DESCRIPTION [Titl e of Invention] PROCESS FOR PRODUCI NG PHENYL- SUBSTI TUTED

HETEROCYCLI C DERI VATI VE THROUGH COUPLI NG USI NG TRANSI TI ON METAL CATALYST

[ Techni cal Field] [0001] The present invention relates to a process for

produci ng a phenyl -substituted heterocyclic derivative by using a novel

coupling process between a phenyl derivative and a heterocyclic derivative

by the use of a transition netal catalyst. Mre particularly, the present

invention relates to an excelle or producing a

phenyl - substituted heterocyclic g??@?fﬁggfor an internedi ate thereof,

which is useful, for exanple, as a xanthine oxidase inhibitor used as a

t herapeutic agent for gout, hyperuricem a, and the |ike [Background Art]

[0002] _  The underlying condition of %out i s hyperuricema .and,’ after

reni ssildfleof of hdoygstionht PROCETenE&Res PROD e Y LirS Ry I UZED

carried out. The therapeutic agents for hyperuricem a are broadly divided

i nto a HETEROUN(CLIGYeREREYATIVE c THRIQUGHNtHEEPEINGhUEING TRANSHIIGMN

oxi dase inhibitor), and are sel ected appropriately depending on the state

and degviegAdfCAeL¥oNdi tion. [0003] The xant hi ne oxi dase (XOD) inhibitors

i ncl ude 2-phenylthiazole derivatives (PTLs 1 to 6, NPL 1),

3-phenyl i sot hi azol e derivatives (PTLs 7 and 8), phenyl pyrazol e derivatives

(PTL 9 to 11), 2-phenyl oxazol e derivatives (PTL 12), and phenyl - het er oaryl

deriva%ﬁ%ﬁﬁéJDEﬂ 3). The production processes described in the patent

literatures cited-in PTLs 1 to 12 are those wherein heterocyclic rings are

f or med ﬁ@ngroduction processes conprising a series of consecutive

reacti & nd, thus, involve a | arge nunber of steps. The production

process described in PLT 13 is a process wherein the skeleton is forned by

di rect colipt ipsgscat iaveHeny relatengloniat Progesseter pegdsicing pi phenyhrgubstitites)

i nvol ves a small nunber of steps. However, in this process, it is

necess aeigrdcyclie dpantvd by osing empueel wdsplangchrodess eftoean a plenlyt derivatiee dnidgher

cost. Thus, this process is not yet satisfactory froma standpoint of a

| ow costteficodlite degvativeOpe st sty of Wi thgisidios nfabthl BAtADE! Mdre SfaeiSilarfy0fH4]

As a process to bind a CGH bond on a heterocyclic ring directly to a

phenyl ,fd 1 e .of h ) : orted
pfds88 WivEROME EhRsURE aRf clenan SOERO U ;;ir?g%‘ﬁ{ a ﬁllé%gpguﬁitgnﬁlﬁ‘eﬁ

coupling reactions by using, as a catalyst, p I um ( o 10),

58 0Bl A g R A i 1
R T b R e e

het erocyclic derivative which is a xanthine oxidase (XOD) inhibitor (NPL
9). However, there has been reported no exanple where a phenyl -substituted
het erocyclic derivative of the present invention was synthesized by using
a met a[Baskpmupd Ardt her than the nickel catalyst. In addition, none of the
reactions is satisfactory froma standpoi nt of substrate restriction,

cost, pod2yield. [Ctation List] [Patent Literature] [0005] [PTL 1]

I nternational Publication No. WD 92/09279 [PTL 2] Japanese Patent

Lai d- Ope r’rﬂaum&eﬁaﬁig%daﬁiom@f %@l?t?ﬁ%yﬁagfﬁﬁcéhiaJﬁﬂ?@%Pré?ﬁEﬁSﬁ o"f%@?@%e_n
Publ i cati on No. H6-329647 [PTL 4] Japanese Patent Lal d-OQpen Publcation

P ooy Sty P PGS srr SR, iy MR M ), 10770

Japanege Patent. Lai d-Open.Pyb]icatiaon No. 557-85%379 [ PTL Japanese

Par ont DTGNS AR GONGLS RET9a e SO0 A SF10 FRSRTELESP A aHIOF
Laid-(gen Publication No. 559-95272 [PTL 10] International Publication No.
WO 98/ e pEgtpsel mhibjteparmad crpaelesied laapwpiplely fepsniisgtdrotheNgate H10- 310578
[ PTL 12] Japanese Patent Lai d-Qpen Publication No. H6-65210 [PTL 13]

| nt er nédgiremal th@odnidigat.i on No. WO 2007/ 097403 [ Non Patent Literature] [NPL
1] Heterocycles, 1998:47, 857 [NPL 2] J. Am Chem Soc., 2003:125, 1700

[ NPL 3%m@$}Anl Chem Soc., 2006:128, 16496 [NPL 4] Angew. Chem, Int. Ed.
2007: 46, 7996 [NPL 5] J. Org. Chem, 2009: 74, 1826

The xanthine oxidase (XOD) mnhibitors include 2-phenylthiazole derivatives (PTLs 1 to
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[NFL 6] Org. Lett., 2009:10(13), 2909 [NPL 7] Tetrahedron Letters,
2008:49(6), 1045 [NFL 8] Tetrahedron Letters, 2003:59(30), 5685 [ NPL 9]
Bull. Chem Soc. Jpn., 1998:71, 467 [NPL 101 Chem A Eur. J.,

2009: 15(6), 1337 [NPL 11] J. Am Chem Soc., 2008: 130, 14926 [NPL 12]
Chem Comm, 2004, 1926 [NPL 13] J. Am Chem Soc., 2007:129(41), 12404
[NPL 14] Org. Lett., 2009:11(8), 1733 [NPL 15] Org. Lett., 2009:11(8),

1137 LRl P oS8R 3561 L 0EE of el b vy
[ Sarmar O Bt 91 v ZOhrPRhl v abrSOdn 11068y phenyl heeides it st of
the present invention proposes to provide an excellent short-step

pr oduct (Fdd- photksrrodygtioatproeesgisideegribad itf the prichelitiemturesoditsd én REbavh to 12
production processes nentioned above, for a phenyl-substituted

het er ocarel thesedehéneat hetercoyclid singnter foenedtby, probectidar proedsiesecddgpriBthgaa
xant hi ne oxi dase inhibitor used as a therapeutic agent for gout,

hyper urdegiegofcordbelitivegeddibs ahd) ARG ilvoBlel lagd hintd @PLRPI. The plHGcREESENt
inventors conducted a diligent research with the above object and, as a

ool | rboks delcliBla LT PSRV pldchl OlerlnBIERYlo ot (NI, A Anfibl PON

on a heter ocycl | Ivative can be cou rect

SeLeot ot Yo, Sarh SO RaFT GRS o G0 hthBled s
reacti a conpound represented by the foll ow ng fornula_&;): [ 0010]
[ For nu{}-gmﬁveﬁ_xy{ ﬁ’llé PYOCESS, 1t is necessary to prepare boron compounds and therefore results
in a higher cost. Thus, this process is not yet satisfactory from a standpoint of a low-cost
production process involving a small number of éteps.
[0004]
As a process to bind a C-H bond on a heterocyclic ring directly to a phenyl ring without
the use of boron compounds, there have been reported coupling reactions by using, as a
catalyst, palladium (NPLs 2 to 10), rhodium (NPL 11), iridium (NPL 12), copper (NPL 13),
nickel (NPL 14 and 15), cobalt (NPL 16), palladium-copper (NPL 17 t‘o 19), and
palladium-silver (NPL 20). Among them, the producﬁon process using a nickel catalyst is
related to a synthetic process for a phenyl-substituted heterocyclic derivative which is a
xanthine oxidase (XOD) inhibitor (NPL 9). However, there has been reported no example
where a phenyl-substituted heterocyclic derivative of the present invention was synthesized

by using a metal catalyst other than the nickel catalyst. In addition, none of the reactions is

satisfactory from a standpoint of substrate restriction, cost, and yield.

[Citation List]

[Patent Literature]



[[0011} (In the fornmula (1), Rl represents a hydrogen atom or hal ogen atom
R2 represents a hydrogen atom cyano group, nitro group, hal ogen atom-
formyl group, or hal onethyl group; A represents a hydrogen atom Cl to C8
al kyl group, C3 to C6 cycl oal kyl group, phenyl group, fluorine atom (only
when X is a bond), or protecting group for a hydroxyl group (only when X
is an oxygen aton), wherein A may be substituted by 1 to 3 substituents,

such suﬁg@iiuent representing a group selected fromthe group consisting
of a ha g aton1 Cl to &4 al kyl group, Cl to &4 al koxy group, Cl to C4

aIkyIthro grou to C6 cycloalk rou phenyl group, phenoxy group,
and pyr Rl Lgngs: ﬁoﬁﬂﬁ3@1§§@¥h¥@ g@@ﬁly when Ais a phenyl group or
fluorine aton) or oxygen atomy and Y represents a |eaving group) and a
conpouniP le}rlesmssebatbyt Itk -Opeh Poblicatod blontb@98296¢ [ 0012] [Fornula 2] ( 2
) [0013] (In the fornmula (2), Hrepresents a hydrogen atom and B

r epr esefiIs. A Jgpaidp: BatdlatdiObenubliatiboNooMe3g964r mul ae: [ 0014] [ Fornul a
3] [ 0015] R3 represents COOR3a or COR3b; R3a represents a hydrogen

atom qm %G p ek ParSH QRS- %&n?ﬁﬁl%aﬁ&ﬂ’ﬂ% REQUSEL ng group for a carboxyl
group; b represents an am de-type protecting group for a carboxyl group,

Lhe B oRs 0 A 0P LTI G 0P AT i AR ADOT 19 car bonyl gt oup:

R4 repr rogen a en atom or group; and
L ani CP3 SRRSO e Dop Bileetor BRomy-&iat i Lut ed het er ocycl i
derlvatlve represented by the follomrn fornul a g3) [0016] [Fornul a 4]
A-X (BT} 7] fagnege Patent Laid-Open Pubhcatro 0. 8§57-8537

[PTL 8] Japanese Patent Laid-Open Publication No. H6-211815

| [PTL 9] Japanese Patent Laid-Open Publication No. $59-95272

[PTL 10] International Publication No. WO 98/18765

[PTL 11] Japanese Patent Laid-Open Publication No. H10-310578

[PTL 12] Japanese Patent Laid-Open Publication No. H6-65210

[PTL 13] International Publication No. WO 2007/097403 |

[Non Patent Literature]

INPL 1] Heterocycles, 1998:47, 857

INPL 2] J. Am. Chem. Soc., 2003:125, 1700

[NPL 3] J. Am. Chem. Soc., 2006:128, 16496

[NPL 4] Angew. Chem., Int. Ed. 2007:46, 7996

[NPL 5] J. Org. Chem., 2009:74, 1826

[NPL 6] Org. Lett., 2009:10(13), 2909

INPL 7] Tetrahedron Letters, 2008:49(6), 1045

[NPL 8] Tetrahedron Letters, 2003:59(30), 5685

[NPL 9] Bull. Chem. Soc. Jpn., 1998:71, 467
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(in the fatttula (3), A X R, and R2 are the sane as defined in the
formula (1); and B and R3 are the sane as defined in the formula (2)).

[ 2] The production process according to [1], wherein Ais a Cl to C5 al kyl
group. [3] The production process according to [1], wherein Ais an

i sobutyl group. [4] The production process according to any of [1] to [3],
wherein X is an oxygen atom [5] The production process according to any

of [1] , ~wher ei | S en atom [6] The production process
accordi ﬁ‘g”%é]a%%r’*[%%g‘)?%fb%?’g. n RR is a cyano group. [7] The
producth\ﬁyn rocess according to any of [1] to [6], wherein Y represents a
hal ogen tloﬁ%]LﬁH’é)@bF@lS?‘b: géll3@y¥49&f50up), -0Cx2- (phenyl group),
-0S02-(Ct to 4 al kyl group), -0S02-(phenyl group), or a diazonium group,
wher ei n[NEIn12f Chetre Commo2@K,dPR§1 group may be substituted with 1 to 3
hal ogen atons and the phenyl group nay be substituted wwth 1 to 3 hal ogen
at ons OINREL113]d. &h. alhkivl Ser. 0205:129{4), 1PAe4 pr oducti on process according to
any of [1] to [7], wherein Bis represented by the follow ng group:

[ 0018] [ 18 Grg Sl ett. [ 0D (8)] P133The production process according to any of
[1] to , Wherein R4 is a’'nmethyl group. [10] The production process

8
accor dgﬁg,]gégé@}%_ ]95&.12"609?19@)%737"“"” ein the transition netal conpound is

zero-v opper or a salt” of nono-val ent copper. [11] The production

proces cording to ) [ 0 [9], wherein the transition netal
compou @é@%‘%*é@%ﬁﬁ@aﬁ(ﬁm or a salt of nono- or di-valent

pal | adi um [715] The production process according to any of [1] to [9],
wher ei iNEhel 1 dgirdiediann 208463 (Obd4pound is zero-val ent palladiumor a salt
of di-valent palladium [13] The production process according to any of

[ 1] t o [NOL,18\eg. diatt. t208416()s2Qlilon metal conpound is zero-val ent cobalt or
a salt of di-valent cobalt. [14] The production process according to any
of [1] [NOL[19]J. AhieCkim. Sdeg 0035 ti700 nmetal conpound is copper (1) iodide
(Cul). [15] The production process according to any of [1] to [9],

wher ei MNPheol Aapsl tdRm. TRt 84, 00PasIndoss pal | adium (11) acetate

(Pd(OAc) 2), palTadium (I11) propionate (Pd(Q(C=0)CH2CH3)2), palladium(I1l)
2- met hyl propanoat e (Pd(Q(C=0)0H(CH3)2)2, palladium pivalate (Pd(OPiv)?2),
pall adium (11) chloride (PdCl2), palladium (1) brom de (Pd2Br2), or

pal | adi[%?rpn{nlﬁy)quxlg%ﬁ%inﬂﬁ (Pd(OH)2)- [16] The production process according

to any erein the transition netal conpound is palladium
(I'1) acetate (Pd(QAc)?2), palladium (I1l) propionate (Pd(Q C=0)CH2CH3) 2),
pal | adilfsrpicahProblggy hyl pr opanoat e (Pd( O( C=0) CH(CH3) 2) 2, or pal | adi um
pivalate (Pd(ORPiv)2). [17] The production process according to any of [1]
to [9] [0G¥érein the transition netal conmpound is palladium(Il) acetate
(Pd(QAc) 2), palladium(ll) chloride (PdCl12), or palladium (11) hydroxide

( Pd( OH) 2)it is s &fbjeh e fpthe diredehd nvehdae popasssotodprogide naayceént [ shbritsepl 9]
wherein the transition netal conpound is cobalt (I1) acetate (Co(ORc)Z).

production process, which is different from the heretofore known production processes
mentioned above, for a phenyl-substituted heterocyclic derivative or its intermediate, the
derivative being a xanthine oxidase inhibitor used as a therapeutic agent for gout,
hyperuricemia, and the like.
[0008]
[Solution to Problem]

The present inventors conducted a diligent research with the above object and, as a

result, found that the phenyl ring of a pheny! derivative and a C-H bond on a heterocyclic
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F19] The production process according to any of [1] to [18], wherein a
| i gand capabl e of coordinating to the transition netal conpound is
additionally present during the course of the reaction. [20] The
production process according to [19], wherein the ligand is

tri phenyl phosphine, tri(tert-butyOphosphi ne,

di (tert-butyl)nethyl phosphine, tert-butyl di cycl ohexyl phosphi ne,

di (tert5butyl)cyclohexyl phosphine,.t.ri(cychl ahexyl)phosphine, ..

o Gt oy cITHELY FHosTnEAIS! SO il bishe S b B Bhengprisition metl

2-di cychl ohexyl phosphino-2',4",6" -triisopropyl-1,1'
-biphen?ﬁ?&%@ﬁanthroline, 1, 1' - bi s(di phenyl phosphi no)ferrocene, or salts
thereof [21] The production process according to [19], wherein the |igand
is tripieay] phosphine, tri(tert-butyl)phosphine,

di (tert-butyl)net hyl phosphine, tert-butyldi cycl ohexyl phosphi ne,

di (tert - bahyd isciie bahet yhrnash fdlaes forthé fylelvafpexyl ) phosphi ne, phenant hr ol i ne,
or 1,1 -bis(diphenyl phosphino)ferro cane . [22] The production process

accor di t ﬁﬁgﬂ JaQ st hﬁ@ﬂﬂ [ ' [ i
phenantﬂ?éﬁ?ﬂ%%§%¥nl,ldffﬁg |§EL |pﬁg%%%%ﬁ%??g?#%@gﬁg&gF%?Tﬁ?ﬁ%
producthﬂpprocess according to [19], wherein the ligand is a
phosphi'ie=t'ype |igand. [24] The production process according to [23],
wherein_the ligand is tri(tert-butyl)phosphine,

tert - buf§TRHa}El ohexyl phosphine, di (tert- butypnet hyl phosphi ne,

di (tert-butyl)cycl ohexyl phosphi ne,tri (cycl ohexyl) phosphi ne,

2-di cycl ohexyl phosphino -2 ',6 ' -diisopropoxy-1,1 "' -biphenyl,

2-di cycl ohexyl phosphi,gpo-2',4"' ,6' -triisopropyl-1,1' -biphenyl, or a salt
thereof [25] The pr'oquction process according to [23], wherein the |igand
is tri(tert-butyl)phosphi-ne, tert-butyldicycl ohexyl phosphi ne,
di(tert-butyl)nethylpzosph' di (tert-butyl)cycl ohexyl phosphi ne, or
tri(cyclohexyﬁ) pti ne. 26]T The production process according to any of
[1] to [25], wherein & 2 is additionally present during the course of
the reaction. [27] The production process according to [26], wherein the
base is lithiumtertRButoxide. [28] Th i Production process according to

[ 26], wherein the base is potassium carbonate or. cesium carbonate. [29]
The production process according to any of [1] to [28], wherein a silver
salt is additionally present during the course of the reaction. [30] The
producti on process according to [29], wherein the silver salt is silver
car bond®®1] [31] The production process according to any of [1] to [30],
wherein a Cl to Cl2 carboxylic acid or salt thereof is additionally

pr esen(Indthei fogmtihe(13ok’ sepeertthe hemagenostom §3R3logdme atprmdRiT tépoesenis @acess
according to any of [1] to [30], wherein a Cl to C6 carboxylic acid or a
sal t t hede@én iafonRdehiahb atahp,ynipbesond, EHISdeR0atbMe fe@ SBo@l, drhBalb @R} on.

[ 33] The production process according to [32], wherein the carboxylic acid

her coP a1 pestns § ARGIPEORATY € QoA BOMT (47 @ pePid! R

g?r Pgééiﬁe‘fn&é %f(;u([jpc grgaﬁ?nes gltlogn qua%rf %v%]:en i)é ispail ggricf),corapcrio%tti gAgr\é%g tfglg g %ggro%];lf ects

group {only when X is an oxygen atom), wherein A may be substituted by 1 to 3
substituents, such substituent representing a group selected from the group consisting of a
halogen atom, C, to Cy4 alkyl group, C, to Csalkoxy group, C to C4 alkylthio group, Cs to
Cs cycloalkyl group, phenyl group, phenoxy group, and pyridﬁ group; X represents a bond
(only when A is a phenyl group or fluorine atom) or oxygen atom; and Y represents a

leaving group)



According to the present invention, a phenyl-substituted heterocyclic
derivative (a conpound represented by the forrmula (3)) can be obtained in
a process involving a small nunber of steps by subjecting a phenyl
derivative (a conpound represented by the fornula (1)) and a heterocyclic
derivative (a conpound represented by the fornula (2)) to a selective
coupling reaction by using a transition netal catalyst. [0021]

Furthernore, since the process involves a small nunber of steps, it is
possi bl 8¢ dcyppRimdacrmientiddihe &llosting frayla{éter ocycl i ¢ derivative (a
conpound represented by the formula (3)) in high yield and at | ow cost.

[ Descri fiildh of Enbodi nents] [0022] The terns used singly or in
conbination in the present description will be explained in the foll ow ng.
Unl ess poiguld e noted, explanation of each substituent shall be conmon to
each position. In addition, a conbination of substituents and variables is
al l oned only when such a conbination results in a chemcally stable
conmpound. Wen e~substituent itself is substituted with two or nore
groups, these pma pups can exi st on the sanme or different carbon atom
as | ong e is formed. [0023] In the present

i nvention,
brom ne atom or~iodine atom [0024] (oyIn the present invention, the "Cl
to C8 al kyl group” neans a linear or branched saturated aliphatic

hydr ocar bon group having 1 to 8 carbon atons and includes, for exanple, a
nmet hyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group,
i sobut yl00g§Floup, tert-butyl group, n-pentyl group, isopentyl group,
neopentyl group, 1-methyl propyl group, n-hexyl group, isohexyl group,

1, 1-di rﬁﬁi el forthila (9, QU bprederts @i HyAEJDEh Btdiny:| anf B tPreséntS a Grdit RYEcRAtROm gr oup,
n- heptyl group, n-octyl group, and the |ike. [0025] I'n the present

i nvent i Q8 tolidh8ne EbndufeC4 al koxy group” neans a group consisting of the "Cl
to C4 al kyl gr&%p" and an oxy group. ‘The exanples include a nethoxy group,
et hoxy HPHP: n- propyl oxy group, isopropyloxy group, n-butyloxy group,
isobutJﬁox group, tert-butyl oxy group, and the like. [0026] In the
resent Enve t'?n, the "C3 to C6 cycl oal kyl group” neans a cyclic al kyl
group HE®™Y23lt0 6 carbon atons and includes, for exanple, a cycl opropyl
group, cyclobutyl group, cyclopentyl group, cyclohexyl group, and the
like. [0027] In the present invention, the "G to C4 al kylthio group”
means a group consisting of the "Cl to C4 al kyl group” and a thio group.
The exanplgs include a nmethylthio group, ethylthio grgy#s, n-propylthio

group, is thi o group | t hi-o group, obut yjl*t hi o group,
tert-butylthlo g andsth 0028] the/present invention
t he "hal one p" meansi{a netflyl group subSti Wit h one or nore
hal ogen at ons d incl udes, nple, atriflu %—group,

di fl uoronet hyl greoup, fl uoronet ”Qgroup, trichlo yl 2group.

di chl or onet hyl up, chloronethyl” "group, tribronmonmetflyl group,

di brononoet hyl group, brononethyl group, and the |like. [0029] In the
present invention, the "l eaving group” neans an atomor a group of atons
whi ch departs fromthe reaction substrate in a substitution reaction,
elimnation reaction, or the |like. Such a |leaving group includes, for
exanpl é901@]lhal ogen atom -002-(Cl to C4 al kyl group), -0CR-(phenyl
group), -0S02-(G to_C4 allcyl group), -0S02-(phenyl group), diazonium

gr oup &ﬁik@@gamgccmﬁﬁfneCDRRéI@%nﬁmﬂaMHmﬂedﬂgheaﬁmLKbtGAhaMQ&@nyppmp and
the phenyl group that constitute the | eaving group may be substituted with

1 to 3echal-ggeprakais @odp it B cdrbbRylSrb@); R ReRERAB B ankilebpeGhoRtt

groups, respectively. However, the present invention is not I'imted to

t hese. ] . t i 0 r.Qx OLIR": a

ar oup. GH N prof St grElE B s frdizotBus Lranf TN L ResRRARE B
hydr oxyl ., grqup” is,awel |l kno in the arf .and is classified into an

et her - FFm AP U HEPSTeaUD: DLITPgT Qo SR Gp o aet Pl U a8 er - type
protecting group, carbonate-type protecting group, phosphine-type
protecwyﬁﬁﬁﬁﬁﬁﬁﬁp0§Mgﬁﬁﬁ@®éﬂﬁ9%@”ﬁW@iecting group, and the |ike. Exanples
i ncl ude the groups described as a protecting group for phenol and the like
in T. W Geene and P. GM Wits, "Priotective Goups in Organic Synthesis
(3rd Ed., 1994), (4th Ed., 2006)" and the |ike, such as a benzyl oxynet hyl
group, nethoxyet hoxynet hyl group, phenylthionethyl group, phenacyl nethyl
group, 4-bronophenacyl met hyl group, cyclopropyl nethyl group, allyl group,
propar gyl group, cyclohexyl group, benzyl group, ortho-nitrobenzyl group,
4- (di met hyl am no) car bonyl benzyl group, 4-nethyl sulfinyl benzyl group,



[F0031} The "ester-type protecting group for a carboxyl group” in the

present invention nmeans a group which protects the carboxyl group by

conbining with the oxygen atom of the carboxyl group to be protected and

form ng an ester. Such an "ester-type protecting group for a carboxyl

group” includes the groups described as an ester-type protecting group for

the carboxyl group in T. W Geene and P. GM Wits, "Protective Goups in

Organic. Synthesis (3rd Ed.,1994), (4th Ed., 2006)," such as .a Cl tg C6

al kyl %‘ﬂﬁ Pragenqe pf AdRpFIRER ﬁwﬁgpwasm%@thﬁéﬂv Sy lgisited heterocyclic

met hyl t hi onet hyl group, tetrahydropyranyl group, tetrahydrofuranyl group,

met hoxyéarinaidyereaphssentgd oy phe foloying fomnilg () | y1 ) et hoxymet hyl gr oup,

benzyl oxynet hyl group, pival oyl oxynmethyl group, phenyl acet oxymnet hyl group,

triisopfopy] silyl methyl group, para-bronophenacyl group, a-nethyl phenacyl

group, para-nethoxyphenacyl group, decyl group, carboxam donethyl group,

par a- az Zpnacar boxam donet hyl group, N-phthalim donet hyl group,

2,2,2-trichloroethyl group, 2-haloethyl group, w chloroal kyl group,

2-(triethylsilypethyl group, 2-nethylthioethyl group,

1, 3-di thi anyl- 2- net hyl group, 2-(para-nitrophenylsulfenyl)ethyl group,

2-(para-to|uenesu[(bnyl)ethyl group, 2-(2'-pyridypethyl group,

2- (par a- mret hoxyphenyl ) et hyl group, 2-(di phenyl phosphi no)ethyl group,

1- net hyl - 1- phenyl et 3 acetyl -2-ni trophenyeet hyl group,
2-cyanoeth¥%_g ‘ X | group, cyclopentyl group,

- cycl ohexyl rozg, ) group, 2-nethyl but-3-en-2-yl

group, 3-mnethyl but - 3=prlenyl ) ¢ g, 3-buten-1-yl group,

4-(trimethylsilyl)-2-buten-1-y1 group, cinnanyl group, a-nethylcinnanyl

gr oup, prop-2-ynyﬁﬁbropargyl) group, pheny].gyoup, 2, 6-di et hyl phenyl group

2, 6-dii sopropyl phenyl group, 2,6-di(tert-butyl)-4-nethyl phenyl group,

2,6-di (tert-butyl)-4-nmethoxyl phenyl group, para-(mnethylthio)phenyl group,

pent af | uor ophenyl group, benzyl group, triphenyl nmethyl group,

diphenwbgPﬂhyl group, bis(ortho-nitrophenyl)nmethyl group,

9- ant hranyl'net hyl group, 2-(9, 10-di oxo) ant hranyl et hyl group,

5-di benzosuher yl oyp 1pyr | met hyl gro . ]
>t s REvaranly 0 s KR b i SegpectsteRbedsinghe frmmater sy indye oup,
par a- br gnmobenzyl gr oup, ort ho-ni trobenzyl group, para-ni trobenzyl group,
par a- mét Hex {5 as de Jn shegfomplaiBBxybenzyl  gr oup,
4- (met hyl sul finyl ) benzyl group, 4-sulfobenzyl group, 4-azidonetlaoxybenzyl
group, [%] ‘Pl pgictigngugressaggpsiing/to [§f. odsreiparisa CotnEyalkgravonn. '
trimethylsilyl group, triethylsilyl group, tert-butyldinmethylsilyl group,
i sopr opy] Then@blydtilpybeegy micprdingher]y |, dvhredilplisad pobbugylaweap.
di (tert-butyprethylsilyl group,

[4] The production process according to any of [1] to [3], wherein X is an oxygen atom.

[5] The production process according to any of [1] to [4], wherein R' is a hydrogen atom.
[6] The production process according to any of [1] to [5], wherein R? is a cyano group.

[7] The production process according to any of [1] to [6], wherein Y represents a halogen
atom, -OCO,~(C, to Cs alkyl group), -OCOz-{phenyl group), -OSO,-(C; to Cy4 alkyl group),
-OSO;-(phenyl group), or a diazonium group, wherein, in Y, the C; to Cq4 alkyl group may
be substituted with 1 to 3 halogen atoms and the phenyl group may be substituted with I to
3 halogen atoms or C; to C,4 alky! groups.

[8] The production process according to any of [1] to [7], wherein B is represented by the
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triisepropylsilyl group, Cl1 to C6 al kylthio group, oxazole group,
2-al kyl-1, 3-oxazol i ne group, 4-alkyl-5-0x0-1, 3-oxazol idi ne group,
2,2-bistrifluoronethyl-4-alkyl -5-o0xo0-1, 3-oxazol i di ne group,
5-al kyl - 4- oxo- 1, 3- di oxol ane group, dioxanone group, and the |ike. However,
the present invention is not limted to the groups exenplified herein and
any group nay be selected as long as it is used as a protecting group for
t he carP? yl. group. [0032] The "am de-type protecting group for a
carboxy"%ﬁﬁﬁ%@DPﬂ:the present invention means a group which protects the
car boxyl group by combining with the carbonyl carbon atom of the carboxyl
group tﬁmgélprotected and form ng an am de Such an "am de-type protecting
group for a carboxyl group"” includes the groups described as a protecting
group fformbia 5gar boxyl [coup in T. W Geene and P. GM Wits, "Protective
G oups in Organic Synthesis (3rd Ed.,1994), (4th Ed., 2006)," such as an
N, N- di net hyl am no group, pyrrolidinyl group, piperidinyl group,
5, 6-di hydr ophenant hri dyl group, ortho-nitrophenylam no group,
N-7-nitroingQl yl group, N-8-nitro-1,2,3,4-tetrahydroquinolyl group,
N- phenyl hyadr azyl ghou N, N -di i sopropyl hydrazyl group, and the |ike.
However, the rese E%Vention is not limted to the groups exenplified
herein and an ¥No oup may be selected as long as it is used as a
protecting group flor the carboxyl group. [0033] In the present
invention, "C' sucidgs in "Cl" and the |like represents a carbon atom and
t he nuneral which |lows it represents the nunber of the carbon atons.
For exanple, "Cl to C6" represents a range of the nunber of carbon atons
froml to 6. Naturally, in the present invention, when the nunber of
carbon [a¢mis is different, the corresponding group is different. For
exanple, a "Cl to &4 al kyl group” neans a group having 1 to 4 carbon atons
among therRd kstu@ioRYRscdeAdcBREnDY nhor | Gho9), FBelki! is Ay ordipeat ment  of
[ Y : %Jﬁﬁfs’ [ Gholg, n%fl%'[OBﬁrp

t he nunber of carbon atonms in other groups i'S the sane. The

"di azoni oA r i nv L OF ; al t

i ncl udgyﬂ?ﬂ % g%blralugﬂé&ls Q{Lt% ?égc'ﬁl‘%gllra%n e{as%{}% JJp[)ir] %@L%@ ﬁog?n g%glgrp %als
tetrafluoro@&iate sal.t, and the gigf. £00%% Abbrevi ati ons used in the

pr esentOPROUR 1S Frogy et SOPRY b St 35 BoRGYHFR F9PR et hanesul f onyl oxy gr oup,
Ms0: net hanesul f onyl oxy group, TsO: toluenesul fonyl oxy group,.M: nethyl
group, LB: The mspdugfionprocess mecording o any of bdgo [¥1 prherqiig dhey wpppitiogrmetal i - Bu:
i sobutyl group, t-Bu: tert-butyl grggp, MeO: net hoxy group, Ph: phenyl

gr oup, COMPo tzgtoovaleny meligsium ok/e GalPht maneredridoxgleptimatiypdivgr oup, Cy:

cycl ohexyl group, Piv: pivaloyl group. The present invention relates to
a proc¢ky Eenprodactin peacssidegordingoopiynat [1épo ¢9)e e ki vhet thnsttivlnl roething
formula (1): [0036] [Formula 6] A X ( 1) [0037] and a conpound

I epr es efhBeurdis zB@-F¢dt Puil urh OF HWAIRL d)vald® @3&lidnror mula 7] ( 2)

[0039] in the presence of a transition nmetal conpound to produce a

phe”y: 51%(1 g@e' broliadti RELBEAS YRl indah! 3t SV 16 PO SHMEH (Y trddifioh Fhdi@QWM NI

formu

compound is zero-valent cobalt or a salt of di-valent cobalt.

[14] The production process according to any of [1] to [9], wherein the transition metal
compound is copper (I) iodide (Cul).

[15] The production process according to any of [1] to [9], wherein the transition metal
compound is palladium (II) acetate (Pd(OAc),), palladiom (II) propionate
(PA(O(C=0)CH,CHj3),), palladium (II) 2-methylpropanoate (Pd(O(C=0)CH(CHs),),
palladium pivalate (Pd(OPiv);), palladium (II) chloride (PdClL), palladium (I} bromide
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f0040] [Fornula 8 A-X ( 3 ) [0002] In the foulae (1) and (3), R1
represents a hydrogen atom or hal ogen atom [0003] The "hal ogen at ont
in Rl is preferably a chlorine atomor fluorine atom nore preferably a
fluorine atom [0043] As a whole, Rl is preferably a hydrogen atom [0044]
In the formulae (1) and (3), R2 represents a hydrogen atom cyano group,
nitro group, hal ogen atom fornyl group, or hal onethyl group. [0045] The

"Rl onctRigPap ot R pE g @%@F@z 2 ehi oronsthyl grbup,

dlchloronethyl group, trlchloronethyl rou or_trifluoronethyl group.
[0047] [16] Ade pregstian preceps agsoeting gbrig/y af &ﬁaﬁqd%r‘m%emﬁh% rengHeuBetabr
fornmyl group and, above all, a cyano group is preferable. [0048] In the

f or mul awnﬁm)mdnds( 3pa11aAimrepr(H$erﬁcstaa: h{Ri(Odeh).at patiaditin t (118 mbiiytatgr oup,
C3 to C6 cycl oal kyl group, phenyl group, fluorine atom(only when X is a

bond) , @&(MCBEBCI,TH;YY,0puldfim @Immﬁx@ﬁﬁ(’lpr%fa@u&e (@a(O(CHBTHCHS),anopxygen

aton). Here, the protecting group for a hydroxyl group as A is used as

such Wﬂ%ﬁ‘ﬁuhﬁJ@£ @ G&Ipi m For exanple, when the protecting group is a
benzyl grgup, A—Xg ﬁgpresg%?s PhCH2 0-. [0049] Furthernore, A may be .

cubet sy A BRI By AL RO, vy
compound is palladium’ (I) acetate (Pd(QAc)y), palladium (II) chloride (PACL), or
palladium (IT) hydroxide (Pd(OH),).
[18] The production process according to any of [1] to [9], wherein the transition metal
compound 1s cobalt (II) acetate (Co(OAc)s).
[19] The production process according to any of [1] to [18], wherein a ligand capable of
coordinating to the transition metal compound is additionally pr‘esent during the course of
the reaction.
[20] The production process according to [19], wherein the ligand is triphenylphosphine,
tri(tert-butyl)phosphine, di(tert-butyl)methylphosphine, tert-butyldicyclohexylphosphine,
di(tert-butyl)cyclohexylphosphine, tri(cychlohexyl)phosphine,
2-dicyclohexylphosphino-2°,6’-diisopropoxy-1,1°-biphenyl,
2-dicychlohexylphosphino-2°,4°,6-triisopropyl-1,1°-biphenyl, phenanthroline,
1,1°-bis(diphenylphosphino)ferrocene, or salts thercof. |
[21] The production process according to [19], wherein the ligand is triphenylphosphine,
tri(tert-butyl)phosphine, di(tert-butyl)methylphosphine, tert-butyldicyclohexylphosphine,
di(tert-butyl)cyclohexylphosphine,  tri(cyclohexyl)phosphine,  phenanthroline,  or
1,1’-bis(diphenylphosphino)ferrocene.
[22] The production process according to [19], wherein the ligand is triphenylphosphine,
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group; Cl to &4 al koxy group, Cl to C4 allcylthio group, C3 to C6
cycl oal kyl group, phenyl group, phenoxy group, and pyridyl group. [0050]
The "Cl to C8 al kyl group” in Ais preferably a nethyl group, ethyl group,
n- propyl group, isopropyl group, n-butyl group, isobutyl group, tert-butyl
group, n-pentyl group, isopentyl group, or neopentyl group. Above all,
preferable is an isobutyl group or neopentyl group; nore preferable is an
i sobutyl, group... [ 005 a wh referably a C1 to G5 al kyl group.
[ 0052] phg?ﬂggﬂgkf%ﬁhLﬂ§%ﬁ6¥¥n§ﬁgx?§?°%§g?gﬁ?esents a bond (only when A is
a phenyl group or fluorine atom) or an oxygen atom Above all, an oxygen
atom i s[@gﬁl@rmd@cuopomgqss|a¢0@rﬁ@gf tor Bhel.awpayin the ligerd v At Bhosphisapag
group. Above all, preferable is a halogen atom 0C2-(C to C4 alkyl
group),ﬁgﬁmKE-(phenyl group), -0S02-(Cl to 4 al kyl group), 0S02-(phenyl
group), or a diazonium group. [0054] When t he | eaving group as Yis

- 0002- oa t'IheC‘lp?ddﬁ}éﬁorgrcﬁi@aess Ofaccorl %24@1 1[23]04\7@]!61@1141 gh@ 5g5and sygh a
"Cl to al kyl group” in is preferably a nethy group. When

the | eayi i yl ) (Cl to
ca al ki‘}‘fd&%&ﬁ%?%%%“% %‘?@%&Bﬁe Kpipahe dlﬁéf@”%@“%%ysﬂ%?%ﬁ it ed
wth 1 n Such a "hal ogen atont is ra a.fluorine
atom I%&eg bﬁg'tl)t(:?@ﬂh ?Ii}‘%ﬁ? fl%rabl e that the group tfl Yg[Pg’S’Eﬂ%]P@’M th
three flyorine ataqns. 6]... Wen th IeaV|ng group as Yis

" - 000R-4-BisE 9he>§’#ﬂ1?ﬁ1yhm%12 5 é%mrcmeﬁ%ﬂyll hsB¥) , " such a "phenyl group" in
Y may be substituted with 1 to 3 halogen atons or Cl to C4 al kyl groups.
Such a 2-diryelohaylpliokghing2od pﬁ’—mssomf:@rsf ﬂéb{bgphany%mrmﬂﬁlt@immﬁ [ 0057] When
the leaving group as Y is a "halogen atom" the "hal ogen atont is

pref er dBbYy drhei ogiodectitnomprdauessn necoadiag tor [A3]),0r wheresd orthe Aliipued alid , an

i odine atomor bromne atomis preferable. [0058] The "di azoni um group”
may T orfigreatylph¥ifihd herl-BayldigcBhouBpldSpiing, eﬁ[(%‘iﬁlﬁﬁt?l)ﬁefh@lﬂéﬂﬂln‘ém
group, " the salt of the "diazonitrn group” is preferab

tetraf 'dfgérPlB ??I? 9@%1)8 m@grﬁ(w(%&%ff% m@f erably an iodine atom

brom ne atom net anésu or the Iike. [0060] In
the f Or[%']' ?he( gl)odu&lloﬁjeggtr)gessse ggcsora% ¥dr Ned [ﬁltté) fBS], \%erexll a base is additionally

present during the course of the reaction.

[27] The production process according to [26], wherein the base is lithium tert-butoxide.
[28] The production process according to [26], wherein the base is potassium carbonate or
cestum carbonate.

29] The production process according to any of [1] to [28], wherein a silver salt is
additionally present during the course of the reaction.

{307 The production process according to [29], wherein the silver salt is silver carbonate,
[31] The production process according to any of [1] to [30], wherein a C; to Cj» carbexylic
acid or salt thereof is additionally present during the course of the reaction.

[32] The production process according to any of [1] to [30], wherein a C; to Cg carboxylic
acid or a salt thereof is additionally present during the course of the reaction.

[33] The production process according to [32], wherein the carboxylic acid or salt thereof is
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I'n the formulae (2) and (3), B represents a group selected fromthe
follow ng fornmul ae. Meanwhile, the bond at the right-hand side of each of
the following fornulae is for bonding to R3; and the bond at the |eft-hand
side is for bonding to a hydrogen atomin the formula (2) and to a phenyl
group in the formula (3): [0062] [Forrmula 9] [0063] Above all, the
followng group is preferable: [0064] [Formula 10] [0065] In the fornmul ae

(2) and,(3 R3 represent.s R3a or %Sb. [ 0066] R3a represents a
hydrogeﬂgﬁ%%ﬁ?ﬂﬁﬁnlﬁa >Bﬂ@§ﬂa%ﬁ6%6§a% EOfer-type protecting group for a
car boxy roup. Here, the ester-type protecting group for a carboxyl group

I
as Roa [Helde peodumton Biosesykoaogio WHICNIRSR Bepsbonilicasid ro0aIhoRofRIa,
preferable is a hydrogen atomor Cl to C4 al kyl group. [0068] R31'
r epr eseistgvaie aaid de-t ype protecting group for a carboxyl group which forns
an am de with a neighboring carbonyl group. [0069] As a whole, R3 is
preferably COOR3a. [0070] In the fornmulae (2) and (3), R4 represents a
hydrogen atom hal ogen atom or ClL to C4 al kyl group. [0071] The "hal ogen

stort ! Py RlglpsRolmabl sty e elom (0072} The "l to Cf el
{0020]

According to the present invention, a phenyl-substituted heterocyclic derivative (a
compound represented by the formula (3)) can be obtained in a process involving a small
number of steps by subjecting a phenyl derivative (a compound represented by the formula
(1)) and a heterocyclic derivative (a compound represented by the formula (2)) to a
selective coupling reaction by using a transition metal catalyst.

[0021]
Furthermore, since the process involves a small number of steps, it is possible to

produce the phenyl-substituted heterocyclic derivative (a compound represented by the

formula (3)) in high yield and at low cost.

[Description of Embodiments]
[0022]

The terms used singly or in combination in the present description will be explained in
the following. Unless otherwise noted, explanation of each substituent shall be common to
each position. In addition, a combination of substituents and variables is allowed only when
such a combination results in a chemically stable compound. When the substituent itself is

‘substituted with two or more groups, these many groups can exist on the same or different
carbon atom as long as a stable structure is formed.
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As a whole, R4 is preferably a C to C4 al kyl group. Above all, a nethyl
group is preferable. [0074] In the fornulae (2) and (3), Wrepresents an
oxygen atom or sul fur atom [0075] In the formula (3), definition of A
X, R, and R2 and preferable groups thereof are respectively the sane as
those in the formula (1); and definition of B and R3 and preferable groups
thereof are respectively the sane as those in the fornula (2). [0076]
Specifigxgégnples of the conpounds represented by the fornula (1) and
speci fi npl es of the conpounds represented by fornmula (2) are listed
in Tables 1 to 4 and, Tables 5 to 7, respectively. However, the conpounds
repr esent 48 1B prasent igvention. (the “Iéa%@genoatﬁm{)anf’(m aglieormgtatpmptiledng aoByc h
specific exanples. [0077] [Table 1] AA-X No. AX R R2Y 1 i-Bu o HON

i -Bu bromine atom, or iodine atom.

- [0024]

In the present invention, the “C; to Cg alkyl group” means a linear or branched saturated
aliphatic hydrocarbon group having 1 to 8 carbon atoms and includes, for example, a
methy!l group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group,
tert-butyl group, n-pentyl group, isopentyl group, neopentyl group, 1-methylpropyl group,
n-hexyl group, isohexyl group, 1,1-dimethylbutyl group, 2,2-dimethylbutyl group,
3,3-dimethylbutyl group, n-heptyl group, n-octyl group, and the like.

[0025]

In the present invention, the “C; to C4 alkoxy group” means a group consisting of the
“Cy to C4 alkyl group” and an oxy group. The examples include a methoxy group, eﬁoxy
group, n-propyloxy group, isopropyloxy group, n-butyloxy group, isobutyloxy group,
tert-butyloxy group, and the like.

[0026]

In the resent invention, the “C; to Cs cycloalkyl group” means a cyclic alkyl group
having 3 to 6 carbon atoms and includes, for example, a cyclopropyl group, cyclobutyl
group, cyclopentyl group, cyclohexyl group, and the like.

[0027]

In the present invention, the “C; to C4 alkylthio group” means a group consisting of the
“Cy to C4 alkyl group” and a thio group. The examples include a methylthio group,
ethylthio group, n-propylthio group, isopropylthio group, n-butylthio group, isobutylthio
group, tert-butylthio group, and the like.
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[0028]

In the present invention, the “halomethyl group” means a methyl group substituted with
one or more halogen atoms and includes, for example, a trifiuoromethyl group,
difluoromethyl group, fluoromethyl group, trichloromethyl group. dichloromethyl group,
chloromethyl group, tribromomethy! group, dibromomoethyl group, bromomethyl group,
and the like.

[0029]

In the present invention, the “leaving group” means an atom or a group of atoms which
departs from the reaction substrate in a substitution reaction, elimination reaction, or the
like. Such a leaving group includes, for example, a halogen atom, -OCO,-(C; to Cy alkyl
group), -OCOy-(phenyl group), -OSO0.-(C; to C4 alkyl group), ~OSO;-(phenyl group),
diazonium group (-N'=N), or the like. Furthermore, the C; to C4 alkyl group and the phenyl
group that constitute the leaving group may be substituted with 1 to 3 halogen atoms and
with 1 to 3 halogen atoms or C; to C4 alkyl groups, respectively. However, the present
invention is not imited to these.

[0030]

The “protecting group for a hydroxyl group” means a group which protects the
hydroxyl group. Such a “protecting group for a hydroxyl group” is well known in the art
and is classified into an ether-type protecting group, silyl ether-type protecting group,
ester-type protecting group, carbonate-type protecting group, phosphine-type protecting
group, sulfonate-type protecting group, and the like. Examples include the groups described
as a protecting group for phenol and the like in T. W. Greene and P. G. M. Wuts, “Protective
Groups in Organic Synthesis (3rd Ed., 1994), (4th Ed., 2006)” and the like, such as a
benzyloxymethyl group, methoxyethoxymethyl group, phenylthiomethyl group,
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phenacylmethyl group, 4-bromophenacylmethyl group, cyclopropylmethyl group, allyl
group, propargyl group, cyclohexyl group, benzyl group, ortho-nitrobenzyl group,
4—(&imethy1_amin0)carbonylbenzyl group, 4-methylsulfinylbenzyl group, 9-anthranylmethyl
group, 4-picoryl group, trimethylsilyl group, tert-butyldimethylsilyl group,
tert-butyldiphenylsilyl group, triisopropylsilyl group, formyl group, -(C=0)-(C; to C4 alkyl
group), benzoyl group, 4-oxopentanoyl group, pivaloyl group, methyl ester group,
I-adamantyloxycarbonyl group, tert-butoxycarbonyl group,
4-methylsulfinylbenzyloxycarbonyl group, 2,4-dimethylpent-3-yloxycarbonyl group,
2,2, 2-trichloroethoxycarbonyl group, vinyloxycarbonyl group, benzyloxycarbonyl group,
-(C=O)NH-(C; to C4 aklyl group), methanesulfonyl group, toluenesulfonyl group, and the
like. However, the present inventioﬁ is not limited to the groups exemplified herein and any
group may be selected as long as it is used as a protecting group for the hydroxyl group.
Here, the protecting group for the hydroxyl group as A is used as such when X is an oxygen
atom. For example, when a benzyl group is the protecting group, A-X- corresponds to
PhCH,-O-.

[0031]

The “ester-type protecting group for a carboxyl group” in the present invention means a
group which protects the carboxyl group by combining with the oxygen atom of the
carboxyl group to be protected and forming an ester. Such an “ester-type protecting group
for a carboxyl group” includes the groups described as an ester-type protecting group for
the carboxyl group in T. W. Greene and P. G M. Wuts, “Protective Groups in Organic
Synthesis (3rd Ed.,1994), (4th Ed., 2006),” such as a C; to Cg alkyl group,
9-fluorenylmethyl  group,  methoxymethyl  group, methylthiomethyl  group,
tetrahydropyranyl group, tetrahydrofuranyl group, methoxyethoxymethyl group,
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2-(trimethylsilyl)ethoxymethyl group, benzyloxymethyl group,A pivaloyloxymethyl group,
phenylacetoxymethyl grolup, triisopropylsilylmethyl group, para-bromophenacyl group,
a-methylphenacyl group, para-methoxyphenacyl group, decyl group, carboxamidomethyl
group, para-azobenzenecarboxamidomethyl group, N-phthalimidomethyl group,
2,2,2-trichloroethyl group, 2-haloethyl group, @-chloroalkyl group, 2-(tricthylsilyl)ethyl
group, 2-methylthioethyl group, 1,3-dithianyl-2-methyl group,
2-(para-nitrophenylsulfenyl)ethyl group, 2-(para-toluenesulfonyl)ethyl group,
2-(2’-pyridyl)ethyl group, 2-(para-methoxyphenyl)ethyl group, 2-(diphenylphosphino)ethyl
group, l-methyl-1-phenylethyl group, 2-(4-acetyl-2-nitrophenyl)ethyl group, 2-cyanocethyl
group, dicyclopropylmethyl group, cyclopentyl group, cyclohexyl group, allyl group,
methallyl group, 2-methylbut-3-en-2-y! group, 3-methylbut-2-(prenyl) group, 3-buten-1-yl
group, 4-(trimethylsilyl)-2-buten-1-yl group, cinnamyl group, o-methylcinnamyl group,
prop-2-ynyl  (propargyl) group, phenyl group, 2,6-dimethylphenyl group,
2,6-diisopropylphenyl group, 2,6-di(tert-butyl)-4-methylphenyl group,
2,6-di(tert-butyl)-4-methoxylphenyl group, para-(methylthio)phenyl group,
pentafluorophenyl group, benzyl group, triphenylmethyl group, diphenylmethyl group,
bis(ortho-nitrophenyl)methyl group, 9-anthranylmethyl group,
2-(9,10-dioxo)anthranylmethyl group, 5-dibenzosuberyl group, 1-pyrenylmethyl group,
2-(trifluoromethyl)-6-chromonylmethyl group, 2,4,6-trimethylbenzyl group,
para-bromobenzyl  group,  ortho-nitrobenzyl  group, para-nitrobenzyl  group,
para-methoxybenzyl group, 2,6-dimethoxybenzyl group, 4-(methylsulfinyl)benzyl group,
4-sulfobenzyl group, 4-azidomethoxybenzyl group, piperonyl group, 4-picony! group,

para -benzyl group, trimethylsilyl group, triethylsilyl group, tert-butyldimethylsilyl group,
isopropyldimethylsilyl group, phenyldimethylsilyl group, di(tert-butyl)methylsilyl group,
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ﬁ“iisopropylsﬂyl group, C; to C4 alkylthio group, oxazole group, 2-alkyl-1,3-oxazoline
group, ' 4-alkyl-5-oxo0-1,3-oxazolidine group,
2,2-bistrifluoromethyl-4-alkyl-5-oxo-1,3-oxazolidine group, 5-alkyl-4-oxo-1,3-dioxolane
group, dioxanone group, and the like. However, the present invention is not limited to the
groups exemplified herein and any group may be selected as long as it is used as a
protecting group for the carboxyl group.

[0032]

The “amide-type protecting group for a carboxyl group” in the present invention means
a group which protecté the carboxyl group by combining with the carbonyl carbon atom of
the carboxyl group to be protected and forming an amide. Such an “amide-type protecting
group for a carboxyl group” includes the groups described as a protecting group for the
carboxyl group in T. W. Greene and P. G. M. Wuts, “Protective Groups in Organic Synthesis
(3rd Ed.,1994), (4th Ed., 2006),” such as an N,N-dimethylamino group, pyrrolidinyl group,
piperidinyl group, 5,6-dihydrophenanthridyl group, ortho-nitrophenylamino gfoup,
N-7-nitroindolyl group, N-8-nitro-1,2,3,4-tetrahydroquinolyl group, N-phenylhydrazyl
group, N,N’-diisopropylhydrazyl group, and the like. However, the present invention is not
limited to the groups exemplified herein and any amino group may be selected as long as it
is used as a protecting group for the carboxyl group.

[0033]

In the present invention, “C” such as in “Cy” and the like represents a carbon atom and
the numeral which follows it represents the number of the carbon atoms. For example, “C;
to Cg” represents a range of the number of carbon atoms from 1 to 6. Naturally, in the
present invention, when the number of carbon atoms is different, the corresponding group is
different. For example, a “C; to C4 alkyl group” means a group having 1 to 4 carbon atoms
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H1 20 i-Bu O HHBr 21 i-Bu O HHC 22 i-Bu O HHOIf 23 i-Bu O HH ()M

among the alkyl groups defined by the “Cs to Cg alkyl group.” Treatment of the number of
carbon atoms in other groups is the same.
[0034]

The “diazonium group” in the present invention may form a salt. Such a salt includes a
fluoride salt, chloride salt, bromide salt, iodide salt, tetrafluoroborate salt, and the like.
[0035]

Abbreviations used in the present invention are as follows:

TfO': trifluoromethanesulfonyloxy group, MsO: methanesulfonyloxy group, TsO:
toluenesulfonyloxy group, Me: methyl group, Et: ethyl group, n-Pr: n-propyl group, i-Pr:
isopropyl group, i1-Bu: isobutyl group, t-Bu: tert-butyl group, MeO: methoxy group, Ph:
phenyl group, OAc: acetyloxy group, 4-MeO-Ph: 4-methoxy-phenyl group, Cy: cyclohexyl

group, Piv: pivaloyl group.

The present invention relates to a process comprising reacting a compound represented

by the following formula (1):
[0036]
[Formula 6]
R1
A—X Y
R? (1)
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24 i-Bu O HHOIs 25 i-Bu O HBr 1 26 i-Bu O HBr Br 27 i-Bu 0 HBr C 28
i -Bu :

[0037]

and a compound represented by the following formula (2):
[0038]

[Formula 7]

(2)

[0039]
in the presence of a transition metal compound to produce a phenyl-substituted heterocyclic

derivative represented by the following formula (3):

[0040]
[Formula 8]
R’
A—X R3
R? (3)
[0002]

In the formulae (1) and (3), R® represents a hydrogen atom or halogen atom.

[0003]
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(01-13)3CC°'H2 0 H

The “halogen atom” in R' is preferably a chlorine atom or fluorine atom, more

preferably a fluorine atom.
[0043]

As a whole, R' is preferably a hydrogen atom.
[0044]

In the formulae (1) and (3), R? represents a hydrogen atom, cyano group, nitro group,
halogen atom, formyl group, or halomethyl group. |
[0045]

The “halogen atom” in R? is preferably a bromine atom.
[0046]

The “halomethyl group” in R? is preferably a chloromethyl group, dichloromethyl
group, trichloromethy! group, or trifluoromethyl group.
[0047]
“ As a whole, R? is preferably a cyano group, nitro group, or formyl group and, above all,
a cyano group is preferable.
[0048]

In the formulae (1) and (3), A represents a hydrogen atom, C; to Cg alkyl group, C; to
Cs cycloalkyl group, phenyl group, fluorine atom (only when X is a bond), or protecting
group for a hydroxyl group (only when X is an oxygen atom). Here, the protecting group
for a hydroxyl group as A is used as such when X is an oxygen atom. For example, when
the protecting group is a benzyl group, A-X- represents PhCH,-O-.
[0049]

Furthermore, A may be substituted with 1 to 3 substituents, such substituent
representing a group selected from the group consiéting of a halogen atom, C; to Cy alkyl
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(CH3) 300H2 0 H ON OTs

group, C; to Csalkoxy group, C; to C4 alkylthio group, C; to Cg cycloalkyl group, phenyl
group, phenoxy group, and pyridyl group.
[6050] |

The “C; to Cg alkyl group” in A is preferably a methyl group, ethyl group, n-propyl
group, isopropyi group, n-butyl group, isobutyl group, tert-butyl group, n-pentyl group,
1sopentyl group, or neopentyl group. Above all, preferable is an isobutyl group or neopentyl
group; more preferable is an isobutyl group.

[0051]

As a whole, A is preferably a C, to Cs alkyl group.
[0052]

In the formulae (1)} and (3), X represents a bond (only when A is a phenyl group or
fluorine atom) or an oxygen atom. Above all, an oxygen atom is preferable.
[0053]

In the formula (1), Y represents a leaving group. Above all, preferéble 18 a halogen atom,
-0CO5-(Cy to C4 alky! group), ~-OCOz-(phenyl group), -OSO,(C; to C4 alkyl group),
-OSO;-(phenyl group), or a diazonium group.

[0054]

When the leaving group as Y is “-QCO,-(C; to Cy4 alkyl group)” or “-0S0,-(Cy to C4
alkyl group),” such a “C; to Cs4 alkyl group” in Y is preferably a methyl group.
[0055]

When the leaving group as Y is “-OCO,-(C; to Cy alkyl group)” or “~-O80,-(Cy to Cy4
alkyl group),” such a “C; to C4 alkyl group” in Y may be substituted with 1 to 3 halogen
atoms. Such a “halogen atom” is preferably a fluorine atom. It is particularly preferable that
the group is substituted with three fluorine atoms.
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37 (CH3)3CCH, 0 HCHO | 38 (CHACO H2 0 H CHO Br 39 (CHACCH, 0 H CHO C
(CHAOOH2 0 H CHO OTf 41 (CH3)3CCH2

[0056]

When the leaving group as Y is “-OCOs-(phenyl group)” or “~-OSO,-(phenyl group),”
such a “phenyl group” in Y may be substituted with 1 to 3 halogen atoms or C; to C alkyl
groups. Such a “C; to C4 alkyl group” is preferably a methyl group.

[0057]

When the leaving group as Y is a “halogen atom,” the “halogen atom” is preferably an
iodine atom, bromine atom, or chlorine atom. Above all, an iodine atom or bromine atom is
preferable.

[0058]

The “diazonium group” may form a salt. When the leaving group as Y represents a
“diazonium group,” the salt of the “diazonium group” is preferably a tetrafluoroborate.
[0059] |

As a whole, Y is preferably an iodine atom, bromine atom, trifluoromethanesulfonyloxy
group, or the like. |
[0060]

In the formula (2), H represents a hydrogen atom.

[0061]

In the formulae (2) and (3), B represents a group selected from the following formulae.
Meanwhile, the bond at the right-hand side of each of the following formulae is for bonding
to R*; and the bond at the left-hand side is for bonding to a hydrogen atom in the formula
(2) and to a phenyl group in the formula (3):

[0062]

[Formula 9]
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0 HGCHO O Ms 42 (CH3)30 CH 0 H CHO OTh [0078] [Table 2] No. AXR R
V 43 (CH3)300H2 0 H

NS \ . R¢
N TN or 7\ %_
R4 R4 N\W

[0063]
Above all, the following group is preferable:
[0064]-

[Formula 10]

}”ll/ }2_

[0065]

In the formulae (2) and (3), R’ represents COOR? or COR™.
[0066]

R represents a hydrogen atom, C; to C4 alkyl group, or ester-type protecting group for
a carboxyl group. Here, the ester-type protecting group for a carboxyl group as R*® protects
the carboxyl group which R*® substitutes.
[0067]

As R* preferable is a hydrogen atom or C; to Cy4 alkyl group.
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[0068]

R represents an amide-type protecting group for a carboxyl group which forms an
arnide with a neighboring carbonyl group.
[0069] |

As a whole, R? is preferably COOR>.
[0070]

In the formulae (2) and (3), R* represents a hydrogen atom, halogen atom, or C; to Cy
alkyl group.

[0071]

The “halogen atom” in R* is preferably a fivorine atom.
[0072]

The “C, to C4 alkyl group” in R” is preferably a methyl group.
[0073]

As a whole, R* is preferably a C; to Cy4 alkyl group. Above all, a methyl group is
preferable.

[0074]

In the formulae (2) and (3), W represents an oxygen atom or sulfur atom.
[0075]

In the formula (3), definition of A, X, R!, and R* and preferable groups thereof are
respectively the same as those in the formula (1); and definjtion of B and R® and preferable
groups thereof are respectively the same as those in the formula (2).

[0076]

Specific examples of the compounds represented by the formula (1) and specific

examples of the compounds represented by formula (2) ére listed in Tableé 1 to 4 and
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Tables 5 to 7, respectively. However, the compounds represented by the formula (1) and

formula (3) are not limited to such specific examples.

[0077]
[Table 1] R
A—X Y (1
R2

No. A X g R Y
1 i-Bu [5) H CN I
7 i-Bu 0 H CHN Br
3 i~Eu o) H CN Cl
4 i-Bu 0 H CN OTf
5 i-Bu o H GN OMs
§ i-Bu ] H CN OTs
7 iBu 0 H CHOC 1
B i~Bu 0 H CHO Br
[] i-Bu 0 H CHO Cl
10 i-Bu 0 H CHO oTf
11 i-Buy 0 H CHO OMs
12 i-Bu 2] H CHO QTs
13 i~Bu [¥) H NQ, 1
14 i~Bu ] H NG, Br
15 i~Bu 0 H NO, o
16 . i-Bu 0 H NO, OT$
17 i~Bu 0 H NO, OMs
18 i-Bu 0 H NO, OTs
19 i-Bu 0 H H 1
20 i-Bu 0 H H 8r
21 i-Bu 7] H H Cl
22 i-Bu [ H H oTf
23 i-Bu 0 H H OMs
24 i~Bu 0 H H OTs
25 i-Bu 5] H Br ]
25 i-Bu 0 H Br Br
77 i-Bu 0 H Br <]
i =B Q H Br OTf
29 i-Bu ¥ H Br OMs
30 i-Bu 0 H Br OTs
3 (CH,)},CCH, o] H CN i
33 (CH,):CCH;, 0 H CN Gl
34 (GH,),CCH, 0 H CN OTf
a5 {CHa:0CH, a H CN OMs
35 {CHLJ:00H, 0 H CN OTs
37 {CH;:CCH, 0 H CHOC 1
18 (CH,);,CCH, 0 H CHG Br
39 {CHs)CCH; 0 H CHO ]
A0 (CH,),CCH, 0 H CHO ot
41 {GHy)yCCH, o H CHO OMs
42 {CH,),CCH, 0 H CHO OTs
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HBr 156 (CH3)300H2 0 H -

[0078]
[Table 2]
R‘l
A—X Y W
R2
Ne. A X R R Y
43 {CH3),CCH, O H NO, 1
44 (GHzsCGCH, 0 H NO, Br
45 (CH:;):CGH_@ (¢ H NO; Gl
46 {CH,);CCH, o] H . NG, OTf
47 {GH3)yCCH, 0 H NO, OMs
48 {CHy},CCH, 0 H NO, 0Tz
43 {CH,),GCH, 0 H H 1
50 (CH:;)aCCHz ¢ H H Br
&1 (CH;3):CGCH, 0 H H Cl
52 (CH3).CCH, o] H H OTf
53 {CHz);CCH, 1] H H OMs
54 (GH;])g,’CGHz 0 H H OTs
53 {CHj)3CCH, 0 H Br 1
56 | (CHy,0CH, 3] H Br Br
57 {CH;).CCH, G H Br Cl
58 (CHa),C0H, O H Br GTf
59 (CH;»,CCH, 0 H Br OMs
60. (CHy),CCH, o} H Br | ©OTs
§1 Benzyl 9] H CN I
62 Benzy O H CN Br
83 Benzyl 0 H CN Cl
64 . Benzyl 8] H CN OTE
65 Benzvl 0] H CN OMz
66 Benzyl ¢) H CN QTs
67 Benzyl O H CHO 1
68 Benzyt o H CHO Br
69 Benzyl 8] H CHO Gl
70 Beanzyl O H CHO OTf
i Benzyl 0 H CHG OMs
72 Benzyl o H CHOQ OTs
73 Benzv 0O H NQ, I
74 Benzyi O H NO, Br
7a Benzvl O H NO, Ci
78 Benzyl o] H NO, OTf
77 Benzyl O H N, OMs
78 Benzyi 4 H NG, OTs
75 Benzyi 9] H H [
80 Benzvi Q H H Br
81 Benzyt 8] H H ]
B2 Benzyt 0 H H OTf
B3 Benzyi 0] H H CMs
B4 Benzyl 0O H H OTs
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Br
Br

Br- 57 (OH2)3CCH2 0 H Br

[0079]

[Table 3]

Cl 58 (CH3)200H2 0 H Br OTf
OVt 60 (CH2)200E12 O H Br OTs

59 (Cl-13)300H2 0 H

R1
A—X Y

RZ
Na. A X R R* Y
g5 Benzvl 4] H Br I
&8 Benzyl 0 H Br Br
g7 Benzyl o H Br Cl
88 Benzyl 0 H Br OTf
B8 Benzyl 8] H Br OMs |
80 Benzyl (3 H Br OTs
91 Fh bond _ H CN i
22 Ph bond H CN Br
93 Ph bond H CN Cl
g4 Ph bond H CN oTf
95 Ph bond H CN OMs
96 Ph hond H CN QTs
a7 Fh bond H CHO !
] Ph bond H CHO Br
g9 Ph bond H CHO Ci
100 Ph bond H CHO oTf
101 Ph bond H CHO OMs
102 Ph bond H GHO OTs
103 Ph bond H NO, I
104 Ph bond H NO, Br
105 £h bond H NO, Cl
106 Ph bond H NO, OTf
107 Ph bond H NG, OMs
108 Ph bond H NO, OTs
108 Ph hond H H 1
110 Ph_ hond H H Br
111 Ph bond H H Cl
112 Ph bond H H CTF
113 Ph bond H H OMs
114 Ph bond H H OTs
115 Ph bond H Br I
116 Ph bend H Br Br
117 Ph bond H Br ol
118 Ph bond H Br OTf
119 Ph bond H Br CMs
120 Ph band H Br OTs
121 4-MeO~-Ph bond H CHN I
122 4—hieO-—Ph bond H GN Br
123 4~Me0-Ph bond H G Cl
124 4-fe0—-Ph bond H CHN QTS
125 4-MeO-Ph bond H CN OMs
126 4-MeO-Ph bond H CN OTs
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61 Benzyl O H O\I | 62 Benzyl 0 HON Br 63 Benzyi 0 HON Cl 64 Benzvl O H
ON Orf 65 Benzvl : _

[0080]
[Table 4]
R‘l
A—X Y ()
RZ

No. A X ] R Y
127 4-MeO—Ph bond H CHO I
128 4~-MeCQ—Fh bond H CHO Br
129 4-MeD-Ph bond H CHO Cl
130 4-MeO—Ph bond H CHO OTf
131 4-MeO-Ph bond H CHO OMs
132 4-Me0O-Ph bond H CHO OTs
1 33 4-MeO-Ph bond H NO, I
134 4-MeQ~Ph bend H NO, Br
135 4-MeO-Ph bond H NO, Cl
136 4-MeQ-Ph bond H NO, OTf
137 4-MeO—-Ph bond H NO, OMs
138 4-MeQ—Ph bond H NGO, OTs
138 4-MeQ~Ph bond H H I
140 4-MeO—-Ph bond H H Br
141 4-MeQ-FPh bond H H Cl
142 4=-MeQ-Ph bond H H OTf
143 4-MeO—-Ph bond H H OMs
144 4-MeO—Ph bond H H OTs
145 4-MeC—-Ph bond H Br I
146 4-MeO—-Ph bond H Br Br
147 4-MeO-Ph bond H Br Ci
148 4-MeO-Ph bond H Br OTf
149 |  4-MeQ-Ph _bond H Br OMs
150 4-MeO-Ph bond H Br OTs
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69 Benzyl O H ’

[0081]

[[Table 5]

H\[/S
3a
l\ll )—COOR

R4
No. R™ "
151 t-Bu CH;
152 n—Pr CH,
153 i—Pr CHgz
154 Et CH;
1595 Me CH,
156 H CH;
157 t—Bu H
158 n—Pr H
159 i~Pr H
160 Et H
161 Me H
162 | H H
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[0082]

[Table 6]

s

0 HOHO OMs 72 Benzyl

No. R R
163 t-Bu 5-CH,
164 n—Pr 5-CH,
165 i-Pr 5-CH;
166 Et 5-CH3
167 Me 5-CH,
168 H 5-CHs
169 t—Bu H
170 n—Pr H
171 i—Pr H
172 Et H
173 Me H
174 H H
175 t-Bu 3-F
176 n—Pr 3-F
177 i—Pr 3-F
178 Et 3-F
179 Me 3-F
18G H 3-F
181 t-Bu 5~Ci
182 n—Pr 5-Ci
183 i-Pr 5-Cl
184 Et 5-Ci
185 Me 5-Cl
186 H 5-Cl
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74 Benzyl 0 HNO2 Br 75 Benzyl 0 HNO2 C 76 Benzyl 0 H NO2 OTf 77 Benzyl
0 HN®2 Ovws 78 Benzyl ’

[0083]
[Table 7}
R4

H

| )—coor®

N\W |
No. W Rr* R*
187 o t+Bu GH;
188 0 n—Pr CH,
189 o] i~Pr GCH;
180 0] Et CH,
181 o Me CH;
192 O H CH,
193 8] t-Bu H
194 0 n—Pr H
195 8] i—Pr H
186 4] Et H
197 9] Me H
188. . O H H
199 S t-Bu CH,
200 S n—Pr CH,
201 S i—Pr GH,
202 s Et GHj
203 s Me CH;
204 S H CH,
205 S t—Bu H
206 S n—Pr H
207 S i-Pr H
208 S Et H
2090 S Me H
210 S H H
[0084]

The production process of the present invention is characterized in that a transition
metal compound is used as the catalyst. In the production process of the present invention,
the transition metals in the transition metal compounds used are those other than nickel and
include copper, palladium, cobalt, iron, rhodium, ruthenium, iridium, and the like. Above
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all, copper, palladium, or cobalt is preferable. Copper includes zero-valent Cu(0),
mono-valent Cu(l), and di-valent Cu(ll), wherein preferable is zero-valent Cu(0) or
mono-valent Cu(l). Palladium is preferably zero-valent Pd(0), mono-valent Pd(I), or
di-valent Pd(IT). Cobalt includes zero-valent Co(0), mono-valent Co(I), di-valent Co(Il),
and tri-valent Co(IIT), wherein preferable is zero-valent Co(0), mono-valent Co or di-valent
Co (Il). Tron includes zero-valent Fe(0), di-valent Fe(Il), and tri-valent Fe(IIl), wherein
preferable is di-valent Fe(II} or trivalent Fe(III). Rhodium is preferably zero-valent Rh(0) or
mono-valent Rh(I). Ruthenium is preferably zero-valent Ru(0) or di-valent Rh(II}. Iridium
includes zero-valent Ir(0), mono-valent Ir(l), di-valent Ir(I), tri-valent Ir(III), and
tetra-valent Ir(1V), wherein preferable is trivalent Ir(JII).

[0085]

The salt of Cu(l} includes copper(I) chloride, copper(I) bromide, copper(l) iodide,
copper(I) acetate, copper tetrafluoroborate, copper thiophene-2-carboxylate, hydrates .
thereof, mixtures of these, and the like.

[0086]

The salt of Cu(Il) includes copper(Il) fluoride, copper(1l) chloride, copper(Il) bromide,
copper(1l) iodide, copper(Ill) acetate, copper(Il) formate, copper(ll) hydroxide, copper(ll)
nitrate, copper(Il}) carbonate, copper(Il) acetylacetonate, copper(Il) borate, copper(il)
oxalate, copper(ll) phthalate, copper(Il} tartrate, copper (II)'triﬂuoromethanesulfonate,
copper(lI) benzoate, hydrates thereof, mixtures of these, and the like.

[0087]
Above all, preferable is copper(l) iodide {Cul).
[0088]
The salt of Pd(I) includes dibromo-dipalladium(l), a hydrate thereof, and the like.
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R RY :

[0089]

The salt of Pd(1l) includes palladium(II) acetate, palladium(Il) propionate, palladium(II)
butancate, palladium(Il) 2-methylpropanocate, palladium(Il) 3-methylbutanoate,
palladium(I} 2-methylbutanoate, palladium(Il) 2-ethylbutanoate, palladium(Il) pivalate,
palladium(ll) ~ 3,3-dimethylbutanoate,  palladium(Il)  2,2,3,3-tetramethylbutanoate,
palladium(Il) trifluoroacetate, palladium(Il) nitrate, palladium(ll) chloride, palladium(Il)
bromide, palladium(Il) icdide, palladium(I) acetylacetonate, palladium (IT) perchlorate,
palladium(IT) 'citrate, palladium(Il) oxalate, palladium(ll) cyclohexanebutyrate,
palladivm(Il) benzoate, palladium(Il) stearate, palladium(Il) sulfamate, palladium(Il)
carbonate,  palladium(Il)  thiocyanate, palladium(ll) triﬂﬁoromethanesulfonate,
palladium(ll) bis(4-diethylaminodithiobenzil)pailadium (II), palladium(IT) cyanide,
palladium(II) fluoride, palladium(if) boride, palladium(ll) borate, palladium(II)
hypophosphite,  palladium(ll})  ammonium  sulfate, palladium(Il)  hydroxide,
cyclopentadienyl palladium(IT), hydrates thereof, mixtures of these, and thé like. Above all,
preferable  is  palladium(Ill) acetate  (Pd(OAc),), palladium(Il) propionate
(PA(O(C=O)CH2CHs)y),  palladium(ll) ~ 2-methylpropancate  (Pd(O(C=0)CH(CHs)2)s,
palladium(Il) pivalate (Pd(OPiv);), palladium(Il} chloride (PdCly), palladium(I) bromide
(Pd;Br,), or palladium(Il) hydroxide (Pd(OH);); especially preferable is palladium(II)
acetate (Pd(OAc),), palladium(X)  propionate (Pd(O(C=0)CHCHs),), palladium(II)
2-methylpropanoate (Pd(O(C=0)CH(CHz),),, or palladium pivalate (Pd(OPiv),).

[0090}

The salt of cobalt(Il) includes cobalt(Il) acetate, cobalt(Il) nitrate, cobalt(Il) chloride,
cobalt(Il) bromide, cobalt(II) iodide, cobalt(Il) acetylacetonate, cobalt(I) perchlorate,
cobalt(IT) citrate, cobalt(Il) oxalate, cobalt(Il) fumarate, cobalt(Il) gluconate, cobalt(Il)
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benzoate, cobalt(Il) lactate, cobalt(Il) stearate, cobalt(Il) sulfamate, cobalt(Il) carbonate,
cobalt(Il) thiocyanate, cobalt(Il) fluoride, cobalt(lI) phosphate, cobalt(IT) sulfate, cobait(II)
hydroxide, cobalt(Il) sulfide, hydrates thereof, mixtures of these, and the like. Above all,
preferable is cobalt(Il) acetate (Co(OAc)s).

[0081}

The salt of cobalt(ITf) includes cobalt(fI) fivoride, cobalt(II) chloride, cobalt(IIT)
bromide, cobalt(Ill) iodide, cobalt(III) acetylacetonate, cobalt(Ill) sulfate,rcobalt(HI) nitrate,
cobalt(IIf) phosphate, cobalt(Ill) perchlorate, cobalt(IIl) cirate, hydrates thereof, mixtures
of these, and the like.

[0092]

The salt of iron(II) includes iron(Il) fluoride, iron(Il) chloride, iron(Il) bromide, iron(If)
iodide, iron(Il} sulfate, iron(Il) nitrate, iron(Il) oxalate, iron(Il) fumarate, iron(ll) acetate,
iron(II) lactate, iron(Il) gluconate, iron(II) benzoate, iron(Il) stearate, iron(II)
acetylacetonate, iron(II) sulfide, hydrates thereof, mixtures of these, and the like.

[0093]

The salt of iron(Ill) includes iron(Ill) fluoride, iron (IIT) chloride, iron(ifl) bromide,
iron(1II) iodide, iron(IIT}) sulfate, iron(Ill) phosphate, iron(IIl) perchlorate, hydrates thereof,
mixtures of these, and the like.

[0094]

The salt of rhodium(I) includes rhodium(I) chloride, hydrates thereof, mixtures of these,
and the like.
[0095]

The salt of ruthentum(Il) includes ruthenium(Il) chloride, hydrates thereof, mixtures of
these, and tﬁe like.
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[0096]

The salt of iridium(IIT) includes iridium(IIl) chloride, iridium(IIT) bromide, iridium(III}
acetate, iridium(IIT) carbonyl, (acetylacetonato)iric-iium(HI), potassium
hexachloroiridate(II), potassium pentachloronitrosyliridate(Ti), iridium(TiI)
2,4-pentanedionate,  (pentamethylcyclopentadienyl)iridium(IlT)  dichloride  dimer,
dichloro(pentamethylcyclopentadienyl)iridium(HI) dimer,
(pentamethylcyclopentadienyliridium hydrochloride dimer, hydrates thereof, mixtures of
these, and the like.
f0097]

These transition metal compounds may be used as a mixture.

[0098]

Among these transition metal compounds, the particularly preferable metal speéies is

palladium.

[0099]

As these transition metal compounds, there may be used compounds to which ligands
were coordinated in advance. As such transition metal compounds having the ligands
coordinated, there may be mentioned, for example, the following transition metal
compounds. However, the present invention is not hmited to these.

[0100]

[Formula 11]
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bond H OGHO 1

5 B t-Bu t-Bu
+Bu, Ou o tBu o Br tBu ggy  © 6By tBu—P-—PdP—tBu
t“BU“'P”Pd“?\ t-Bu t-BuwaPd*;!,'d“P(“t-Bu t+-Bu—P—Pd-P—tBu
t-Bu . t-Bu 1 Buf Br t-Bu Phj c;l \Ph
PA(PBu;).
i {PA(P'Buy)Br; PACL(BuyPh),

P&{P'B1,Cy),

tBu
B P—Pd—P—-t—B
oy " I-Bu\ ?’ /t-Bu c]\
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[0101]

In the production process of the present invention, a ligand which can coordinate to the
transition metal may be present together with the transition metal compound. The presence
of a ligand which can coordinate to the transition metal compound in the reaction facilitate
the coupling of the phenyl ring of a phenyl derivative and the C-H bond on the heterocyclic
derivative can be coupled with high selectivity, resulting in a higher yield of the compound
represented by the formula (3). Such a ligand used in the production process of the present
invention includes a carboxylic acid type, amide type, phosphine type, oxime type, sulfide
type, sulfonic acid type, 1,3-diketone type, Schiff’s base type, oxazoline type, diamine type,
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hydrocarbon type, carbon monooxide, a carbene type, and the like. However, the present
invention is not limited to these. The coordinating atom in the ligand includes a nitrogen
atom, phosphorous atom, oxygen atom, sulfur atom, and the like. As the ligand, there are a
monodentate ligand having a coordinating atom at one position and a polydentate ligand
having coordinating atoms at two or more positions. As for the hydrocarbon type, carbon
monoxide, and carbene type, the coordinating atom is the carbon atom. These ligands may

be used as salts.

[0102]

The monodentate ligand includes a phosphine-type ligand represented by PR'RSR’
(wherein R®, R®, and R’ each independently represent a C; to Cg alkyl group, C; to C4
alkoxy group, Cs to Cg cycloalkyl group, phenyl group, biphenyl gréJup, phenoxy group,
and furyl group. The C; to Cg cycloalkyl group may further be substituted with a Cy to C4
alkyl group. The phenyl group may further be substituted with a methyl group, sulfonic
acid group, or a salt thereof. The biphenyl group may further be substituted each
independently with a C; to Cy alklyl group, C; to C4 alkoxy group, and dimethylamino
group), triethylamine, pyridine, and the like.

[0103]

The phosphine-type ligand represented by PRR®R’ includes, for example,

tert-butyldicyclohexylphosphine, isobutyldicyclohexylphosphine,
(n-butyl)dicyclohexylphosphine, isopropyldicyclohexylphosphine,
(n-propyl)dicyclohexylphosphine, ethyldicyclohexylphosphine,
methyldicyclohexylphosphine, cyclopropyldicyclohexylphosphine,
cyclobutyldicyclohexylphosphine, | tert-butyldicyclooctylphosphine,
tert-butyldicycloheptylphosphine, tert-butyldicyclopentylphosphine,
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tert-butyldicyclobutylphosphine,  tert-butyldicyclopropylphosphine,  triethylphosphine,
tri(n-propyl)phosphine, tri(isopropyl)phosphine, _ trftert-butyl)phosphine,
- tri{(n-butyl)phosphine, tri(n-octyl)phosphine, tri(cyclooctyl)phosphine,
tri{cyclobeptyl)phosphine, tri{cyclohexyl)phosphine, tri(cyclopentyl)phosphine,
tri{cyclobutyl)phosphine, tri(cyclopropyl)phosphine, di(tert-butyl)methylphosphine,
di(tert-butyl)ethylphosphine, di(tert-butyl)n—propyli;)hosphine,
di(tert-butyl)isopropylphosphine, di(tert-butyl)n-butylphosphine,
di(tert-butyDisobutylphosphine,  di(tert-butyl)neopentylphosphine, triphenyliphosphine,
tri(ortho-tolyl)phosphine, tri(mesityl)phosphine, tri(phenoxy)phosphine,
tri(2-furyl)phosphine, trimethoxyphosphine, triethoxyphosphine, tri(n-propyloxy)phosphine,

tri(isopropyloxy)phosphine, tri{n-butyloxy)phosphine, tri(isobutyloxy)phosphine,

tri(tert-butyloxy)phosphine, di(tert-butyl)cyclohexylphosphine,
di(isobutyl)cyclohexylphosphine, di(n-butylcyclohexylphosphine,
di(isopropyl)cyclohexylphosphine, di(n-propyl)cyclohexylphosphine,
diethyleyclohexylphosphine, dimethylcyclohexylphosphine,
di(tert-butyl)cyclopentylphosphine, . di(isobutyl)cyclopentylphosphine,
di(n-butyl)cyclopentylphosphine, di(isopropyl)cyclopentylphosphine,
di(n-propyl)cyclopentylphosphine, diethyleyclopentylphosphine,
dimethylcyclopentylphosphine, di(tert-butyl)cyclooctylphosphine,
di(tert-butyl)cycloheptylphosphine, di(tert-butyl)cyclopentylphosphine,
di(tert-butyl)cyclobutylphosphine, | di(tert-butyl)cyclopropylphosphine,

dimethylphenylphosphine, diethylphenylphosphine, di(n-propyl)phenylphosphine,
di(isopropyl)phenylphosphine, di(n-butyl)phenylphosphine, di(isobutyl)phenylphosphine,
di(tert-butyl)phenylphosphine, di{cyclooctyl)phenylphosphine,
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dicycloheptylphenylphosphine, dicyclohexylphenylphosphine,
dicyclopentylphenylphosphine, dicyclobutylphenylphosphine,
dicyclopropylphenylphosphine, dicyclohexyl(para-tolyl)phosphine,
dicyclohexyl(ortho-tolyl)phosphine, dicyclohexyl(para-tolyl)phosphine,
dicyclohexyl(2,4,6-trimethylphenyl)phosphine, methyldiphenylphosphine,

cthyldiphenylphosphine,  (n-propyl)diphenylphosphine,  isopropyldiphenylphosphine,

(n-butyl)diphenylphosphine, isobutyldiphenylphosphine, (tert-butyl)diphenylphosphine,

cyclooctyldiphenylphosphine, cycloheptyldiphenylphosphine,
cyclohexyldiphenylphosphine, A cyclopentyldiphenylphosphine,
cyclobutyldiphenylphosphine, cyclopropyldiphenylphosphine,

bis(para-sulfonatophenyl)phenylphosphine potassium, ¢cBRIDP, BippyPhos, TrippyPhos,
XPhos (2-dicyclohexylphosphine-2°,4°,6° -triisopropyl-1,1°-biphenyl}, t-Bu-XPhos,
JohnPhos, Cy-JohnPhos, MePhos, t-Bu-MePhos, DavePhos, t-Bu-DavePhos, SPhos,
RuPhos (2-dicyclohexylphosphino-2°,6’-diisopropoxy-1,1°-biphenyl), cataCXium A,
cataCXium ABn, cataCXium PtB, cataCXjum PCy, cataCXium POMetB, cataCXium
POMeCy, cataCXium PIntB, cataCXium PInCy, cataCXium PICy, Q-Phos, JOSIPHOS,
and the like; and mixtures of these.

[0104]

(Formula 12)
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. . |
R N SN
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[0105]

The bidendate ligand includes 2,2°-bipyridyl, 4,4°-(tert-butyl)bipyridyl, phenanthrohne,

2.2’-bipyrimidyl, 1,4-diazabicyclo|2.2.2|octane, 2-(dimethylamino)ethanol,
tetramethylethylenediamine, N,N-dimethylethylenediamine,
N,N’-dimethylethylenediamine, 2:amin0methylpy1idine,
(NE)-N-(pyridin-2-ylmethylidene)aniline, L1’ -bis(diphenylﬁhosphino)ferrocene,
1,1’-bis(tert-butyl)ferrocene, diphenylphosphinomethane,
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1,2-bis(diphenylphosphino)ethane, 1,3-bis(diphenylphosphino)propane,
1,5-bis(diphenylphosphino)pentane, 1,2-bis(dipentafluorophenylphosphinoe)ethane,
1,2-bis(dicyclohexylphosphino)ethane, ~ 1,3-(dicyclohexylphosphino)propane,
1,2-bis(di-tert-butylphosphino)ethane, 1,3-bis(di-tert-butylphosphino)propane,

1,2-bis(diphenylphosphino)benzene, 1,5-cyclooctadiene, BINAP, BIPHEMP, PROPHOS,
DIOP, DEGUPHOS, DIPAMP, DuPHOS, NORPHOS, PNNP, SKEWPHOS, BPPFA,
SEGPHOS, CHIRAPHOS, DPEphos, Xantphos, and the likc:; and mixtures of these.

[0106]

[Formula 13]

DEEphos R

’ HZCO
R._-P(CeHe): PR
P(CeHalz PR, N\ Pl

\T:P{%Hs,z -8t >CCR2 (,, @:

R
PROPHOS PiCsHs)z - _— p
PROPHOS{R=CH;) DEGUPHOS DIOP /
BENZPHOS(R=C¢H:CH = DIOP(R=C¢Hs) Ph R
C}'CP!IOS(('R=$”) ) CyBIOP(R=CeR 1) HyCO DuPLIOS
DIPAMP Me-DuPHOS{R=CH,)

Et-DuPHOS(R=C,Hs)
i-Pr-DuPHOS{R=i-Pr}

P(CeHg)2
@ N" {CeHs)z
P(CeH
NORPLIIOS IPNNP
P(CeHs); O ’
X o o
PiCets), P(CHs):  PiCeHshy  P(CaHelr  P(CeMsk
CHIRAPHOS DPEphos Xantphos

[0107]

BINAP includes derivatives thereof and specific examples include

2,2’-bis(diphenylphosphino)-1,1’-binaphthyl,
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2,2’-bis(di-para-tolylphosphino)-1,1°-binaphthyl,

2,2° —bis(di—pa:ra—tert—butylphenylphosphino)— 1,1°-binaphthyl,
2,2’-bis(di-meta-tolylphosphino})-1,1°-binaphthyl,
2,2’-bis(di-3,5-dimethylphenylphosphino)-1,1°-binaphthyl,
2,2’-bis(di-para-methoxyphenylphosphino)-1,1°-binaphthyl,
2,2’-bis(dicyclopentylphosphino)-1,1’-binaphthyl,
2,2’-bis(dicyclohexylphosphino)-1,1°-binaphthyl,
2-di{-naphthyl)phosphino-2’-diphenylphosphino-1,1°-binaphthyl,
2-diphenylphosphino-2°-di(para-trifluoromethylphenyl)phosphino-1,1°-binaphthyl, and the
like.

[0108]

BIPHEMP includes derivatives thereof and specific examples include
2,2’ ~dimethyl-6,6-bis(diphenylphosphino}-1,1’-biphenyl,
2,2’-dimethyl-6,6-bis(dicyclohexylphosphino)-1,1°-biphenyl,
2,2°-dimethyl-4,4’-bis(dimethylamino)-6,6’-bis(diphenylphosphino)-1,1’-biphenyl,
2,2° 4.4 -tetramethyl-6,6’-bis(diphenylphosphino)-1,1’-biphenyl,
2.2’-dimethoxy-6,6’-bis(diphenylphosphino)-1,1°-biphenyl,
2,2°,3,3’-tetramethoxy-6,6’-bis(diphenylphosphino)-1,1’-biphenyl,

2,2’ 4.4’ -tetramethyl-3,3’-dimethoxy-6,6”-bis(diphenylphosphino)-1,1°-biphenyl,
2,2’-dimethyl-6,6" -bis(di-para-tolylphosphino)-1,1’-biphenyl,
2,2’ -dimethyl-6,6’ —bis(di-para—tert—butylphenylphoSphino)-1 ,1”-biphenyl,

| 2.2 4,4’ -tetramethyl-3,3’ -dimethoxy-6,6"-bis(di-para-methoxyphenylphosphino)-1,1°-
biphenyl, and the like. -
[0109]
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The ligand used in the reaction of the present inveniion may be used as a salt. Such a
salt includes, for example, a hydrochloric acid salt, hydrobromic acid salt, tetrafluoroboric
acid salt, and the like.

[0110]

When a palladium catalyst is used, the ligaﬁd is preferably a phosphine-type ligand.
Above all, the phosphine-type ligand represented by PR’R®R’ is preferable. Specifically,
preferable is tri{tert-butyl)phosphine, tri{cyclohexyl)phosphine,
tert-butyldicyclohexylphosphine, di(tert-butyl)cyclohexylphosphine,
di(tert-butyl)methylphosphine, 2-dicyclohexylphosphino-2°,6’-diisopropoxy-1,1°-bipbenyl,
2-dicyclohexylphosphino-2’,4°,6”-triisopropyl-1,1°-biphenyl, or salts thereof, more
preferable is tri(tert-butyl)phosphine, di(tert-butyl)eyclohexylphosphine, or a salt thereof;
and particularly preferable is di(tert-butyl)cyclohexylphosphine ora salt thereof.

{01113

When the ligand is coordinated in advance, a preferred ligand may be used by
coordinating the same to palladium.
[0112

The ligand may be used as a mixture. Furthermore, the ligand may be used by
coordinating the same to a transition metal compound in advance. In addition, the ligand
used in the reaction of the present invention may not be used depending on the

circumstances.

[0113]

In the production process of the present invention, a base may be used together with the
transition metal compound. By using the base together, the yield of the compound
represented by the formula (3) can be improved. Such a base used in the production process
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of the present invention is not particularly limited but preferable above all is lithium
hydride, sodium hydride, potassium hydride, sodium hydroxide, potassium hydroxide,
sodium carbonate, potassium carbonate, cesium carbonate, potassium fluoride, cesium
fluoride, tripotassium phosphate, sodium acetate, potassium acetate, and the like; a C; to Cs
alkoxide metal salt (lithium salt, sodium salt, potassium salt, and magnesium salt); C; to Cg _
alkyl anion metal salt (lithium salt, sodium salt, potassium salt, and magnesium salt);
tetra(C; to C; alkyl)ammonium salt (fluoride salt, chloride salt, and bromide salt),
diisopropylethylamine, tributylamine, N-methylmorpholine, diazabicycloundecene,
diazabicyclooctane, imidazole; or the like.

[0114]

In the “Cy to C4z alkoxide metal salt (lithium salt, sodium salt, potassium salt, and
magnesium salt)” used as a base in the production process of the present invention, the “C;
to Cg¢ alkoxide” includes methoxide, cthoxide, n—propdxide, 1sopropoxide, n-butoxide,
isobutoxide, tert-butoxide, n-pentoxide, isopentoxide, neopentoxide, I-methylpropoxide,
n-hexoxide, ischexoxide, 1,1-dimethylbutoxide, 2,2-dimethylbutoxide,
3,3-dimethylbutoxide, and the like. Furthermore, there may be used mixtures of these.
[0115]

In the “C; to Cg alkyl anion metal salt (lithium salt, sodium salt, petassium salt, and
magnesium salt)” used as a base in the reaction of the present invention, the “C, to Cgalkyl
anion” includes a methyl anion, ethyl anion, n-propyl anion, isopropyl anion, n-butyl anion,
isobutyl anion, tert-butyl anion, n-pentyl anion, isopentyl anion, neopentyl anion,
I-methylpropyl anion, n-hexyl anion, isohexyl anion, 1,1-dimethylbutyl anion,
2,2-dimethylbutyl anion, 3,3-dimethylbutyl anion, and the like. Furthermore, there may be
used mixtures of these. |
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[61 16}

When a palladium catalyst is used, the base is preferably potassium carbonate,
potassium bicarbonate, cestumn carbonate, or tetra(n-butyl)ammonium fluoride; particularly
preferably potassium carbonate or cesium carbonate.

[0117]

When a copper catalyst is used, the preferable base is potassium phosphate. When a
cobalt catalyst is used, the preferable base is cesium fluoride.
[0118]

Depending on the circumstances, the base used in the present reaction may not be used.
[0119]

In the production process of the present invention, a reducing agent which reduces the
transition metal may be used together with the transition metal compound. For example,
there may be mentioned zinc and the like.

[0120]

In the production process of the present invention, there may be added a silver salt. By
addition of the silver salt may further improve the yield of the compound represented by the
formula (3). Such a silver salt includes, for example, silver carbonate and the like.

[0121]

In the production process of the present invention, there may be added a C; to Cpp
carboxylic acid or salt thereof. The addition of the C; to Cj; carboxylic acid or salt thereof
may further improve the yield of the compound represented by the formula (3) and/or the
rate of the reaction. These C; to Cypp carboxylic acids and salts thereof may be used as a
mixture. The C; to Cj, carboxylic acid has 1 to 12 carbon atoms including the carbon atom
of the carboxyl group and may contain a halogen atom, oxo group, and ether bond. The
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examples include formic acid, acetic acid, propionic acid, butanoic acid, 2-methylpropanoic
acid, pentanoic acid, 3-methylbutanoic acid, 2-methylbutanoic acid, pivalic aid,
3,3-dimethylbutanoic  acid, 2-methylpentanoic  acid, 2-methylhexanoic acid,
2-methylheptanoic acid, pentanecarboxylic acid, hexanoic acid, 4-methylpentanoic acid,
3,3-dimethylbutanoic  acid,  2-ethylbutanoic  acid,  2-methylpentancic  acid,
3-methylpentanoic acid, 2,2-dimethylbutanoic acid, 2,3-dimethylbutanoic acid, heptanoic
acid, 2-methylhexanoic acid, 3-methylhexanoic acid, 4-methylhexanoic acid,
5-methylhexanoic acid, 2,2-dimethylpentanoic acid, 2,3,3-trimethylbutanoic acid, octanoic
acid, 2-propylpentanoic  acid, 2-ethylhexanoic acid, 2-methylheptanoic acid,
3-methylheptanoic  acid,  4-methylheptanoic = acid,  6-methylheptanoic  acid,
2,2;dimethylheptanoic acid, 3-methylheptanoic acid, 2,2-diethylbutanoic acid,
2,2 4-trimethylpentanoic  acid, 2-methyloctanoic acid, 2-methylundecanoic acid,
2-methylnonanoic  acid, o-methylcinnamyl  acid,  cyclopropylacetic ~ acid,
3-cyclopropylpropionic  acid, cyclobutylacetic  acid, cyclopentylacetic  acid,
cyclohexylacetic acid, cyclopentylpropionic acid, (2-methylcyclopentyl)acetic acid,
cyclopentanecarboxylic acid, 3-oxocyclopentanecarboxylic acid, cyclopropanecarboxylic
acid, cyclobutanecarboxylic acid, cyclohexanecarboxylic acid, cycloheptanecarboxylic acid,
1-methylcyclopropanecarboxylic acid, 2-methylcyclopropanecarboxylic acid,
2,2-dimethylcyclopropanecarboxylic acid, 2,2,3,3-tetramethylcyclopropanecarboxylic acid,
2-octylcyclopropanecarboxylic acid, 1-(4-methylphenyl)-1-cyclopropanecarboxylic acid,
2-para-tolylcyclopropanecarboxylic acid, 1-(2-fluorophenyl)cyclopropanecarboxylic acid,
1-(3-fluorophenyl)cyclopropanecarboxylic acid, 1-(4-fluorophényl)cyclopropanecarboxylic
acid, 1-(4-chlorophenyl)cyclopropanecarboxylic acid,
1-(3-chlorophenylcyclopropanecarboxylic acid, 2-(4-chlorophenyl)cyclopropanecarboxylic
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acid, 1-(2,4-dicholorophenyl)cyclopropanecarboxylic acid,
1-(3,4-dichlorophenyl)cyclopropanecarboxylic acid,
2-fluoro-2-phenylcyclopropanecarboxylic acid,
1-(4-methoxyphenyl)cyclopropanecarboxylic : acid,

2-(4-(tert-butyl)phenyljcyclopropanecarboxylic acid, 2,2-difluorocyclopropanecarboxylic
acid, 2,2-dichlorocyclopropanecarboxylic acid, 2-chloro-2-fluorocyclopropanecarboxylic
acid, 1 —triﬂuoromethylcyclopropanecarboxyiic acid,

2,2-dichloro-1-methylcyclopropanecarboxylic acid, cyclopropane-1,1-dicarboxylic acid,

2,2’-oxydiacetic acid, 1 ,2-dimethylcyclopropanedicarbox&lic acid,
4-methylcyclobutanecarboxylic acid, 4-ethylcyclopropanecarboxylic acid,
3-methoxycyclobutanecarboxylic acid, | 3-chlorocyclobutanecarboxylic acid,
4-chlorobutanecarboxylic acid, 3-oxo0-cyclobutanecarboxylic acid,

3,3-dimethylcyclobutanecarboxylic acid, I-methylcyclopentanecarboxylic acid,

3-cyclopentenecarboxylic acid, : 1-methylcyclopentanecarboxylic acid,
1-methylcyclohexanecarboxylic acid, 4-methylcyclohexanecarboxylic acid,
2-methylcyclohexanecarboxylic acid, 3-methylcyclohexanecarboxylic acid,
cyclooctanecarboxylic acid, spiro[2.2]pentane-1-carboxylic acid,

spirof2.3hexane-1-carboxylic acid, bicyclo[4.1.0]heptane-7-carboxylic acid,
tricyclo[3.2.1.0*2, 4*]octane-3-carboxylic acid, bicyclo[6.1.0]nonane-9-carboxylic acid,
bicyclo[2.2.1]heptane-1-carboxylic  acid, bicyclo[2.2.1}heptane-2-carboxylic  acid,
7,7-dimethyltricyclo[2.2.1.0(2,6) heptane-1-carboxylic acid, 5-norbornene-2-carboxylic
acid, norbornane-2-carboxylic acid, 1-adamantanecarboxylic acid,
3-methyladamantane-1-carboxylic acid, 3-fluoroadamantane-1-carboxylic acid,
3,5-dimethyladamantane-1-carboxylic  acid,  3-ethyladamantane-1-carboxylic  acid,
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3-chloroadamantane-1-carboxylic acid, 3,5,7-trimethyladamantane-1-carboxylic acid,
3-bromoadamantane-1-carboxylic acid, 5-bromo-3-methyladamantane-1-carboxylic acid,
5-bromo-3-ethyladamantane-1-carboxylic  acid, tetrahydrofuran-2-carboxylic  acid,
tetrahydrofuran-3-carboxylic acid, tetrahydropyran-4-carboxylic acid,
tetrahydropyran-3-carboxylic acid, methoxyacetic acid, trichloroacetic acid, dichloroacetic
acid, chloroacetic acid, fluoroacetic acid, 2-fluoro-2-methylpropanoic acid, difluorcacetic
acid, 2-ch10r0i)ropanoic acid, 3-fluoropropionic acid, 2-fluoropropionic acid,
2-chloropropionic acid, 3-chloropropionic acid, 2-chlorobutanoic acid, ‘3—ch10r0butanoic
aéid, 4-chlorobutanoic a(':id, 2-chloro-2-methylpropanocic acid,
3-chloro-2,2-dimethylpropanoic acid, 5-chloropentanoic acid, 2-chloro-3-methylbutanoic
acid, dichloroacetic acid, 1-fluoro-1-chloroacetic acid, 2,2-difluoropropionic acid,
2,2-difluorobutancic acid, 2,2-dichloropropionic acid, 2,3-dichloropropionic acid,
chlorodifluoroacetic'  acid, trifluoroacetic  acid,  3,3,3-trifluoropropionic  acid,
2-methyl-4,4,4-trifluorobutanoic acid, 4.4 4-trifluorobutanoic acid?
2,23 3-tetrafluoropropionic acid, 2,3,3,3-tetrafluoropropionic acid, and the like. However,
the present invention is not limited to these.

[0122]

As the C to Cy, carboxylic acid, preferable is a carboxylic acid wherein the carbon
atom at the o-position of the carboxyl group is not a carbon atom on an aromatic ring, more
preferable being a carboxylic acid which may contain a halogen atom or ether bond.
Examples include acetic acid, propionic acid, 2-methylpropanoic acid, 2-ethylbutanoic acid,
pivalic acid, cyclopropanoic acid, 2,2,3,3-tetramethylcyclopropanoic acid, cyclopentanoic
acid, 1-adamantanecarboxylic acid, 2-chloro-2-methylpropanoic acid,
tetrahydrofuran-2-carboxylic acid, 2,2’-oxydiacetic acid, cyclopropane-1,1-dicarboxylic
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147 4- MeO-Ph bond H Br CI 148 4-MeO-Ph bond H Br OTf 149 4-MeO-Ph bond H
Br OVt 150 4- Me0O-Ph bond H Br 0Th [0081]

acid, and the like.
[0123]

Above all, preferable is a carboxylic acid having one carboxyl group. Examples include
acetic acid, propionic acid, 2-methylpropanoic acid, 2-ethylbutanoic acid, pivalic acid,
cyclopropanoic acid, 2,2,3,3-tetramethylcyclopropanoic acid, cyclopentanoic acid,
I-adamantanecarboxylic acid, 2-chloro-2-methylpropanoic acid,
tetrahydrofuran-2-carboxylic acid, and thé hike.

[0124]

Further, more preferable is a carboxylic acid wherein the number of hydrogen atoms
bonded to the carbon atom at the a-position of the carboxyl group is 0 or 1. Examples
include 2-methylpropanoic acid, 2-ethylbutanoic acid, pivalic acid, cyclopropanoic acid,
2,2,3,3-tetramethylcyclopropanoic acid, cyclopentanoic acid, 1-adamantanecarboxylic acid,
2-chloro-2-methylpropanoic acid, tetrahydrofuran-2-carboxylic acid, and the like.

[0125]

Particularly, more preferable is a carboxylic acid consisting of only carbon atoms and
hydrogen atoms except the carboxyl group. Examples include 2-methylpropanoic acid,
2-ethylbutanoic acid, pivalic acid, cyclopropancic acid, 2,2,3,3—tetramethylcyclopropan0ic
acid, cyclopentanoic acid, 1-adamantanecarboxylic acid, and the like.

[0126]

More particularly, preferable is a carboxylic acid having 1 to 8 carbon atoms, more
prefer?.ble being a carboxylic acid having 1 to 6 carbon atoms. Examples include
2-methylpropanoic acid, 2-ethylbutanocic acid, pivalic acid, cyclopropanoic acid,
cyclopentanoic acid, and the like. Even more particularly, preferable is 2-methylpropanoic
acid or pivalic acid.
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{[Table 5] N COOR3a R4 No. R4 151 t-Bu CH3 152 n-Pr CH3 153 i-Pr CH3
154 Et CH3 155 Me CH3 156 H

[0127]

The C,; to Cj, carboxylic acid used in the reaction of the present invention may be used
as a salt. Such a salt includes, for example, alkali metal salts such as a sodium salt,
potassium salt, lithium salt, and the like; alkaline earth metal salts such as a calcium salt,
magnesium salt, and the like; metal salts such as an aluminum salt, iron salt, and the like;
morganic salts such as an ammonium salt and the like; organic salts such as amine salts
including a t-octylamine salt, dibenzylamine salt, morpholine salt, glucosamine salt,
phenylgiycyl alkjrl ester salt, ethylenediamine salt, N-methylglucamine salt, guanidine salt,
diethylamine salt, triethylamine salt, dicyclohexylamiﬁe salt,
N,N’-dibenzylethylenediamine salt, chloroprocaine salt, procaine salt, diethanolamine salt,
N-benzylphenylamine salt, piperazine salt, tetramethylammonium salt,
tris(hydroxymethyl}aminomethane salt, and the like.

[0128]

The C; to Cyy carboxylic acid and salt thereof used in the reaction of the present
mvention can usually be used as an additive. However, if they are commercially available
as or easy to prepare as carboxylic acid salts of transition metal compounds (for example,
palladium(II) propionate), the-transition metal carboxylates may be used.

[0129]

The production process of the present invention may be carried out in a widé range of
temperature. The range is generally 0°C to 200°C, preferably 0°C to 150°C. Furthermore,
the reaction is preferably carried out under ordinary pressure but may also be carried out
under increased pressure or reduced pressure. The reaction time is 0.1 to 72 hours,
preferably 0.1 to 48 hours. The reaction can be carried out in air but it is desirable that the
reaction is carried out under a gas atmosphere having no ill effect on the reaction, such as
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CH3 157 t-Bu H 158 n-Pr H 159 i-Pr H 160 Et H 161 Me H 162 H H [0082]
[ Tabl e 6] No.

argon gas, nitrogen gas, and the like. Furthermore, in the present reaction, microwave may

be irradiated.

[0130]

The solvent used in the production process of the present invention includes aliphatic
hydrocarbons (hexane, cyclohexane, heptane, and the like), aliphatic halogenated
hydrocarbons (dichloromethane, chloroform, carbon tetrachloride, dichloroethane, and the
like), aromatic hydrocarbons (benzene, toluene, mesitylene, chlorobenzene, and the like),
ethers (diethyl ether, dibutyl ether, dimethoxyethane (DME), cyclopentyl methyl ether
(CPME), tert-butyl methyl ether, tetrahydrofuran, dioxane, and the like), esters (ethyl
acetate, ethyl propionate, and the like), acid amides (dimethylforamide (DMF),
dimethylacetamide (DMA), N-methylpyrrolidone (NMP), and the like), nitriles (acetonitrile,
propionitrile, and the like), dimethyl sulfoxide (DMSO), mixed solvents thereof, and the
like.

[0131]

In the production process of the present invention, the amount used of the compound of

the formula (2) may be in a range from 1 mol% to 1000 mol% relative to the compound of

the formula (1). The range is preferably 50 mol% to 200 mol%, more preferably 80 mol%

to 120 mol%.

[0132]

In the production process of the present invention, the amount used of the transition
metal compound and ligand may be in a range of 100 mol% or less relative to the
compound of the formula (1) or the compound of the formula (2). Preferably, the amount is
in a range of 20 mol% or less. The ligand may not be used depending on the circumstances.

[0133]
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R3' R4 163 t-Bu 5-CH3 164 n-Pr 5-CH3 165 i-Pr 5-CH3 166 Et 5-01-13 167 M
5-CH3 168 H 5-CH3 169 t-Bu H 170 n_pr

In the production process of the present invention, the amount used of the base may be
in a range of 1000 mol% or less relative to the compound of the formula (1) or the
compound of the formula (2). Preferably, the amount is in a range of 500 mol% or less.
10134]

In the production process of the present invention, the amount used of the solvent may
be 1000 times or less the weight of the compound of the formula (1) or the compound of
the formula (2). The amount is preferably 100 times or less, more preferably 20 times or
less.

[0135]

The addition order of the compound of the formula (1), compound of the formula (2),
transition metal compound, ligand, base, C; to Cy; carboxylic acid, and solvent, which are
used in the production process of the present invention, is optional. The best order may be
selected depending on the co%nbination of the reagents used.

[0136)

In the production process of the present invention, the amount used of the C; to Cy
carboxylic acid may be 50000 mol% or less relative to the transition metal compound used.
The amount is preferably 5000 mol% or less, more preferably 1000 mol% or less,
particularly preferably 500 mol% or less.

[0137]
In the production process of the present invention,. the amount used of the silver salt is

500 mol% or less relative to the compound of the formula (1). Preferably, the amount is 200

mol% or less.

[0138]

The “mol%” represents a concentration of a certain material, obtained by dividing the

51



171 i'-Pr H 172 Et H 173 M H 174 HH 175 t-Bu 3-F 176 trpr 3-F. 177 i-Pr
3-F 178 Et 3-F 179 Me

number of moles of the certain material by 100 mol of a related material.
[0139]
The compound represented by the formula (1), which is used in the production process
of the present invention, can be produced by the following methods.
Synthetic method (1):
[0140]

[Formula 14]

[0141]

In the reaction equation, X represents an oxygen atom; RI, Rz, A, and Y are the same as
defined in the formula (1); L' represents a leaving group and includes a halogen atom,
methanesulfonyloxy group, trifluoromethanesulfonyloxy group, para-toluenesulfonyloxy
group, and the like.

Specifically, the compound represented by the formula (1) can be produced by reacting
the compound (a) with the compound (b) in the presence of a suitable base in a suitable
solvent under a suitable temperature condition.

[0142]

The solvent used is not particularly limited and includes, for example, aliphatic

hydrocarbons (hexane, cyclohexane, heptane, and -the like), aliphatic halogenated
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3-F 180 H 3-F 181 t-Bu 5-01 182 n-Pr 5--ci 183 i-Pr 5-01 184 Et 5-C

“Me 5-Cl

186 H 5-Cl [0083] [Table 7]

hydrocarbons (dichloromethane, chloroform, carbon tetrachloride, dichloroethane, and the
like), aromatic hydrocarbons (benzene, toluene, xylene, chlorobenzene, mesitylene, and the

like), ethers (diethyl ether, dibutyl ether, dimethoxyethane (DME), cyclopentyl methyl ether

- (CPME), tetrahydrofuran, dioxane, and the like), esters (ethyl acetate, ethyl propionate, and

the like), acid amides (dimethylforamide (DMEF), dimethylacetamide (DMA),
N-methylpyrrolidone (NMP), and the like), nitriles (acetonitrile, propionitrile, and the like),
dimethyl sulfoxide (DMSQ), water, mixed solvents thereof, and the like.

[0143]

The base used includes, for example, lithium hydride, sodium hydride, potassium
hydride, sodium hydroxide, potassium hydfoxide, sodium carbonate, potassium carbonate,
cesium carbonate, potassium fluoride, cesium fluoride, tripotassium phosphate, sodium
acetate, potassium acetate, and the like; a C; to C¢ alkoxide metal salt (lithium salt, sodium
salt, and potassiu_m salt); Cy to Cg alkyl anion metal salt (Iithium salt, sodium salt, and
potassium  salt);  diisopropylethylamine,  tributylamine, = N-methylmorpholine,
diazabicycloundecene, diazabicyclooctane, imidazole; and the like.

[0144]

For example, the synthesis can be carried out by referring to the Reference Example of
the present invention or “Bicorg. Med. Chem. Lett., 2004:14, pp. 2547-2550,” etc.
[0145]

Synthetic method (2):
[0146]

[Formula 15]
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No. WR3a R4 187 O t-Bu OH3 188 O n-Pr CH3 189 0 i-Pr CH3 190 O Et CH3 191
0 Me CH3 192 0

R! R?
(4)
H—X _51_'_9;:'1'_., A—X Y
Etherification
R2 (5) RZ (1)

[0147]

In the reaction equation, X represents an oxygen atom; RI, Rz, A, and Y are the same as
defined in the formula (1). This reaction can be carried out by using the Mitsunobu reaction.
For example, in the presence of diethyl azodicarboxylate (DEAD), diisopropyl
azodicarboxylate (DIAD), 1,1’-(azodicarbonyl)dipiperidine (ADDP),
1,1’-azobis(N,N-dimethylformamide) (TMAD), or the like and in the presence of
triphenylphosphine, tributylphosphine, or the like, the reaction can be carried out in a
solvent such as tetrahydrofuran, diethyl ether, 1,2-dimethoxyethane, dichloromethane,
toluene, or the like at a temperature range of from 0°C to 150°C,.

[0148]

The compound represented by the formula (1) can be produced by a reaction using the
Mitsunobu reaction and its related reactions described in Bull. Chem. Soc. Ipn., 1967:40, p.
2380; Synthesis, 1981, p. 1; and Org. React., 1992:42, p. 335.

[0149]

Besides the above, the compound represented by the formula (1) can also be
synthesized by using an existing general ether synthesis method. For example, the synthesis
can be carried out by referring to general text books on synthetic organic chemié.try such as
Jikken Kagaku Koza 4th ed., No. 20, "Organic Synthesis II Alcohol/Amine," Ed. Chemical
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HCH3 193 0 t-Bu H 194 0 n-Pr H 195 O i-Pr H 196 O Bt H 197 0 M H 198 0-H
H

Society of Japan (Maruzen Co., Ltd.), pp. 187-205, and the like.
[0150]

Among the compounds represented by the formula (2), those having a thiazole ring as B
are commercially available in some cases but they can be synthesized by referring, for

example, to the following scheme:

[0151]
{Formula 16]
e O S HoN_ o Ho g
R3” R4 + /[L — \I]// R3 \"/ J 3
H,N” "NH, Stepl N Step2 N/
X R* R*
[0153]

The 2-aminothiazole derivative according to the thiazole cyclization reaction of Step 1
can be synthesized by referring to Pharmaceutical Chemistry Journal, 2007:41, pp.
105-108; Pharmaceutical Chemistry Journal, 2001:35, pp. 96-98; WO 2005/075435; WO
2005/026137; and the like. The reaction of Step 2 can be carried out by reference to Journal
of Heterocyclic Chemistry, 1985:22, pp. 1621-1630; Journal of the Chemical Society,
Perkin Transactions 1: Organic and Bio-Organic Chemistry, 1982:1, pp. 159-164; and
Bioorganic & Medicinal Chenﬁrstry Letters, 2008:18, pp. 6231-6235. In addition, the
thiazole derivative represented by the formula (2) can be synthesized by referring to, for
example, WO 2002/051849 and WO 2001/O62250.

[0154]

Among the compounds represented by the fdrmula (2), various compounds having a

pyridine ring as B are commercially available. As well as being purchasable, synthetic
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199 S t-Bu CH3 200 S n-Pr CH3 201 Si-Pr CH3 202 S Et CH3 203 S Me CH3 204
S HCH3'205 S

methods of these compounds are widely reported and, thus, they can be synthesized by
using those techniques.
[0155]

Among the compounds represented by the formula (2), those having an isoxazole ring
or isothiazole ring [in the formula (2), W is an oxygen atom or sulfur atoni] are
commercially available in some cases. However, they can be synthesized by referring, for
example, to the methods described in Tetrahedron Letters, 1968, pp. 5209-5213; Synthesis,
1970, pp. 344-350; Angewandte Chemie, 1967:79, pp. 471-472; and Chemische Berichte,

1973:106, pp. 3291-3311.

[Examﬁles]
[0156]

In the following, the present invention will be described specifically with reference to
Examples, etc. However, it should be understood that the scope of the present invention is
not limited in any sense by these Examples.

[0157]
In the present Examples, the analysis and purification were carried out by using the
following instruments and the like:
[0158]
© TLC: E. Merck silica gel 60 Fass (0.25 mm)
Flash column chromatography: Biotage Flash, Si40
Preparative thin-layer chromatography (PTLC): Merck silica gel 60 Fys4 (1 mm)
Liquid Chromatography/Mass Spectrometry (I.C/MS):
Analytical System: SHIMAZU LCMS-2010A
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t-Bu'H 206 S n-Pr H207 Si-Pr H208 S Et H209 S M H 210 S HH [0084]
The production process of the present invention is characterized in that a
transition nmetal conpound is used as the catalyst. In the production
process of the present invention, the transition netals in the transition
met al conpounds used are those other than nickel and include copper,
pal | adi um cobalt, iron, rhodium ruthenium iridium and the |ike. Above

Software: LCMS Solution

Experimental Conditions:
Column: Phenomenex Gemini 3 pm 4.6 mm x 30 mm
Flow Rate: 1.2 mL/min
Measurement Temperature: 40°C
A-Solvent: 5% MeCN/95% FHLO + 0.05% TFA
B-Solvent: 95% MeCN/5% H.O + 0.05% TFA
MS-mode: ESI+ |
ESI Voltage: 4.5 KV
Source Temp: 130°C

Desolvation Temp: 320°C

[0159]
[Table 8]
Time A B Flow
Imin] [%] [%} [mi/min]
1 0.01 95 5 1.2
2 0.3 60 40 1.2
3 2.3 0 100 1.2
4 3.8 0 100 1.2
5 4.0 95 5 1.2
6 45 95 5 0

A dual column system was employed.
[0160]
Nuclear magnetic resonance (NMR): JEOL INM-AL400 ("H 400 MHz)
The 'H-NMR shift values are shown in ppm with the shift value of tetramethysilane (8
0.0 ¢ A dual column system was employed. “he following abbreviations:
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all, -copper, palladium or cobalt is preferable. Copper includes
zero-valent Cu(0), nono-valent Cu(l), and di-valent Cu(ll), wherein
preferable is zero-valent Cu(0) or nono-valent Cu(l). Palladiumis
preferably zero-valent Pd(0), nono-valent Pd(l), or di-valent Pd(H).

Cobal t includes zero-val ent Co(0), nono-valent Cog), di-valent Co(ll), and
tri-valent Coal, wherein preferable is zero-valent Co(0), nono-valent Co

or di- valen i e aI N Fe(0 val Fe(ll),

and tri- vasllregrllftgo?:%j%)tﬂiﬂ)e{g ec?()ej’lbijeg ?%?U%rl ?{e I :\(/% agtﬁ{jn]: qg%lret EI(I‘I val ent
Fe(lll) RHOdI umis preferably zero-val ent Rh(O) or nono- vaI ent Rh(l).

Rut heni Bie@ §iglef er abl y zero-val ent Ru(0) or di-valent Rh(11). Iridium

i ncl udes zero-valent Ir(0), nono-valent Ira), di-valent 1100, tri-val ent
fr(lil), and tetra-valent Ir(IV), wherein preferable is trivalent H(IH).

[ 0085] The salt of Cu( ) includes copper(1l) chloride, copper(l)

broni de, dopdéitioh,) ini theli HeyMibgetrd li Refe¢mt Examplepend Bxtmplds e gbmoat e,
copper thi ophene-2-carboxylate, hydrates , thereof, mxtures of these, and

the |'i k@ondl Q936darboxyi08cidahdy Abt KU4BI Yo bO6bMERSI GOPRBE Codks, fde‘ﬂ@ﬁdu‘?{{)
copper ( H? chl oride, "copper(H) brom de, copper(11l) iodide, copper/(

acet at ?‘%3%%%0nat""%ﬁ%ses“m?E«?%rsgwef’%%rt%h&e copper(1l) nitrate,

copper( e, copper ace acetonate, copper(ll) borate,
copper([tR # oxa pper (H) phthal ate, copper(ll) tartrate, copper (I1)
triflu o ate, copper(H) benzoate, hydrates thereof, m xtures
of these, and the I|ke [00871 Above aI |, preferable is copper(l) iodide
(Cue. '-.h‘ 22 butyl dymethglityazolend-gy @81 ono- di pal ladiun(l), a hydrate
t hereof, and the i ke. [0089] The sal t of Pd(H) includes palladiun(ll)
acet at e[,()lﬁdl | adi un(H) propionate, palladiumH butanoate,

pal | adi um( H) 2- et hyl propanoat e, pal | adi un{H) 3-met hyl but anoat e,

pal | adijFofigla27fret hyl but anoat e, pal | adi un(H) 2- et hyl but anoat.e,

pal | adi un(11) pival ate,

pal I adi un(11) 3, 3-di rnet hyl but anoat e, pal | adi un{H) 2, 2, 3, 3-t et ranmet hyl but anoa

te, palladlun(l—bdrlfl/:%cetate pal l adium(H) nitrate, pall adi unH)

chl oride, pall adiyun(H) de, palladiumH) iodide, palladium H)

acetyl acet gnate alla (I'l) perchlorate, palladiumH citrate,

pal | adi u pal | adi un(H) cyel ohexanebutyrate, pall adi un(H)
benzoat e,/ pal ljpdi unm(11) stearate, palladium H) sulfanmate, pall adi unH)
car bonat e\pal Iladi um( H) t hi ocyanat e, pal | adi un{11)tri fl uor omet hanesul f onat e,
pal | adi un{ N~ bi 3(4- di et hyl ani nodi t hi obenzi epal | adium (I11), palladiunm(Il)
cyani de, palladium(H) fluoride, palladiumH boride, palladiunmH borate,
pal | adi um{H) hypophosphite, pal | adi un{ H) anmoni unsul f at e,

pal | adi um( H) hydr oxi de, cycl opent adi enyl palladi um(H), hydrates thereof,
m xtures of these, and the like. Above all, preferableis

pal | adi un{ TOGacetate (Pd(QAc)2), pall adi un{H)propionate

(Pd( X 2C113) 2), pall adi um(H) 2-nethyl propanoate

(Pd(Q(C=0) CH(C113) 2) 2, pal | adiun(H) pivalate (Pd(OPiv)2), palladiun(H)

chl ori de A e [ MWAR alrh 1%&%%0@&%051%4 PgéB{dZ_q)@ ory, @ah %g%%‘ %}%ir oxi de

(Pd(COH) 2); espema l'y preferable 1s acet at

2 ot nSTF OB CADAER Pl G 09 gg%%éf?ﬁ?%ﬁﬁﬁ%ﬁc o ”n(t'?%ﬁ gpgentted

(Pd( ORI v)2)- [0090] The salt of cobal té i ncl udes cobalt(11) acetate,
cobal t errﬁ@@lﬂ%@é}ﬁ%%ah}fttemovm eHanyd chlog e prd e %twraévct@@ &d(peps
i odi de, cobalt(H) acetyl acetonate, cobalt(H) perchlorate, cobalt(H)
ci t r at drie¢ ohddrir¢diced prbare, Toco b@tuﬁcqn o) thisupmadeanaterig ob didhldgymgtheeondise,
cobalt(H) benzoate, cobalt(H) |actate, cobalt(H) stearate, cobalt(H)
sul f amaile, theabatie(ddddd war-honall €2.8¢ ehia) dndHhyridibe gty amal eandahd aliktitd) was
fluoride, cobalt(H) phosphate, cobalt(H) sulfate, cobalt(H) hydroxide,
cobal tgﬁmé 4t fode. o vt %ﬁérh@t%ﬁ;atcﬁdﬂ %ttyr? %te t & 3acti gﬂ%iﬁeelwége

a

Above prefera s cobal t acetate

concentrated under reduced pressure. To the crude material obtamed were added a saturated
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The, salt of cobalt(l1l) includes cobalt (I
chloride, cobalt(111) bromde, cobalt(lll) io
(

) uoride, cobalt(lIl)

[
acetyl acetonate, cobalt(ll1) sulfate, cobalt

I

T

I

i de, cobalt(lIl)

1) nitrate, cobalt(Ill)
phosphate, cobalt(I111) perchlorate, cobalt(lll) cirate, hydrates thereof,
m xtures of these, and the |ike. [0092] he salt of iron(ll) includes
iron(H) fluoride, iron(II) chloride iron(ll) bromde, iron(H) iodide

iron(H, sul fate n|t al iro

| on( e erSe gt %f??%’fﬁ flofad BN s ﬁ'f%t sepbls S ERGRL S
iron(ll) stearate, a tonate, jron sul fide, rates

t her eofgxtmt%w@é 1S 0{% éﬁaéﬁﬂﬁﬂwe qge’@gtg] o Shyrieds gty Xﬂﬂ%( 1)
i ncludes iron(l11l) quorlde iron (111) chloride, iron(lll) brom de,

i ron( | Iiyarbemtitelsolutiem bl combingdfarganic phasay wete) washed phttacsatireied @pyeops

perchl orate, hydrates thereof, m xtures of these, and the |ike. [0094]
The saldodbim rchhﬂﬁderﬁoh)tioinrmidudieai o dinhpddops adgaedivia, sulfpdr Atfes réthengof ,

f
d
I
I
e

m xtures of these, and the |ike. [0095] The salt of rutheniumH)
i ncl Udeiﬁaéﬂé&ﬁlﬁﬂbtﬂfﬁ@é by fiGHihi B8 soR¥Al BALONLORF8M unde} KdHER r@sfsmteh'@ﬁ@, and
the Iike.  [0096] he salt of iridiun(I11) includes iridiun(lll)

chl ori - I
acet at axrd] froflthaibod BaoHhe bf 51?’%%%‘104%%%@%&8?% beped e
nexachl ) 1) GBLE e b BOLASSIIBP RIS ALY St rosy! T ri date(l i), Tridiun(l|
2, 4- pentapedlonate ( entaneth cIo ent adi enyHi ridium(l11)dichloridedi nmer
. dichlor’d ﬂ@Iﬁ%&A@P&lﬁp R7ad AR er 71 G 1138 A -
(pentanethylcyclopentadlenyHlrldlunlhydrochloride di mer, hydrates thereof,
m xtures of these, and the like. [0097] These transition netal conpounds
may be used as a m xture. [0098] Anong these transition netal
conpourBsferddee Fgamplec2]l arly preferable netal species is palladium [0099]
As these transition netal conpounds, there nmay be used conpounds to which
| | gandssywaiksis 00 85iddnatietbuidkyBehvaRade As such transition netal conpounds
havi ng the Tigands coordi nated, there may be nentioned, for exanple, the
foIIovvlrl;1 fyransition netal conpounds. However, the present invention is
te

not to these. [0100] [Fornula 11] t-Bu \/t-Bu t-Bu-P-Pd--P-t-Bu
[Formula 18}
*/0
NC |
[0164]

A solution of 2-methyl-1-propancl (0.56 mL, 6.06 mmol} in N,N-dimethylformamide
(10 mL) was cooled to 0°C and to this was added sodium hydride (242 mg, a 60%
suspension in mineral oil, 6.06 mmol) in small portions. The turbid reaction mixture was
stirred at 0°C for 5 minutes and the temperature was raised to 23°C. Thereafter, the mixture
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7\t t-Bu-Bu Pd(Pt13102 t-BuBr,,t-Bu / \ t-Bu-P-Pd-Pd-P-t-Bu / [ \
t-BuBrt-Bu [Pd(PrBu3)Br], t-Bu \/t-Bu t-Bu\,t-Bu t-Bu-P-Pd-P-t-Bu
t-Bu-P-Pd--P-t-Bu /I\ Ph ci Ph PdCl 4' au2Ph) 2 PdC12( DCyPF) [0101] In
t he production process of the present invention, a |ligand which can
coordinate to the transition nmetal nmay be present together with the
transition metal conpound. The presence of a ligand which can coordinate

to the &r%ég ﬁJfécf é)c%Hx‘i} éinp%%'ﬁHQ‘fE'ldlé Mhiki€s LRAG dﬂ% eg%q_d(% 31%0%19?%%8&9' ' ng

of the p ren nyI derivative an

het er oc c deri cou S ity, resulting in
2 ht ghaba sl‘%ﬁs&fﬂg%%évf@ea 55 iftrore Rt e et s At blpe S &

|l igand used in the productlon process of the present invention |ncludes a
car boxylPiteomdsarepEe, thedegetiqn pectuns yrns shrmsd f?rylpé hogs frHier {ip geaction Patle

type, sulfonic acid type, 1, 3-di ketone type, Schiff's base type, oxazoline
type, dioamleie, wytpe(20 m&hwaﬂ:aidbd)m thy peactioa nhonreyphzbriaexiractehwith néryt ype,
and the |ike. However, the present invention is not limted to these. The
coor di natfaftg3at 90, ThE ofda@RNshabdichdtd @emdineil! watied withAMatRes RRAHAYIS

atom oxygen atom sulfur atom and the like. As the ligand, there are a

monodeng,akg Elﬂ%ﬁﬁg sBﬁMbﬂ%ax 809hd), Nk thereAR QAR QRE aRRrbiOMagiivmh

pol ydentate |1 gand having coordinating atoms at two or more posSitions. As

for t h% Rtg;foxg[ Q%Vﬁﬁﬁa%la%bﬁoﬁlgg%mgtm@% S, BFQIQS E%Bgntratt der

coordi na omis ese’l'l as salts.

[0102] reduced pressure. The crude product obtained was purified by silica gel chromatography

(hexane/ethyl acetate = 98/2) to obtain the tifle compound (350 mg). Yield, 78%.
"H-NMR (400MHz, CDCls): & 7.81 (d, T =2.2Hz, 1H), 7.76 (dd, T = 8 8Hz, 2.2Hz, 1H),

6.72 (d, J = 8.8Hz, 1H), 3.80 (d, J = 6.3Hz, 2H), 2.21-2.11 (m, 1H), 1.06 (d, J = 6.8Hz, 6H).

[Reference Example 3]

Svnthesis of 5-brprno-2-isobut0vaenzonitrile
[0165]

{Formula 19]

o

NC Br

[0166]
A suspension of sodium hydride (1.64 g, a 60% suspension in mineral oil, 37.5 mmol)
i N,N-dimethylformamide (50 mL) was cooled to 0°C and thereafter 2-methyl-I-propanol
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The nmonodentate |igand includes a phosphine-type |igand represented by
PR5R6R7 (wherein R5, R6, and R7 each independently represent a Cl to C8
al kyl group, ClL to C4 al koxy group, C3 to C8 cycl oal kyl group, phenyl
group, biphenyl group, phenoxy group, and fury! group. The C3 to C8

cycl oal kyl group may further be substituted wwth a C1 to C4 al kyl group.
The phenyl group may further be substituted with a nethyl group, sulfonic

acid grgu r sal t. thereof, The, bi phepyl aro may..furt.her be .
Subst i t Hr Babadh’ ERARD ERa RTTy RiR oS ppgttes; e ition e ¥ tigeds
al koxy group, and di neth Ianino,groupéh triethyl amne, pyridine, and the
li ke. [B109PMTAEPHEEHi 98- £) p@iliighandhf e BHEREN S 590looreatr el Gees,
for exanpl e,

t er t - bul+fludioc§-broneheprortiode .0 gi 30d omydlHivey addst éheyétp i sphil pertions, and
(n-butyl)di cycl ohexyl phosphi ne, i sopropyl di cycl ohexyl phosphi ne,

( n- pr ophkgedfterythe alsectivnpiids el wes efidiyd di ayed alnepeydtgbofepnbneurs. After the
met hyl di cycl ohexyl phosphi ne, cycl opropyl di cycl ohexyl phosphi ne,

cycl obukydtibinCy4d QRGN PRASPNICDeNL Plvhs Rided 18l e\eAPos Ik RROSAII R as then
tert-butyl dicycl oheptyl phosphi ne,tert-butyl di cycl opentyl phosphi ne,

E o te . E;ﬁtxé%géeg YHHORYIHCARRTBY 1y mE§ T RYEahl HrG¥e wpL CNHRED SR Qffwith

osphi ne,
tri(n-pro %% osphine, tri (i r.opyl ).phosphine, tri (tert-buytyl Bos hi ne,
e e Buegtso SaRoHE Spifart BERGP RMBARERE S oy tnd Gershtieb b e,
tri(cycl oheptyl)phosphine,tri(cycl ohexyl ) phosphine,tri (cyclopentyl)phosphi
ne, (cy anhydr%ug sz)(%um Eulfate. After( re%mving so%ilznpl) sulfate by ﬁltrati(()n,ythe sglventyvv?dsp P
tri(cycl obutyl)phosphine, tri(cycl opropyl)phosphi ne, di (tert-butypmethyl phos
phi ne, cdn¢angatedbudppesdhsadpesspisi hbs diude eradubiabjdiyed wasopylfed dysniioa el
di (tert-butypi sopropyl phosphi ne, di (tert-butyl)n-butyl phosphi ne,
di ('t er tchbutbatbdriaplob Hexhmpicbyihicetate €i9(T)en tobbiini YHe)titkopenioyhd (B84 la).Maeld,
tri phenyl phosphine, tri(ortho-tolyl)phosphine, tri(mesityl)phosphine,
tri (phesoxy) phosphine, tri(2-furyl)phosphine, trinmethoxyphosphine,
tri et hoxyphosphi ne, tri(n-propyl oxy)phosphine, tri(isopropyl oxy)phosphi ne,

tri(n-but e iN ANy tyL ! _
tri(tert-%ﬂty ogg;pﬁogbﬁpﬁg?d§gﬁgr B utyl;d?gﬁgﬂg£§¥gh&%%ﬁ%é%?ﬂaI}D’

di (1so ) CYC e p i-ne, di-(nsbu | oh | P, |

di (i so%::%% r f %ﬁc@%% %ﬁi@%ﬂ Fn“egfc‘}%%%p?ég%y@c@bﬁﬁe&w@ @s_ Bﬁlﬁ% 6H).

di et hyl cycl ohexyl phosphi ne, di et hyl cycl ohexyl phosphi ne,

di (tert-butyl)cycl opentyl phosphi ne, di (i sobutypcycl opentyl phosphi ne,

di (n-butyl)cycl opentyl phosphi ne, di (i sopropyl)cycl opentyl phosphi ne,

di ( n- plbxamhpleydl opent yl phosphi ne, di et hyl cycl opent yl phosphi ne,

di met hyl cycl opent yl phosphi ne, di (tert-butyl)cycl ooctyl phosphi ne,
Synthesis of tert-butyl 2-(3-cyano-4-isobutoxyphenyl}-4-methylthiazole-5-carboxylate

[0167]

[Formula 20]

PO

/}\/ )i
o e
S P o” S _Mmethou
D\ + <\ I 2.0 equiv tert-BuOLi NC S, 2
NC I N DMF \\%——( %
N e’

140°C, 30min
Y.31%

[0168]

To a reaction vessel were added tert-butyl 4-methylthiazole-5-carboxylate (49.8 mg,
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di (tert-butyl)cycl oheptyl phosphi ne, di (tert-butyl)cycl opentyl phosphi ne,

di (tert-butyl)cycl obutyl phosphi ne, di (tert-butyl)cycl opropyl phosphi ne,

di met hyl phenyl phosphi ne, di et hyl phenyl phosphi ne, di ( n- pr opyephenyl phosphi ne,
di (1 sopropyl ) phenyl phosphi ne, di (n-butyl)phenyl phosphi ne,

di (1 sobutyl) phenyl phosphi ne, '

di (tert-butyl)phenyl phosphi ne, di (cycl ooctyl) phenyl phosphi ne,

di cycl oRept enyl.-phosphine, di eycl ohexyl phenyl phosphi ne. .. .
di cycl oggﬁtlg/qngﬁeony%’g{ggéng%{r%ﬁe%? %}%%ngirﬁ?ﬁﬁy# %ﬁ% %F‘g‘%‘g"éﬁﬁ?ﬂ?@mﬂe (1129 myg,
di cycl opr.opyl nyl phosphj ne, di cycl ohexyl ra-tol yl)phosphi ne, ]
i cycl oREBR D HOERy ) BRGLBIF HaaPL 4 SRRIILRH A o BHESBHTHE
dicycIohﬁé%§&§,4,6-trinethylphenyl)phosphine,nethyldi henyl phosphi ne,
et hyl di g HoEerHaddangtarthrubpy Odhipe@l dinesh himmeol) gmgmn@yt(ai ipfidayPShosphi
ne, (n-butyl)di phenyl phosphi ne, isobutyldi phenyl phosphi ne,
(tert - buigy 0))di mhehytopthesphitve, under a nitrogen atmosphere, the reaction mixture was
cycl ooctyl di phenyl phosphi ne, cycl ohept yl di phenyl phosphi ne,
cycl ohexastdi sahemyd RRASBRED CorCHE LRARAE Witk RRERYLRACIRAN BAlete, the reacti on
cycl obut yl di phenyl phosphi ne, cycl opr opyl di phenyl phosphi ne,
bi s( para: f i i . Bi S,
T R e e R T
ave Pt DEEERPRAT, e CR TR SOOI rEiic Fhatcs rofc WAEHT Wi &
(2-di cycl ohexyl phosphi no-2',6' -diisqpropoxy-1, 1'-bi phenyl), cataCXium A,
cat aCxi raiesh 298equs 3 PHBCTIde solespry rﬁnﬁsil}edc gt oepgnesivonvstiate c AfeX um
POWeCy, cataCXium PIntB, cataCXi um PInCy, cataOG um PICy, Q Phos,
- JOS| PH@snosing magnesivke sulfate by gittatie, fe ofgesie. soh@a0Aas (dFocaniraged 1@)der
JohnPhos ( R=Cydohexyl) MePhos (R=Cycl ohexyl) DavePhos (11=-Cycl ohexyl)
Cy- JohabBthesd (fressturdBuThe Biidde pPhakic( BbtalineBuas Buniie®Phios thin-layerHt)icShgkos
(R=Met hyl ) RuPhos (R=i-Pr)

chromatography (hexane/ethyl acetate = 4/1) to obtain the title compound (29.2 mg). Yield,

31%.
"H-NMR (400MHz, CDCls): 5 8.16 (d, J = 2.4Hz, 111, 8.08 (dd, J = 8.8Hz, 2.4Hz, 1H),
7.00 (d, J = 8.8Hz, 1H), 3.89 (d, J = 6.8Hz, 2H), 2.73 (s, 3I1), 2.24-2.16 (m, 1H), 1.59 (s,

9H), 1.09 (d, J = 6.8Hz, 6H).

[Example 2]

Synthesis of tert-butvl 2-(3-cvano-4-isobutoxyphenylh-4-methylthiazole-5 -carboxvlaté

[0169]

[Formula 21]
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cataCXium A (R=n-Bu) cat aCXi um Pt B ( R=1- Bu) cat aCXi unPOvet B ( R1- Bu) cat aCXi um
PIntB (R=t-Bu) cataCXi um ABn’ (R=Benzyl) cataCXi um Pey (R-Cycl ohexyl)

cat aCXi um POMeCy (R=Cycl ohexyl) cataaum PRI CY ( R=CYcl ohezYB [ 0105]

The bi dendate |igand includes 2,2 -bipyridyl, 4,4 -(tert-butyl)bipyridyl,
phenant hroline, 2,2'-bipyrimdyl, 1, 4-diazabicyclo [2.2.2]

oct ane, 2- (di net hyl am no) et hanol ,

t et ramet hyl et hyl enedi am ne, N, N- di et hyl et hyl enedi am ne,

N, N - di net hyl et hyl enedi am ne, 2- am nonet hyl pyri di ne,

(NE) - N- (pyyidin-2-yl net hylidgne aniline,l,l'/i\v/

-bis(dip L phasphi no) f err aten &0 mol% PPh o

"-bis(tert-buty wrrchgeﬂdiﬁhenyF§E§§ﬁ%?§%nethagli:j\ﬁrs o]

1, 2- bi s(di pheaylphiosphi n hane, 1, 3 - Bios( di phel¥i phosphi r opane,

1, 5- bi s(di phenyl phosphi no) pent ane, 1, Z%52&( di pent af | uor offi&ny| BRosphi no) et h
ane, 1, 2-bis(dicycl ohexyl phosphi no)ethane, 1,3 -(di cycl ohexyl pho

sphi no) pr opane,

1, 2-bi s(di-tert-butyl phosphi no) et hane, 1, 3-bi s(di -tert-butyl phosphi no) propa
ne, 1, Zoby@)( di phenyl phosphi no) benzene, 1, 5-cycl ooct adi ene, BI NAP, Bl PHEMP,
PROPHOS, DI OP, DEGUPHGCS, DI PAMP, DuPHOS, NORPHOS, PNNP, SKEWPHOS, BPPFA,

SEGPHOS, I p t.ph . Li ke 1 s of
t hese. [0?03'6 [allg%?lnﬁgggllg}]gl% Fll\alé%ﬁatgﬁ%%?&%% e%zhgﬁyfl E%éé%%d)agﬂ%g% 0 m@;

0.25 mmol) obtained in Reference Example 1, 5-iodo-2-isobutoxybenzonitrile (112.9 mg,

0.375 mmol) obtained in Reference Example 2, and water (0.5 mL). Under a nitrogen
atmosphere, a complex of palladiuom (II)  chloride with  bidentate
1,1’-bis(diphenylphosphino)ferrocene  [PdCLy(dppf)] (20.7 mg, 0.025 mmol),
triphenylphosphine (39.3 mg, 0.15 mmol), and silver carbonate (138.4 mg, 0.5 mmol) were
added and, thereafter, the reaction mixture was heated to 60°C and stirred for 24 hours.
After the reaction Was- complete, the reaction mixture was cooled to room temperature.
Ethyl acetate (2.5 mL) was added to the reaction mixture, and insoluble material was
separated by filtration and the filtrate was washed with ethyl acetate. The filtrate was
extracted with ethyl acetate twice. The combined organic phases were washed with a
saturated aqueous sodium chloride solution and dried over magnesium sulfate. After
removing magnesium sulfate by filtration, the organic solvent was concentrated under
reduced pressure. The crude product obtained was purified by thin-layer silica gel
chromatography (hexane/cthyl acetate = 3/1) to obtain the title compound (87.6 mg). Yield,
94%.

"H-NMR (400MHz, CDCL): § 8.16 (d, T = 2.411z, 1H), 8.08 (dd, J = 8.8Hz, 2.4Hz, 1H),

7.00 (d, T = 8.8Hz, 1H), 3.89 (d, J = 6.8Hz, 2H), 2.73 (s, 31I), 2.24-2.16 (m, 1H), 1.59 (s,
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PROPHOS( R=C113) BENZPHOS( R=C6H5CH2) CyCP110S(R=C6H 0 P(C5115)2 R-N
----NP(C6115) 2 DEGUPHOS [ 0T07] Bl NAP i ncl udes derivatives thereof
and specific exanpl es include 2,2

- bi s(di phenyl phosphi no) -1, 1' - bi napht hyl ,

2, 2%i s(di - para-tol yl phosphi no)-1, 1" - bi napht hyl ,

2, 2%bi s(di - para-tert-butyl phenyl phosphi no) -1, 1' - bi napht hyl,

2, 2%bi s(dj -.net a-1ol yl ph hi no) - 1, 1' - bi napht hyl ,

2, 2%i s%lg}IES@di‘ﬁét =§f‘1‘§-ny| phosphi no) - 1, 1' - bi napht hyl ,

2, 2%i s( di - par a- met hoxyphenyl phosphi no) -1, 1' - bi napht hyl ,

2, 2%bi s(di cycl opent yl phosphi no) -1, 1' - bi napht hyl ,

2, 2' bi s(di cycl ohexyl phosphi no) -1, 1' - bi napht hyl ,

2- di ( p-xphpled]) phosphi no- 2%i phenyl phosphi no- 1, 1%i napht hyl ,

2- di phenyl phosphi no-2' -di (para-trifluoronet hyl phenyl ) phosphi no-1, 1' - bi naph
thyl, aSshiidd8 dfitdeebuly0298)yano-BiRHEMRy G} Ndas cHgHiNaN SR8 Hoere0f and

20 mol% PCy;
i sphiosphi ng
[ a-tol yl plesghffo) - 1, Kby
ara-tert- bu@y phenylphosphlno»t

22
2,2
2,2
etr
2,2

speC|f|c exanpl es i nclude
2, ZWM!gg Eyl 6, 6%i s(di phenyl phosphi no) -1, 1' - bi phenyl,
2, 2%di met hy'1- 6, 6%bi s(di cycl ohexyl phosphi no) -1, 1' - bi phenyl,
2 2@@|q%19%é€§ f@bis(dinethylanino)-G,G@bis(diphenylphosphino)-l,l@bipheny
, P amet hy1- 6, 6%i s(di phenyl phosphi no) -1, 1%i phenyl ,
%li met hoxy- 6, 6%bi s(di phenyl phosphi no) -1, 1@®iphenyl,
, 3, 3 -tetranethoxy 6, 6' - bls(dlphenylpho hi no) -1, 1' - bi phenyl ,
amet 3o
2, 2%li met hy Y56, 6%i &( di %
2,2',4,4' -
tetranethyl-S,S@@inethoxy-6,6@b|s(dl-para-nethoxyphenylphosphino)-l,l'-
bi phenyl, and the |ike. [0109] The ligand used in the reaction of the
presentoigﬁention may be used as a salt. Such a salt includes, for
exanpl hydrochloric acid salt, hydrobromc acid salt, tetrafl uoroboric
acid salt, and the like. [0110] v%en a ﬁglladlun1catalyst is used, the
li gand i sTor & efesbl yiuhe-biss priaréan y yessel g&Md. Moy avess | adeiede tert-butyl
phosphi ne- tyﬁﬁrllgand represented by PR5R61{7 is preferable. Specifically,
pr ef er dbmethykhiazdl¢-Herarbdxytayd Y FHosyhidde mroel) (cbjeitedhix Refephos fhxamele 1,
tert-butyl di cycl ohexyl phosphi ne, di (tert-butyl)cycl ohexyl phosphi ne,
5-bromo-2-isobutoxybenzonitrile (762 mg, 3.0 mmol) obtained in Reference Example 3,
palladium acetate (67.4 mg, 0.30 mmol), tri(cyclohexyl)phosphine (168 mg, 0.60 mmol),
cesium carbonate (1.95 g, 6.0 mmol), and toluene (11 mL). Thereafter, the reaction vessel
was filled with nitrogen, heated to 120°C under airtight seal, and the reaction mixture was
stirred for 19 hours. After the reaction was complete, ethyl acetate (30 ml.) was added to
the reaction mixture and insoluble matter was removed by filtration. To the filtrate was
added 0.1 mol/LL hydrochloric acid (20 mL) and the organic phase was extracted and
separated. Further, the aqueous phase was extracted with ethyl acetate (20 mL). The
combined organic phases were washed with water (30 mL) and a saturated aqueous sodium

chloride solution (30 mL) and dried over sodium sulfate. After removing sodium sulfate by

filtration, the organic solvent was concentrated under reduced pressure. The crude product
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di (tert-butyl)methyl phosphi ne, 2-dicycl ohexyl phosphino-2 ', 6

-dii sopropoxy-1,1 "' -biphenyl, )

2-di cycl ohexyl phosphino-2',4" ,6"-triisopropyl-1,1'-biphenyl, or salts
thereof; nore preferable is tri(tert-butyl)phosphine,

di (tert-butyl)cycl ohexyl phosphine, or a salt thereof and particularly
preferable is di(tert-butyl)cyclohexyl phosphine or a salt thereof [0111]

Wien th nd i.s..coordinated,in a a e used
by coorﬁﬁ PH%ECQE%SﬂEaﬁa ﬁ“&.%ﬁ% %Xﬁﬁmﬁnﬁﬁﬁyfﬁggﬁ% ﬁggy%e E@%d as a
m xture, rthernore I y be used by coordlnatlng the sane to a
tranS|ﬂ#%HHﬁﬁ?@?o@ﬁﬁgééﬁﬂﬂfkggbgégge. In addition, the ligand used in the
reaction of the present invention nai not be used depending on the

ci r cunst anHé‘ﬁ\/IR[é@ﬂBSl]Hz, CDGsx he- 1 @ddictd 41 A Bk e8 61d, f re8. pids ez,

i nvention, a base may be used together with the transition nmetal conpound.
By usi nigl}, MedOb@ds £ =t ETHEVE), BI9O (i &Fch. 892, R ch AP 3 2AESsENed By t he
foiniula (3) can be inproved. Such a base used in the production process
of the pg@ﬁﬁgg)qnxaﬂtje@ggﬂgw; particularly limted but preferable above
all is it un1hydr|de sodi um ydri de, potassium hydride, sodium
hydr oxi de, potassi um hydroxi de,- sodi um car bonate, potassium carbonate,

cesi um car bonate, potassiumfluoride, cesiumfluoride, tripotassium
phosphibe % Lum acet ate, potassium acetate, and the like; a Cl to C6

al koxi dEXHBPE ) sal t (litthiumsalt, sodlun1salt potassiumsalt, and
nagne5|un1salt);

sal t, polEESIS oMY 1< ' )

sal t (fluorlde saIt chlorlde saIt and bronlde salt)
dllsopd@bﬁﬂethylanlne trlbutylanlne N- et hyl nor phol i ne,
di azabi cycl oundecene, di azabicycl ooctane, im dazole; or the like. [0114]

I n-t he [F&&mdlo286 al koxi de netal salt (lithiumsalt, sodiumsalt, potassium
salt, and magnesiumsalt)"” used as a base in the production process of the
present invention, the "C, to C6 al koxi de" includes nethoxi de, ethoxide,

n- pr opoxi de, isopropoxi de, n-butoxide, isobutoxide tert - but oxi de,

sodi um
¢ anmoni um

n- pent oxi de, isopentoxide ne pentgx%q%h 1- iret hyl pr opoxi de,

n- hexcnd soheXOX|de 1, - di th% umaxl t hyl but oxi de,

3, 3-di g |de¥ I rmremeﬁ ydoe used

m xtures ofy thesen, [ 01 Intﬁép,v}g‘éfc‘fo C6 Mgl kyT aRi salt
(I|th|un1s§1t sodlun1salt, pota33|%ﬂ4@®Jt and nagne§ n1s ' used as a
base in the reaction of the present nvention, the " C6 al kyl ani on”

i ncl udes a nmethyl anion, ethyl anion, n- propyl anlon |sopropyl ani on,

n- butyl anion, isobutyl anion, tert-butyl ani on, n-pentyl ani on, isopentyl
ani on, [qﬁgﬁentyl ani on, 1-nethy|propy| ani on, n-hexyl anion, isohexyl

ani on, dlnethylbutyl ani on, 2,2-dinethyl butyl anion, 3,3-dinethylbutyl
anion, a Fur t her nor th use t hese.
(076 "ol b i!neara?ﬁﬁnnef&fsgf%{e 58 B RIS adly
potaSS|un1carbonate ot assi um bi car bgnat e ceS|un1carbonate

t et r a( AL4SRG § 8%6’-1%539?%6# ity Befeence Fxamale ptrr@merl’aﬁpvff@afbs%%qnme
carbonate or cesium carbonate. [0117] Wen a copper catalyst is used,

t he pr €13 migl 8.9033ambl optaizsisinuieipteosp Faanaple i palladivro badroxedst @1y gng.i s
used, the preferable base is cesiumfluoride. [0118] Dependi ng on the
ci r cumstogsassol)f i cidsiexygitbsphint 2. P mes exi4Srmaol)] potagsym eatbobee (256d.
[0119] In the production process of the present invention, a reducing

agent whi qmmﬁw%ﬁﬁe@ 1&&1@8%112 23, U@b@'mxﬁ@iy h8 diﬁ%ﬂ‘lyi 99?6){'&% (3 ki) .t he

transition netal COI’T'pOUI’] For exanp e, th ere my be nentl oned Zi nc and

Eﬂgrglﬁﬁmﬁgga %%é%“ﬁﬂgl%v§¥&é§$ﬁgéﬁﬁﬂ§@{ &1 on ogtége Si ver sdﬂﬁgﬁ o

further rove.the.yield of . the.c ound represented by the for Ia (3).
Such a agligny mf eaa%sss‘ﬂrf% foE S TRONE: AR {6y ecHOBoNER STaRIEo YL | Ke.

[0121] In the production process of the present invention, there may be
added acegite (0 @I apdrwsy (0cmbg vebropdded|to thheerelsm mixdurgdend therresfianthe C1
to Cl2 carboxylic acid or salt thereof may further inprove the yield of

t he conpound represented by the formula (3) and/or the rate of the
reaction. These Cl to C12 carboxylic%acids and salts thereof may be used
as a mxture. The Cl1 to Cl2 carboxylic acid has 1 to 12 carbon atons

i ncludi ng the carbon atom of the carboxyl group and may contai n a hal ogen
atom oxo group, and ether bond. The



.exanpl es include formc acid, acetic acid, propionic acid, butanoic acid,
2- met hyl propanoi ¢ aci d, pentanoic aci'd, 3-nethyl butanoic acid,

2- met hyl but anoi ¢ acid, pivalic aid, 3,3-dinethylbutanoic acid,

2- met hyl pent anoi ¢ aci d, 2-nethyl hexanoi c acid, 2-nethyl heptanoic acid,

pent anecar boxyl i c acid, hexanoic acid, 4-nethylpentanoic acid,

3, 3-di net hyl but anoi ¢ aci d, 2-ethyl butanoic acid, 2-nethylpentanoic acid, 3
- et hyl i C i - di t I hd, 3-q] iC

aci o, OBRRROR Bl b std b TR BY G0 Ah eE I o R AT B0

4- et hy] hexanoi ¢ aci d, 5-nethyl hexanoi cid, 2-di met hyl t anoi ¢ acid,
o e o PR LRy 5 S e hira ek covhitte Gog bbb eReRg RLnd b

2- et hyl hexanoi ¢ aci d, 3-nethyl heptanoi c acid, 4-nethyl heptanoic acid,

2, 2- di neAghsic pEpteavied teratied, ranthe Firaie prchieiaguensis gphase was extracted further
2,2,4-trinmethyl pentanoic acid, 2-nethyloctanoic acid, 2-nethylnonanoic

aci d, awitkteliyll ciceta@nizZl mak).dlhe combined organic phases were washed with a saturated

3-cycl opropyl propi oni caci d, cycl obutyl aceti caci d, 2- met hyl hept anoi ¢

6- net hyliepiasaitn 2hdride eblnibh ui @Ad) end died bydrundreandite. cyfdr epheays acet i c
cycl opentyl acetic cycl ohexyl acetic acid, cycl opentyl propionic acid,

(2- et hylia e LORRD tbgﬁfﬁrg%cinﬁ ﬂ?&bf&gxﬁ% %Bivlgﬂte\%saéb%ﬁé{h%gégyvlqdﬁr Allkd pressure.

3- oxocycl opent anec I C aci cycl opropanecarboxylic acrd,

cycl obut,anecar boxylic. acid, cycl xanecarhboxylic acid

ol ohepraaa Py bR e BB AR BB P G s ramg et gpeate
2- et hyl cycl opr.opanecar boxylic acid,. 2, 2-di nethyl_c opr.opanecar boxylic
aci d, 7494 ke R €Y BISFBHRH %Pﬂepr@n&cﬁﬁé ohg). Rfer dissolving
2-octyl cycl opropanecar boxyl i c acid, ) -

1- (4- nﬁb};yag@aaemy@a@l €Y eilapho peatagABBYXy Hiecsokdiod, was cooled to 10°C and the
2- para-tolyl cycl opropanecar boxylic acid,

1- ( 2- f Iperipiphtehydljd wat ograeqed by diltraxon amel washdd with ethanol (2 mL). The solid
(3-fl uorophenyl)cycl opr opanecar boxylic acid,

(4- f lwgyr eRfienybodeyehPpionanagar REXddi eRbleto obtain the title compound (132
(4- chl or ophenyecycl opr opanecar boxyl i ¢ aci d, 7
(3-cﬁ% (qﬂmfggbacyclopropanecarboxylic aci d,

(4-chl'@r ophényl ) cycl opr opanecarboxylic acid,1 -(2,4

di chol or ﬁg.gﬁ@%&%h%@ﬁ%%@%%ﬁbﬁ@ﬁ LA, 17, 43R (dd, 7 = 8.90Hz, 2.3211z,

,4-di chlo opropdnecarboxyl i'¢aci‘d,

2-fluorq-2-phenyl cyc rgpan r hoxyl i i 1

oA e B Ao bR ST HED: 273 (s 38D, 224215 G, 11D
2-(4-(tert-butyl)phenyl)cycl opropanecarboxylic acid,

2, 2 di I iRsoRh &l Epbri6cFisoRi ¢ aci d,

2, 2-di chl orocycl opr opanecar boxyl i c aci d,

2-chl oro-2-fl uorocycl opropanecar boxylic acid, 1
-trifluoronethyl cycl opropanecarboxylic acid, 2,2-dichloro- 1

- met hy ljpyg&hstprsppanecar boxyl i ¢ acid, cyclopropane- 1,1 -dicarboxylic acid,
2,2 '-oxydiacetic acid, 1 ,2-dinethylcyclopropanedi carboxylic acid,

1-
1-
1-
1-
2-

4- met hyd oielio BULANRGRT ROXY 4168€ |sHndto S IM¥hAY.8 ORI ARBNB LS PAKYLIgRCI d, 3
- met hoxycycl obutanecar boxyl i caci or ocycl obut anecar boxyli caci d,

4-ch|or8 anecar boxyl i caci d, 3 - oxo-cycl obut anecar boxylicacid, 3,3
-dinetﬁy cl obut anecar boxyl i caci d, 1 - net hyl cycl opent anecar boxyl i cacid, 3
-cycloqﬁnteneé%rboxylicacid,l-nethylcyclopentanecarboxylicacid, 1

- met hyl ?@Fﬁ% anecar boxyl i caci d, 4- met hyl cycl ohexanecar boxyl i caci d,

2- met hyl cycl ohexanecar boxyl i caci d, 3- net hyl cycl ohexanecar boxyl i caci d,

cycl ooct anecar boxyl i cacid, Spiro [2 2], E@fgﬁ;tig-carboxylicacid, spiro

[ 2. 3] hexane-1 -carboxylic &acid} -bi cyedeorc,4. Pheptane- 7- car boxylic acid,

tricycl 9t 02, 4% Cranérss Mesth boxyl i ¢ d, bicyclo [6 .1 .
d nonane- 9- cartboxyl i ¢ 4ci bi cycl gofakzol] hephane># 1

rbpxyl,i c acid,
bi cycl o [2.%€1 ThefraneNZ-var boxyl i ¢ 4t.d, 7,7-dinethyuLzT%§ [2.2. 1
.0(2,6)] heptane-1 -carboxylic acid, yo#nor bor nene- 2- car baxyl i ¢ ‘aci d,
nor bor nane- 2- car boxylic acid, 1 -adamantanecarboxylic acid, 3
- met hyl adamant ane-1 -carboxylicacid, 3 -fl uoroadamantane-1 -carboxyli cacid,
3, 5-di net hyl adamant ane- 1 -carboxylic%%id,3-ethy|adanantane- 1 -carboxylic
aci d,



‘46 3-chl or oadamant ane- 1-carboxylic acid,

3,5, 7-trinmet hyl adamant ane-1| - car boxyl i ¢ aci d, 3-bronpadanmant ane-

1- carboxylic acid, 5-brono-3-nethyl adamantane-1 -carboxylic acid, 5-brono
-3 -ethyl adamantane- 1 -carboxylicacid, tetrahydrofuran-2-carboxylic acid,
tetrahydrofuran-3 -carboxylic acid, tetrahydropyran-4-carboxylic acid,

t et rahydr opyran- 3-car boxyl i c acid, nethoxyacetic acid, trichloroacetic
aci d, d%ﬁggﬁéoacetic acid, chloroacetic acid, fluoroacetic acid,

2-f 1l uor t hyl propanoi ¢ acid, difluoroacetic acid 2-ch|oropropanoic

acid, 3-fluoropropioni¢c acid ni c c - 0 ni-c
aci d. 3- cAPSTEH GRTeL V&E %ﬂdeé ik bov bR qcarko aih fi?% o
aci d, 4-chl orobutanoic acid, 2-chloro-2-nethyl propanoic_acid

3- chl oromlolirined fiy Refopmediamnds d, S@IQMD&@MWW@W;I%U& mg, 3.0

2- chl or o- 3- net hyl but anoi ¢ aci d, dichloroacetic acid,

1- f | uormmol)c bbaimedcet Refeasicd, Ex?a,nz’z‘pldi 3. pdtmihnmmcctaiec(@m dpg, 0.30 mmol),

2, 2-di fl uorobut anoi c acid, 2,2-dichloropropionic acid,

2, 3-di Cﬁg@cfb@k@ﬂ [Qi%b}ﬁuﬁ@(l@S lﬁgﬂmooﬂtmtdm PbRsG@h icarbasitel (839rmgl S10maasIBL i C
acid, 3 3 tr|f uoropropionic acid, 2-nethyl-4,4,4-trifluorobutanoic

aci d, 4,tefs g 1o ﬁltropr gWaﬁ@ kil ( %g& gg'mﬁoﬁ 'H‘E:}Ja?tlfgt) BRI HRRI Rl e @54 d,

2,3,3,3-tetrafl uo pi oni ¢ aci wever, the present

i nvention i.s, not mted t As the ylic
wear pPBpd R el B P e AL aiteen Pt S 4 GRARS
a-position of the, carboxyl p is not, a carbon atom o romatic ring,
mor e privhET ik i\eﬁagﬁaldar e&lﬂlﬁo&ﬁﬁt {he AEACHORMAS ROWBIptee SIS BLAZPOEEN at om
or ether bond. Exanples include acetic acid, propionic acid,

2- met hyacpesiaR oilo were added te thecantioanixeira andithe praaniciphasecwes, exepetedandopanoi c
acid, 2,2,3,3-tetranethyl cycl opropanoi c acid, cyclopentanoic acid, 1

- adanarselaarmear Boaitlydr] ¢heaadqubou? phideomas Ze—xnnd:tbtjllvtdﬂnpmmbiacetatei @0 mL). The

t et rahydr of uran- 2-carboxylic acid, 2,2" -oxydiacetic acid,

cycl opregpdiedlordartie gadtsemetd GriedGted ,m@gmemmesulfaﬂeemhoﬂe&ﬁivmg mébeviemal |,
preferable is a car oxyllc aci d having one carboxyl group. Exanples

i ncl Udpsgﬁ’&gtﬁgp ﬁﬁfdtﬁl) pl 3 § hcsogfegfj wal" dEﬁEMaQHOLHﬂ@Pk g@é'd Oressure. The

2 ethyl iC- aC| ic a cyc opropanol ¢ ac

tranet | opr 1,C C no,
22,3 SHELRIR MLl GO SRR, SRLFs YR IREILANTHE BEly s -
tetrahy fur box li.c acid, t he [0124] Further, nore
preferagp §ﬁﬁ)§§?%ﬁ S é%?ﬁm%ﬁ@agg k%ﬁﬁﬂ@/pof hydr ogen at oms
bonded to, the carbon atontat t he a- p05|t|on of the carbogg f%b is 0 or
1. Exanpl 66NMRIAMBzneDR)pb 838181 L= 230z, PR @dt hrdh B8Hee 2dHpi val i ¢
acid, cyclopropanoic acid, 2,2,3,3-tetranethyl cycl opropanoi c acid,
cycl opéiﬁl)a’hﬁ() c{d,abi_:c&ﬂmaqéi)ﬁh_@&@chFM{ZL eHA. @ (s, 3H), 2.25-2.15 (m, 1H),
2- chl or o- 2- net hyl propanoi ¢ aci d, tetrahydrofuran-2-carboxylic acid, and
the |1 Kkeo (E;Ogl}Zﬁh 09 (dl?a:E5|595mzag,my nore preferable is a carboxylic acid
consi sting of only carbon atons and hydrogen. atonms except the carboxyl
group. Exanples include 2-methyl propanoic acid, 2-ethylbutanoic acid,
pivalic acid, cyclopropanoic acid, 2,2,3,3-tetranethy|cyclopropan0|c aci d,
cyclopg&tan § acid, 1-adamantanecarboxylic acid, and the Iike. [0126]

More p Iy, preferable is a carboxylic aci d having 1 to 8 carbon
atons, nore preferable belno_ cj d hav ng 1 to 6 carbon atoms
Exanp|t.n;., ghethsl 2e63-gyang J0BedE, pivalic

aci d, cycl opropanoi c acid, cyclopentan0|c aC|d and the Ilke Even nore
particﬂmﬁﬁ}y, preferable is 2-nethyl propanoic acid or pi valic acid.

[0127] The C1 to Cl2 carboxylic acid used in the reaction of the
presenf{Fémanénkijon may be used as a salt. Such a salt includes, for
exanpl e, alkali nmetal salts such as a sodiumsalt, potassiumsalt, |ithium

salt, and the like; alkaline earth metal salts such as a calciumsalt,
magnesium salt, and the |ike; metal salts such as an alumnumsalt, iron
salt, and the like; inorganic salts such as an ammonium salt and the |iKke;
organic salts such as amne salts including a t-octylam ne salt,

di benzyl am ne salt, norpholine salt, Iéglucosanine salt, phenyl glycyl alkyl
ester salt, ethylenediam ne salt, t hyl gl ucam ne salt, guanidine salt,
di ethyl am ne salt, triethylam ne salt, di cycl ohexyl am ne salt,

N, N - di benzyl et hyl enedi am ne salt, chloroprocaine salt, procaine salt,

di et hanol am ne salt, N benzyl phenyl am ne 'salt, piperazine salt,

t et ramet hyl ammoni um salt, tris(hydroxymnmet hyDam nonet hane salt, and the

i ke. [0128] The C1 to Cl2 carboxylic acid and salt thereof used in the



argon gas, nitrogen gas, and the like. Furthernore, in the present
reaction, mcrowave may be irradi ated. [0130] The sol vent used in the
production process of the present invention includes aliphatic

hydr ocar bons (hexane, cycl ohexane, heptane, and the like), aliphatic

hal ogenat ed hydr ocar bons (di chl oronet hane, chl oroform carbon
tetrachl ori de, dichloroethane, and the |ike), aromatic hydrocarbons
(benzene, toluene, nesitylene, chlorobenzene, and the like), ethers
(diethyl ether, dibutyl ethes, di methoxyetdrane ( ), _cycl opentyl nethyl

ether (CPME).otext-butyl nethyl et hef) "tebrahy di oxane, and the
like), esters { Y qc%f Ie,‘%thyrjgfeﬁkegate, and 2 | ike),Pacid am des
e~ CRVF) \ dillet hyl ace éﬁﬁﬁ§3(Dwﬁ)ﬁcN—nethL%:FKblidone
i

(di net hyl f or,gm
rites (acetonistridl e, propionitrhit-€, aRd™ he

(NWP), and the like), ni
like), dimethyl sulfoxide (DVBO), nixel™olvents thereof, and the |ike.

[ 0131] In the production process of the present invention, the anount
used of the conpound of the fornula (2) nay be in a range from1l nol%to
1000 nol % relative to the conpound of the fornmula (1). The range is
preferabl¥ 50 nol %to 200 nol % nore preferably 80 nol %to 120 nol %

[0132] [0178]n the production process of the present invention, the anmount
used of the transition netal conpound and |igand may be in a range of 100
nmol % or | @esa rechon wesseb wehe addadp ethyld 4 afieth i thifzolendrcarbexplator(S 4 enge rhound
of the formula (2). Preferably, the amount is in a range of 20 nol % or

| ess. Thgol)| GabGniEy-isnbtitokebasenitile p@adi mg, Gr0 tr@ob)i olsthimsd ancRsferend 33]

In the production process of the present invention, the anmount used of the
base &R RallAINGR RbtafOQ0 MBIY030 hes), 1bhe&yDPhdspEing QIgRorigd of

t he fg?%ﬁﬁgﬂ(ljﬁor t he conpogﬁd og’the for%u?gk%%). gP%?e?abl$, thg anmount

is i _ f 9 el O ' f
the pr QSR RERID RSPt Sag BED me 4 mon SRy P B o o
I t [ f d of ..the.f la.(1 th f th
tor mul 497 9% O haRtanbu Rt RERE ABF bt St ton e oot MR B oo

20 tinmes or less. [0135] The additign order, of the coppound of_ the
f or mul dujp¥les WWesmd aHEPesh atmesmgierindaor 2yrther 14 honrs WHh heete weiep s,

| i gand, base, Cl to Cl2 carboxylic acid, and solvent, which are used in
t he pr ditestthoneastion ees compldie wates@Atmi hangnethyraceiate @Ptmbhukte aided test
order may be sel ected dependi ng on the conbination of the reagents used.
[ 0136] the réaetibhemjxhaduaidi thie preoniesghasd waseexraetsé rdndi seperatddo Furthére tlenount
used of the Cl to Cl2 carboxylic acid may be 50000 nol % or |less relative

t o the gyh@nsigHagn wli@teﬁ{ra&étﬂﬂﬂwgthgﬁ%taté' ®0 AIUThe ic6mBinell @@l piRi@&0 nol %
or less, nore preferably 1000 nol % or |ess, particularly preferably 500

T o L e i A PO PSS O e,
toth d of th I 1). Pref bly, th t 1S 200 | %
L ERPNIE b Y SR S e B L
oot 1% Bl b By 2T e S bR ST TG b o 1

formula (1), which is used in the production process of the present
i nvent icompouach7Hemg). daeldet %6y t he fol | owi ng met hods. Synthetic nmethod (1):
[ 0140] [ Fornul a 14]

'H-NMR (400MHz, CDCl;): & 8.18 (d, J = 2.44Hz, 1H), 8.09 (dd, J = 8.78Hz, 2.20Hz,

1H), 7.01 (d, J = 8.78Hz, 1H), 4.36 (q, J = 7.07Hz, 2H), 3.90 (d, J = 6.34Hz, 2H), 2.77 (s,

3H), 2.26-2.16 (m, 1H), 1.39 (¢, J = 7.19Hz, 3H), 1.09 (d, ] = 6.8311z, 6H).

[Example 7]
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10141] In the reaction equation, X represents an oxygen atom R, R2,
A, and Y are the sane as defined in the fornmula (1); LI represents a

| eavi ng group and includes a hal ogen atom nmet hanesul f onyl oxy group,
trifluoronethanesul fonyl oxy group, para-toluenesul fonyl oxy group, and the
i ke. Specifically, the conpound represented by the fornula (1) can be
produced by reacting the conpound (a) with the conpound (b) in the

pr esenc Suftheds ULL AR 203904004 3. GHIAGR G R MERMANGE SR BR] ©

t enper aLure conartron sorvent—used Mot pou trcul

limted gﬁgilncludes for exanple allphatlc hydrocarbons (hexane
cyclohe&’ hept ane, and the like), aliphatic hal ogenated hydrocarbons
(dlchloronethane chl orof orm carbon tetrachl oride, dichloroethane, and

t he Ilkﬁymmhk- ti c hydrocarbons (benzene, toluene, xylene, chlorobenzene,
nmesitylene, and the like), ethers (diethyl ether, dibutyl ether,

di net hoxyet hane (DME), cycl opentyl nethyl ether (CPME), tetrahydrofuran,
di oxane, and the like), esters (ethyl acetate, ethyl propionate, and the

like), ac d nl es (d aﬁfﬁﬁt&p@F) acet am de (DWA),
hknethylpy ro tn&awmﬁ» nitri
N

acgtonetrile,
proplonltrlh B,th dlrrer]jy'th sul f oxi ( J, ter, m xed
sol vent s thereof and the Ilke [ 0143% The base us® es, for
exanpl e, Iithiun1hydr|de, sodi um hydri de, potaSS|un1hydr|de, sodi um
hydr oxi de, potassi um hydroxi de, sodi um carbonate, potassium carbonate,
cesi um car bonate, potassiumfluoride, cesiumfluoride, tripotassium
phosphgbe?%sodi um acetate, potassium acetate, and the like; a Cl to C6

al koxi tal salt (Iithiun1sa|t sodiumsalt, and potassiumsalt); Cl to

C6 al kyl ani on neta t hi u I 0 SSi salt);

i Sopr opy BT B BT HRER hineBy ﬂ%ﬁ%‘%"ﬁm el B, 4

di azabi cyc ndecene di azahi cyc) ooct ane, i m dazol e; and the Ii ke ;0144]

For exdhpPB obigieedimReleesnse Example b arhoaw-oisebwyxyhepaoniitiy (§04 mae

Ref erence Exanple of the present invention or "Bioorg. Med. Chem Lett.

2004: 14umpl. obtgingd 2iB5Beference . EXapipls )3, Syalledien acetetehtd .4 2)g, (.80 46j0]For mul a

15] HX R2 (5) (4) A-0--H A X Etherification
di(tert-butyl)cyclohexylphosphine (137 mg, 0.60 mmaol), potassium carbonate (829 mg, 6.0

N—~

mmol), and toluene (10 mL). Thereafter, the reaction mixture was stirred at room
temperature for 30 minutes and for further 24 hours under a nitrogen atmosphere with
heating under reflux. After the reaction was complete, water (15 mL) and ethyl acetate (20
mL) were added to the reaction mixture and the organic phase was extracted and separated.
Further, the aqueous phase was extracted with ethyl acetate (20 mL). The combined organic
phases were dried over magnesium sulfate. After removing magnesium sulfate by filtration,
the organic solvent was concentrated under reduced pressure to obtain a crude product.
After dissolving the crude product by adding toluene (1 ml) and heating to 70°C, heptane (9
mlL) was added thereto at 70°C and the resultant mixture was allowed to cool to room
temperature and further cooled to 0°C. The precipitated solid was separated by filtration,

washed with heptane (20 mL) to obtain the title compound (611 mg, 1.64 mmol). Further,
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10147] In the reaction equation, X represents an oxygen atom R, R2,

A, and Y are the sane as defined in the formula®(1l). This reaction can be
carried out by using the Mtsunobu reaction. For exanple, in the presence
of diethyl azodicarboxyl ate (DEAD), diisopropyl azodi carboxylate (DI AD),
1,1' - (azodi car bonyfi di pi peri di ne (ADDP),

1,1 -azobi s(N, N-di net hyl formam de) (TMAD), or the like and in the presence
of triphenyl phosphine, tribputyl phosphine, or |i ke, the reactjon can be
ar 1| edig TR A ety tioce e SORERT g et & B PRRCLr e Was

1, 2-di net hoxyet hane, dichl oronet hane, toluene, or the like at a .

t enper apwitiedryngbcagel chmaegraphyiborne/cfhyl agitate = 104 odHHHldel obeirtag ent ed
by the formula (1) can be produced by a reaction using the Mtsunobu

react i otitleacvenpduad (€0amed] .02 aonalpnSeldgdés.i bed in Bull. Chem Soc. Jpn.

1967: 40, p. 2380; Synthesis, 1981, p. 1; and Og. React., 1992:42, p. 335.
[ 0149] ' Bagigke OUN'E{@@D(%):B@l'ﬁ(@,mp@glmﬂrz?ﬂ!ﬂ?%mﬁﬁ@d, by gt berif i Imza (1)
can al so be synthesized by using an existing general ether synthesis

met hod.  grpt d%}lx)@gg'ﬁmﬁﬁi ,%lb%ség%sé gﬁ@%ﬁgﬁcﬂ{ﬂ hed (Q@}szzhfﬂﬁ :ﬁ,“ﬂgt 0

gener al " t’éxt s on syntheétic em'stry such” as Ji n Kagaku
Koza 4th o — i ynt hesis |1 Al cohol/Am ne," Ed. Chem cal
Soci etyl-%f%a%’f}gﬂ--?@fﬁdraz%@%? td.), pp. 187-205, and the Iike. [0150]
Anong the conpounds represented by the fornmula (2), those having a
thiazole ring as B are commercially available in some cases but they can
be synthesized by referring, for exanple, to the foll ow ng schene: [0151]
[ For mull&xample 8§ OSH2N R34 X' [0153] The 2-ami not hi azol e derivative
according to the thiazole cyclization reaction of Step 1 can be

synt heSynéesibwf ethfyb P8 pgaricod-Robntwagghehylo-dl mEhelthistale S-tathordhte 2007: 41, pp.
105-108; Pharmaceutical Chem stry Journal, 2001:35, pp. 96-98; WO
2005/015&&5; WO 2005/ 026137; and the like. The reaction of Step 2 can be
carried out by reference to Journal of Heterocyclic Chem stry, 1985:22,
pp. 16&%6&@3927Pournal of the Chem cal Society, Perkin Transactions 1
Organic and Bio-Organic Chem stry, 1982:1, pp. 159-164; and Bioorganic &
Medi cinal Chemistry Letters, 2008:18, pp. 6231-6235. In addition, the

t hi azol e derivative represented by the fornmula (2) can be synthesized by

referri%d\%gm for exanpl e, 2002/@@%@#@3& 2008.062250. [ 0154]
" Anong tfie OH/‘E@* d by LB TGl a (2) @ i oys cagpounds

s repy :
having a pygi Lng §§. are comfEfgl&fPy avaltable. @ | as being
pur chasabl e, synthetic nethods of thkese7eonpounds are wwd€ly 0ep§rted

and, thus, they can be synthesized by 'U§fng those techni qués. [0155]

[0182]

To a reaction vessel were added ethyl 4-methylthiazole-5-carboxylate (1_.71 g, 10.0
mmol), 5-bromo-2-isobutoxybenzonitrile (2.54 mg, 10.0 mmol) obtained in Reference
Example 3, palladium acetate (22.4 mg, 0.10 mmol), a tetrafluoroboric acid salt of
tri(tert-butyl)phosphine (87.0 mg, 0.30 mmol), potassium carbonate (1.45 g, 10.5 mmol) ,
and xylene (10 mL). Thereafter, the reaction mixture was stirred at room temperature for 30
minutes and for further 17 hours under a nitrogen atmosphere, with heating under reflux.
After the reaction was complete, the reaction mixture was filtered while hot and the

filtration bed was washed with toluene and dichloromethane. The filirate was concentrated
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‘Anong t he conpounds represented by the fornmula (2), those having an

i soxazole ring or isothiazole ring [in the formula®(2), Wis an oxygen
atomor sulfur aton] are commercially available in some cases. However,

t hey can be synthesized by referring, for exanple, to the nethods
described in Tetrahedron Letters, 1968, pp. 5209-5213; Synthesis, 1970,
pp. 344-350; Angewandte Chem e, 1967:79, pp. 471-472; and Chem sche
Berichte,, 1973: 106 .. 3291-3 . ol:sowi ng,
the. pr 0t Mo Presii 7 B ide. st BB S RYifce o YAE GO OO,
Exanpl es, etc. wever., i houl d be understood that the scope of the.
presenthr?ﬂPélﬁfllf%Hgg%%ﬂfh %af‘ﬁted in any sense by these Exanples. [0157]
In the present Exa | es, the analysis and purification were carried out by
usi ng t he HeYM&W4AE Cpleh O3 bihdl, ¢ ﬁ‘e2-1¥4PEZe:1H[)o&Q%Iderc 8 E8Hper 0K Zsi | i ca
gel 60 F254 (0 25 mm) Fl ash col um chromat ography: Bi otage Fl ash, Si 40

Pr epar athify 6.0thdnJ Ee8yBHL HiDmaB6 do.aph y.O7HELZE), 398r(dk] sid.34%&, §&l), B 6254 (1
nm) Liquid Chronat ography/ Mass Spectronetry (LC/ MS): Anal ytical System
SHI MAZU i CVB62010@n, 190f 1 ware s LEMBISeY! 1.09(dEx pey.83maeal). Condi ti ons:

Col um: Phenonenex Gemini 3 p.m4 6 mMmx 30 nmFlow Rate- 1 2 nL/mn
Measur enment Tenperature- 40C A-Sol vent: 5% MeCN 95% 1120 + 0. 05% TFA

B- Sol vent: 95% MeCN/ 5% H20 + 0. 05% TFA Ms-node: ESI+ ESI Voltage: 4.5 KV
Sour ce {E?{g%ﬂelﬁoc Desol vati on Tenp: 320C [0159] [Tabl e 8] Time (mni

Synthesis of ethyl 2-(3-cyano-4-isobutoxyphenyl)-4-methylthiazole-5-carboxylate

[0183]
[Formula 28]
*/ o 3 mol% PCy{tert-Bu); /l\/o
o 5 "~ 1 mol% Pd(OAc);
i T —— O
:@\ * f 108 b KaC0s NC:@\\\,S
NG Br N rcfi(uf,eg:hr N / O""\
Y. 82 %
[0184]

To a reaction vessel were added ethyl 4-methylthiazole-5-carboxylate (1.71 g, 10.0
mmol), 5-bromo-2-isobutoxybenzonitrile (2.69 g, 10.5 mmol) obtained in Reference
Example 3, palladium acetate (22.4 mg, 0.10 mmo}), di(tert-butyl)cyclohexylphosphine
(68.5 mg, 0.30 mmol), potassium carbonate (1.45 g, 10.5 rﬁmol), and xylene (10 mL).
Thereafter, the reaction mixture was stirred at room temperature for 30 minutes and for
further 24 hours under a nitrogen atmosphere with heating under reflux. After the reaction
Waé complete, the reaction mixture was filtered while hot and the filtration bed was washed
with toluene and dichloromethane. The filtrate was concentrated under reduced pressure

and the crude product obtained was purified to obtain the title compound (2.83 g). Yield,
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A 19 BN Flow [nifininj 1 0.01 955 1.2 2 0.3 60 40 12 3 2.3 0 100 1.2
3.8 0 100 1.2 :

82%.
'H-NMR (400MHz, CDCl3):  8.18 (d, J = 2.44Hz, 1H), 8.09 (dd, J = 8.78Iiz, 2.20Hz,

1H), 7.01 (d, J = 8.78Hz, 1H), 4.36 (g, J = 7.07Hz, 2H), 3.90 (d, J = 6.34Hz, 2H), 2.77 (s,

3H), 2.26-2.16 (m, 1H), 1.39 (t, ] = 7.19Hz, 3H), 1.09 (d, J = 6.83Hz, 6H).

[Example 10]

Synthesis of tert-butyl 2-(3-cyano-4-isobutoxyphenyl)-4-methylthiazole-5-carboxvlate

[0185]

[Formula 29]

/I\/DD\ o )< /l\/o

NC Br + <\s | Reaction Condition NC:©\\/ ?

) " = Vi
B ™ \

P

E CN

C Y
5"}%\" o
e

[0186]

To a test f{obe-type reaction wvessel (10 ml) were added tert-butyl
4-methylthiazole-5-carboxylate (59.8 mg, 0.3 mmol) obtained in Reference Example 1,
5-bromo-2-isobutoxybenzonitrile (76.2 mg, 0.3 mmol) obtained in Reference Example 3,

| palladium acetate (6.7 mg, 0.030 mmol), a ligand, a base (0.60 mmol), and a solvent (I mL).
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54.09551.26 4.59550 A dual colum systemwas enpl oyed. [0160]

Nucl ear magnetic resonance (NVR): JECL JNM AL400 (H 400 MHz) The ' H NWR
shift values are shown in ppmw th the shift value of tetranethysilane (8
0.0 r A 'dual bolUmlsySitein Was eni pl oyelc] he follow ng abbreviations:

s = singlet, d = doublet, dd = doubl et of doublets, t =triplet, q =
quartet, m= multiplet, br broad signal . In addition, in the 11-1-NWR

spectra h&‘ﬁﬁﬁﬁﬁgﬂ%@ﬁ5¥ &%§ #ﬂﬁ%ﬁpﬂ&% ml%&%mP{ g%ﬁ%%%%gg%ﬂg%epeﬁdlng

carboxy I C acl & able to be con

on the nt condi tions.su s the s | vent and.the |i ference
Exanpl cTH B8 REH Hide G b St B Rkt ﬂ%mwgﬂgﬂ%rw 1o & BF 0161]
[ Formul a 17] [0162] A m xture of 4-nethyl-5- thlazolecarboxyllc acid

(1.36 grea@cmsmwe) wah dilptedowih MIS6 ek the @IWI%Pb% svas pasugd BOC f or
1 hour. The reaction m xture was concentrated under reduced pressure by
r enovi ngPLAI Ohy totd HIRIr G desadinolf thh sompowrelspk tdideind M aianedt asald0tly arddheinder
reduced pressure. To a solution of this crude material in dichloronethane

(5. 68 ndalculdtbeyildvwef theadghet niatsiial bk @o@bputed fibdn He) HRNG dyd% bif il Gidet 9 nl)
and the m xture was stirred at 60C overnight. After the reaction was

~conpl et @atefilie CorBalatiBh ofiRd LIGINBS yRANGEME rtﬁ%&%&t&@aﬁrfr&ﬁ%ﬁﬂL@raﬁéa%r e. To
the crude material obtained were added a sat urated
thereof was carried out by putting the corresponding values in the following calculation
formula.
[0187]
Yield of TM (%) = total amount of TM (mol)/[ {total amount of B (mol) + total amount

of D (mol) x 2 + total amount of TM (mol)}/2 + {total amount of A (mol) + total amount of

(C) x 2 + total amount of TM (mol)}/2] x 100

Total amount of each compound (mol) = HPLC area value (mAU) HPLC area value

per mol of each compound (mAU/mol)

High Performance Liquid Chromatography:
Analytical System: G1315A Hewlett Packard Series 1100
Software: ChemStation for LC 3D
Experimental Conditions:
Column: Imtakt Cadenza CD-C18 4.6 x 100 mm
Flow: 1.0 mL/min
Wavelength: 254 nm
Temperature: 40°C
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aqueous sodi um carbonate solution and ethyl acetate. After separating
ethyl acetate, extraction was performed by adding ethyl acefate again to
t he saturated aqueous sodi um bi carbonate sol ution. The conbi ned organic
phases were washed with a saturated agueous sodi um chloride solution and
dried over anhydrous magnesium sul fate. After renoving nagnesium sulfate
by filtration, the solvent was concentrated under reduced pressure. The

crude produc%@&g%]s?%%w%%ﬁ%%qo_ 5°/§iTFi ca gel chromat ography

(hexane/ et hyl ace arn‘the title conmpound (964 ny).

Yield, 51% L H NWR ( . 8 (s, 1H), 2.74 (s, 314), 1.58
(s, 9H). [Re?goéﬁ%' %%m/%?ﬁeﬁ@f@ 5-i1 0do- 2-i sobut oxybenzonitrile
[0163] [Fornula 18] [0164] A solution of 2-methyl-1 -propanol (0.56
nm., 6.06 mmG}adilfﬁltN, N-di et hyl formam de (10 nlL) was cooled to OC and to
this was added sodi um hydride (242 ng, a 60% suspension in mneral oil,
6.06 mmol) in $abhdin pot@%dSolvThe turbid reaction mxture was stirred at
OC for 5 mnutes and the tenperature was raised to 23C. Thereafter, the
m xture was gt7 mired BI-soa@msbenperature for 10 m nutes and cool ed again
to OC. To the reaction m xture was added 2-fl uoro-5-iodobenzonitrile (1.0

g, 4 04 mol) ang, 8t §l.gdgigg,Mmarmed to roomtenperature, the reaction
m xture was stirrelg for 1.5 hours. After the reaction was conplete, water

(20 nm.) was added . to. the than mxture, which was extracted with ethyl
acetate (3 x Sggcnif)lngﬂgl%ﬁggnig@V‘phases wer e conbi ned, washed with a

sat ur ated aque sodi | oride solution (3 x 30 nL), and thereafter
dried over anhggégﬁmwﬁggf%'sul fate. After renoving nagnesi um sul fate
by filtration, the solvent was concentrated under reduced pressure. The
crude product éBtaimmad e pBridlved by silica gel chromatography

(hexane/ ethyl acetate = 98/2) to obtain the title conpound (950 ny).
Yield, 78% 22-25 odid- IDONBRS (1 400MHz, CDC13): 5 7.81 (d, J = 2.2Hz, 1H),
7.76 (dd, J = 8.8Hz, 2.2Hz, 1H), 6.72 (d, J = 8.8Hz, 1H), 3.80 (d, J =
6.3Hz, 2H), 2.21-2.11 (m 114), 1.06 (d, J = 6.8Hz, 6H). [Reference
Exanpl e 3] Synthesis of 5-bronp-2-isobutoxybenzonitrile [0165] [ Fornmul a
191 [ 9388¢sults iﬁﬂéﬁ%@ﬂﬁﬁ% ém%%ﬁbwﬂkﬂ‘ﬁh@rfblﬂﬁyigé- 64 g, a 60% suspension in
~mneral oil, 37.5 ') 1n N, N-di nethyl formam dé (50 nL) was cooled to 0OC
and thgé ter 2-nethyl-I-propanol (3.47 nL, 37.5 mol ) was added
theretd 1 n'small portions. The reaction m xture was stirred at room
terrperﬁgttge 1or 20 m nutes. The m xture was cool ed again to 0C,

2-f | uot &2 B} onobenzonitrile (5.00 g, 25 0 rmol) was added thereto in
smal | portions, and thereafter the reaction mxture was stirred at room
terrperzEtXG?@nfi%trN%S hours. After the reaction was conplete, water (100 ni)
was added to the reaction m xture, which was then extracted with ethyl
acet at ®cgQion GoGlimds. The organi ¢ phases were conbi ned, washed with a
saturated aqueous sodiumchloride solution (2 x 50 nL), and thereafter

dri ed ovegolasftydrous sodi um sulfate. After renoving sodi um sul fate by
filtration, the solvent was concentrated under reduced pressure. The crude
product ofjai ned was purified by silica gel chronmatography (hexane/ethyl
acetate = 9/1) to obtain the title conpound (6.04 g). Yield, 95%

1H NWVR (ﬁ%%g@ CDC13): 6 7.65 (d, J = 2.4Hz, 1H), 7.60 (d, J = 9.0Hz,
2.4Hz, 1H76.84 (d, J = 8.8Hz, 1H), 3.81 (d, J = 6.6Hz, 2H), 2.22-2.12
(m 1H),OA Q@ (d, J = 6.6Hz, 6H). [Exanple 1] Synthesis of tert-butyl
243-cyan Addifiggput oxypheny1) - 4- met hyl t hi azol e-5- car boxyl ate [0167]

[ Formula 20] S020 nol % Cul K12.0 equiv tert-BuQLi
Temperature

Reaction Time
Calculated Yield
[0189]
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DVF 140C. 30min Y. 31% [0168] To a reaction vessel were added tert-butyl
4- met hyl t hi azol e-5-carboxyl ate (49.8 ng, 0.25 mmol ) obtained’in

Ref erence Exanple 1, 5-iodo-2-isobutoxybenzonitrile (112.9 ng, 0.375 mmol)
obtained in Reference Exanple 2, and anhydrous N, N-di nmet hyl f ormam de
(1.25 nL). After adding tert-butoxy lithium (40.0 ng, 0.5 nmmol) and

copper (1) iodide (9.5 ng, 0.05 mvol) to the m xture under a nitrogen

at mospher%ﬁrbﬁaﬁ&éqﬁmnramé&&gregenmm@m -to 140C and stirred for 30
m nutes. After the reaction s conplete, the reaction m xture was cool ed

to roomyl AARSLALUr e ter was added to the reaction m xture, which was
t hen egpraCtég%%%Fﬁm% E§I acetate. The conbi ned organi ¢ phases were washed

with a ur d, aqueous sodi um chl oride solution and dried over nagnesi um
sul f at .ﬁkFﬁg&zﬁgﬂﬁWWW OREgnesi um sul fate by filtration, the organic

sol vent was concentrated under reduced pressure. The crude product

obt ai nedAnEthypaedtdit ed by thin-layer silica gel chronatography

(hexane/ ethyl acetate = 4/1) to obtain the title conpound (29.2 ny).

Yi el d, GBBAE: Cyclopentyl ih&éth¥l &M (400MHz, CDC13): 3 8.16 (d, J = 2.4Hz, 1H),
8.08 (dd, J = 8.8Hz, 2 4Hz, 11-1), 7.00 (d, J = 8.8Hz, 11-1), 3.89 (d, J =
6. 8Hz, RBBF,: RirdBudSboritdeid 2. 24-2.16 (m 1H), 1.59 (s, 9H), 1.09 (d, J =
6.8Hz, 61-1). [Exanple 2] Synthesis of tert-butyl

[ For ml 083 {1 F R RURIRRI T ARREY 5" 01 "0 mmi o6 paC12( ppt ) (12,0 equi v

Ag2CCs | sy-N,1120, 60C. 24hr Y. 94% [0170] To a reaction vessel were
added t PFL%&??F;%Pﬁ%Pﬁ?PﬁﬁFﬂygwgw%-carboxylate (49.8 ng, 0.25 mmol)
obtainﬁgﬁin Ref erence Exanpl.e 1, 5-iodo-2-isobutoxybenzonitrile (112.9 nyg,
0. 375 by 1. Bas(Higbenyiphesphireftienexanpl e 2, and water (0.5 nl) Under a
nitrogen atnosphere, a conplex of palladium (Il) chloride with bidentate
1, 1' - bidppdi lpheBip(diplespiphosphina)icooesne [P d C b (dpp f )] (203 ng, 0.025
rnnol ), triphenyl phosphine (39.3 ng, 0.15 nmol), and silver carbonate
(138. 4 R@y;3: Oribydi oy })phwephéneadded and, thereafter, the reaction m xture was
heated to 60C and stirred for 24 hours. After the reaction was conpl ete,

t he regg{OENPUaNE UE@ Was cooled to roomtenperature. Ethyl acetate (2.5
m.) was added to the reaction m xture, and insoluble material was
separa%ggmgxkbk#gration and the filtrate was washed with ethyl acetate The
filtrate was extracted with ethyl acetate twi ce. The conbi ned organic
phases were washed with a saturated agueous sodi um chl oride solution and
dried over magnesium sul fate. After renobving nagnesi um sul fate by
fiItraE%on, th organi ¢ sol vent was concentrated under reduced pressure.
The cr (8% PP6dlEt obt ai ned was purified by thin-layer silica ge

chromat ogr aphy (hexane/ethyl acetate = 3/1) to obtain the title conpound
(87.6 ,&jythesm of gthyb%¢3-cyano-4-isobutoxyphenyl)-4-methylthiazole-5-carboxylate

[0190]

[Formula 30]
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*11-1=NMR (400MHz, CDC13): 8 8.16 (d, J = 2.4Hz, 1H), 8.08 (dd, J = 8.8Hz,
2.4Hz, 1H), 7.00 (d, J = 8.8Hz, 1H), 3.89 (d, J = 6.8Hz, 2H), 2.73 (s,

3H), 2.24-2.16 (m 1H), 1.59 (s, 9H), 1.09 (d, J = 6.8Hz, 61-1). [Exanple
3] Synthesis of tert-butyl

2- ( 3-cyano- 4-i sobut oxyohenvl) - 4- et hyl t hi azol e- 5- carboxyl ate [0171]

[ Formul a 22] [0172] To a test tube-type reaction vessel (50 nL) were
added tert-butyl 4-nethylthiazol e-5-carboxylate (598 ng, 3.0 mmol)
obt ai ned in Reference Exanple 1, 5-Dbrono-2-isobutoxybenzonitrile (762 ng,
3.0 mml ) obtained in Refer nce Exanple 3, palladium acetate (67.4 nyg,

0. 30 nnn E Eiyclohexyl) ho hi ne (168 ng 0 60 nmol ), cesium carbonate

(1.95 g, ani: B 11 m). T the reacti on vessel
was fllled e 4.006n, |heate der ai X mht seap, and the
reaction mxture was stinNrT foﬁ{e%glog{%’%&l& Aft 8F tRe rga N was

conpl ete, ethylAacetate (30 nL) was added to the reacth moxtyre and
insoluble matter was re ed by filtration. To thdMiltrate mas added 0.1

mol /L hydrochloric acid (20 nL) and the o;gﬁjlc phase was extracted and

separated. Further, the aqueous phase was tracted with ethyl acetate (20
m.) The conbi ned organi c phases were washéd Wt (30 nm) and a
saturated aqueous sodi um chloride sol ution (3Q. )" jreed over sodium
sul fate. After renoving sodium sul fate by filtration, le organi ¢ sol vent
was concentrated under reduced pressure. The crude € tai ned was
purified by silica gel chromatography (hexane/ethyltacetate 7/1) to

obtain the title conpound (930 ng). YleI F;ii%:_ 11-1- NMR (400MHz,

CDC13): 8 8.16 (d, J = 2.44Hz, 1H), 8. 08 N8. 78Hz, 2.20Hz, 114),
7.00 (d, J = 8.78Hz, 1H), 3.90 (d, J = 6.59 2573 S, 314)
2.25-2.16 (m 1H), 1.59 (s, 914), 109 (d, »P-= . [ Exanpl e 4]
Synt hesis of tert-butyl
2- (3-cyano- 4-i sobut oxypher n4) - 4- net hyl t hi azol e- 5Dcarbo ylate [0173]
[Formula 23] 5 mol % PCy3 5 not % Pd(OH) 2, C ho equiv Cul 2.0 equiv K2CO3 DM
SO 120C, 201u v. 39%
[0191]
To a test tube-type reaction vessel (10 mlL) were added ethyl
4-methylthiazole-5-carboxylate (85.5 mg, 0.5 mmol), 5-bromo-2-isobutoxybenzoniirile
(127.1 mg, 0.5 mmol) obtained in Reference Example 3, a palladium species, a ligand, a
base (1.0 mmol), an additive (0.15 Iﬁmol), and a solvent (1.7 mL). Thereafter, the reaction .
vessel was filled with nitrogen, heated to 120°C under airtight seal, and the reaction
mixture was stirred. After the reaction was complete, a portion of the reaction mixture was
diluted with DMSO and the solution obtained was measured by HPLC. The total HPLC
area % of the compounds A to D and TM was set as 100% and the calculated yield of the
target material was computed from the HPLC area % of the target material. The results are
shown in Table 10.
[0192]
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[0174] To a test tube-type reaction vessel were added tert-butyl

4- met hyl t hi azol e-5-carboxyl ate (180 ng, 0.903 mmol ) obtai ned in Reference
Exanpl e 1, 5-brono-2-isobutoxybenzonitrile (230 ng, 0.903 mmol) obtai ned
in Reference Exanple 3, palladium hydroxide (31.7 ng, 0.045 nmol),

tri(cycl ohexyl)phosphine (12.7 ng, 0.045 nmol), potassium carbonate (250
ng, 1.81 nmol), copper iodide (172 ng, 0.903 nmol ), and di nmet hyl sul foxi de

(3.0 eafter reaction vessel was filled with nitrogen, heated
to 1281621@%{05‘???969[%“@ OmAEapRY [ eaction mixture was stirred for 20

hours. After the reaction was conplete, ethyl acetate (10 nlL) and water
(10 ) weévelyiigaledysten: t%lﬁéé&"i’lélﬁpﬁ‘i@ﬂﬁ@%dh@pthe resultant mxture was
stirred at roomtenperature for 30 m nutes. The solution was filtered

t hr ough C8blitvercaftietnlatiGeliot]leC BRyer was washed with ethyl acetate (20 nlL)
and water (10 nlL). The organic phase was separated fromthe filtrate and
the aqueoBsp @hﬁagawaiﬁa&kgacted further with ethyl acetate (20 nL). The
conbi ned organi ¢ phases were washed with a saturated aqueous sodi um
chloride solgy 5%991 meylf.ate. After renoving
sodlun1sulfateh§ﬂ'$&$??§%?§ggmgﬁkﬁgrggﬁﬁc geéﬁgﬁgg concentrat ed under
reduced presgur e 02&9 crude product obtalned was purified by silica gel
_chronatography (%exang?ethyl acetate = 49/1 to 4/1) to obtain a crude

pr oduct of h@ tIe c npound (188 ng). After dissolving this again in

et hanol §v W@-(80C3 the sol ution was cooled to 10C and the
,preC|p|tated SO|Id was separated by filtration and washed with ethanol (2
m.). The sollieanpreaturgr 4&EAabolvesnd %o /88%FeOundes*sTBduced pressure to
obtain the title conpound (132 ng). Yield, 39% 1H NMR (400MHz,
CDC13): 8 8.Rtdolyeht: I5%MCAUBHI,OH) 0.08%0BA(dd, J = 8.90Hz, 2.32Hz, 1H),
~7.00 (d, J = 9.02Hz, 1H), 3.90 (d, J = 6.59Hz, 2H), 2.73 (s, 3H),
2.24-2.15 (radiehs: 1.59 (s, 9H), 1.09 (d, J = 6.83Hz, 6H). [Exanple 5]
Synt hesis of tert-butyl

2- (3-cyano-4-igq9hy OXWQB@BMiﬁ 4- et hyl t hi azol e- 5- car boxyl ate [0175]
[Formula 24] 0O . /\23so NC'-BrN [0176] To a reaction vessel were

added tert-butyl ,4-.net | e-5-carboxylate (598 ng, 3.0 mmol)
obt ai ned in Reyé#gr]fge 1@x+0%:Ba§€§ 5- br ono- 2-i sobut oxybenzonitrile (762 ny,

3.0 nmol ) dbta' L Exampl e 3, palladium acetate (67.4 ny,
0. 30 nmol ), ﬂRf&ﬁégﬁggﬁhine (168 ng, 0.60 mml ), potassium

car bonat e (82 6.0 Mo , toluene (10 nmL), and pivalic acid (92 ng,
0.90 mmol ). H%ﬂggﬂﬂéﬁOI@ﬁ o Bewdti on nixture was stirred at room
tenperature for 30 mi nutes under a nitrogen atnosphere and for further 9
hours wi th heali-Bgnumd86%BfSolix. After the reaction was conplete, water
(20 nmL) and ethyl acetate (20 nL) were added to the reaction m xture and
t he organi c phaes? was 1eailnecBadland separated. Further, the aqueous phase
was extracted wth ethyl acetate (20 nL) The conbi ned organi c phases were
dried over magnessum u4fpiseiy After renovi ng magnesi um sul fate by
filtration, the organic solvent was concentrated under reduced pressure.
The crgﬂggﬁroduct obtained was purified by silica gel chronmatography

(hexan acetate = 100/0 to 0/100) to obtain the title conpound (880
,g@? H§9@6 114- NMR (400MHz, CDCl13): 5 8.16 (d, J = 2.20Hz,
J = 8.78Hz, 2.20Hz, 1H), 7.00 (d, J = 8.78Hz, 1H), 3.90 (d,
J =" 6. 34Hz , 2.73 (s, 3H), 2.25-2.15 (m 1H), 1.59 (s, 914), 1.09 (d,
J = 6. E@Pﬁﬂn (0. Exanpl e 6] Synthesis of ethyl

2- (3-cyano- 4-i sobut oxyphenyl) - 4- net hyl t hi azol e- 5- car boxyl ate [0177]
[ For nuRaa@ivh Cadlditioml % t HUCO2H 20 nol % PCy3 10 not % Pd(QAc)2 0 10 equiv
K2CG3

Solvent

Base

Ligand
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tol uene reflux, 10hr Y. 72% [0178] To a reaction vessel were added

et hyl 4-nethyl thiazol e-5-carboxylate (514 ng, 3.0 nmol), ’

5- br ono- 2-i sobut oxybenzonitrile (762 ng, 3.0 nmol) obtained in Reference
Exanpl e 3, palladium acetate (67.4 ng, 0 30 nmmoft,

tri(cycl ohexyftphosphine (168 ng, 0.60 nmol), potassium carbonate (829 ng,
6.0 mmoft, toluene (10 n.), and pivalie acid (92 ng, 0.90 nmol).
Thereaftery fidie reaction mxture was stirred at roomtenperature for 30

m nut es und%r a nitrogen atnosphere and for further 10 hours with heating
under reflux. After the reaction was conplete, water (20 nL) and et hyl
acetate (Z26™RFf"Ere added to the reaction mixture and the organic phase
was extracted and separated. Further, the agueous phase was extracted with
et hyl acef®aeiquiimgl ). The conbined organi c phases were dried over
magnesi um sul fate. After renoving magnesium sulfate by filtration, the

sol ventCalagated¥eddt r at ed under reduced pressure. The crude product
obtained was purified by silica gel chromatography (hexane/ethyl acetate =
100/0 to 0/100) to obtain the title conmpound 734 ng). Yield, 71%
1H NWVR (400ML-1z, CDC13): 6 8.18 (d, J = 2.44Hz, 11-1), 8.09 (dd, J =
8. 78|'|Z1Al?brg@légons]iﬁ|)chefa?%e%f&ser&ﬂfei%llzk?%ﬁ%z 1H), 4.36 (q, J = 7.07Hz, 2H),
3.90 (d, J =6.34Hz, 2H), 2.77 (s, 3H), 2.26-2.16 (m 1H), 1.39 (t, J

7. 19Hz, 1),.:1.09 (d, J = 6.83Hz, 6H). [Exanple 7] Synthesis of
tert-bd%é%ﬁz%%ggg?gno-4-isobutoxyphenyl)-4-nethy|thiazole-5-carboxy|ate
[0179]J% ?{gyla 26 .,[0180] To a reaction vessel were added

tert-b tg 27 FOPING #4201 e- 5- carboxyl ate (598 my, 3.0 rmol) obtained in
Ref erence Exanple 1, 5-brono-2-isobutoxybenzonitrile (801 ng, 3.15 mmol)
obt ai nédrCR:Ref-anedhdpropsanipred3, pal | adi um acetate (67.4 nmg, 0.30 mol ),

di (tert-butyl)cycl ohexyl phosphine (137 ng, 0.60 mmol ), potassium carbonate
(829 ny, 6.0 mmol ), and toluene (10 nlL). Thereafter, the reaction m xture
was stirred at roomtenperature for 30 mnutes and for further 24 hours
under gom4)rogen atnosphere with heating under reflux. After the reaction
was conplete, water (15 nL) and ethyl acetate (20 nL) were added to the
reacti gpxaphytypp and the organic phase was extracted and separated.
Further, the aqueous phase was extracted with ethyl acetate (20 nlL) The
combi nad DIAEES, ML Lisdb ke ORI AU LabGpbt er removing
magnesiu s O, 0 e 5 entrated
under r&ﬂ%ﬁed pressure to obtain a crude product. After dissolving the
crude é ct by adding toluene (1 m) and heating to 70C, heptane (9 ni)
was added thereto at 70C and the resultant m xture was allowed to cool to
room t ket 3tle and further cooled to OC. The precipitated solid was
separated by filtration, washed with heptane (20 nL) to obtain the title
conpound (611 ng, 1.64 nmmol). Further, the filtrate was concentrated
under reduced pressure and the crude product obtained was purified by
silica gel chromatography (hexane/ethyl acetate = 100/0 to 0/100) to
obtain the title conpound (405 ng, 1 09 mol ). Yield, 91% 1H NWVR
(400MHz, CDC13): 5 8.17(d, J = 2.20Hz, 1H), 8.09 (dd, J = 8 .90Hz, 2.32Hz,
1H, 7.00 (d, J = 8.78Hz, 11-1), 3.90 (d, J = 6.34Hz, 2H), 2.73 (s, 3H),
2.24-2.17 (m IH, 1.59 (s, 9H), 1.09 (d, J= 6.83Hz, 6H). [Exanple 8]

Synt hesi s of ethyl

2- ( 3- cyano- 4-i sobut oxyphenyl) - 4- et hyl t hi azol e- 5- car boxyl ate [ 0181]

[ Formul a 27] [0182] To a reaction vessel were added et hyl

4- met hyl t hi azol e-5-carboxylate (1.71 g, 10.0 mol),

5- br ono- 2-i sobut oxybenzonitrile (2.54 ng, 10 O nmol) obtained in Reference
Exanpl e 3, palladium acetate (22.4 ng, 0.10 nmol), a tetrafluoroboric acid
salt of tri(tert-butyl)phosphine (87.0 ng, 0.30 mmvol ), potassium carbonate
(1.45 g, 105 nmmol) , and xylene (10 nL) Thereafter, the reaction m xture
was stirred at roomtenperature for 30 mnutes and for further 17 hours
under a nitrogen atnosphere, with heating under reflux. After the reaction
was conplete, the reaction mxture was filtered while hot and the
filtration bed was washed with toluene and di chl oronet hane. The filtrate
was concentrated 78




under reduced pressure and the crude product obtained was purified to
obtain the title conmpound (2.69 g). Yield, 78% 1H NVR (400MHz,
CDC13): .5 8.18 (d, J = 2.44Hz, 1H), 8.09 (dd, J = 8.78Hz, 2.20Hz, 11-1),
7.01 (d, J = 8.78Hz, 1H), 4.36 (q, J = 7.07Hz, 2H), 3.90 (d, J = 6. 34Hz,
2H), 2.77 (s, 3H), 2.26-2.16 (m 1H), 1.39 (t, J = 7.19Hz, 3H), 1.09 (d, J
= 6.83Hz, 6H). [Exanple 9] Synthesis of ethyl

2- ( 3- cyano- 4-i sobut oxyphenyl) - 4- et hyl t hi azol e- 5- car boxyl ate [ 0183]
[Formula 28] 3 nol % 1 nmot % Pd(OAc), 1.05 equiv K CO3B Xylene reflux, 24 hr
V.82 % [0184] To a reacfion vessel were added ethyl

4- et hyl 20l g 5- car boxy! te (1 71 g, 10.0|mm]),
5- br ond< 2- I's0b

»yben € 2.69 g, 10 bt ai ned i n Reference
Exanpl e 3, § ; (2azeécﬁaa Codifiéh nmol ) 0
di (tert-buty )cyclohexy phlne —+(68-5—ng» 0. 3¢

T pPetgssi um
carbonate (1.4% g, 10 5 and xylene (10 m) . The#eé?fé%rﬂ{he
reaction m xture was sti ed at roomtenperature fliWf 30 m nutes and for
further 24 hours under a nitrogen atnosphere with heating under refl ux.
After the reaction was conplete, the reacLLzbr’ xture was filtered while
hot and the filtration bed was washed w th’t 3
The filtrate was concentrated under reduced presk
obtained was purified to obtain the title conf
1H NWVR (400MHz, CDC13): 68.18 (d, J = 2.44Hz, 1H), = 8.78Hz, 2
20Hz, 1H), 7.01 (d, J = 8.78Hz, 1H), 4.36 (g, J = 74 3.90 (d, J
= 6.34Hz, 2H), 2.77 (s, 3H), 2.26-2.16 (m 1;;;;;q?9 (t, 'y = 7.19Hz, 3H),

Si s

de crude product
Yield, 82%

1.09 (d, J = 6.83Hz, 6H). [Exanple 10] Sy tert-butyl .

2- ( 3- cyano- 4-i sobut oxyphenyl ) - 4- net hyl t hi azol - dar boxyl g3 e [0185]

[ Formul a 29] [ 0186] “To a test tube-typegreasti (10 nL) were
added tert-butyl 4-nethylthiazol e-5-carboxyl ate (59. nmol )

obtai ned in Reference Exanple 1, 5-brono-2-isobutpxybe zonitrile (76.2 no,
0 3 Mol ) obtained in Reference Exanple 3, palladiumacetate (6 7 ng,
0.030 mmol ), a ligand, a base (0.60 mml), and a solvent (I ni).

[0196]

To a test tube-type reaction vessel (20 ml) were added ethyl
4-methylthiazole-5-carboxylate (381.2 mg, 1.5 mmol), 5-bromo-2-isobutoxybenzonitrile
(256.8 mg, 1.5 mmol) obtained in Reference Example 3, palladium acetate (6.7 mg, 0.030
mmol), di(tert-butyl)cyclohexylphosphine (13.7 mg, 0.060 mmol), potassium carbonate
(414.6 mg, 3.0 mmol), an additive (0.45 mmol), and xylene (5.0 mL). Thereafter, the
reaction vessel was filled with nitrogen, heated to 120°C under airtight seal, and the
reaction mixture was stirred for 5 hours. After the reaction was complete, a portion of the
reaction mixture was diluted with DMSO and the solution obtained was measured by
HPLC. The total area % of the compounds A to D and TM was set as 100% and the
calculated yield of the target material was computed from the HPLC area % of the target
material,. The results are shown in Table 11.
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Thereafter, the reaction vessel was filled wth nitrogen, heated to 120C
under airtight seal, and the reaction m xture was stirred. After the
reaction was conplete, a portion of the reaction mxture was diluted with
DVSO and the sol ution obtained was nmeasured by HPLC. The total HPLC area%
of the compounds A to D and TMwas set as 100% and the cal cul ated yield of
the target material was conputed fromthe HPLC area% of the target

mat eri ajgjofprput ation of the calculated yield of the target material from
the HPLC area% t hereof was carried out by putting the correspondi ng val ues

in the follow ng_calcul ation for . [0187] Yield of TM (% = total
anount o%ghl%\%onr%ﬁﬁﬁg%@ldhg%ﬁﬁg%#%B (nol) + total amount of D (nmol) x 2
+ total anpunt, of . TM ( + {total unt A (nol) + total anmount of
(C) x 2 +4r5‘?3§13 Wirgglgﬂ%ﬂﬁé?%ﬁ%migg%1186Tot al anount of each
conmpound (nol) = HPLC area value (nmAU)/ HPLC area val ue per nol of each
conmpound (efwarm ChesSptiopder e dbnce Li qui d Chr omat ogr aphy. Anal yti cal
System 0131 5A Hewl ett Packard Series 1100 Software: Chenttation for LC

3D Experi mspt@heiandoddions: Col uim: Intal ct Cadenza CD-C18 4.6 x 100 mm
Flow 1.0 nmL/m n Wavel ength: 254 nm Tenperature: 40C A-Solvent: 5%

MeCN/ 95% H20Cd1ufind PHenbifenBx Bahy/ Phnyl-HeIMthlah Himm 0. OS%FA Gradi ent:
0-1 nin 10% B-Solv. 1-7 min 10-50% B-Solv. 7-14 nin 0-80% B-Solv. 14-16

m n 80- 100% 880k \j mifs;20 M n 100% B- Sol v. 20-22 nmin 100-10% B- Sol v. 22-25
mn 10% 5-50‘58. '%’he results in the present Exanple are shown in the

follow ng [ 841 a?r‘@t‘%l Experi nent No. Reaction Conditions Solvent Base
Li gand Addit e ﬁ;‘g}b e Reaction Tine Calcul ated Yield [0189]

Abbreviations in the Table represent the follow ng: DVE D nethoxyethane
NMVP: N Met hylGiacrasmicathe -

A-Solvent: 5%MeCN/O5%H,0 + 0.0S%TFA
B-solvent: 95%MeCN/5%IH,0 + 0.05%TFA
Gradient:
0-1 min  10% B-Solv.
1-14 min 10-70% B-Solv.
14-24 min 70-80% B-Solv.
24-25 min 80-100% B-Solv.
25-30 min 100% B-Solv.
30-32 min 100-10% B-Solv.
32-35 min 10% B-Solv.
[0198]
[Table 11]
Experiment No.
Reaction Conditions

Solvent
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EA: Ethyl acetate CPME: Cyclopentyl nethyl ether HBF4: Tetrafl uoroboric
aci d dppp: 1,1 -Bis(di phenyl phosphi no) propane dppe:

1, 1' - Bi s(di phenyl phosphi no) et hane dppb: 1, 1'-Bi s(di phenyl phosphi no) but ane
dppf: 1,1'-Bis(di phenyl phosphi no)ferrocene PCy3: Tricycl ohexyl phosphi ne
PivOH: Pivalic acid n-Cct.: n-Cctyl [Exanple 11] Synthesis of ethyl

2- (3-cyano- 4-i sobut oxyphenyl) - 4- net hyl t hi azol e- 5- car boxyl ate [ 0190]

[ Fornul a e [0191] To a test tube-type reaction vessel (10 nmL) were
added et hyl 4-net hyl t hi azol e-5-carboxylate (85.5 ng, 0.5 mmuol),

5- br ono- Z-ﬂ.%%gut oxybenzonitrile (127.1 ng, 0 5 mmol ) obtained in Reference
Exanpl e 3, ! al | adi um species, a ligand, a base (1.0 nmmol), an additive
(0 15 mol ), and a solvent (1.7 nmL) Thereafter, the reaction vessel was
filled wi fidifier ogen, heated to 120C under airtight seal, and the reaction
m xture was stirred. After the reaction was conplete, a portion of the
reaction rexperasupas diluted with DVMSO and the sol uti on obtai ned was
nmeasured by HPLC. The total HPLC area % of the conpounds Ato D and TM was
set as 10@%mahah Tile cal cul ated yield of the target material was conputed
fromthe HPLC area % of the target material. The results are shown in

Tabl e 18,1c0121923%e1gH gh Performance Liquid Chronat ography: Anal yti cal
System GL315A Hewl ett Packard Series 1100 Software: Chenftation for LC 3D
Experimental Conditions: Colum: Phenonenex Luna Phenyl-Hexyl 5uni 4.6 x
100 mMm Flow 1 0 ni/m n Wavel engt h: 240nm Tenper ature: 40CA- Sol vent :

5%veCN 95%+20.+ Q. 059 B-sol vent . . 95%keCN 5%120 + 0. 05%FA G adient: 0-1
mn 100/53‘%%1%13@“519%?%% epreseR s QUPYN14- 24 min 70-80% B- Sol v. 24-25 nin
80-100% B- Sol v. 25-30 mn 100% B-Solv. 30-32 mn 100-10% B-Sol v. 32-35 min
10% B- $giRFCO-H: cyclopropanecarboxylic acid

tetraMeCyPrCO-lI1: 2,2,3,3-tetramethylcyclopropanecarboxylic acid

CyPnCO,H: cyclopentanecarboxylic acid

1-ad-CO;H: 1-adamantanecarboxylic acid

CyPenteneCO,H: 3-cyclopentenecarboxylic acid

3-THFCO,H: tetrahydrofuran-3-carboxylic acid

[Industrial Applicability]
[0199]

The novel coupling process of the present invention, wherein a phenyl derivative
represented by the formula (1) and a heterocyclic derivative represented by the formula (2)
are coupled in the presence of a transition metal compound to obtain a phenyl-substituted
heterocyclic derivative represented by the formula (3), is useful for producing a xanthine
oxidase inhibitor, which is a therapeutic agent for hyperuricemia, or an intermediate thereof
in a process involving aw small number of steps and, consequently, in high yield and at low
cost.
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[0193] [Table 10] Experinent No. Reaction Condition Solvent Base Ligand
Additive Tenperature Reaction Time Cal cul ated Yield Abbreviations in the
Tabl e represent the following: AcOH acetic acid Et CO2H: propionic acid

i -PrCO2H: 2-net hyl propanoic acid [0194] [ Exanple 12] Synthesis of ethyl

2- ( 3- cyano- 4-i sobut oxyphenyl) - 4- et hyl t hi azol e- 5- car boxyl ate [ 0195]

[ Formula 31] [0196] To a test tube-type reaction vessel (20 nL) were
added et hyl 4-nethylthiazole-5-c éﬁgﬁégate (381.2 ng, 1 5 mmol),

5- br ono- 2-i sobut oxybenzonitrile ( 5 mmvol ) obtained in Reference
Exanpl e 3, palladium acetate (6.7 ng, O. 030 mmol ),

di (tert-butyOcycl ohexyl phosphine (13.7 ng, 0.060 mmol), potassium
carbonate (414.6 ng, 3.0 nmol), an additive (0.45 mml), and xylene (5.0
m.) . Thigllaaf tleA pradess comupisingresesga congmouhd rdpeckeniet by thd follgemg hmatled t o
120C under airtight seal, and the reaction m xture was stirred for 5
hours. @After the reaction was conplete, a portion of the reaction mxture
was diluted with DMBSO and t he sol ution obtai ned was neasured by HPLC. The
t ot al a?ggm%dq? the conpounds A to D and TMwas set as 100% and the

cal cul a yield of the target material was conputed fromthe HPLC area %
of the target material,. The results are shown in Table 11. [0197] High
Performance Liquid Chromatography: Analytical System GL315A Hew ett
Packard Series JR®0 Software: Chenftation for LC 3D Experinmental

Condi tions: Col unk; Phenonenex Luna Phenyl-Hexyl 5 urn 4.6 x 100 nm Fl ow
1 0nm/mn

A—X Y

R2 (1)

(In the formula (1), R' represents a hydrogen atom or halogen atom; R? represents a
hydrogen atom, cyano group, nitro group, halogen atom, formyl group, or halomethyl
group; A represents a hydrogen atom, C; to Csg alkyl group, C; to Cgs cycloalkyl group,
phenyl group, fluorine atom (only when X is a bond), or protecting group for a hydroxyl
group (only when X is an oxygen atom), wherein A may be substituted by 1 to 3
substituents, such substituent representing a group selected from the group consisting of a
halogen atom, C, to C4 alkyl group, C, to C4alkoxy group, C; to Cs alkylthio group, C; to
Cs cycloalkyl group, phenyl group, phenoxy group, and pyridyl group; X represents a bond
(only when A is a phenyl group or fluorine atom) or oxygen atom; and Y represents a
leaving group)

and a compound represented by the following formula (2):

[Formula 2]
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Wavel'engt h: 240 i nn Tenperature- 40C A-Sol vent: 5%veCN 95%120 + 0. 05%FA
B-sol vent: 95%weCN 5%120 + 0.05%FA Gradient: 0-1 mn 10%B-Solv. 1-14 mn
10-70% B- Sol v. 14-24 mn 70-80% B-Solv. 24-25 min 80-100% B- Sol v. 25-30
mn 100% B- Sol v. 30-32 m n 100-10% B-Sol v. 32-35 mn 10% B-Sol v. [0198]

[ Tabl e 11] Experinment No. Reaction Conditions Sol vent Base Ligand
Additive Tenperature Reaction Tine Cal culated Yield Abbreviations in the
Tabl e represent the follow ng: CyPrCO2H. cycl opropanecarboxylic acid

t et raMeCyPr CO2H , 3-tetranet hyl cycl opr opanecar boxylic acid CyPnCO2H:
cycl opent caf bo agnd 1- ad- CO2H: 1- adanant anecar boxylic acid

CyPent ene H \3- cycl ppent'enecar boxylic acid 3- THFCO2H:

t et rahydr of uran~3-caf boxylic acid [{:ndustrial Applicability] [0199] The
novel coupling process of the present invention, wherein a phenyl
derivative represented by the formula (1) and a heterocyclic derivative
represented by the fornula (2) are coupled in the presence of a transition
met al compound to obtain a phenyl-substituted heterocyclic derivative

r epr eseqih ek RymbRe2), i Reirasehi)a hyBoginedath; BaEprbéedtUCbiddp dcl¥abd Romanexi dase
inhibitor, which is a therapeutic agent for hyperuricema, or an
'nterWQQM@R%1iﬂﬁﬁﬁ@£ in a process involving aw smal |l nunber of steps and,
consequently, igh yield and at | ow cost.

[Formula 3]
;ﬂ/s - ;“\Kj}é 2 R
/ ) N\\/\i ) or b} \ %_
R4 R ~W

R? represents COOR® or COR™; R* represents a hydrogen atom, C; to Cy alkyl group, ot
ester-type protecting group for a carboxyl group; R?® represents a amide-type protecting
groﬁp for‘a carboxyl group, the protecting group forming an amide with a neighboring
carbonyl group; R* represents a hydrogen atom, halogen atom, or C; to Cq4 alkyl group; and
W represents an oxygen atom or sulfur atom)

in the presence of a trénsition metal compound to produce a phenyl-substituted heterocyclic
derivative represented by the following formula (3):

[Formula 4]
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CLAINS [ aim1] A process conprising reacting a conpound represented by
the followwng fornmula (I): [Formula 1] A-X ( 1) (Inthe fornmula (1), R
represents a hydrogen atom or hal ogen atom R2 represents a hydrogen atom
cyano group, nitro group, halogen atom fornyl group, or hal onmethyl group;
A represents a hydrogen atom Cl1 to C8 al kyl group, C3 to C6 cycl oal kyl
group, phenyl group, fluorine atom (only when X is a bond), or protecting
group for a hyer(yI group (only when X is an oxygen atom, wherein A may
be substituted $ 1 to 3 substituents, such substituent representing a
group sel ected from p-consi sting of a halogen atom C to C4 al kyl
to &4 alkylthio group, C3 to C6

&y group, and pyridyl group; X

a phenyl group or fluorine atom or

cycl oal kyA-gdup:
represents a bond\ten
oxygen atony and represents a | eaving group) and a conpound represented
by the foll ow n&zformjla (2): [Formula 2]czy (2) (In the formula (2), H
represents a hydrogen atom B represents a group selected fromthe
followi ng formul ae: [Formula 3] R3 represents COOR3a or COR31'; R3a
represents a hydrogen atom Cl to C4 al kyl group, or ester-type protecting

group fQp e foRhAR Y, Areup 3R LANHESSAL S5 éefﬁﬁh@@ﬂfeyf@ﬁmﬂgghgmﬁ%ﬁgngr oup

for a carboxyl group, the protecting group formng an am
el 900K B GELBEIV. RESHR b gReRETT = o, i oaen som bl ogen atom
e e B R AR 2 COTRAVD L0 REOSHOE &t v
Formul a[C(lgi)rri 3][ ?I%rpqgclll?cﬁﬁk propé-e;sxacm()rd?ng) to claim 1, wherein A is an isobutyl group.
[Claim 4] The production process according to z‘my of claims 1 to 3, wherein X is an
oxygen at—om. |
[Claim 5] The production process according to any of claims 1 to 4, wherein R' is a
hydrogen atom.
[Claim 6] The production process according to any of claims 1 to 5, wherein R” is a cyano
group.
[Claim 7] The production process according to any of claims 1 to 6, wherein Y represents a
halogen atom, -OCO2-(C, to C4 alkyl group), -OCO2-(phenyl group), -OS0,-(C; to Cy alkyl
group), -OS0O»-(phenyl group), or a diazonium group wherein, in Y, the C; to Cq alkyl group
may be substituted with 1 to 3 halogen atoms and the pheny! group may be substituted with
1 to 3 halogen atoms or C) to C; alkyl groups.
[Claim 8] The production process according to any of claims 1 to 7, wherein B is

represented by the following group:

[Formula 5]
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(in the formula (3), A X, R, and R2 are the sane as defined in the
formula (1); and B and R3 are the sane as defined in the formula (2)).
[Claim?2] The production process according to claim1l, wherein Ais a (C
to C5 al kyl group. [Claim3] The production process according to claim1,
wherein Ais an isobutyl group. [Caim4] The production process according
to any of clains 1 to 3, wherein X is an oxygen atom [Caimb5] The
production process according to any of clainms 1 to 4, wherein Rl is a
hydrogen atom [C aim 6] The production process according to any of clains
1to5 whereNg R2 ig a cyano group. [Caim7] The production process
according to ai 1 to 6, wherein Y represents a hal ogen atom
5

-002-(C] to &4 & kyl ), -0C2-(phenyl group), -0S02-(Cl to C4 al kyl
group), -0S02-( nyl/Qrogp), or a diazonium group wherein, inY, the Cl1
to ¢4 alkyl gro Y be substituted with 1 to 3 halogen atons and the
phenyl group may be sybstituted with 1 to 3 halogen atons or Cl to C4
allcyl groups. [dai rﬂﬂ The production process according to any of clains
1to 7, wherein Bis represented by the follow ng group: [Foiniula 5] R4
[Claim9] The production process according to any of clains 1 to 8,

wher ei nf(fdini 9] mr&?rbh'a{duoﬁqﬂy&ss h&oRliAg H%hy DrelaRhodUsE '@ﬁbrahq@% 8 néﬁ@@r di ng
to any of claims 1t wherein the transition metal conpound

zero-v pal | adi um or a salt of nono- or di-val ent palladi um [Caim
111 The”prioduction process accordi ng to any of cl ai n 1 to 9, wherein the

s i T

(Pd(QC—O)CH(CHB)Z)Z pal | adi umplval ate Pd(03| gglladl um (11)
vlep

chi or i decteerearppnd saereryplent pallrdyrornagalt e &@BP‘Z?T divam (H)
hydroxi de (Pd(OH)2). [d aim 12] The production process according to any

of cl ailfdaim 11g The pybictidm prdeesstacesrdingito anyref diinsdmod mdieren thelttaastiionm (1 1)
acetate (Pd(OAc)2), palladium (11) propionate (Pd(Q(C=0)CH2CH3) 2),

pal | adimenl |dompdundt B3y Ipatlagiamoaily fdicX @d00 Lt CHBAIBNZm O (11 Hrbsiekam

pi valate (Pd(OPiv)2). [COaim13] The production process according to any

of cl aipa(d(C=0)d&,CHREY, el adilmIany oaralliBrophn@or ddietd-a9)/diqcig),,

tranS|t| on netal conpound is additionally préesent during the coursé of the

he'l ngélr%%“l. saila*%% (ReERy t)@bﬁﬁf‘égandﬁﬂc‘??%fﬁcﬁﬁ@#ﬂgﬂ%%@ﬁc dcoes
1 ganai PRI ém?ﬁfﬂsw e ?ﬁ(?’l?)‘éf? 'bﬂteyf ) et hyl phosphi ne.

tert-butyl dicycl ohexyl phosphi ne, di (tert-butyl)cycl ohexyl phosphlne

tri (cyépi%lf@ ff)cf aeﬁipw DLOGFB\REF S gw AoiRs 120 96 whergin the Happesay - 1, 1

- bi phenyl , 2-di cycl ohexyl phosphi no-2',4',6' -triisopropyl-1,1'-biphenyl, or
a sal t oodidr sompp @i im palladipe rﬁﬂbdmtaltmr(Pé@%@s)s padladnui ngl)t @remynatsf

claims 1 to 15, wherein a base is additionally present during the course

of the (PHEXCFONCH.CI)a, rpallddliui €Ilp Rogetby peupandane €BS(CRCes0NCGHIOHE)9,,cdai m 16,
wherein the base is potassium carbonate, potassium bicarbonate, cesium

car bOﬂ@Eﬁadi&ﬁgﬁx%la{t@(PH(Qm %)ammnl um fluoride. [Caim218] The production
process according to any of clains 1 to 17, wherein a 5|Iver salt IS

addi ti i@%ylgg'ﬁzﬁgﬂgd&'ﬁﬂaqg&eg? alt %P(ﬁ%? chfanmr at nci OR o ig&n qrhe

product on cess accor he “Si ver sa

silver cg[% Pe &a coordinating to the transition metal compound is additionally present during the
course of the reaction.
[Claim 14] The production process according to claim 13, wherein the ligand is a
phosphine-type ligand.
[Claim 15] The productioﬁ process according to claim 14, wherein the phosphine-type
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[C ai'm 20] The production process according to any of clains 1 to 17,
wherein a Cl to Cl2 carboxylic acid or salt thereof is additionally
present during the course of the reaction. [C aim21] The production
process according to claim20, wherein the carboxylic acid or salt thereof
I's 2-nmet hyl propanoic acid, pivalic acid, or a salt thereof

ligand is tri(tert-butyl)phosphine, di(tert-butyl)methylphosphine,
tert-butyldicyclohexylphosphine, di(tert-butyl)cyclohexylphosphine,
tri(cyclohexyl)phosphine, 2-dicyclohexylphosphino-2’,6’-diisopropoxy-1,1°-biphenyl,
2-dicyclohexylphosphino-2°,4°,6°-triisopropyl-1,1’-biphenyl, or a salt thereof. |

fClaim 16] The prpduction process according to any of claims 1 to 15, wherein a base is
additionally present during the course of the reaction.

[Claim 17} The production process according to claim 16, wherein the base is potassium
carbonate, potaésium bicarbonate, cesium carbonate, or tetra-n-butylammonium fluoride.
[Claim 18] The production process according to any of claims 1 to 17, wherein a silver salt
is additionally present during the course of the reaction.

[Claim 197 The production process according to claim 18, wherein the silver salt is silver
carbonate.

[Claim 20] The production process according to any of claims 1 to 17, wherein a C; to Cy3
carboxylic acid or salt thereof is additionally présent during the course of the reaction.
[Claim 21] The production process according to claim 20, wherein the carboxylic acid or

salt thereof is 2-methylpropanoic acid, pivalic acid, or a salt thereof.
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