
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mg of:palladium acetate and the mixtt

and stirred for 18 hours. After the reaction, the reaction
solution was mixed with 10 g of ethyl acetate and 20 g of
water and washed and separated by a separatory funnel. The
formed organic layer wés again washed and separated with 10
g of water and thereafter dried with magnesium sulfate and
the solvent was removed by distillation. The obtained
residue was refined by a siliéa gel short column (after
adsorption in 50 g of silica gel and elution with 300 mL of
chlorofqrm) and the solvent was removed‘by distiliation to
obtain 35Q mg of é light yéllow crystal. This crystal was
confirmed to be 4,5,6,7-tetrahydro-3-{2,6-bis[3,5-di-tert-
butylphenyl)phenyl] -2 (3H) -benzothiazole-thione by 'H-NMR
and GC-MS. Yield 75%, M’ = 624

'4-NMR (5/ppm, CDCL3, on the basis of
tetramethylsilane):1.3—1.7 (m, 44H), 7.2-7.6 (m, 9H)

[0129]

(Example 10) <Synthesis of 4,5,6,7~-tetrahydro-3-(2, 6-

‘diphenylphenyl)~2 (3H) -benzothiazole-thione>

A 100 mL flask purged with nitrogen was loaded with
300 mg of 4,5,6,7-tetrahydro-3-(2, 6-dibromophenyl) -2 (3H) -
benzothiazole-thione synthesized in Example 6, 280 mg of
phenylboronic acid, 10 g of tetréhydfofuran, 70 mg of (2-
di—terthutylphosphinq)biphenyl, 700 mg vacesium flﬁoride,
and 17 mg of palladium acetate and the‘mixture was heated

to 50°C and stirred for 18 hours. After the reaction, the
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reaction solution was mixed with 10

20 g of water and washed and separated by a separatory
funnel. The formed organic layer was again washed and
separated with 10 g of water and thereafter dfied with
magnesium sulfate and the solvent was removed by
distillation. The obtained residue was refined by a silica
gel short column (after adsorption in 50 g of silicg gel
and elution with 300 mL of chloroform) and the solvent was
removed by distillation to obtain 350 mg of a light yellow.
crystal. This crystal was confirmed to be a mixture
containing 50% (gas chromatography area normalization
method) of 4,5,6,7—tetrahydro—3—(2,6—dipheﬁylphenyl)—2(3H)—
benzothiazole-thione by GC-MS. Yield 59%, M™ = 399[0130]
[0130]
(Example '11) <Synthesis‘of>4,5—dimethyl—3—[2,6—bis(3,5—di—
trifluoromethylphenyl)phenyl]—2(3H)—thiazole—thione>

A 100 mL flask purged with nitrogen was loaded with
500 mg of 4,5-dimethyl-3- (2, 6-dibromophenyl)-2 (3H) -
benzothiazole—thione synthesized in Example 4, 1.02 g of
3,S—di—triflqoromethylphenylboronic acid, 10 g of
tetrahydrofuran, 118 mg of (2-di-tert-
butylphosphino)biphenyl, 1.2 g of cesium fluoride, and 30
mg of palladium acetate and the mixture was heaﬁéd to 50°C
énd stirred for 18 hours. During the stirring, at the
moment after 9 hours, 1.02 g of 3,5-di-

trifluoromethylphenylboronic acid was additionally added.
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After the reaction,'the\reaction~sol
g of ethyl acetate and 20 g of water and washed and
separated by a separétory funnel. The formed organic layer
was again washéd and separated with 10 g of Water and
thereafter dried with magnesium sulfate and the solvent was
removed by distillation. The obtained residue was refined
by a silica gel short column (adsorption in 50 g of silica
gel and thereafter, elution with 300 mL of chloroform) and
the solvent was femoved by distillation to obtain 850 mg of
a light yellow crystal. This crystal was confirmed to be a
mixture containing 30% (gas chromatography area
normalization method) of 4,5—dimethyl—34[2;6—bis(3,5—di—
trifluoromethylphenyl)phenyl]-2(3H)-thiazole~-thione by GC-
MS. Yield 30%, M™ = 645
[0131]‘
(Example 12) <Synthesis of 4,5—dimethyl—3—[2,6—bis(3,5—,
dimethoxyphenyl)phenyl] -2 (3H)~-thiazole-thione>

A 100 mL flask purged with nitrogen was loaded with
500 mg of 4,5—dimethyl—3—(2,6—dibromophenyl)—2(BH)—
thiazole-thione synthesized in Example 4, 240 mg of 3,5-
dimethoxyphenylboronic acid, 10 g of tetrahydrofuran, 120

mg of (2-di-tert-butylphosphino)biphenyl, 1.2 g of cesium

'fluoride, and 30 mg of palladium acetate and the mixture

was heated to 50°C and stirred for 18 hours. During the
stirring, at the moment after 9 hours, 240 mg of 3,5-

dimethoxyphenylboronic acid was additionally added. After
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the reaction, the reaction solution
ethyl acetaté-and 20 g of water and washed and separated by
a separatory funnel. The formed organic layer was again’
washed and separated with 10 g of water and thereafter
dried with magnesium sulfate and the solvent was removed by
distillati&n. The obtained residue was refined by a silica
gel short column (adsorption in 50 g of silica gel and
thereafter, elution with 300 mL of chloroform) and the
solvent was removed by distillation to obtain. 580 mg of a
light yellow oil. This crystal was confirmed to be a
mixture containing 60% (gas chrdmatography area
normaliéation method) of 4,5-dimethyl-3-[2,6-bis (3,5~
dimethoxyphenyl)phenyl]—2(3H)—thiazole—thioné by GC-MS.
Yield 53%, M' = 493 )
[0132]
(Example 13) <Synthesis of 3—[2,6—bi$(3,5—di—tert—
butylphenyl)phenyl]—4,5,6,7—tetrahydrobenzothiazolium
chloride>

A 100 mL flask puréed with nitrogen was loaded with
350 mg of 4,5,6,7-tetrahydro-3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl] -2 (3H)-benzothiazole-thione synthesized
in Example 9, 2 g of acetic acid, and 500 mg of 30 wt.%

hydrogen peroxide water and the mixture was heated to 50°C

- and stirred for 30 minutes. After the reaction, the

solvent was removed by distillation and 10 g of methanol

was added to the residue and then methanol was removed by
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distillation. -The obtained residue w
chloroform and 10 g of saturated salt water and extracted
and separated by a separatory funnel. The solvent was
removed by distillation from the obtained chloroform layer
to obtain 320 mg of a lightvbrown powder. The powder was
mixed with 10 g of toluene and dissolved matter was removed
to obtain 230 mg of a white powder. This powder was
confirmed to be 3—(2,6—bis(3,5—di—teft—butylphenyl)phenyl]—
4,5;6,7-tetrahydrobenzothiaéolium chloride by ‘H-NMR.
Yield 65%
'H-NMR (3/ppm, CDCL3, on the basis of tetramethylsilane):
1.23 (s, 36H), 1.4-1.7 (m, 8H), 6.8—7.7 (m, 9H), 10.91 (s,
1H)
[0133]
(Example 14) <Synthesis of 3—(2,6—dipheny1pheﬁyl)—4,5,6,7—
tetrahydrobenzothiazolium chloride>

A 100 mi flask purged with nitrogen was loaded with
350 mg (purity 50%) of 4,5,6,7-tetrahydro-3-(2, 6-
phenylphenyl) -2 (3H) -benzothiazole-thione synthesized in
Example io; 2 g of acetic acid, and 600 mg of 30 wt.%
hydrogen peroxide water and the_mi#ture was heated to 50°C
and stirred for 30 minutes. After the reaction, the
solvent was removed by distillation and 10 g of methanol
was added to the residue and then methanol was femoved by
distillation. The obtained residue was mixed with 10 g of

chloroform and 10 g of saturated salt Water and extracted
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and séparated by a separatory funnel
removed by distillation from the obtained chloroform layer
to obtain 320 mg of a‘light brown powder. The powder was
mixed with 10 g of toluene and dissolved matter was removed
to obtain 150 mg of a light yellow powder. This powder was
confirmed to be 3-(2,6-diphenylphenyl)-4,5,6,7-
tetrahydrobenzothiazolium chloride by 'H-NMR. Yield 85%
lH-NMR (8/ppm, CDCL3, on the basis of tetramethylsilane):
1.5-2.6 (m, 8H), 7.2-7.8 (m, 13H), 11.65 (s, 1H)
[0134]
(Example 15) <Syn£hesis of 3-[2,6-bis(3,5-di-
trifluoromethylphenyl)phenyl}—4;5—dimethylthiazolium_
chloride> |

A 100 mL flask purged with nitrogen was loaded with
850vmg (purity 30%) of,4,5—dihethyl—3—[2,6—bis(3,5—di—

trifluoromethylphenyl)phenyl]—2(BH)—thiazole—thione

- synthesized in Example 11, 2 g of acetic acid, and 600 mg

of 30 wt.% hydrogen peroxide water and the mixture was
heated to 50°C and stirred for 30 minutes. After the
reaction, the solvent was removed by distillation and 10 g
of methanol was added to the residue and then methanol was
removed by distillation. The obtained residue was mixed

with 10 g of chloroform and 10 g of saturated salt water

" and extracted and separated by a separatory funnel. The

solvent was removed by distillation from the obtained

chloroform layer to obtain 850 mg of a light brown oil.
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The o0il was mixed with 10 g of tolue

was removed to obtain 250 mg of a light brown powder. The

obtained powder was confirmed to be 3-[2,6-bis(3,5-di-

trifluoromethylphenyl)phenyl]-4,5-dimethylthiazolium
chloride by 'H-NMR. Yield 98%
'H-NMR (6/ppm, CDCL3, on the basis of tetramethylsilane):
1.95 (s, 3H), 2.35 (s,_3H),‘7.2—8.l (m, 9H), 10.96 (s, 1H)
[0135]
(Example 16) <Synthesis of 3-[2,6-bis(3,5-
dimethoxyphenyl)phenyl]—4,5—dimethylthiazolium chloride>
A 100 mL flask purged with nitrogen was loaded with
580 mg (purity 60%) of 4,5-dimethyl-3-[2,6-bis(3,5-
dimethoxyphenyl)phenyll-2(3H)-thiazole-thione synthesized
in Example 12, 2 g of acetic acid, and 600 mg of 30 wt.%
hydrogen peroxide water and the mixture was heated to 50°C
and stirred for 30 minutes. After the reaction, the
solvent was removed by distillatién and 10 g of methanol
was added to the residue and then methanol was removed by
distillation. The obtained residue was mixed with 10 g of
chloroform and 10 g‘of'saturated salt water and extracted
and sepérated by a separatory funnel. The solvent was

removed by distillation from the obtained chloroform layer

to obtain 520 mg of a light brown oil. The o0il was mixed

with 10 g of toluene and dissolved matter was removed to
obtain 300 mg of a light brown powder. The obtained powder

was confirmed to be 3-[2,6-bis(3,5-dimethoxyphenyl)phenyl] -
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4,5-dimethylthiazolium chloride by
'H-NMR (&/ppm, CDCL3, on the basis of tetramethylsilane):
2.02 (s, 3H), 2.45 (s,‘3H), 3.78 (s, 12H), 7.4-7.9 (m, 9H),
11.02 (s, 1H) | |
[0136]
(Example 17) <Synthesis of 3-(2,6-dibromophenyl)-4,5-
dimethylthiazolium chloride>

A 100 mL flask purged with nitrogen was loade& with
300 mg of 4,5-dimethyl-3-(2, 6~dibromophenyl]-2 (3H) -
thiazole-thione synthesized in Example.4; 2 g of acetic
acid, and 500 mg of 30 wt.% hydrogen peroxide water and the
mixture was heated‘to 50°C and stifred"fbr 60 minutes.
After the reaction, the solvent was removed by distillation
and.lo g of methanol was added to the reéidue and then
methanol waé removed by distillation. The obtained residue
was mixed with 10 g of chloroform and 10 g of saturated
salt water énd.extracted and separated by a separatory
funnel. The solvent was removed by distillation from the
obtained chloroform layer to obtain 300 mg of a light brown
solid material. The obtained solid material was confirmed
to be 3-(2,6—dibromophenyl)—4,5—dimethylthiazoiium chloride
by 'H-NMR. Yield 98%
'H-NMR (d/ppm, CDCL3, on the basis of tetramethylsilane):
2.21 (s, 3H); 2.76 (s, 3H), 7.4—7:9'(m, 3H), 11.28 (s, 1H)
[0137] |

(Example 18) <Synthesis of 3-(2, 6-dibromophenyl)-4,5,6,7~
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tetrahydrobenzothiazolium chloride>

A 100 mL flask purged with nitrogen was loaded with
300 mg of 4,5,6,7-tetrahydro-3-(2, 6-dibromophenyl) -2 (3H) -
benéothiazole—thione syﬁthesized in Example 6, 2 g of
acetic acid, and 600 mg of 30 wt.% hydrogen peroxide water
and the mixture was heated to 60°C énd stirred for 60
minutes. After the reactiocon, the solvent was removed by
distillation and 10 g of methanol was added to the residue
and then methanol was removed by distillation. The
obtained residue was mixed with 10 g of chloroform and 10 g
of saturated salt water and extracted and separated by a
separatory funnel. The solvent was removed by distillation
from the obtained chloroform layer to obtain 390 mg of a
light brown tar-like material. This tar-like material was
solidified after being:left at room temperature. The
obtéined material was mixed with 3 g of acetone and tho
produced crystal was filﬁered and dried to obtain 150 mg of
a white“powder.' This powder Qas confirmed to be 3-(2,6-
oibromophenyl)—4,5,6,7—tetrahydrobenzothiazolium chloride
by 'H-NMR. Yield 38%
'H-NMR (&/ppm, CDCL3, on>thé basis of tetramethylsilane):
1.75-2.02 (m, 4H), 2.49 (bs, 2H), 3.05 (bs, 2H), 7.49 (dd,.
1H), 7.82 (d, 2H), 11.49 (s, 1H)
[0138]
(Example 19) <Synthesis of 34(2,4;6—tribromophenyl)—

4,5,6,7-tetrahydrobenzothiazolium chloride>
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A 100 mL flask purged with nitr
500 mg of 4,5,6,7—tetrahydro—3—(2,4,6—tribromophenyl)—
2 (3H) -benzothiazole-thione synthesized in Example 7, 4 g of
acetic acid, and 1.0 g of 30vw£.% hydrogen peroxide water
and the mixture was heated to 60°C and stirred for 2 houré.
After the reaction, the solvent was removed by
distillation and 10 g of methanol was added to the residue
and then methanol was removed by distillation. The
obtained residue was mixed with 10 g of chloroform and 10 g
of saturated salt water and extracted and separated by a
separatory funnel. The solvent was removed by distillation.
from the obtained chloroform layer to obtain 390 mg of a
light brown tar-like material. The obtained tar-like

material was mixed with 3 g of acetone and the produced

‘crystal was filtered and dried to obtain 50 mg of a white

powder. This powder was confirmed to be 3-(2,4,6-
tribromophenyl)44,5,6,7—tetrahydrobenzothiazoliﬁm chloride
by 'H-NMR. Yield 10%

'H-NMR (&/ppm, CDCL3, on the basis of tetramethylsilane):
1.75-2.02 (m, 4H), 2.47 (bs, 2H), 3.02 (bs, 2H), 7.99 (s,

2H), 11.66 (s, 1H)

(Example 20)

A 50 mL Schlenk flask purged with nitrogen was loaded

‘with 3.4 g of 3-methylthiopropanal, 990 mg of

paraformaldehyde, 20 mg (0.5 mol%) of 3-[2,6-bis(3,5-di-
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tert-butylphenyl)phenyl]-4,5~dimethy

obtained in Example 2, 7 g of toluene, and 1 g of dry ice
and thereafter, generated gaseous carbon dioxide was
discharged to iower the pressure to normal pressure. After .
the obtained mixrure was heated to 50°C and bubbling of

carbon dioxide gas subsided, a solution obtained by

‘dissolving 5 mg of 1,8-diazabicyclo[5.4.0]-7-undecene in

100 mg of toluene was added while being stirred and the
obtained mixture was stirred at 50°C for 2 hours. The
obtained reaction mixture was cooled to room temperature to
obtain a reaction mixture containing 4-(methylthio)-2-oxo-
l-butanol. According to analysis by a gas chromatography
internal srandard method, the yield of 4-(methylthio)-2-
oxo-l-butanol, a cross-coupling product, was 55% and 33% of
3—methylthiopropanal, a raw material, was recovered. The
yield of l,6—dimethylthio—4—hydroXy—3—hexanQne; a homo-
coupling product, was 12%. GC-MS was employed for
identifying 1, 6-dimethylthio-4-hydroxy-3-hexanone.
MS(m/z): 208 (M+)
[0140]
(Comparative Example 1)

A 50 mL Schlenk flask purged with nitrogeh was loaded

with 1.2 g of 3-methylthiopropanal, 530 mg of

~paraformaldehyde, 30 mg (1 mol%) of 3-benzylthiazolium

bromide, 2.5 g of toluene, and 500 mg of dry ice and

thereafter, generated gaseous carbon dioxide was discharged
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to lower the pressure to normal pres

obtained mixture was heated to 50°C and bubbling of carbon
dioxide gas subsided, a solution obtained by dissolving 18
mg of 1,8;diazabicyclo[5.4.0]—7—undeéene in 100 mg of
toluene was added while being stirred and the obtained
mixture was stirfed at 50°C for 2 hours. The obtained
reaction mixture was céoled to room temperature to obtain a
reaction mixture containing 4-(methylthio)-2-oxo-1l-butanol.
According to analysis by a gas chromatography internal
standafd method, the yield of 4-(methylthio)-2-oxo-1-
butanol, a cross—coupling product, was 4% and 60% of 3-
metﬁylthiopropanal, évraw‘material, was recovered. ' The
yield of l,6—dimethylthio—4—hydroxy—B—hexanone, a hoﬁo—
coupling product, was 1%.

(Example 21)

A 50 mL Schlenk flask purged with nitrogen was loaded
with 1.7 g of 3-methylthiopropanal, 2.1 g of 35 wt.%
formalin water, 20 mg of 3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl]—4,5-dimethyl£hiazolium chloride
obtained in Example 2, and 4 g of toluene. After 1 g of
dry ice was added to the flask, generated gaseous carbon
dioxide was discharged to lower the pressure to normal
pressure. After the obtained mixture was heated to 50°C
and bubbling of carbon dioxide gas subéided, a mixed
solution containing 5 mg of 1,8-diazabicyclo[5.4.0]-7-

undecene and 100 mg of toluene was added while being
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stirred and the obtained mixture was

héurs. The obtained reaction mixture was cooled to room
tempefature to obtain a reaction.mixture containing‘4—
(methylthio)—2—oxo—1—bu£anol. According to analysis by a
gas chromatography internal standard method, the yield of
4—(methylthio)—2—oXo—1—butanol, a cross-coupling product,
was 75% and 21% of B—ﬁethylthiopropanal, a raw material,
was recovered. The yiéld of l,é—dimethylthio—4—hydroxy—3—
hexanone, a homo-coupling prdduct, was 4%.

The production ratio after 6 hour-reaction time was

as follows.

4- (methyl)-2-oxo-1-butanol: 61%

Raw material 3—metﬁylthiopropanal: 36%
1,6—dimethylthiq—4—hydroxy—B—hexanone: 2%
[0141]

(Example 22)

‘A 50 mL Schlenk flask purged with nitrogen waé loaded
with 2.07 g of 3-methylthiopropanal, 900 mg of
paraformaldehyde, 19 mg of 3—[(2,6—dipheﬁyl—3,5—
diisopropyl)phenyl]-4,5-dimethylthiazolium chloride
obtained in Example 3, 5 g of toluéne, and 1 g of dry ice
and thereafter, generated gaseous carbon dioxide was

discharged to lower the pressure to normal pressure. After

the obtained mixture was heated to 50°C and bubbling of

" carbon dioxide gas subsided, a solution obtained by

dissolving 8 mg of 1,8-diazabicyclo[5.4.0]-7-undecene in
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500 mg of toluene was added while be
obtained mixture was stirred at 50°C for 4 hours. ’The
obtained reaction mixturerwas cooled to room temperature to
obtain a :eaction mixture containing 4-(methylthio)-2-oxo-
l1-butanol. According to analysis by a gas chromatography
internal standard method, the yvield of 4-(methylthio)-2-
oxo-1l-butanol, a cross-coupling product, was 27% and 59% of
3-methylthiopropanal, a raw maﬁerial, was fecovered. The
yield of 1,6—dimethylthio—4—hydroxy—3—hexaﬁone, a homo-
coupling product, Was 10%.
[0142)]
(Example 23)

A 50 mL Schlenk flask purged with nitrogen was loaded
with 2.75 g of 3—methylthiopropanal, 1.2 g of
paraformaldehyde, 10 mg of 3-[2,6-di(phenyl)phenyl]-4,5-

dimethylthiazolium chloride obtained in Example 1, 6 g of

toluene, and 1 g of dry ice and théreafter, generated

gaseous carbon dioxide was discharged to lower the pressure
to normal pressure. After the obtained mixture was heated
to 50°C and bubbling of carbon dioxide gas subsided, a‘
solution obtained by dissolying 4 mg'of 1,8-
diazabicyélo[5.4.0]—7—undecene in.lOO mg of toluene was
added while being stirred and the obtained mixture was
stirred at 50°C for 4 hours.3\The obtained reaction mixture

was cooled to room temperature to obtain a reaction mixture

containing 4-(methylthio)-2-oxo-1l-butanol. According to
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analysis by a gés chromatography inte

the yield of 4-(methylthio)-2-oxo-1l-butanol, a cross-

coupling product, was 28% and 65% of 3-methylthiopropanal,

a!raw material, was recovered. The yield of 1,6-
dimethylthio-4-~hydroxy-3-hexanone, a homo—éoupling product,
was 7%. |
[0143]

(Example 24)

A 50 mL Schlenk flask purged with nitrogen was loaded
with 1.38 g of 3—me£hylthiopropanal, 400 mg of
paraformaldehyde, 40 mg of 3-[2,6-di(phenyl)phenyl]-4,5-
dimethylfhiazolium chloride obtained in Example 1, and 2.8
g of tetrahydrofuran. The obtained mixture was heated to
£0°C, mixed with 16 mg of 1,8-diazabicyclo[5.4.0]-7-
undecene, and then stirred at 40°C for 1.5 hours. At that
moment,_since it was confirmed that 3-methylthiopropanal, a
raw material, disappeared by gas chromatographic analysis,
1.38 g of 3-methylthiopropanal and 400 mg of
paraformaldehyde were additionally added and thé mixture
was further stirred at 40°C for 1 hour. The obtained
reaction mixture was cooled to room temperature to obtain a
reaction mixture containiﬂg 4- (methylthio)~2-oxo-1-butanol.
According to analysis by a gas chromatography internal
standard ﬁethod, the yield of 4-(methylthio)-2-oxo-1-
bﬁtanol, a crossfcoupling product, was 47% and 20% of 3-.

methylthiopropanal, a raw material, was recovered. The
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yield-of 1,6-dimethylthio-4-hydroxy-
‘coupling pfoduct, was 33%.

[0144]

(Example‘25)

A 5Q ml. Schlenk flésk purged with nitrogen was loaded
with 3.07 g of propanal, 10 mg of 3-[2,6-di(phenyl)phenyl]-
4,5—dimethylthiazolium,chloride obtained in Example 1, 6 g
of toluene, and 1 g of dry ice and thereafter, generated
gaseous carbon dioxide was discharged to lower the pressure
to normal pressure. After the obtained mixture was heated
to 40°C and bubbling éf carbon dioxide gas subsided, a
mixed solution cohtaining 4 mg of 1,8-diazabicyclo([5.4.0]-
7-undecene and 100 mg_of toluene was added while being
stirred and the obtained mixture was stirred at 40°C for 4
hours. The obtained reaction mixture was cooied to room
temperature to obtain a reaction mixtﬁre~containing 4-
hydroxy-3-hexanone. According to analysis by a gas
chromatography internal standard method, the yield of 4-
hydroxy-3-hexanone was 22% and 75% of propanal was
recovered;~ |
[0145]

(Example 26)

AISO mL Schlenk flask purged with nitrogen was loaded
withv84l mg of benzaldehyde, 480 mg.of paraformaldehyde, 30
mg of\3—[2,6-di(phenyl)phenyl]—4,5—dimethylthiazolium

chloride obtained in Example 1, and 3 g of toluene. The
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obtained mixture was heated to 60°C,
1,8—diazabicYclo[5.4.0]—7—undecene while being stirred, and
then stirred at 60°C for 6 hours. The obtained reaction
mixture was cooled té room temperature to obtain a reaction
mixture containing 2-hydroxy-l-phenyl-ethanone. According
to analysis by a gas chromatography internal standard
method, the yield of Z2-hydroxy-l-phenyl-ethanone was 21%
énd.77% of benzaldehyde was recovered.

(0146]

(Example 27)

A 50 mL Schlenk flask purged with nitrogen was loaded
with 1.24 g of 3-methylthiopropanal, 540 mg of
paraformaldehyde, 30 mg of 3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl]-4,5,6,7-tetrahydrobenzothiazolium
chloride obtained in Example 13, and 3 g of toluene. After
500 mg of dry ice was added to the flask, generated gaseous
carbon‘diOXide was discharged to lower the pressure to
normal pressure. After the obtained mixture was heated to
50°C and bubbling of carbon dioxide gas subsided, a mixed
solution containing 8 mg of 1,8-diazabicyclo(5.4.0]-7-
undecene and 100 mg of toluene was added while being
stirred and thevobtained mixture was stirred at 50°C for 2
hours. The obtained reaction mixture was cooled to room
temperature to obtain a‘reactioﬁ mixture containing 4-
(methylthio)—2;oxo—1—butanol. According to analysis by a

gas chromatography internal standard method, the_yieid-of
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4—(methylthio)—2—oxo—l-butanol, a cre

was 51% and 11% of 3-methylthioprdpanal, a raw material,
was recovered. The yield of 1,6-dimethylthio~4~hydroxy-3-
'hexanone, a homo-coupling product, was 36%.

[0147]

(Example 28)

A 50 mL Schlenk flask purged with nitrogen was loaded
with 5.0 g of 3-methylthiopropanal, 3.0 g of 35 wt.%
formalin water, 30 mg of 3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl]-4,5,6,7-tetrahydrobenzothiazolium
chloride obtéined in Example 13, and 10 g of toluene.
After 500 mg of dry ice was added to the -flask, generated
gaseous carbon dioxide was discharged to lower the pressure
to normal pressure. After the obtained mixture was heated
to 505C and bubbling of carbon dioxide gas subsided, a
mixed solution containing 8 mg of 1,8-diazabicyclo[5.4.0]-
7—ﬁﬁdecene and 100 mg of tolueﬁe'Was added while being
stirred and the obtained mixture was stirred at 50°C for 16
hours; The obtained reaction mixture was cooled to room
temperature to obtain a reaction mixture containing 4-~
(methylthio)—2—oxo—l¥butanol. According té analysis by a
gas- chromatography internal standard method, the yield of
4—(methylthio)—2—dxo—1—butanol, a Crosé—coupling.product,'
was 57% and 33% of 37methylthiopropanal, a raw material,
was recovefed. The yield of 1,6—dimethylthio—4—hydroxy—3—

hexanone, a homo-coupling product, was 7%.
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The productionbratio after 6 ho

aé‘follows.

4- (methylthio)-2-oxo=1-butanocl: 45%

Raw méterial 3-methylthiopropanal: 54%
1,6-dimethylthio-4-hydroxy-3-hexanone: 0%
[0148]

(Example 29)

A 100 mL four-mouth flask purged with nitrogen was
loaded with 10 g of 3-methylthiopropanal, 15 g of 35 wt.%
formalin water, 30 mg of 3—[2,6—bi$(3,5-di—tert—
butylphenyl)phenyl]-4,5,6,7-tetrahydrobenzothiazolium
chloride obtained in Example 13, and 20 g of toluene.
After 1 g of dry ice was added to the flask, generated
gaseous carbon dioxide'was discharged to lower the pressure
to normal pressure. After the obtained mixture was heated
to 50°C and bubbling of carbon dioxide gas subsided, a
mixed solution containing 8 mg of 1,8-diazabicyclo[5.4.0]-
7-undecene and 100 mg of toluene was added while being
stirred and the obtainéd mixture was stirred at 50°C for 16
hours. Tﬂe obtained reacﬁion mixture was cooied to room
temperature to obtain a reaction mixture containing 4-

(methylthio)-2-oxo-1-butanol. According to analysis by a

~gas chromatography internal standard method, the yield of

4- (methylthio)-2-oxo-1-butanocl, a cross-coupling product,
was 35% and 64% of 3-methylthiopropanal, a raw material,

was recovered. The yield of 1,6-dimethylthio-4-hydroxy-3-
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hexaﬁone, a homo-coupling product, w

The production ratio after 8 hour-reaction time was
as follows. |
4- (methylthio)-2-oxo-1l-butanol: 25%

Raw material 3-methylthiopropanal: 74%

1, 6-dimethylthio-4-hydroxy-3-hexanone: 0%
[0149]

(Example 30)

A 50>mL Schlenk flask pﬁrged with nitrogen was loaded
with 960 mg of 3-methylthiopropanal, 1.1 g of 35 wt.3%
formalin water, 30 mg of 3-[2,6-bis(3,5-di-
trifluoromethylphenyl)phenyl]-4,5~-dimethylthiazolium
chloride obtained in Example 15, and 2 g of toluene. After
500 mg of dry icé was added to the flask, generated gaseous
carbon dioxide was discharged to lower the pressure to
normal pressure. After the obtained mixture was heated to
506C and bubbling of carbon dioxide gaé subsided, a mixed
solution containing 7 mg of 1,8-diazabicyclo[5.4.0]-7~-
undecene and 100 mg of toluene was added while being
stirred and the obtained mixture was stirred at 50°C for 6
hours. The obtained reaction mixture was cooled to room
temperature to obtéin a reaction mixture containing 4-
(methylthio)-2-oxo-1-butanol. According to analysis by a
gas chromatography'intérnal standard method, the yield of
4¥(methylthio)F2—oxo—1—butanol, a cross-coupling ﬁroduct,

was 53% and 26% of 3-methylthiopropanal, a raw material,
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was recovered. The yield of 1,6-dime
hexanone, a homo-coupling product, was 4%.
[(0150]

(Example 31)

A 50 mL Schlenk flask purged with nitrogen was loaded
with 1.25 g of 3-methylthiopropanal, 1.5 g of 35 wt.$%
formalin water, 30 mg of 3-[2,6-bis(3,5-
dimethoxyphenyl)phenyl]44,5—dimethylthiazolium chloride
obtained in Example 16, and 2 g of toluene. After 500 mg
of dry ice was added to the flask; generated gaseous éarbon
dioxide was discharged to lower the pressuré»to normal
pressure. After the obtained mixture was heated to 50°C

and bubbling of carbon dioxide gas subsided, a mixed

- solution containing 9 mg of 1,8-diazabicyclo[5.4.0]-7-

undecene and 100 mg of toluene was added while being
stirred ahd the obtained mixtufe was stirred at 50°C for 6
hours. The obtained reactilion mixture was cooled to room
temperature to obtain a reaction mixture conﬁaining 4-
(methylthio)—2foxo—l—butanol. According to analysis by a
gas chromatography internal standard method, thé yvield of
4-(methylthio)—2foxo—l—bu£anol, a cross-coupling product,
was 10% and 79% of 3-methylthiopropanal, a raw material,
was‘recovered. The yield éf 1,6—dimethylthio—4—hydroxy—B—
hexanone, a homo—coupling‘product, was 3%.

[0151]

(Example 32)
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A 50 mL Schlenk flask purged wi

with 1.54 g of 3-methylthiopropanal, 1.2 g of 35 wt.%
formalin water, 30 mg of 3-(2,6—diphenylphen§l)—4,5,6,7—
tetrahydrobenzothiazolium chloride obtained in Example 14,
and 3 g of toluene. After 500 mg of dry ice was added to
the flask, generated gaseous carbon dioxide was discharged
to lower the pressure to normal pressure. After the
obtained mixture was heated to 50°C and bubbling of carbon
dioxide gas subsided, a mixed solution containing 11 mg of
1,8-diazabicyclo[5.4.0]-7-undecene and 100 mg of toluene
was added while being stirred and the obtained mixture was
stirred at 50°C for 8 hours. The obtained reaction mixture
was cooled to room‘temperature to obtain a reaction mixture
containing 4- (methylthio)-2-oxo-1l-butanol. According to
analysis by a gas chromatography internal standard method,
ﬁhe yield of 4-(methylthio)-2-oxo-1l-butanol, a cross-
coupling product, was 58% and 36% of 3—methylthioprbpanal,
a raw material, was recovered. The yield of 1,6—_
dimethylthio-4~hydroxy-3-hexanone, a homo-coupling product,
was 2%.
[0152]
. (Example 33f

| A 50 mL Schlénk flask purged with nitrogen waé loaded
with 1.9 g of 3-methylthiopropanal, 2.2 g of 35 wt.%
fﬁrmalin water, 15.mg of 3-(2,6-dibromophenyl)-4,5,6,7~

tetrahydrobenzothiazolium chloride obtained in Example 18,
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and 4 g of toluene. After 500 mg of

the flask, generated gaseous carbon dioxide was discharged
to lower tﬁe pressure to normal pressure. After the
obtained mixture was heated to 50°C .and bubbling of carbon
dioxide gas subsided, a mixed solution containing 6 mg of
1,8—diazabicyclo[574.O]—7—ﬁndecene and 100 mg of tolﬁene
was added while being stirred. and the obtained mixture was
stirred at 50°C for 12 hours. The obtained reaction
mixture was cooled to room temperature to obtain a reaction
mixture containing 4—(methylthio)—2—oxo—l—bu£anol.
According to analysis by a gas chromatography ‘internal
standard method, the yield of 4-(methylthio)-2-oxo-1-
butanol, a cross-coupling product, was 19% and 64% of 3-
methylthiopropanal, a raw material, was recovered. The
yvield of 1,6—dimethyithio—4¥hydroxy—3—hexanone, a homo-
coupling product, was 0%. |

[0153]

(Exémple 34)

A 50 mL Schienk flask purged with nitrogen was loaded
with 3.2 g of 3-methylthiopropanal, 3.6 g of 35 wt.%
formalin water, 30 mg of 3-(2,4,6-tribromophenyl)-4,5,6,7-
tetrahydrobenzothiazolium chloride obtained in Example 19,
and 7 g of toluene. After 500 mg of dry ice was added to
the flask, generated gaéeous carbon dioxide was discharged
to lower the pressure to nbrmal pressure. After the

obtained mixture was heated to 50°C and bubbling of carbon
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dioxide gas subsided, a mixed soluti
1,8-diazabicyclo[5.4.0]-7-undecene and 100 mg of toluene
was added while being stirred and the obtained mixture was
stirred at 50°C for 6 hours. The obtained reaction mixture
was cooled to room temperature_td obtain a reaction mixture

containing 4-(methylthio)-2-oxo-1l-butanol. According to

~analysis by a gas chromatography internal standard method,

the yield of 4—(methylthio)—2-oxo—1—butanol, a Ccross-
coupling produét, was 6% and 88% of 3-methylthiopropanal, a
raw material, was recovered. The yield of 1,6-
dimethylthio-4-hydroxy-3-hexanone, a homo-coupling product,
was 0%.
[0154]
(Example 35)

A 50 mL Schlenk flask purged with nitrogen was loaded
with 921 mg of benzaldehyde, 480 mg of paraformaldehyde, 23
mg of 3-(2,6-dibromophenyl)-4,5,6,7-
tetrahydfobenzothiazolium chloride obtained in Example 18,

and 2 g of toluene. The obtained mixture was heated to

50°C, mixed with 12 mg of 1,8-diazabicyclo[5.4.0]-7-

~undecene, and then stirred at 50°C for 6 hours. The

obtained reaction mixture was cooled to room temperature'to
obtain a reaction mixture containing 2-hydroxy-l-phenyl-
ethanone. According to‘analysis by a gas chromatography
intepnal standard method, the yield of 2—hydroxy—l—phenyl—

ethanone, a cross-coupling product, was 26%, the yield of
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2—hydroxy—1—phenyl—prhenylethanone,
product was 16%, and 58% of benzaldehyde, a raw material,
was recovered.
[0155]
(Example 36) <Synthesis of 4,5,6,7-tetrahydro-3-(2-bromo-6-
methylophenyl) -2 (3H) -benzothiazole-thione>

A 100 mL flask purged with nitrogen was loaded with 5
g of 2—brome—6—methylaniline and 10 g of dimethyl sulfoxide
and the mixture was cooled to 5°C while being stirred. The
flask was further loaded with a solution containing 1.07 g
of a sodium hydroxide powder dissoived in 1.0 g of water
and the mixture was stirred for 10 minutes. Further, 2.0 g
of carbon disulfide was added for 10 minutes and the
mixture was heated to room temperature and stirred for 1
hour and cooled to 5°C. The resulting reaction solution

was mixed with 3.56 g of 2-chlorocyclohexan0ne, heated to

- room temperature, and stirred for 1 hour. When the

resulting reaction solution was mixed with 50 g of water

and stirred for 30 minutes, the reaction solution was

"separated into a gum-like solid and a water layer and

therefore, the water layer was removed by decantation and
the gum-like solid was washed with 50 g of water. This
solid was mixed with 20 g of ethanol and 2 g of
concentrated>hydrochleric acid and heated and stirred at
80°C for 30 minutes. After the reaction, the reaction

mixture was cooled to room temperature, and the
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precipitated crystal was filtered an
with 10 g of.ethanol‘and dried to obtain 4.4 g of a light
yellow poWdér. This crystal was confirmed to be 4,5,6,7-
tetrahydro-3-(2-bromo-6-methylphenyl) -2 (3H) ~benzothiazole-
thione by GC-MS. Yield 48%, M' = 340
[0156] |
(Example 37) <Synthesis of 4,5,6,7-tetrahydro-3-{2-(3,5-di-
tert—butylphehyl)—6—methylphenyl]—2(3H)—benzothiazoie—
thione>

A 100 mL flask purged with nitrogen was loaded with
300 mg of 4,5,6,7-tetrahydro-3-(2-bromo-6-methylphenyl) -
2 (3H) ~benzothiazole-thione synthesized in Example 36, 413
mg of 3,5—di—tertfbutylphenylboronic acid, 10 g of
tetrahydrofuran, 70 mg of (2-di-tert-
butylphosphino)biphenyl, 700 mg of cesium fluoride, and 17
mg of palladium acetate and the mixtﬁre was heated to 50°C
and stirred for 18 hours. After the reaction, the rééction
solution was mixed with 10 g of'ethyl acetate and 20 g of
water and washed and separated by a separatory funnel. The
formed organic layer was again washed and separated with 10
g of waﬁef and thereafter dried with magnésiﬁm sulfate and
the solvent was removed by distillation. The obtained
residue was refinéd by a silica gel shoft column
(adsorption‘in 50 g of silica-gel and thereafter, élution
with‘3OO mL of chlorofdrm) and the'sqlvent was removed by

distillation to obtain 380 mg of a light yellow crystal.
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This cfystal was confirmed to be 4,5
(3,5-di-tert-butylphenyl)-6-methylphenyl)-2(3H) -
benzothiézole—thione by GC-MS. Yield 95%, M™ = 449
[0157] |
(Example 38) <Synthesis of 3—[2;(3,S—di—tert—butylphenyl)?
6-methylphenyl]-4,5,6,7-tetrahydrobenzothiazolium chloride>
A 100 mL flask purged with nitrogen was loaded with
380 mg of 4,5,6;7—tetrahydro—3—[2—(3,5—di—tert—
butylphenyl)-6-methylphenyl] -2 (3H)-benzothiazole-thione
synthesized in Example 37, 2 g of acetic acid, and 800 mg
of 30 wt.% hydrogen peroxide water and the mixture was
heated té 60°C and stirred for 30 minutes. After the
reaction, the solvent was removed by distillation and 10 g
of methanol was added to the reéidue and then methanol was
removed by distillation. The obtained residue was mixed
with 10 g of chloroform and 10 g of saturated salt water
and extracted and separated by a separaﬁory fuﬁnel. The
solvent was removed by distillation from the obtained
chloroform layer to obtain 340 mg of a light brown powder.
This powder was confirmed to be 3-[{2-(3,5-di-tert-
butylphenyl)-6-methylphenyl]-4,5,6,7-
tetrahydrobenzothiazélium chloride by H-NMR. Yield 89%
'H-NMR (&/ppm, CDCL3, on the basis of tetramethylsilane):
1.22 (s, 18H), 1.4-1.7 (m, 8H), 2.22 (s, 3H),»6.8—7.6 (m,
6H), 11.10 (é, 1H)

[0158]
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(Example 39)

A 50 mL Schlenk flask purged with nitrogen was loaded
with 205 mg of‘benzaldehyde, 460 mg of 38 wt;% of formalin
water, 30 mg of 3-[2-(3,5-di-tert-butylphenyl)-6-
methylphenyl]j4,5,6,7—tetrahydrobenzothiazolium chloride
obtained in Example 38, 2 g of £oluene, and 500 mg of dry
ice and thereafter, generated gaseous carbon dioxide‘was

discharged to lower the pressure to normal pressure. After

_the obtained mixture was heated to 40°C and bubbling of

carbon dioxide gas subsided, a solution obtained by
dissol&ing 20 mg of 1,8-diazabicyclo(5.4.0]-7-undecene in
100 mg of toluene was added while being stirred and the
obtained mixture‘was stirred at 40°C for 6 hours. The
obtained reaction mixture was cooled to room temperatu:evto
obtain a reaction mixture containing 2-hydroxy-l-phenyl-
ethanone. According to analysis by avgas chromatography
internal standard method, the yield of Z—hydroxy;l—phenyl—
ethanone was 84% and 15% of benzaldehyde was recovered.
[0159]

(Example 40)

- A 50 mL Schlenk flask purged with nitrbgen was loaded
with 6.9 g of 3-methylthiopropanal, 7.8 g of 35 wt.%
ermalin water, 30 mg of 3-{2-(3,5~di-tert-butylphenyl)-6-
méthylphenyl];4,5,6,7—tetrahydrobenZothiazolium chloride
obtained in Example 38, and 14 g of toluene. After 500 mg

of dry ice was added to the flask, generated gaseous carbon
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dioxide was discharged to lower the i
pressure. After the obtained mixture was heated to 50°C
and bubbling of carbon dioxide gas subsided, a mixed

solution containing 10 mg of 1,8-diazabicyclo[5.4.0]-7-

-undecene and 100 mg of toluene was added while being

stirred and the obtained mixture was stirred at 50°C for 8
hours. The obtained reaction mixture was cooled to room
temperature to obtain a reaction mixture containing 4-
(methylthio)-2-oxo-1l-butanol. According tQ analysis by a
gas chromatography internal standard method, the yield of
4- (methylthio)-2-oxo-1l-butanol, a cross-coupling product,
was 8% and 91% of 3—metﬁylthiopropanal, a raw material, was
recovered. The yield of 1,6-dimethylthio-4-hydroxy-3-
hexanone, a homo—coupling-product, was 0.5%.

[0160]

(Example 41) <Synthesis of 4,5,6,7—tetrahydro—3—t2,6—bis(3—
tert—butylphenyl)phenYl]—2(BH)—benzothiazole—thione>

‘A 100 mL flask purged with nitrogen was loaded with

300 mg of 4,5,6,7-tetrahydro-3-(2, 6-dibromophenyl)-2(3H) -

‘benzothiazole-thione synthesized the same as in Example 6,

395 mg of 3—tert—butylphenylboronic acid, 10'g of
tetrahydrofuran, 70 mg of (Z;di—tért—
butylphosphiﬁo)biphenyl, 700 mg of cesium fluoride} and 17
mg.of pallédium acetaté and the mixture was heated to 50°C
and stirred for 8 hou:s. After the reaction, the reaction

solution was mixed with 10 g of ethyl acetate and 20 g of
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water and washed and'seﬁarated by a
formed organic layer was again washed and separated with 10
g of water and thereafter dried with magnesium sulfate and
the solvent was removed by distillation. The obtained
residue was refined by a silica gel short column
(édsorption in 50 g of silica gel and thereafter, elution
with 300 mL of chloroform) and the solvent was removed by
distillation to obtain 360 mg-of a light yellow crystal.
This crystal was confirmed to be 4,5,6,7~tetrahydro-3-[2, 6~
bis[3—tert—butylphenyl)phenyl]—2(3H)~benzothiazole—£hione
by GC-MS. Yield 95%, M™ = 511
[0161] |
(Example 42) <Synthesis of 3-[2,6-bis(3-tert-
butylphenyl)phenyl]-4,5,6,7-tetrahydrobenzothiazolium
chloride> |

A 100 mL flask purged with nitrogen was loaded with
360 mg of 4,5,6,7—tetrahydro—3—[2,6—bis(3—tert—
bﬁtylphenyl)phenyl}—Z(SH)—benzothiazole—thione synthesized
in Example 41, 2 g of acetic acid, and 800 mg of 30 wt.%
hydrogen peroxide water and the mixture was heated to 60°C
and stirred for 30 minutes. After the reaction, the
solvent was removed by distillation and 10 g of methanol
was added to the residue and then methanol was removed by
distillation. The obtained,residué was mixed with 10 g of
chloroform and 10- g of saturated salt water and extracted

and separated by a separatory funnel. The solvent was
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removed by distillation from the obt
to obtain 360 mg of a light brown powder. This powder was
confirmed to be 3-[2,6-bis(3-tert-butylphenyl)phenyl]-
4,5,6,7~-tetrahydrobenzothiazolium chloride by H-NMR.
Yield 98%
'H-NMR (&/ppm, CDCL3, on the basis of tetramethylsilane):
1.26 (s, 18H), 1.4-2.5 (m, 8H), 7.0-7.6 (m, 11H), 11.20 (s,
1H)
[0162]
(Example 43) <Synthesis of 4,5,6,7-tetrahydro-3-[2,6-
bis (3,5-dichlorcphenyl)phenyl) -2 (3H) ~benzothiazole~thione>
A 100 mL flaskbpurged with nitrogen was loaded with
300 mg of 4,5,6,7-tetrahydro-3-(2, 6-dibromophenyl) -2 (3H) -
beﬁzothiazole—thione synthesized the same as in Example 6,
430 mg of 3,5—dichlorophenylboronic acid, 10 g of
tetrahydrofuran, 70 mg of (2—di—tert—‘
butylphosphino)biphenyl, 700 mg of cesium fluoride, and 17
mg of palladium acetate énd the mixture was heated to 50°C
and stirred for 8 hours. After the reaction, the reaction
solution was mixed with 10 g of ethyl acetate and 20 g of
water and washed and separated by a separatory funnel. The

formed organic layer was again washed and separated with 10

g of water and thereafter dried with magnesium sulfate and

the solvent was removed by distillation. The obtained

residue was refined by a.silica gel short column

(adsorption in 50 g of silica gel and thereafter, elution
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with 300 mL of chloroform) and the s

distillation to obtain 380 mg of a light yellow crystal.
This crystal was confirmed to be 4,5,6,7-tetrahydro-3-[2,6-
bis(3,5—dichlorophenyl)phenyi]—2(3Hf—benzothiazole—thione
by GC-MS. Yield 96%, M = 537

[0163]

(Example 44) <Synthesis of 3-[2,6-bis(3,5-
dichlorophenyl)phenyl]—4,5,6,7—tetrahydrobenzothiazolium
chloride>

A 100 mL flask purged with nitrogen was loaded with

380 mg of 4,5,6,7-tetrahydro-3-[2,6-bis(3,5-
dichlorophenyl)phényl]—2(3H)—benzothiazole—thiqne
-synthesized in Example 43, 2 g of acetic»acid, and 800 mg
of 30 wt.% hydrogen peroxide water and the mixtu;e was
heated to 60°C and stirred for 30 minutes. After the
reaction, the solvent was removed by distillation and 10 g
of methanol was added to the residﬁe. At that time, a
formed insoluble white crystal was removed by filtration
and the filtrate-was removed by distillation. The obtained
residue was mixed with 10 g of chloroform and 10 g of
saturaﬁed}salt water and‘ektracted and separated by a
separatory funnel. Tﬁe solvent was removed by distillaﬁion
from the obtained chloreoform layer to obtain 300 mg of a
light brown powder. This powder wasvconfirmed to be 3-
(2,6-bis(3,5-dichlorophenyl)phenyl]-4,5,6,7~

tetrahydrobenzothiazolium chloride by 'H-NMR. Yield 79%
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'H-NMR (8/ppm, CDCL3, on the basis of
1.6-2.7 (m, 8H), 7.0-7.8 (m, 9H), 12.40 (s, 1H)

[0lo4]

© - (Example 45) <Synthesis of 4,5,6,7-tetrahydro-3-(2, 6-

bis(3.5-dibromophenyl)phenyl) -2 (3H) -benzothiazcle-thione>
A 100 mL flask purged with nitrogen was loaded with
300‘mg cof 4,5,6,7-tetrahydro-3-(2, 6-dibromophenyl) -2 (3H) -
benzothiazole?thione synthesized the same as in EXample 6,
630 mg of 3,5-dibromophenylboronic acid, 10 g of
tetrahydrofuran, 70 mg of (2-di-tert-
butylphosphino)biphenyl, 700 mg of cesium fluoride, and 17
mg of palladium acetate and the mixture was heated to 50°C
and stirred for 8 hours. At that time, 400 mg of 3,5-
dibromophenylboronic acid was additionally added énd the
mixture was stirred further for 8 hours. After the
reaction, the reaction solution was mixed with 10 g of
ethyl acetate and 20 g of water and washed and separated by
a separatory funnel.i The formed organic layer was agaih
washed and separated with 10 g of water and thereafter
dried wifh magnesium sulfate and the solvent wasgremoved by
distillation. The obtained residue was refined by a silica
gel short column (adsorption in 50 g of silica gel and
thereafter, elution with 300 mL of chloroform) and the
solvent was removed by distillation to obtain 420 mg of a
light yellow'crystal.' This crystal was confirmed»to be

4,5,6,7-tetrahydro-3-[2,6-bis(3,5~-dibromophenyl)phenyl] -
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2 (3H)-benzothiazole~thione by GC-MS.
[0165]
(Example 46) <Synthesis of 3-[2,6-bis(3,5-
dibromophenyl)phenyl]-4,5,6,7-tetrahydrobenzothiazolium
chloride> ' |

A 100 mL flask purged with nitrogen was loaded with
420 mg of.4,5,6,7—tetrahydro—3—[2,6—bis(3,—
dibromophenyl)phenyl]—Z(3H5—benzothiazole—thione
synthesized in Example 45, 2 g of acetic acid, and 800 ﬁg
of 30 wt.$% hydrogen perokide water and the‘mixture was
heated4to‘6O°C and- stirred for 30 minutes. After the
reaction, the éolveht»was removed by distillation and 10 g
of methanol was added to the residue. At that time, a
formed inéoluble“white crystal was removed by f%ltration
and the_filtfate was reméved by distillation. The obtained
residue was mixed with 10 g of chloroform and 10 g of
saturated salt water and extracted and separated by a
separatory funnel.) The solvent was removed by distillation
from the obtained chloroform layer to obtain 310 mg of a

light brown powder. This powder was confirmed to be 3-

' [2,6-bis(3,5-dibromophenyl)phenyl]-4,5,6,7-

tetrahydrobenzothiazolium chloride by 'H-NMR. Yield 73%
1H—NMR (d/ppm, CDCL3, on the basis of tetramethylsilane):
1.6-2.7 (m, 8H), 7.2-7.8 (m, 9H), 12.17 (s, LH)

[0166] | |

(Example 47) <Synthesis of 4,5,6,7-tetrahydro-3-(2,6-
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‘dibromo-4-methylphenyl) -2 (3H) -benzotl

A 200 mL flask puiged with nitrogen was loaded with 5
g of 2,6-dibromo-4-methylaniline and.lO g of dimethyl
sulfoxide and the mixture was cooled to 5°C while being
stirred. The flask was furﬁher loaded with 755 mg of a
sodium hydroxide powder dissolved in 800 mg of water and
the mixture was sti;red for 10 minutes. Further, 1.4 g of
carbon disulfide was added for 10 minutés and the mixture
was heated to room temperature and stirred for 1 hour and
cooled to 5°C. The resulting reaction solution was mixed
with 2.5 g of 2—chlorocyclohexanoné, heated to room
temperature, and stirred for 1 hour. When the resulting
reaction solution was mixed with 50 g of water and stirred
for 30 minutes, the reaction solution was separated into a
gum-like solid and a water layer and therefore, the waﬁer
layer was removed by decantation and the gum-like solid was
washed with 50 g of water. This sélid was mixed with 20 g
of ethanol and 2 g of concentrated hydrochloric acid and
heated and stirred at 60°C for 30 minutes. After the
reaction, the reaction mixture was cooled to room
temperature, aﬁd the precipitated crystal was filtered and
successively washed With 10 g of ethanol and dried to
obtain 2.5 g of a light yellow powder. This crystal was
confirmed to be 4,5,6,7-tetrahydro-3-(2,6~dibromo-4-
methylphenyl)—Z(3H)—benzothiazole—thione by GC-MS. Yield

32%, M" = 419



10

15

20

25

WO 2013/035650 PCT/JP2012/072277

128

[0167]
(Example 48) <Synthesis of 4,5,6,7—tetrahydro;3—[2,6—
bis(3,5-di-tert-butylphenyl)-4-methylphenyl]-2(3H)-
benzothiazole—thione>

A 100 ﬁL-flask puiged'with nitrogen was loaded with
300 mg of 4,5,6,7-tetrahydro-3-(2, 6-dibromo-4-
methylphenyl) -2 (3H) -benzothiazole-thione synthesized in
Example 47, 502 mg.of 3,5-di-tert-butylphenylboronic acid,
10 g of tetrahydrofuran, 70 mg of (2-di-tert-
butylphosphino)biphenyl, 700 mg of cesium fluoride, and 17
mg of palladium acetate aqd the mixture was heated to 50°C
and stirred for 8 hours. At that time, 400 mg of 3,5-di-
tert—butylphenylbofonic acid was additionally added and the
mixture was stirred at 80°C further for 8 hours. After the
reaction, the reaction solution was mixed with 10 g of
ethyl acetate and 20 g of water and washea and separated by
a separatory-funnel. The formed organic layer was again
washed and separated with 10 g of water and thereafter
dried with magnesium sulfate andrthe solvent was removed by
distillation. The obtained residue was refinéd by a silica
gel short column (adsofption in 50 g of silica gel and
thereafter, elution with 300 mL of chloroform) and the
solvent was removed by distillation to obtain 350 mg of a
light'yellow.crystal; This crystal was confirmed to be
4,5,6,7—tetrahydro—3—[2,6—bis(3}S—di—tert—butylphenyl)—4—

methylphenyl)—Z(3H)—benzothiazole—thione by GC—MS.v Yield

-
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~—

77%, M" = 637
(0168]
(Example 49) <Synthesis of 3-[2,6-bis(3,5-di-tert-
butylphenyl)—4—methylphen§l]—4,5,6,7—
tetrahydrobenzothiazolium chloride>

A 100 mL flask purged with nitrogen was loaded with
350 mg of 4,5,6,7-tetrahydro-3-[2,6~bis(3,5~-di-tert-
butylphenyl);4—methylphenyl]—2(3H)—benzothiazole—thione
synthesized in Example 48, 2 g of acetic acid, and 800 mg
of 30 wt.% hydrogen peroxide water and the mixture was
heated to 60°C énd stirred for 30 minutes. After the
reaction, the solvent was removed by distillation and 10 g
of methanol was added to the residue and then methanol was
removed by distillation. The obtained residue was mixed
with 10 g of chloroform and 10 g of satﬁrated salt water
and extracted and separated by a separatory funnél. The
solvent was removed by distillation from the obtained
chloroform layer to obtain 330 mg of a light brown pqwder.
This powder was confirmed to be 3-[2,6-bis(3,5-di-tert-

butylphenyl)-4-methylphenyl]-4,5,6,7-

‘tetrahydrobenzothiazolium chloride by H-NMR. Yield 94%

lH-NMR (5/ppm, CDCL3, on the basis of tetramethylsilane):
1.26 (s, 36H), 1.6-2.6 (m, 8H), 2.52 (s, 3H), 7.0-7.7 (m,
'8H), 10.85 (s, 1H)

[0169]

(Example 50) <Synthesis of 4,5,6,7-tetrahydro-3-(2, 6-
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dibromo-4-chlorophenyl) -2 (3H) -benzot

A 200 mL flask purged with nitrogen was loaded with
10 g of 2,6-dibromo-4-chloroaniline and.ZO g of dimethyl
bsulfoxide and the mixture was cooled to 5°C while being
stirred. The flask was further loaded with 1.4 g of a
sodium hydroxide powder dissolved in 1.2 g of water and the
mixture was stirred for 10 minutes. ‘Further, 2.7 g of
carbon disulfide was added for 10 minutes and the mixture
was heated to room témperature and stirred fbr 1 hour and
cooled to 5°C. The resulting reaction solution was mixed
with 4.6 g of 2—chlorocyclohexanone, heated to room
temperature, and stirred for 1 hour. When the resulting
reaction solution was mixéd with 50 g of water and stirred
for 30 minutes, the reaction solution wasvseparated into a
gum-like solid and a water layer and therefore, the water
layer was removed by decantationrand the gum-like solid was
washed with 50 g of water. This solid was mixed with 50 g
of ethanol and 5 g Qf concentrated hydrochloric acid and
heated and Stirred at 60°C for 30 minutes. After the
reaction, the reaction mixture‘was cooled to room
temperature, and the precipitatéd drystal was filtered and
successively washed with 10 g of ethanol and dried to
obtain 8.9 g of a light yellow powder. This crystal was
confirmed to be 4,5,6,7—tetrahydro—3—(2,6—dibromo—4—
chlorophenyl) -2 (3H) -benzothiazole~thione by GC-MS. Yield

58%, M' = 439
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[0170]
(Example 51) <Synthesis of 4,5,6,7-tetrahydro-3-[2, 6-
bis(3,5-di-tert-butylphenyl)-4-chlorophenyl]-2(3H)-
benzothiazole-thione> |

A 100 mL flask purged with nitrogen was loaded with
300 mg of 4,5,6,7-tetrahydro-3-(2, 6-dibromo-4-
chlorophenyl)—Z(3H)—benzgthiazole—thione synthesized in
Example 50, 480 mg of 3,5—di—tert—butylphenylboronic acid,
10 g of tetrahydrofuran, 70 mg of (2-di-tert-
butylphosphino)biphenyl, 700 mg of cesium fluoride, and 17
mg of palladium acetate and the mixture was heated to 50°C
and stirred for 8 hours. After the reaction, the reaction
solution was mixed with 10 g of ethyl acetate and 20 g of
water and washed and separated>by a separatory funnel. The
formed organic layer was again washed and separated with 10
g of watefnand thereafter dried with magnesium sulfate and
the solvept was removed by distillation. The obtained
residue was refined by a silica gel short column
(adsorption in 50 g of silica gél and thereafter, elution
with 300 mL of chloroform) ana the solvent was removed by
distillation to obtain 420 mg of a light yellow crystal.
This crystal was confirmed to be.4,5,6,7—tetrahydro—3—[2,6~
bis(3,S—di—tert—butylphenyl)—4—chl§rophenyl)~2(BH)—
benzothiazole-thione by GC-MS. Yield94%_‘M+ =658

[0171)]

(Example 52) <Synthesis of 3-[2,6-bis(3,5-di-tert-
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butylphenyl)—4—chlorophenyl]—4,5,6,7-
tetrahydrobénzothiazolium chloride>

A 100 mL flask purged with nitrogen was loaded with
420 mg of 4,5,6,7—tetrahydro—3—[2,6—bis(3,5—di—tert—
butylphenyl)-4-chlorophenyl] -2 (3H)~-benzothiazole-thione
synthesized in‘Example 51, 2 g of acetic acid, and 800 mg
of 30 wt.% hydrogen peroxide water and the mixture was
heated to 60°C and stirred for 30 minutes. After the
reaction, the solvent was removed by distillation and 10 g
of methanol was added to the residue and then methanol was
removed by distiilation. The obtained residue was mixed
with 10 g of chloroform and 10 g of saturated salt watér
and extracted and separated by a separatory funnel. The
solvent was removed by distillation from the obtained
chloroform layer to obtain 410 mg of a light brown powder.
This powder was confirmed to be 3-[2,6-bis(3,5-di-tert-
butyiphenyl)—4—chlorophenylj-4,5,6,7— |
tetrahydrobenzothiazolium chloride by *H-NMR. Yield 97%
lH-NMR (5/ppm, CDCLS, on the basis of tetramethylsilane):
1.26 (s, 3EH), 1.6-2.6 (m, 8H), 7.0-7.7 (m, 8H), 11.30 (s,
1H)
[0172]
(Example 53) <Synthesis of 4,5-dimethyl-3-(2,6-
diphenylphenyl) -2 (3H) -thiazole-thione>

A 50 mL flask purged with nitrogen was loaded with 5

mg of palladium acetate, 20 mg of (2-di-tert-
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butylphosphino)biphenyl, and 5 g of 1

mixture was observed at 20°C for 10 minutes. Further, the

flask was loaded with 140 mg of‘zinc chloride and 1 mL of a
tetrahydrofuran solution of phenylmagnesium bromide (2‘ |

mol/L concentration, produced by Tokyo Kasei Kogyo

Co.,Ltd.) and the mixture was stirred at room temperature

for 10 minutes. This mixed solution was mixed with ZOO‘mg
of 4,5—dimethyl—3—(2,é—dibromophenyl)—Z(3H)—£hiazole—thione
synthesized in Example 4 and heated to 40°C and stirred for
8 hours. After the reaction, the reaction solution was
mixed with 10 g of ethyl acetate and 20 g of water and
washed and separated by a separatory funnel. The formed
organic layer was again washed and'sepérated with 10 g of
water and thereafter dried with magnesium sulfate and the
solvent was remqved by distillation. The obtained residue
was refined by a silica gel short column (adsorption in 50
g of silica gel and thereafter, elution with 300 mL of
chloroform) and the solvent was removed by distillation to
obtain 190 mg of a light yellow crystal. This crystal was
confirmed to be 4,5-dimethyl-3-(2,6-diphenylphenyl) -2 (3H) -
thiazole-thione by GC-MS. Yield 96%, M"™ = 373
[0173]
(Example 54) <Synthesis of 3-[2,6-di(phenyl)phenyl]-4,5-
dimethylthiaquium chloride>

A 100 mL- flask purged with nitrogen was loaded with

190 mg of 4,5-dimethyl-3-(2, 6-diphenylphenyl]-2(3H) -



10

15

20

25

WO 2013/035650 PCT/JP2012/072277

134

thiazole-thione synthesized in Examp.
acid, and 800 mg of 30 wt.% hydrogen peroxide water and the
mixture was heated to 60°C and stirred for 30 minutes.
After the reaction, the solvent was removed by distillation
aﬁd 10 g of methanol was added to the residue and then
methanol was removed by distillation. The obtained residue
was mixed with 10 g of chloroform and 10 g of saturated
salt water and extracted and separated by a separatory
funnel. The solvent was removed by distillation from the
obtained chloroform layer to obtain 180 mg of a light brown
pbwder. The obtained powder was confirmed to be 3-[2,6-
di (phenyl)phenyl]-4, 5-dimethylthiazolium chloride by *H-
NMR. Yield 95%
(01741
(Example_55) <Synthesis of.3,4,5,6,7—hexahydro—3—(2,6—'
dibromophenyl)—2H—cycloheptathiazoie—2—thione>

A 200 mL flask purged wiﬁh nitrogen was.loaded with 5
g of 2,6-dibromoaniline and 10 - g of dimethyl sulfoxide and
the miXture.was cooled to 5°C while being stirred. The
flask was further loéded‘with a solution obtained by
dissolving 800 mg of a sodium hydroxide powder in 700 mg of
water and the mixture was stirred for 10 minutes. Further,
1.51 g of carbon disulfide was added fof 10 minutes and the
mixture was heated to‘room temperature and stirred for 1
hour and cooled to 5°C. .The resulting reaction solution

was mixed with 2.92 g of 2-chlorocycloheptanone, heated to
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room temperature, and stirred for 1t
resulting reaction solution was mixed with 50 g of water
and stirred for 30 minutes, the reaction solution was
separated into a gum-like solid and a water layer and
therefore,‘the water layer was removedrby decantation and
the gum-like solid was washed with 50 g of water. This
solid was mixed with 20 g of ethanol and 2 g of
concentrated hydrochloric acid and heated and stirred at
60°C for 30 minutes. After the reaction, the reaction
mixture was cooled_to room temperature, and the
precipitated crystal was filtered and successively washed
with 10 g of ethanol and dried to obtain 2.8 g of a light
yellow powder. This crystal was confirmed to be 3,4,5,6,7-
hexahydro—B—(2,6—dibromophenyl)—2H—cyclpheptathiazolef2—
thione by GC-MS. vYield 34%, M" = 419
[0175]
(Example 56) <Synthesis of 3,4,5,6,7—héxéhydro—3—[2,6-
bis(3,5-di-tert—butylphé£yl)phenyl]—2H—cycloheptathiazole—
2-thione> | |

A 100 mL flask ﬁurged with nitrogen was loaded with
300 mg of 3}4,5[6,7—hexahydro—3—(2,6—dibromophenyl);2H—
cycloheptathiazole-2-thione éynthesizéd in Example 55, 510
mg of 3,5—di—tert—butylphenylboronié'acid, 10 g of
tetrahydrofuran, 70 mg of (2-di-tert-
butylphosphino)biphenyl, 700 mg of cesium flﬁoride, and 17

mg of palladium acetate and the mixture was heated to 50°C
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and stirred for 8 hours. After the r

solution was mixed with 10 g of ethyl acetate and 20 g of
water and washed and separated by a separatory funnel. The
formed organic layer was égain washed and separated with 10
g of water and thereafter dried with magnesium sulfate and
the solvent was removed by distillation. The obtained.
residue was refined by a silica gel short column
(adsorption in 50 g of silica gel and thereafter, elution
with 300 mL of chloroform) and the solvent was removed by
distillation to obtain 440 mg of a light yellowvcrystal.
This crystal was confirmed to be 3,4,5,6,7—hexahydr§—3—
[2,C—bis(3,5—di—tert—butylphenyl)phenyl];2H—
cyleheptathiazole—2—thione by GC—MS. ‘Yield 96%, M" = 638.
[0176]

(Example 57)1<Synthesis of 5,6,7,8—tétrahydro—3—[2,6—

bis (3,5-di-tert-butylphenyl)phenyl]-4H-cycloheptathiazolium

" chloride>

A 100 mL‘flask purged with nitrogen was loaded with
440 mg of 3,4,5,6,7-hexahydro-3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl] -2H-cycloheptathiazole-2-thione
synthesized in Example 56, 2 g of acetic acid, and 800 mg
of 30 wt.% hydrogen.peroxide Qafer and the mixture was
heated to 60°C and stirred for 30 minutes. After the
reaction, the solvent was removed by distillation and 10 g
of methanol was added to the residue and then methanol was‘

removed by distillation. The obtained residue was mixed
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with 10 g of chloroform and 10 g of «
and extracted and separated by a separatory funnel. The
solvent was removed by distillafion from the obtained
chloroform layer to obtain light brown tar. Since a white
powder was precipitated by adding toluene to the tar, the
powder was separafed by filtration and dried to obtain 250
mg of a white powder. This powder was confirmed to be
5,6,7,8-tetrahydro-3-{2, 6-bis (3, 5-di-tert—
bufylphenyl)phenyl]-4H-cycloheptathiazolium chloride by *H-
NMR. Yield 57%
'"H-NMR (3/ppm, CDCL3, on the basis of tetramethylsilane):
1.25 (s, 36H), 1.5-2.7 (m, 10H), 6.9-7.7 (m, 9H), 10.99‘(5,
1H)
(Example 58) <Synthesis of 3,4,5,6—tetrahydro—3—(2,6?
dibromophenyl)-2H-cyclopentathiazole-2-thione>

A 200 mL flask pufged with nitrogen was loaded with 5
g of 2,6—dibromoaniline and 10 g of dimethyl sulfbxide and
the mixture was cooled to 5°C while being stirred. The
flask‘was further loaded with a solution obtained by
dissolving 800 mg of a sodium hydroxide powder in 700 mg of
water and the‘mixtﬁre was stirred for 10 minutes. Further,
1.52 g of carbon disulfide was added for 10 ﬁinutes and the
mixture was heated to room temperature and stirred for 1
hour and éooled to 5°C. The resulting reaétion solution
was mixed with 2.4 g-of’2—chlorocyclopentanone, heated to

room temperature, and stirred for 1 hour. When the
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resulting reaction solution was mixe«

and stirréd for 30 minutes, the reaction solution was
séparated‘into a gum-like solid and a water layer and
therefore, the water layer was removed by decantation and
the gum-like solid was washed with 50 g of water. This
solid was mixed with 20 g of ethanol and 2 g of
concentrated hydrochloric acid and heated and stirred at
60°C for 30 minutes. After the reaction, the reaction
mixture was cocled to room temperature, and the
precipitated crystal was filtered and successively washed
with 10 g of ethanol and dried to obtain 2.1 g of a light
brown powder. This crystal was confirmed to be 3,4,5,6-
tetrahydro-3-(2, 6-dibromophenyl)-2H-cyclopentathiazole-2-

thione by GC-MS. Yield 27%, M' = 319

. [0177]

(Example 59) <Synthesis of 3,4,5,6-tetrahydro-3-(2,6-
bis(3,S—di—tert—butylphenyl)phenyl)—ZH—cyclopéntathiazole—
2-thione>

A 100 mL flask purged with nitrqgen was loaded with
250 mg of 3,4,5,6-tetrahydro-3-(2,6-dibromophenyl)-2H-
cyclopentathiazole?2—thione synthesized in Example 58, 432
mg of 3,5-di-tert-butylphenylboronic acid, 10 g of-
tetrahydrofuran, 60 mg of‘(2edi—tert— |
butylphosphino)biphenyl, 600 mg of cesium fluoride, and 14
mg of palladium acetate and the ﬁixture was heated to 60°C

and stirred for 8 hours. At that time, 300 mg of 3,5-di-
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tert-butylphenylboronic acid was add:
mixture was stir£ed at 60°C further’for 8 hours. After the
reaction, the reaction solution was mixed with 10 g of
ethyl acetate and 20 g of water and washed and Separated by
a separatory funnel. The formed organic layer was again
washed and separated with 10 g of water and thereafter
dried with magnesium sulfate and the solvent was removed by
distillation. The obtained residue was refined by a silica
gel short column (édsorption in 50 g of silica gel and
thereafter, elution with 300 mL of chloroform) and the
solvent was removed by distillation to obtain 350 mg of a
light yellow crystal. This cfystal was confirmed to be
3,4,5,6—tetrahydro—3—[2,6—bis(3,5—di—tert—
butylphenyl)phenyl]—2H—cyclopentathiazole—2—thione by GC-
MS. Yield 90%, M" = 610
[0178]
(Example 60) <Synthesis.of 5,6—dihydro—3—[2,6—bis(3,5—di—
tert—butylphenyl)phenyl]—4H—cyclopentathiazolium chloride>
A 100 mL flask purged with nitrogen was loadéd with
350 mg of 3,4,5,6-tetrahydro-3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl]-2H-cyclopentathiazole-2-thione
synthesized in Exémple 59, 2 g of acetic acid, and 1.0 g of
30 wt.% hydrogen peroxide water and the mixture was heated
td 60°C and stirred for 30 minutes. After the reaction,
the solvent was removed by distillation and 10 g of

methanol was added to the residue and then methanol was
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removed. The obtained residue was m:
chloroform and 10 g of saturated salt water and extracted =
and separated by a separatory funnel. The solvent was
removed by»distillation from the obtained chloroform layer
to obtain light brown tar. Since a white powder was
precipitated by adding toluene to the tar, the powder was
separated by filtration and dried to obtain 140 mg of a
white powder. This powder was confirmed to be 5,6-dihydro-
3-[2,6-bis(3,5-di-tert-butylphenyl)phenyl]-4H-
cyclbpentathiazolium chloride by ‘H-NMR. Yield 40%
'H~-NMR (&/ppm, CDCLB, on the basis of tetramethylsilane):
1.25 (s} 36H), 1.5-2.8 (m,.6H), 6.8-7.8 (m, 9H), 10.45 (s,
1H) N
(Example 61) <Synthesis of 5-tert-butyl-3-(2,6-
dibroméphenyl)—thiazole—Z—thione>

A 200 mL flaék purged with nitrogen was loaded with 8
g of 2,6—dibromoaniliﬁe énd 15 g of dimeﬁhyl sulfoxide and
the mixture was cooled to 5°C while being stirred. The
flask was further loaded with a solution obtained by
dissolving 1.28 g of.a sodium hydroxide powdér-in 1100 mg
of water and the mixture was stirred for 10 minutes.
Further, 2.42 g of carbon disulfide was added for 10
minutes and the mixture was heated to room temperature.and

sﬁirred for 1 hour and cooled to 5°C. The resulting

reaction solution was mixed with 5.6 g of 2-bromo-3,3-

dimethylbutylaldehyde, heated to room temperature, and
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stirred fbr 1 hour. When the resulti
was mixed with 50 g of water and stirred for 30 minutes, a
crystal was precipitated, and the crystal was separated by
filtration éndbaried to obtain 10.6 g of a light yellow
crystal.

A 50 mL flask purged with nitrogen was loaded with 3
g of the crystal, 30 g of toluene, and 170 mg of
trifluoroacetic acid, and the mixture was cooled to‘O°C and
mixed with 1.55 g of trifluoroacetic anhydride for 10
minutes. The ﬁixed solution was stirred af room
temperature for 1 hour. After the reaction, the resulting

toluene solution was washed with 10 g of water and

concentrated to obtain 2.8 g of a solid material.  The

solid material obtained by concentration after treatment
with a silica gel short column (30 g, elution with 100 g of
chloroform) Was mixed with methyl-tert-butyl ether and an
insoluble crystal was.sepérated by filtrétioﬁ and dried to
obtain 1.4 g of a white crystal. This crystal waé_
confi:med to be 5-tert-butyl-3-(2,6-dibromophenyl) -
thiazole-2-thione by GC-MS. Yield 49%, M" = 407
[0179]
(Example 62) <Synthesis of 5—tert—butylf3—[2,6—bis(3,5—di—
tert—butylphenyl)phenyl]—2(3H)—thiazole—thione>-

A 100 mL flask purged with nitrogen was loaded with
600 mg of 5-tert-butyl-3-(2,6-dibromophenyl)-thiazole-2-

thione synthesized in Example 61, 1.03 g of 3,5—di—tert~
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butylphenylboronic acid, 20 g of tet:
(2-di-tert-butylphosphino)biphenyl, 1.35 g of cesium
fluoride, and 33 mg of palladium acetate and the mixture
was heated to 60°C and stirred for 8 hours. After the
reaction, the reaction solution was mixed with 10 g of
ethyl acetate and 20 g of water and washed and separated by
a separatory funnel. The formed organic layer was again
washed and separated with.lo g of water and thereafter
dried with magnesium sulfate aﬁd the solvent was removed by
distillation. The obtained residue was refined by a silica

gel short column (adsorption in 60 g of silica gel and

'thereafter, elution with 300 mL of chloroform) and the

solvent was removed by distillation to obtain 460 mg of a

" light yellow oil. 'This crystal was confirmed to be 5-tert-

butyl-3-[2,6~-bis[3,5~-di-tert-butylphenyl)phenyl] -2 (3H) -

‘thiazole-thione by GC-MS. Yield 50%, M’ = 625

[0180]
(Example 63) <Synthesis of 3-[2,6-bis(3,5-di-tert-
butylphenyl)phényl]—5—tert—butylthiazolium chloride>

A 100 mL flask purged with nitrogen was loaded with
460 mg of 3-[2,6-bis(3,5-di-tert-butylphenyl)phenyl]-5-
tert-butylthiazolium chloride synthesized in Example 62, 3

g of acetic acid, and 1.5 g of 30 wt.% hydrogen peroxide

'water and the mixture was heated to 60°C and stirred for 30

minutes. After the reaction, the solvent was removed by

distillation and 10 g of methanol was added to the residue
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and then methanol was removed by dis:
obtained residue was mixed with 10 g of chloroform and 10 g
of éaturated salt water and extracted and Separated by a
separatoryvfunnel. The solvent was remo%ed by distillation
from the obtained chlo:oform layer to obtain light brown
tar. Since a white powder was precipitated by adding
methyl-tert-butyl ether to the tar, the powder was
separated by filtration and dried to obtain 140 mg of a
white powder. This powder was confirmed to be 3-[2,6-
bis(3,5—di-tert—butylphenyl)phenyl]—5-tert—butylthiazolium
chloride by 'H-NMR. Yield 30%
'H-NMR (8/ppm, CDCL3, on the basis of tetramethylsilane):
1.15-1.35 (%, 45H), 6.9-7.8 (m, 10H), 11.37 (s, 1H)
(Example 64) <Synthesis of 4,5,6,7—tetrahydro—7-ethyi—3—
(2, 6-dibromophenyl) -2 (3H) -benzothiazole-thione>

A 100 mL flask purged with nitrogen was loaded with
1.2 g of 2,6-dibromoaniline and 6 g of dimethyl sulfoxide
and the mixture waé cooled to 5°C while being stirred. The
flask was further‘loaded with a solution obtained by
dissolving 200 mg.of‘a sodium hydroxide powder in 200 mg of
water and the mixture was stirred for 10 minutes. Further,
370 mg of carbon disulfide was added and the mixture was
heated to room temperature and stirred for 1 hour and
Qooled to 5°C. The resulting reaction solution was mixed
with 1.0 g of 2—bromo—3—ethylcyclohexénone, heated to room

femperature, and stirred for 1 hour. When the resulting
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reaction solution was mixed with 10 «

forVBO minutes, the reaction solution was separated into a
gum—like solid and a water layer and therefore, the water
layer was removed by decantation and the gum-like solid was
washed with 10 g of water. This solid was mixed with 10 g
of ethanol énd 1 g of concentrated hydrochloric acid and
heated and stirred at 60°C for 30 minutes. After the
reaction,‘the reaction mixture was éooled to room
temperature, and ethanol was removed by diétillation; The
obtained residue was mixed with 20 g of n-heptane and the
precipitated crystal was separated by filtration and dried
to obtain 400 mg Qf a light yellow‘powder. This crystal‘

was confirmed to be 4,5,6,7-tetrahydro-7-ethyl-3-(2,6-

dibromophenyl) -2 (3H) -benzothiazole-thione by GC-MS. Yield

19%, M" = 433
(Example 65) <Synthesis of 4,5,6,7-tetrahydro-7-ethyl-3-
[2,6*513(3,5—di—ter£—butylphenyl)phenyl]-2(3H)—
benzothiazole-thione> |

A 100 mL flask purged with nitrogen was loaded with
400 mg of 4,5,6,7—£etrahydro—7—ethyl—3—(2,6—dibromophenyl)-
2(3H)—benzothiazole—fhione synthesized in Example 64, 650
mg of 3,5-di-tert-butylphenylboronic-acid, 10 g of
tetrahydrofuran, 84 mg of (2-di-tert-
butylphosphino)biphenyl, 850 mg of cesium_fluoride, and 21
mg of palladium acetate and the mixture was heated to 60°C

and stirred for 8 hours. After the reaction, the reaction
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solution was miXed with 10 g of ethy.

water and washed and sepérated by a separatory funnel. The
formed organic layer was again washed and separated with 10
g of water and thereafter dried with magnesium sulfate and
the solvent was removed by distillation. The obtained
residue was refined by a silica gel short column
(adscrption in 50 g_bf silica gel and thereafter, elution
with 300 mL of chloroform) and the solvent was removed by

distillation to obtain 500 mg of a light yellow crystal.

" This crystal was confirmed to be 4,5,6,7-tetrahydro-7-

ethyl-3-[2,6-bis[3,5-di-tert-butylphenyl)phenyl]-2(3H) -
benzothiazole-thione by GC-MS. Yield 83%, M' = 652
(Example 66) <Synthesis of 3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyi]—4,5,6;7—tetrahydro—7—ethyl—
benzothiazolium chloride>

A 100 mL flask purged with nitrogeﬁ was loaded with
480 mg of 4,5,6,7ftetréhydro—7—ethyl—3—[2,6—bis(3,5—di—
tert-butylphenyl)phenyl] -2 (3H) ~-benzothiazole-thione
synthesized in Example 65, 2 g of acetic acid, éhd 1 g of
30 wt.% hydrogen peroxide water and the mixture was heated
to 60°C and stirred for 30 minutés. After the reaction,
the solvent was removed by distiilation and 10 g of
methanol was added to the residue and then methandl wés
removeq by distillation. The obtained residue was mixed
with 10 g of chloroform and_lo g of saturated salt water

and extracted aﬂd separated by a separatory funnel. The
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solvent was removed by distillation 1

chloroform layer and the obtained residue was mixed with 10
g of methyl-tert-butyl ether and the precipitated crystal
was separated by filtration and dried to obtain 160 mg of a
white powder.‘ This powder was confirmed to be 3-[2,6-

bis (3,5-di-tert-butylphenyl)phenyl]-4,5,6,7-tetrahydro-7-
ethylbenzothiazolium chloride by 'H-NMR.

Yield 33%

'H-NMR (&/ppm, CDCL3, on the basis of tetramethylsilane):
0.90 (t, 3H), 1.23 (s, 36H), 1.2-2.5 (m, 9H), 6.8-7.7 (m,
9H), 11.22 (s, 1H)

1 [0181]

(Example 67)

A 200 mL Schlenk flask burged with nitrogen was
loaded with 6.0 g of 3-methylthiopropanal, 6.9 g of 35 wt.%
formalin water, 30 mg of 3—[2,6?bis(3—tert—
butylphenyl)phenyl]-4,5,6,7-tetrahydrobenzothiazolium
chlbride obtained in Exémple 42, and 12 g of toluene.

After 500 mg of dry‘ice was added to the flask, generated
gaseous barbon dioxide was discharged to lower the pressure

to normal pressure. After the obtained mixture was heated

‘to 50°C and bubbling of carbon dioxide gas subsided, a

mixed solution containing 9 mg of 1,8-diazabicyclo[5.4.0]~-
7-undecene and 100 mg of toluene was added while being
stirred and the obtained mixture was stirred at 50°C for 16

hours. The obtained reaction mixture was cooled to room
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temperature to obtain a reaction mixi
(methylthio)-2-oxo-1l-butanol. According to analysis by a

gas chromatography internal standard method, the yield of

4- (methylthio)-2-oxo-1l-butanol, a cross-coupling product,

was 26% and 70% of 3-methylthiopropanal, a raw material,
was recovered.

The production ratio after 8 hour-reaction time was

as follows.

4—(methylthio)—2—oko—l—butanol: 19%

Raw material 3-methylthiopropanal: 80%
1,6-dimethylthio-4-~-hydroxy-3-hexanone: 0%
[0182]

(Example 68)

A 200 mL Schlenk flask purged with nitrogen was

loaded with 5.8 g of 3-methylthiopropanal, 6.7 g of 35 wt.%

formalin water, 30 mg of 3-{2,6-bis (3,5~
dichlorophenyl)phenyl]—4,5,6,7—tetrahydrobenzothiazoliﬁm
chloride obtained in Example 44, and 11 g of tolueﬁe.

After 500 mg of dry ice was added to the flask, generated
gaseous carbon dioxide was discharged to lower the pressure
ﬁo normal pressureq‘ After the obtained mixture was heated
to 50°C and bubbling of carbon dioxide gas subsided, a
mixed solution containing 9 mg of 1,8—diézabicyclo[5.4.0]—
7-undecene and 100 mg of toluene was added while being
stirred and the obtéined mixture was stirred at 50°C for 8

hours. The obtained reaction mixture was cooled to room
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temperature to obtain a reaction mixt

(methylthio) -2-oxo-1-butanol. According to analysis by a

gas chromatography internal standard method, the yield of

4-(methylthio)-2-oxo-1l-butanol, a cross-coupling product,
was 22% and 65% of 3—methylthiopropanal, a raw matorial,
was recovered.

[0183]

(Example 69)

A 200 mL Schienk flask purged with nitrogen was
loaded with 4.3 g of 3-methylthiopropanal, 4.9 g of 35 wt.%
formaiin water, 30 mg of 3-[2,6-bis (3,5~
dibromophenyl)phenyl]-4,5,6, 7-tetrahydrobenzothiazolium
chloride obtained in Example 46, and 11 g of toluene.
After 500 mg of dry ice was added to the flask, generated
gaséous carbon dioxide was discharged to lower the pressure
to normal pressure. After the obtained mixture was heated
to 50°C and buboling of carbon dioxide gas subsidéd, a
mixed solution containing 7 mg of 1,8-diazabicyclo[5.4.0]-
7-undecene and 100 mg of tolueoe was added while being
stirred and the obtained mixture was stirred at 50°C for 8
hours. The obtained reoctioh mixturelwas cooled to room
temperature to obtain a reaction mixture oontaining‘4-
(methylthio)—2—oxo—1—butanol. According to analysis by a
gas chromatography internal standard method, the yield of
4—(methylthio)—2—oXo—1—butanol, a cross-coupling product,

was 38% and 60% of 3-methylthiopropanal, a raw material,
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was recovered.
[0184]
(Example 70)

A 200 mL Schlenk flask purged with nitrogen was
loaded with 5.2 g of 3—methylthiopropanal, 5.8 g of 35 wt.%
formalin water, 30 mg of 3—f2,6—bis(3,5—di—tert—
butylphenyl)-4-methylphenyl]-4,5,6,7-
tetrahydrobenzothiazolium chloride obtained in Example 49,
and 11 g of toluene. After 500 mg of dry ice was added to
the flask, generated gaseous carbon dioxide was discharged
to lower the pressure to normal pressure. After the
obtaiﬁed mixture was heated to 50°C and bubbling of carbon
dioxide gas subsided, a mixed éolution containing 10 mg of
1,8-diazabicyclo[5.4.0]~-7-undecene and 100 mg of toluene
was added while being stirred and the obtained mixture was
stirred at 50°C for 8 hours. The obtained reaction mixture_

was cooled to room temperature to obtain a reaction mixture

containing 4-(methylthio)-2-oxo-1l-butanol. According to

analysis by a gas chromatography internal standard method,
the»yield of 4—(methylthio)-2—6xo~l—butanol, a cross-
coupling product, was 28% and 70% of. 3-methylthiopropanal,
a raw material, was recovered. | “
[0185]
(Example 71)

A 200 mL Schlenk flask purged with nitrogeﬁ was

loaded with 5.0 g of 3-methylthiocpropanal, 5.4 g of 35 wt.%
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formalin water, 30 mg of 3-[2,6-bis(:
butyiphenyl)—4—chlorophenyl]—4,5,6,7—
tetrahydrobenzothiaZOlium chloride obtained in Example 52,
and 11 g of toluene. After SOO mg of dry ice was added éo
the flask, generated gaseous carbon dioxide was discharged
to lower the pressure to normal pressure. After the
obtained mixture was heated to 50°C and bubbling of carbon
dioxide gas subsided, a mixed solution containing 7 mg of
1,8~-diazabicyclo[5.4.0]-7-undecene and 100 mg of toluene
was added while being stirred and the obtained mixture was
stirred at 50°C for 14 hours. The obtained reaction
mixture was cooled to rooﬁ temperature to obtain a reaction
mikture containing 4-(methylthio)-2-oxo-l-butanol.
According to analysis by a gas chromatography internal
standard method, the yield of 4—(methylthio5—2—oxo—lf
butanol, a cross-coupling product, was 56% and 30% of 3-
methylthiopropanal, a raw materiai, was ﬁecovered. 1,6-
dimethylthio-4-hydroxy-3-hexanone, a homo-coupling product,
was produped in an amount of 3%.

[0186] |

(Example 72)

A 200 mL Schlenk flask purged with nitrogen was
loaded with 12.4 g of 3-methylthiopropanal, 14.5 g of 38
wt.% formalin water, 15 mg of 3—[2,6—bis(3,5—di?tert—
butylphenyl)phenyl]—4,5,6,7—tetrahydrobenzothiazolium

chloride obtained in Example 13, and 24 g of toluene.
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After the obtained mixture was heate:

atmosphere, a mixed solution containing 7 mg of 1,8-
diazabicyclo[5.4.0]-7-undecene and 500 mg of toiuene was
added wﬁile being stirred and the obtained mixture was
stirred at 70°C for 15 hours. The obtained reaction
mixture was cooled to room temperature to obtain a reaction
mixture containing 4-{(methylthio)-2-oxo-1-butanol.
BAccording to analysis by a gas chromatégraphy internal
standard method, the yield of 4—(methylthio)—2—oXo—l—
butanol, a cross-coupling product, was 33% and 65% of 3-
methylthiopropanal, a raw materiaL, was recovered.
(Example 73)

A 200 mL four-mouth flask equipped with semilunar-
shape stirring blades made of Teflon was loaded with 12.2 g
of 3-methylthiopropanal, 14.7 g of 38 wt.% formalin water,
16 mg of 3-[2,6-bis(3,5-di-tert-butylphenyl)phenyl]-
4,5,6,7—tetrahydro—7—ethyl-benzothiazolium chloride
obtained in Example 66, and 25 g of toluene. After the
obtained mixture was heated to 70°C in a nitrogen
atmosphere, a mixed solution containing 6 mg of 1,8-
diazabicyclo[5.4.0]~7-undecene and 500 mg of toluene was

added while being stirred and the obtained mixture was

stirred at 70°C for 15 hours. The obtained reaction

mixture was cooled to room temperature to obtain a reaction
mixture containing 4-(methylthio)-2-oxo~1-butanol.

According to analysis by a gas chromatography internal
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standard method, the yield of 4-(metl

butanol, a cross-coupling product, was 52% and 47% of 3-
methylthioprépanal, a raw material, was recovered.
(Example 74) |

A 200 mL Schlenk flask purged with nitrogen was

loaded with 12.4 g of 3-methylthiopropanal, 14.5 g of 38

Q

wt.% formalin water, 45 mg of 3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl]-4,5,6,7-tetrahydrobenzothiazolium
chloride obtained in Example 13, and 25 g of toluene.

After the obtained mixture was heated to 70°C in a nitrogen
atmosphere, a mixed solution containing 13 mg of 1,8- |
diazabicyclo[5.4.0]-7-undecene and 500 mg of toluene was
added while being stirred and the obtained mixture was
stirred at 70°C for 8 hours. At that time, a mixed
solution containing 30 mg of 3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl]~4,5,6,7—tetrahydrobenzothiazolium
chloride, 8 mg of 1,8-diazabicyclo[5.4.0]-7-undecene and
330 mg of toluene was added and the obtained mixture was
stirred at 70°C furthef for 8 hours. After cooled to room
temperature, the obtained reaction mixture was ligquid-
separated into a toluene layer and a water layer. The
water layer was extracted three times with 5 g of toluene
and the obtained toluene layer was mixed with the initially
separated toluene layer to obtain a reaction mixture
containing 4—(methylthio)—2—oxo—1?butanol. According to

analysis by a gaé chromatography internal standard method,
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the yield of 4j(methylthio)—2-oxo—l—k
coupling product, was 67% and 32% of 3-methylthiopropanal,
a raw material, remained.

Toluene was removed'by distillation from the toluene
solution to obtain 14 g of a light yeilow oil. TSince the
oil was solidifiéd when ice—cooledﬁ the oil was mixed with
10 g of toluene and subjected to recrystallization,
filtration, and drying to obtain 4.0 g of 4-(methylthio)-2-
oxo-butanol in the form of a white platy crystal with a GC
purity (area percentage) of 94%. In the same manner, 1.0 g
nf 4—(méthylthio)—2—oxo—l—butanol with a GC purity (area
percentage) of 94% was obtained from the filtrate.

(Example 75)

A 200 mL Schlenk flask purged with nitrogen‘was
loéded with 5.0 g of 3—methyltniopropanal, 5.7 g of 35 Wwt.%
formalin water, 30 mg of 3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl]—5—tért—butylthiazolium'chloride
obtained in Example 63, and 10 g of toluene. After 500 mg
of dfy ice was added to the flask, generated gaseous carbon

dioxide was discharged to lower the pressure to normal

pressure. After the obtained mixture was heated to 50°C

-and bubbling of carbon dioxide gas subsided, a mixed

solution containing 8 mg of,1,8—diazabicyclo{5.4.0]—7—
undecene and 100 mg of toluene was added while being
stirred and the obtained mixture was stirred at 50°C for 14

hours. The obtained reaction mixture was cooled to room
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temperature to obtain a reaction mix

(methylthio)-2-oxo-l-butanol. According to analysis by a

" gas chromatography internal standard method, the yield of

4- (methylthio)-2-oxo-1-butanol, a cross-coupling product,
wés 20% and 73% of 3-methylthiopropanal, a raw material,
was recovered. 1,6—Dimethylthio—4—hydroxy—3—hexanone, a
homo—coupling product, was produced in an amount of 1%.
(Example 76)

A 200 mL Schlenk flask purged with nitrogen was
loaded with 4.8'g of 3-methylthiopropanal, 5.4 g of 35 wt.%
formalin water, 30 mg of 5,6,7,8-tetrahydro-3-[2,6-bis (3,5~
di-tert-butylphenyl)phenyl]~4H-cycloheptathiazolium
chloride obtained in Example 57, and 11 g of toluene.

After 500 mg of dry ice was added to the flask, generated
gaseous carbon dioxide was discharged to lower the pressure
to normal pressure. After‘the obtained mixture was heated
to 50°C and‘bubbling of carbon dioxide gas subsidéd, a
mixed solution containing 7 mg of l,8—dia2abicyclo[5.4.0]—
7-undecene and 100 mg of toluene was added while being
stirred and the obtained mixture was stirred at 50°C for 8
hours. The obtained reaction mixture was cooled to room
teﬁperature to obtain a réaction mixture containing 4-
(methylthio)-2-oxo-1-butanol. According to analysis by a
gas chromatography internal standard method, the yield of
4-(methylthio)-2-oxo-l-butanol, a cross-coupling product,

was 17% and 82% of 3-methylthiopropanal, a raw material,
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was recovered.

(Example 77) (Observation of 3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl]-4,5,6,7-tetrahydrobenzothiazol-2-
ylidene by NMR)

| In a glove box in a nitrogen atmosphere,.an NMR tube
was loaded with 11 mg of 3-[2,6-bis(3,5~-di-tert~ |
butylphenyl)phenyl]-4,5,6,7-tetrahydrobenzothiazolium
chloride obtéined in Example 13. The NMR tube was further
loaded with a mixed solution obtained by dispersing 10 mg
of sodium-tert-butoxide in 0.7 mL of deuterated toluene and
tightly closed.

The obtained mixture was subjected to 1H-NMR
measurement at room temperature. After 10 minutes,
formation of a new peak of 3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl]-4,5,6,7-tetrahydrobenzothiazol-2-
ylidene started and affer 3 hours, the peak of 3-[2,6-
bis (3, 5-di-tert-butylphenyl)phenyl]-4,5,6,7-
tetrahydrobenzothiazolium chloride almost completely
disappeared and the main peak was changed to the peak of 3-
k2,6—bis<3,5—di;tert—buty1pheny1)phenyl]—4,5,6,7-
tetrahydrobenzothiazol—2—ylidene.A It was observed
characteristically that the proton at 2nd position of the
thiazolium ring disappeared; the protén.of tert-butyl
appeared in 2 separate lines; and protoné at 2nd and 6th
positions of 3,5-di-tert-butylphenyl Were shifted to lower

magnetic fields.
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1H—NMR (8/ppm, CD3C6D5, on the basis

methyl group): 1.40 (s, 18H), 1.45 (s, 18H), 1.5-1.8 (m,
8H), 7.19 (t, 1H), 7.40 (d, 1H), 7.42 (dd, 1H), 7.52 (t,
1H), 7.54 (dd, 1H), 7.55 (t, 1H), 8.10 (d, 1H)

| In the case NMR measurement was carried out after
several 10 mg of acetaldehyde was added to the NMR tube
which was subjected to the measurement after 3 hours, it
was confirmed that the peak of 3—[2,6—bis(3;5—di—tefﬁ—
butylphenyl)phenyl]-4,5,6,7-tetrahydrobenzothiazol-2-
ylidene almost completely disappeared and 3-hydroxy-2-
butanone, a homo-coupling product of acetaldehyde, was

produced at a high yield.

Industrial Appiicability
[0187]

The invention providés an innovative method for
producing an a-hydroxy ketone compound. The invention is
advantageous in terms of improvement of selectivity in
production of an a-hydroxy ketone compound per unit

catalyst amount.
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CLAIMS

1. A method for producing an oa-hydroxy ketone
compound by carrying out a coupling reaction of an aldehyde
5 compound in the presence of a base compound and a

thiazolium salt defined by a formula (1)

WO, '
® —= .
N IR
©
R2 X

(wherein R' and R® independently denote a hydrogen atom, an
alkyl which may have a substituent, an alkoxycarbonyl which

10 may have a substituent? an alkylcarbonyl which may have a
substituent, or an aryl which may have a substituent, or R!
and R? may be bonded to each other to.form a ring together
with the carbon atoms bonded to R' and R?*; R° denotes a
hydrogen atém, a hélogen'atom, aﬁ”alkyl which may have a

15 substituent, or an aryl which may have a substituent; W’

| denotes an aryl which may have a substituent or a halogen

étom; X~ denotes an anion; n denptes 1 or 2; in the case n
is 2, 2 groups denoted by W’ may be mﬁtualiy the same or
different; and all or some of a plurality of groups denoted

20 by R° may be the same or different).

2. Thé method as described in claim 1, wherein the

thiazolium salt defined by a formula (1) is a thiazolium
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salt defined by a formula (1')

W/ RS
@
S
N N R* (1")
R1 = .
R2 W2 R5 X ©

(wherein R! and R? independently denote a hydrogen atom, an
alkyl which may have a substituent, an alkoxycarbonyl which

may have a substituent, an alkylcarbonyl which may have a

substituent, or an aryl which may‘have'a substituent, or R!

and R* may be bonded to each other to form a ring together
with the carbon atoms bonded to R' and R?; R3, R4, and R®
independently denote a hydrogen atom, a halogen atom, an
alkyl which may have a substituent, or an aryl which may
have a substituent; W' and W’ independently denote an‘aryl
which may have a substituent or a halogenfatom;‘and X~

denotes an anion).

3. The method as described in claim 1, wherein the
thiazolium salt defined by a formula (1) is a thiazolium

sélt defined by a formula (1''")

W/ R3
@
SN
\N R4 (l")
R' =
) R2’ .R8 R5 X @

(wherein R! and R? independently denote a hydrogen atom, an

alkyl which may have a substituent, an alkoxycarbonyl which
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may have a substituent, an alkylcarb

substituent, or an aryl which may have a substituent, or R?
and R? may be bonded to each other to form a ring together
with the carbon atoms bonded to R' and R?*; R?, R4, and R®
independently denote a hydrogen atom, a halogén atom, an
alkyl which may have a substituent, or an aryl which may
have a substituent; R® denotes a hydrogen atom or an alkyl
which may have a substituent; W' denotes an aryl which may
have a substituent or a halogen atom; and X- denotes an

aniocn) .

4. A method for producing an a-hydroxy ketone
compound by carrying out a coupling reaction of an aldehyde
compound 1in the presence of thiazol-2-ylidene defined by a

formula (1-2)

(W),
\ {-Q (1-2)
/)

(Ro)s-n

s/\N
RS

RZ
(wherein R' and R? independently denote a hydrogen atom, an

alkyl which may have a substituent, an alkoxycarbonyl which

»may have a substituent, an alkylcarbonyl which may have a

substituent, or an aryl which may have a substituent, or Rt
and R? may be bonded to each other to form a ring together
with the carbon atoms bonded to R! and R?; RY denotes a

hydrogen atom, a halogen atom, an alkyl which may have a
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substituent, or an aryl which may ha

denotes an aryl which may have a substituent or a halogen
atom; n denotes 1 or 2; in the case n is 2, 2 groups
denoted by W’ may be mutually the same or different; and
all or some of a plurality of groups denoted by Rp may be

the same or different).

5. The method as described in claim 4, wherein the
thiazol-2-ylidene defined by a formulav(1—2) is a thiazol-

2-ylidene defined by a formula (1'-2)

w! R3

N R4 (1'-2)
T
R .

Rz W RS
(wherein R! and R? independently denote a hydrogen atQm, an
alkyl which may have a substituent, an alkoxycarbonyl which
may have a substituent, an alkylcarbonyl which may have a
substituent, or an aryl which may have a substituent, or R?
and R® may be bonded to each other to form a ring together
with the carbon atoms bonded to R!' and RZ;VRE, R*, and R’
independently denote a hydrogen atom, a halogen atom, an
alkyl which may have a substituent, or an aryl which may
have a substituent; and W' and W? independently denote an

aryl which may have a substituent or a halogen atom).

6. The method as described in claim 4, wherein the
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thiazol-2-ylidene defined by a formu!

2-ylidene defined by a formula (1''-2)

N R* (1''-2)
1 =
R _

(wherein R' and R? independently denote a hydrogen atom, an

alkyl which may have a substituent, an alkoxycarbonyl which

‘may have a substituent, an alkylcarbonyl which may have a

substituent, or an aryl which may have a substituent, or R!
and R? may be bonded to each other to form a ring together
with the carbon atoms bonded to R! and R?; R®, R*, and R®
independently denote a hydrogen atom, a halogen atom, an
alkyl which may have a substituent, or an aryl which may
have a substituent; R® denotes a hydrogen atom or an alkyl
which may have a substituent; and W' denotes an aryl which

may have a substituent or a halogen atom).

7. The method as described in one of claims 1 to 6,
wherein the coupling reaction of an aldehyde compound is

carried out in the presence of carbon dioxide.

8. The method as described in one of claims 1 to 7,
wherein the base compound i1s at least one kind of compound
selected from the group consisting of organic bases, alkali

metal salts, and alkaline earth metal salts.
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9. The method as described in one of claims 1 to 8,
wherein the coupling reaction of an aldehyde compound is a
homo-coupling reaction of an aldehyde compound defined by a

formula (2)

/U\ (2)

R® H
(wherein R® denotes a hydrogen atom, an alkyl which may

have a substituent, an aryl which may have a substituent,

or a heterocaryl which may have a substituent).

10. The method as described in one of claims 1 to 8,
wherein the coupling reaction of an aldehyde compound is a
cross-coupling reaction of an aldehyde compound defined by

a formula (2)

/“\ (2)
6

H

(wherein R® denotes a hydrogen atom, an alkyl which may
have a substituent, an aryl which may have a substituent,
or a hetercaryl which may have a substituent)

and an aldehyde compound defined by a formula (4)
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(wherein R’ is different from R® and .
atom, an alkyl which may have a substituent, an aryl which
may have a substituent, or a heteroaryl which may have a

“

substituent). .

11. The method as described in claim 10, wherein R°®
denotes an alkyl which may have a substituent and R’

denotes a hydrogen atom.

12. The method as described in claim 11, wherein the
aldehyde compound defined by the formula (4) is

formaldehyde co-existing with water.

13. The method as described in claim 12, wherein the
coupling reaction of an aldehyde compound is carried out in
the presence'of a.solvent having no compatibility with

water.

14. The method as described in one of claims 10 to
13, wherein the aldehyde compound defined by the formula
(2) 1s 3-methylthiopropanal and the a~hydroxy ketone

compound is 4-methylthio-2-oxo-1l-butanol.

15. A thiazolium salt defined by a formula (1)
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WO,
_(:x

/ (1)
\ TR,

R2 X

(wherein R! and R® independently denote a hydrogen atom, an
alkyl which may have a substituent, an alkoxycarbonyl which
may have a substituent, an alkylcarbonyl which may have a
substituent, or an aryl which may have a substituent, or RY
and R? may be bonded to each other to form a ring together
with the carbon atoms bonded to R' and R?*; R® denotes a
h?drogen atom, a halogen atom, an alkyl which may have a
substituent, or an aryl which may have a substituent; W°
denotes an aryl which may have a substituent or a halogen
atom; X  denotes an anion; n denotes 1 or 2; in the case n
is 2, 2 groups denoted by WY may be mutually the same or
different; and all or some of plurality of groups denoted

by R’ may be the same).

16. The thiazolium salt as described in claim 15,

wherein the thiazolium salt defined by a formula (1) is a

thiazolium salt defined by a formula (1')

W1 . R3
N
S\
\N —R*4 (1%)
RS
RZ W2 R5 X ©

V(Wherein‘Rl and R? independently denote a hydrogen atdm, an
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alkyl which may havé a substituent,

may have a substituent, an alkylcarbonyl which may have a
substituent, or an aryl which may have a substituent, or r!
and R? may be bondéd to each other to form a ring together
with the carbon atoms bonded to R! and R?; R?®, R?Y, and R®
independently denote a hydrogen atom, a.hélogen atom, an
alkyl which may have a substituent, or an aryl which may
have a substituent; W' and W? independently denote an aryl
which may have a substituent or a halogen atom; and X~

denotes an anion).

17. The thiazolium salt as described in‘claim 16,
wherein R' and R? independently denote a Ci-1o alkyl, or R!
and R2’are bonded to each other to form a Cs-,, cycloalkene
ring together‘with’the carbon atoms bonded to R!' and R?*;

rR?®, RrR*, and R° independently denote a hydrogen atom, a
halogen atom, or a C;_ip alkyl; and

W and W2 independently denote a Cg4-19 aryl which may

have a substituent.

18.. The thiazolium salt as described in claim 15,
wherein the thiazolium salt defined by a formula (1) is a

thiazolium salt defined by a formula (1'")
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N R4 (rr")
1 =
R ‘ o

(wherein R' and R® independently denote a hydrogen atom, an
alkyl which may have a substituent, an alkoxycarbonyl which
may have a substituent, an alkylcarbonyl which may have a
5 substituent, or an aryl which may have a substituent, or R!
and R?® may be bonded to each other to form a ring together
with the carbon atoms bonded to R! and‘Rz; R}, R* and R®
independently denote a.hydrogen atom, a halogen atom, an
alkyl which may have a substituent, or an aryl which may
10 “have a substituent; R® denotes a hydrogen atom or an alkyl
which may ha?e a substituent; W' denotes an aryl which may
have a substituent‘or'a halogen atom;- and X~ denotes an

anion).

15 19. >The thiazolium salt as described in c¢laim 18,
wherein R' and R? independently denote a Ci_io alkyl, or R}
and R® arevbonded to each other to form'avcaﬂo cycloalkene
‘ring together with the carbon atoms bonded to R' and R?;

R}, RY, and R’ independently denote a hydrogen atom or

20 a Ci-10 alkyl;

R® denotes a Ci-10 2alkyl; and

W' denotes a Cg-10 aryl which may have a substituent.
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20. The thiazolium salt as des
wherein the thiazolium salt defined by a formula (1) is 3-
[2,6—di(phenyl)phenyl]—4,5—dimethylthiazolium salt, 3-[2,6-
bis(3,5~di—tert—butylphenyl)pheﬂyl]—4,5—dimethylthiazoiium
salt, 3-[(2,6-diphenyl-3,5~diisopropyl)phenyl]-4,5-
dimethylthiazolium sait, 3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl]—4(5,6,7ftetrahydrobenzothiazolium salt,
3—[2,6—bis(3,5—di—terf—butylphenyl)—4;chlorophenyli—
4,5,6,7-tetrahydrobenzothiazolium salt, 3-[2-(3,5-di-tert-
butylphenyl)-6-methylphenyl]-4,5,6,7-
tetrahydrobenzothiazolium salt, or 3-[2,6-bis(3,5-di-tert-
butylphenyl)phenyl]e4,5,6,7—tetrahydrd—7—

ethylbenzothiazolium salt.

21. A thiazol-2-ylidene defined by a formula (1-2)

ﬂwh

. /4 -
~/ \ T,

RZ

R1

(wherein R' and R? independently denote a hydrogen atom, an
alkyl which may ha&e a substituent, an alkoxycarbonyl which
‘may have a substituent, an alkylcarbonyl which may have a

substituent, or an aryl which may héve a substituent, or R!

and R? may be bonded to each other to form a ring together

" with the carbon atoms bonded to R! and R?; R? denotes a

hydrogen atom, a halogen atom, anh alkyl which may have a
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substituent, or an aryl which may hans

deﬂotes an aryl which may havé a substituent or a halogen
atom; n denotes 1 or 2; in the case n is 2, 2 groups
vdenoted by W° may be mutually the same or different; and
all or some of a plurality Qf’groups denoted by R° may be

the same).

22. The thiazol-2-ylidene as described in claim 21,
wherein the thiazol-2-ylidene defined by a formula (1-2) is

a thiazol-2-ylidene defined by a formula (1'-2)

w! R3
s\
N R4 (1'-2)
R S
R2 W2 R®

(wherein R* and R? independently denote a hydrogen atom, an

.alkyl which may have a substituent, an alkoxycarbonyl which

may have a substituent, an alkylcarbonyl which may have a
substituent, or an aryl which may have a substituent, or R!
and R? may be bonded to each other to fqrm a‘ring together
with the éarbon atoms bonded to R! and R?; R®, R*, and R°
indépendently denote a.hYdrogen atom, a halogen atom, an
alkyl which may have a substituent, or an aryl which may
have a substituent; and W' and W2 independentiy denote an

aryl which may have a substituent or a halogen atom) .

- 23. The thiazol—Z—ylidene as described in claim 22,
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wherein R! and R? independently denot
and R? are bonded to each other to form a Csﬂo cycloalkene
ring together with the carbon atoms bondedlto R' and R*; |
R}, R*, and R independént;y denote a hydrogen atom, a
halogen atom, or a Ci_i1p alkyl; and
W' and W? independently denote a Cg-10 aryl which may

have a substituent.

24. The thiazol-2-ylidene as described in claim 21,
wherein the thiazol-2-ylidene defined by a formula (1-2) is

a thiazol-2-ylidene defined by a formula (1''-2)

W1 - R3

SRRE)

(wherein R! and R? independently denote a hydrogen atom, an
alkyl which may have a substituent, an alkoxycarbonyl which
may have a Substituent, an alkylcarbonyl which may have a
substituent, or an aryl which may have a substituent, or R!
and R?’ may be bonded to each other to form a ring together
with the carbon atoms bonded to R!' and R?; R®, R*, and R®
iﬁdependently denote a hydrogen atom, a halogen atom, an
alkyl which may have a substituent, or an aryl which may
have ‘a substituent; R® denotes a hydrogen atom or an alkyl
which may have a substituent; and W' denotes an aryl which 

may have a substituent or a halogen atom).
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25. The thiazol—Z—ylidene.as described in claim 24,

~ wherein R!' and R® indepehdently denote a Ci.10 alkyl, or R!

and R? are bonded to each other to form a Cs-19 cycloalkene
ring together with the carbon atoms bonded to R! and R?%;

rR3, R?, and RS independently denote a hydrogen atom or

| a Ci-10 alkyl;

R® denotes a Ci.ip alkyl; and

W! denotes a Ce-10 aryl which may have a substituent.

26. The thiazol-2-ylidene as described in claim 21,
wherein the thiazol-2-ylidene defined by a formula (1-2) is
3-[2,6-di(phenyl)phenyl]-4,5-dimethylthiazol-2-ylidene, 3-
[2,6-bis(3,5-di-tert-butylphenyl)phenyl]-4,5-
dimethylthiazol-2-ylidene, 3-[(2,6-diphenyl-3,5-
diisopropyl)phenyl]-4,5-dimethylthiazol-2~-ylidene, 3-[2,6-
bis(3,5—di—tert—butylphenyl)phenyl]—4,5,6,7—
tetrahydrobenzothiazol—2—ylidene,‘3—[2,6—bis(3,5—di—tert—
butylphenyl)-4-chlorophenyl]-4,5,6,7-
tetrahydrobenzothiazol—Z—ylidene, 3-[2-(3,5-di-tert-
butylphenyl)-6-methylphenyl]~4,5,6,7- |
tetrahydrobenzothiazol-2-ylidene, or 3-(2,6-bis(3,5-di-
tert-butylphenyl)phenyl]-4,5,6,7-tetrahydro-7-

ethylbenzothiazol-2-ylidene.

27. A method for producing a thiazolium salt defined
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by a formula (8)
W),
® ~‘— ~
=N
/
R == \ /\(R0)5-n
R? | x ©

(wherein R' and R? independently denote a hydrogen'atom, an
alkyl which may have a substituent, an alkoxycarbonyl which
may have a substituent, an alkylcarbonyl which may have a
substituént, or an aryl which may have a substituent, or R*
and R® may be bonded to each other to form a ring together
with the carbon atoms bonded to R' and R?; R’ denotes a
hydrogen atom, axhalogen atom; an alkyl which may have a
substituent, or an aryl which may have a substituent;’all
or some of 4 groups denoted by R° may be the same; WY
denotes an aryl which may have a substituent; X  denotes an
anioh; and n denotes the same as above)
by carrying out a step A of obtaining.a 3-(aryl-substituted
aryl)-2-thiazole-thione compound defined by a formula (7)
S W,
A I
/
R N7 roy,
R2

(wherein R', R*, R%, W%, and n respectively denote the same
as deséribed above)
by a coupling reaction of a 3- (halo-substituted aryl)-2-

thiazole-thione compound defined by a formula. (6)
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R ' (R%s5.n

(wherein Rl; R?, R% and X~ respectively denote the same as
described above; and Y’ denotes a halogen atom)

and an aryl compound defined by a formula (5)

Wo—L (5)

(wherein WO' denotes the same as described above; and L
denotes a leaving group)

in the presence of a palladium éatalyst and a step B of
oxidizing the 3-(aryl-substituted aryl)-2-thiazole-thione
10 . compound defined by the formula (7) and obtained in the

step A.

28. The method as described in claim 27, wherein L
is -B(OH), or —MgXO (wherein X° denotes a halogen atom).
15
29. The method as described in ciaimﬂ27, whefein L
is -B(OH), and the coupling réaction in the step A is

carried out in the presence of a base compound.

20 30. The method as described in claim 27, wherein L
is -MgX’ (wherein x° denotes a halogen atom) and the
coupling reaction in the step A is carried out in the

presence of a zinc compound.
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'31. A thiazole-thione compound defined by a formula

w! R3

N R* (7")
R

gz W RS
(whereianl and R? independently denote a hydrogen atom, an
alkyl which may have a substituent, an alkoxycarbonyl which
may have a substituent, an alkylcarbonyl which may have a
substitueﬁt, or an aryl which may have a substituent, or R*

and R? may be bonded to each other to form a ring together

with the carbon atoms bonded to R' and R?; R®, RY, and R®

independently denocte a hydrogen atom, a halogen atom, an
alkyl which may have a substituent} or an aryl which may

have a substituent; and W' and W? independently denote an

, aryl.which may have a substituent or a halogen atom).

32. The thiazole-thione cémpound as described in
claim 31, wherein R' and R? indepen&ently denote a Ci-1g
alkyl, or R! and R? are bonded to each other to form a Cs-19
cycloalkene ring together with the carbon atoms bonded to
R' and R%;

R}, RY, and R® independently dencte a hydrogen atom, a
halogen atom, or a Ci-;0 alkyl; and

W' and WA independently denote a Cg-20 aryl.
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33. The thiazole-thione compound as described in
claim 31, wherein the thiazole-thione compound defined by a
formula (7') is a thiazole-thione compound defined by a

formula (7'")

N R4 (777
Y
R \

RZ R8 R5
(wherein R' and R? independently denote a hydrogen atom, an

alkyl which may have a substituent, an alkoxycarbonyl which

may have a substituent, an alkylcarbonyl which may have a

substituent, or an aryl which may have a substituent, or R!
and R? may be bonded to each other to form a ring together

with the carbon atoms bonded to R' and R?; R?, R*, and R®

independently dencte a hydrogen atom, a halogen atom, an

alkyl which may have a substituent, or an aryl which may
have a substituent; R® denotes a hydrogen atom or an alkyl

which may have a substituent; and W' denotes an aryl which

may have a substituent or a halogen atom).

34, The thiazole—thione compound as described in
claim 33, wherein R! and R? independently denote a Ci-1o
alkyl, of R! and R? are bonded to each other to form a Cs_ig
cycloalkene ring/together with the carbon atoms bonded to

R' and R?;



WO 2013/035650
175

R®, R, and R® independently den
a Ci-ip alkyl;
R® denotes a Ci_p alkyl; and

W' denotes a Ceg.po aryl.
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