DESCRI PTI ON METHOD FOR MANUFACTURI NG A BORONI C ACI D ESTER COVPOUND

Techni cal Field 5[0001] The invention relates to a nethod for manufacturing
a boroni cwecnth/mastser conpound. Background Art [0002] A lporasc@omssodo est er
conmpound is a useful conpound as e.g., an internedi ate for synthesizing
medi cal /agricultural drugs. The boronic 10 acid ester conpound has been
manuf actured generally by reacting an aryl halide and a di boron conpound in
the presence of a palladiumcatalyst (see, non-patent docunent 1, etc.).

[ 0003] However, use of a pall adi s a problem Cenerally, it is
difficult to renove the catal ystwgﬁf@%ﬁ%g@?t In particular, in 15

synt hesi zi n | IMiWI Rt Al mry o] i a
product w tﬁ/[@ﬁ(gﬁe i u ?ﬁﬁfﬁm@réﬁ%@purl ?C(ﬁ‘it:% ??qrrﬁe%eat edly
per f or med s¢@{/@j Hl\ﬁgs in order to increase the purity, the yield of the
product signifi 591 y decreases (see, non-patent docunent 2, etc.).

20[ 0004] In tyzs tent docunents 1 and 2 exenplify a nethod for

manuf acturi%gggh{)cg‘?(yﬂle@aaci d ester conpound using a nickel catalyst, which

s easily r@mﬂbﬁﬁe%f@ﬁﬁa{ﬂ%%% HophiRithol! for MAnIRIGIANE BokagiEpensi ve.

[ 0005] Howe conventiona manuf acturing a boronic 25acid
ester COWOHE&@é’ﬁéP&oﬁthﬁh?' catal yst described, for exanple, in

Background Art
[0002] A boronic acid ester compound is a useful compound as e.g., an
intermediate for synthesizing medical/agricultural drugs. The boronic

10 acid ester compound has been manufactured generally by reacting an
aryl halide and a diboron compound in the presence of a palladium
catalyst (see, non-patent document 1, etc.).

[0003] However, use of a palladium catalyst has a problem. Generally,
it is difficult to remove the catalyst from a product. In particular, in

15 synthesizing medical/agricultural drugs, it is necessary to obtain a
product with extremely high purity; however, if purification is
repeatedly performed several times in order to increase the purity, the
yield of the product significantly decreases (see, non-patent document 2,
etc.).

20 [0004] In contrast, patent documents 1 and 2 exemplify a method for
manufacturing a boronic acid ester compound using a nickel catalyst,
which is easily removable by washing with water, etc. and relatively
inexpensive.

[0005] However, conventional methods for manufacturing a boronic

25 acid ester compound using a nickel catalyst described, for example, in

patent documents 1 and 2 have a problem in insufficient yield.



patent docunents 1 and 2 have a problemin insufficient yield. [0006]

[ Pat ent docunent 1] WO 98/45265 [ Patent docunent 2] U S. 2003/ 0032838

[ Non- pat ew0 2dmeomsat 1] Journal of Organic Chemistry 60PC2A)S200868824 1995)
5[ Non- pat ent docunent 2] C. Soneswara Rao, The Chem stry of Process

Devel opnent in Fine Chem cal & Pharmaceutical Industry Second Edition (John
Wley & sons, LTD, p. 981) Disclosure of the Invention Problemto be sol ved
by the invention 10[0007] An object of the present invention to provide a

orovi di ng. a Bad T EEAhDdeGuRRRe Tt ¢ RO R T high yiel d w th a ni ckel
CoL Yok b | B fopkiy gl angstaghe resent | nventor
bor oni ¢ aci d est epNpAMRANAC dRRFESANT B Rrhar B BrbRic MicisBe350
(23), 7508 (1995)
5 [Non-patent document 2] C. Someswara Rao, The Chemistry
of Process Development in Fine Chemical & Pharmaceutical Industry
Second Edition (John Wiley & sons, LTD, p. 981)
Disclosure of the Invention

Problem to be solved by the invention

10 [0007] An object of the present invention to provide a method for
manufacturing a boronic acid ester compound, capable of providing a
desired product in a sufficiently high yield with a nickel catalyst.

Means for solving the problems

[0008] The present invention provides the following [1] to [24].
15 [1] A method for manufacturing a boronic acid ester compound

represented by formula (3):

/O\
Ar—B\dR (3)
wherein Ar represents an optionally substituted aromatic

hydrocarbon group or an optionally substituted aromatic heterocyclic

20 group; and R represents a divalent organic group;

characterized by reacting a compound represented by formula

(1)
Ar-X (1)
wherein Ar is as defined above, X represents a halogen atom, an
25 optionally substituted alkylsulfonyloxy group, or an optionally



0

wherein Ar represents an optionally substituted aromatic

hydr ocarbon group or an optionally substituted aromati c heterocyclic
20gr oup; wodoR/mepresents a di val ent organi c group; charaTiusze2e880dy
reacting a conpound represented by forrmula (1): Ar-X(1)

wherein Ar

Is as defined above, X represents a hal ogen atom an

250ptionally substituted al kyl sul fonyl oxy group, or an optionally

substituted aryl sul fonyl oxy group; with a compound (di boron conpound)

represent ed 2) 5wherein R is as defined above;
in the preseﬁc%é%?whﬁ]lggpgagﬁ x??mtﬁ%( n)g organi c base, a nickel catalyst,
phosphi ne conmpounqyigng &, gJo‘ﬁ%ﬂt b%ionT '&%Fﬁ&ﬂlﬁg ﬁrgﬂ?&ﬁ@ﬁ Yoidgld he

boronic acid ester conpoun

acco

substi tut edgy.omatic
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/O\ /O\
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wherein R is as defined above;

in the presence of a nitrogen-containing organic base, a nickel
catalyst, a phosphine compound and a solvent.
[2] The method for manufacturing the boronic acid ester compound
according to [1], in which Ar is an optionally substituted aromatic
hydrocarbon group, an optionally substituted nitrogen-containing
aromatic heterocyclic group, an optionally substituted sulfur-containing
aromatic heterocyclic group, or an optionally substituted oxygen-
containing aromatic heterocyclic group.
[3] The method for manufacturing the boronic acid ester compound
according to [1], in which Ar is an optionally substituted aromatic
hydrocarbon group, or an optionally substituted nitrogen-containing
aromatic heterocyclic group.
[4] The method for manufacturing the boronic acid ester compound
according to [1], in which Ar is an optionally substituted phenyl group,
an optionally substituted pyridyl group, an optionally substituted indolyl
group, or an optionally substituted indazolyl group.
[5] The method for manufacturing the boronic acid ester compound
according to any one of [1] to [4], in which the nickel catalyst is a 0-

valent or divalent nickel complex.

[0009]

an opt lonal |y

a



10 hydrocarbon group, an optionally substituted nitrogen-containing
aromati c heterocyclic group, an optionally substituted sul fur-containing
aromat i ¢ Weteroaymki ¢ group, or an optionally substitut edTasy@en3sment ai ni ng
aromatic heterocyclic group. [3] The nethod for manufacturing the boronic
acid ester conpound 15 according to [1], in which Ar is an optionally
substituted aromati c hydrocarbon group, or an optionally substituted

ni trogen-containing aromati c heterocyclic group. [4] The nethod for

manuf act ur i t he r.QRj i ks LRdwhi ch A
[ Thg rﬁeﬂfocﬁgirgﬁlggwcgtgggggﬁgdo&eﬁw Héid% k6 J:éahgo!uﬂd ich Ar

is an optio |y substitute Oan optionally substituted

pyridyl gr 05@%‘2}?%??,‘? 5151?%@/0? Eﬁsﬂ%ﬁfﬂg Bl WwHIERkNé ndslRdRatdlyseR fAnehqnal |y

substituted | oup. nmet hod for nmanufacturing the boronic

aci d ester paERMURE 86/pI&k @aléc@e@%rﬁn&e?grdug cbﬁsiktgigF dfha Witksl(Ope ni ckel

catalyst is a 0- valent "or dival ent nickel conpl ex. 0009] WO

2010/ 110782Eﬁzenlésg&%l&é%@cﬁ@IO)Tﬁﬁomih@obd[r%r;lea@whm«o)rmd ifeor oni ¢

acid ester conmpound according to ‘any one of to [4], in which the nickel
catakyst i scaginplershnonRrahsicehcidosmlt exf ﬁﬁik@ﬁb}j 4 orpamie geidupale wfsi sting
of a nickel (0)- alkene conplex, a nickel (0)-phosphine conplex, a

ni ckel (0) - phas@(Ily Heiekpl(ER, halde, aadganicked(dl dhalédd-phdsphinkealophplex. an
organic acid salt of nickel (Il), a nickel(Il) halide, and a nickel (1)

hal i de- phospfi] ne Thephethod Tdr Mheufrdthoidgf thie bemoni@atid éstgr chmpmomdni ¢ aci d
ester conpound according to any one of [1] to [4], in which the nickel

catal yst i sabteidingto anyl cxrecoffi Jetoeldi rkeihid) thenhikel catalystiis bas(d , or

ni ckel (1'1) chloride.
cyclooctadiene)nickel(0), nickel(II) nitrate or nickel(II) chloride.

10 [8] The method for manufacturing the boronic acid ester compound
according to any one of [1] to [7], in which the nitrogen-containing
organic base is a tertiary amine compound or a cyclic amidine
compound.

[9] The method for manufacturing the boronic acid ester compound

15 according to any one of [1] to [7], in which the nitrogen-containing
organic base is a trialkylamine compound, a cyclic tertiary amine
compound or a cyclic amidine compound.

[10] The method for manufacturing the boronic acid ester compound
according to any one of [1] to [7], in which the nitrogen-containing

20 organic  base is triethylamine, diisopropylethylamine, = N-
methylmorpholine or 1,8-diazabicyclo[5.4.0]-7-undecene.

[0010]
[11] The method for manufacturing the boronic acid ester compound
according to any one of [1] to [10], in which the phosphine compound is

25 a triarylphosphine.

[12] The method for manufacturing the boronic acid ester compound



10 [8] The nmethod for manufacturing the boronic acid ester conpound
according to any one of [1] to [7], in which the nitrogen-containing

organi ¢ baeeoiosiiarsterti ary am ne compound or a cyclic amcaiuseoooospound. [ 9]
The net hod for manufacturing the boronic acid ester conpound 15 according
to any one of [1] to [7], in which the nitrogen-containing organic base is
a trial kylam ne conpound, a cyclic tertiary am ne conpound or a cyclic

am di ne conpound. [10] The nethod for manufacturing the boronic acid ester

conmpound a j
T ogon. consedtdie lOaAPOIE O] (bH 0} dnhicl theifidsphitecompqund e,
nmet hyl mrphﬁﬁﬁfg‘ﬁ%ﬁ?hg I%ﬁ;[leazabl cycl o[ 5. 4. 01 7-undecene. [0010] [11] The

met hod for uring the boronic acid ester conpound according to any

one of [1] LP3][ 10]Fhe'rﬁe%&fbﬁrﬂ%nﬁ%ﬁﬂh%%h@%@ﬁfhdaéﬂ &2ér co goun_d

triaryl phosphine 12] The method for ufacturing the boroniCc acid ester

conpound aﬁé(%l‘él'lﬁgl b QraNYnOBT [f] tblq 2‘1'[0 i laﬂfhch' theWdt1¢ent Rea® ROSsHBINE

conmpound is triphenyl phosphine.” 7[13 he nethod for nanufacturing the

bor omi ¢ aci doR&h€orcd IR Gobei ol didalicohahyoleRat ahd [at leds® ohtdolvént whi ch
the solvent is an al cohol 5 sol vent, or a m xed sol vent of an al cohol

sol vent andsélectepsionthe pn@oﬁﬁb@@geﬁ“ 4 13irbbebonosyivent)sars et of a
hydr ocar bon sol vent, an ether solvent, an ester solvent, a ketone solvent,

an am de sokykmrint, an rdstér sclvent, v etorge solvent; de a&nidees@lv@nd, a rigfilegenat ed
hydr ocar bon sol vent. [14] The nmethod for manufacturing the boronic acid

e L i g e
at | east ongl4pl vdhe methxt fot Mmromfadtariggdhp haesic acidgestér aompdrumdar bon
5ol \ll%nt , anagctzgr?iring C’)Llovaenr;/t 6ng nodf [alri t((a)she2r], ?r? lv\v/ﬁiréth' the solvent is an alcohol
solvent, or a mixed solvent of an alcohol solvent and at least one solvent
selected from the group consisting of a hydrocarbon solvent, an ether
solvent, and an ester solvent.
[15] The method for manufacturing the boronic acid ester compound
15 according to [13] or [14], in which the alcohol solvent is methanol or
ethanol.
[16] The method for manufacturing the boronic acid ester compound
according to [13] or [14], in which the alcohol solvent is methanol.
[17] The method for manufacturing the boronic acid ester compound
20 according to any one of [1] to [16], in which R is an optionally
substituted alkylene group, or an optionally substituted arylene group.
[18] The method for manufacturing the boronic acid ester compound
according to any one of [1] to [17], in which the compound represented
by formula (2) is bis(pinacolate)diboron.

25 [19] The method for manufacturing the boronic acid ester compound

according to any one of [1] to [18], in which X is a chlorine atom, a



[ 15] The nethod for manufacturing the boronic acid ester conpound
15according to [13] or [14], in which the al cohol solvent is nethanol or

et hanol . wp26jo/iibm2net hod for manufacturing the boroni cratius2@oisso2eonpound
according to [13] or [14], in which the al cohol solvent is nethanol.

[17] The nethod for manufacturing the boronic acid ester conpound
20according to any one of [1] to [16], in which Ris an optionally
substituted al kyl ene group, or an optionally substituted aryl ene group.

[ 18] The ne for uf act yrk:ng t or,on i ccordi ng
to any one %Pﬂ?%?@tgﬂ?§7]%&i%&&E?cﬁﬁggg 302%%3%%*?%%?225?@2 by fo?hula (2)

I's bis(pi na&?ﬂﬁbﬁ):ﬁ&ﬂ%@&m%é&ﬁﬁdy ;g;@gg?tah@@lufeﬁésw&@(wgk&% tdre abor oni ¢

acid ester conpound according’to a e of [1] to [18], in which Xis a
chlorine at %hz&es%’lﬂiﬁgﬁl@x?tg%p.a” i odi ne atom a nethanesul fonyl oxy group,
a trifluoromethanesul fonyl'oXy dgroup, a tol uenesul fonyl oxy group or a

benzenesul f ppy] oXTHer @ethod for nd@ufdhiarimet thechdiohicradid eertofgpdune bor oni c
acid ester conmpound 5according to any one of [1] to [18], in which X is a

chl orsine at @era:oﬂiiﬁ%qai agy dnenvf PI] o 18§ ewdtiomX ik24 chlidréneratdrag af or
manuf acturing the boronic acid ester conpound according to [1], in which Ar
is an ar omabrémliet aterayor he igdeemteal.ected from the group consisting of the

fol | ow ng:
[21] The method for manufacturing the boronic acid ester compound
according to [1], in which Ar is an aromatic heterocyclic group selected

from the group consisting of the following:



WO 2010/ 110782PCT/ US2009/ 038029 where the wavy lines indicate the
bondi ng position of Ar, and the above groups may be substituted. 5[22] The
met hod f oworrarwfiersturi ng t he boronic acid ester conmpoun@CTasec@vd3seg9 t O
[21], in which the aromatic heterocyclic group is substituted with one or
nore groups selected fromthe group consisting of a fluorine atom a
chlorine atom a bromne atom an iodine atom a nethyl group, a cyano
group, a trifluoromethyl group, a hydroxynethyl 5 group, a carboxy group,
a carbanmoyl group, an N,N—dinethylcarbannyl4§roup, a nitro group, an am no

group, an N-nethyl ami no gfoup, Nacgfyl anino ouprJ droxy group, a

met hoxy group, axsubf anyl a sul fo \gr oup, /ang,.a group
represented by ;EE:%ptnula NFMX =0) NH 010[2 B net H’ or

manuf acturing th ronic acio ester co ound according to [1], wherein the
conpound repre nted by Jg;rnula npound represented by the

fol |l ow ng for thod S Wan |ng t he boronic
acid ester conpou accor ere onp u represented by
formula (3) is th@tsénpound resente the omnng Qrmul a: \/ /\

o b Do RRe

* <" 5 O:‘/ " L
\\E:j:> \\E::>S \\H:;;> \\I;;:}D \:E;a/NH \TE;_INH
f\@ fx@, f\@ fT\NJ fx@

;9\@\1 s‘s\@ 5 l:ﬁi s IN;N
NG G e A
’f\Ej‘NH s l\';\NH s liNH Sf\é‘\H

;‘\(; Y NS {9



oNr0O B 0O Advantages of the invention [ 0011] According to the nethod
for manufacturing a boronic acid ester 20conpound of the present invention,
a desiredwpnrooiab7sean be obtained in a sufficiently higlecyiusbaomssenoif a

ni ckel catalyst is used as the catalyst. [0012] Furthernore, in a
conventional nethod for manufacturing the boronic acid ester conmpound using
a nickel catalyst, it is necessary to use aryl iodide having a relatively
high price and high reactivity, as an aryl halide serving as a raw
material . However, according to the 5 present invention, even if aryl
chloride or aryl bFoNi de haviffig\a reel aty el | iy eactivity,
is used, a de M f? : i ghNie el d.

[ 0013] Mbreover,j acgordi ng ho he “netjhod| f or’ ng i broni ¢ aci d
ester conpound o e preseni? nvent i og? lon proceeds in 10 mld
condi tions conpared to a conventional nethod mhere a pall adi um catal yst or

a nickel catalyst is used. s[0014] Ex Iary enbodl nts of the present
invention will pre sp ally Nbed beI ver, the present
i nvention is not flifgjed to ?t hgu.f ol | o Esiarrpl es. 0®15] [ Conpound
represented by @ la (1)

where the wavy lines indicate the bonding position of Ar, and
the above groups may be substituted.

5 [22] The method for manufacturing the boronic acid ester compound



In the "optionally substituted aromati c hydrocarbon group” of Ar above, the
"aromati c hydrocarbon group” is preferably an aryl group of 6 to 20 carbon
atonms. Spwoi2biociiemanpl es t hereof may include a phenyl groums2@9nage hyl
group, a fluorenyl group, a phenanthryl group, 20and an anthryl group.
[0016] In the "optionally substituted aromati c heterocyclic group” of Ar
above, the "aromatic heterocyclic group” is preferably a

ni trogen-containing aromati c heterocyclic group, a sul fur-containing
aromt i ¢ Nehet@end | fo IPUD f WhidYaRN- SRMAIG! RercRooREld coRiperiacyct | ¢
25group, and nore preferably a nitrogen-containing aronmatic hetérocyclic

group. [ O03fihsthsted HRAEbHE GrandiPlsfohs sdectd from @M%g@ﬁ;b REnsisEngL i C
het erocyclic group, a thienyl group rmay be nentioned. te that the

sul fur - cont gFni fifoAhemAbNG NeEhRIRRYslong, FRUMiNBMIGS, an Rdn@ahtem, a

het erocyclic group containing both sul fur and nitrogen such as a 5thiazolyl
group or a BeiRol gf@m'a/byﬁ{@gmu}i,@ﬂ&ﬂluéﬁ)rﬁeﬁmcgrbup, £hyapbey@ktliyle
oxygen-cont ai ni ng aromatic heterocyclic group, a furyl group and an

i sobgnzof ur afyilp,ot caboxgygeriprantdrbaey! Nevep} haiN, Nadimegigdoarbani@yini ng
aromatic heterocyclic group may be an aromatic heterocyclic group

cont ai ni ng kedip,0xygitro Loaud, ant amjen goop, asn dhnoethyHmyinag goowp,oN-a
benzoxazol yI group. [0019] Specific exanples of the nitrogen-containing
aromati c henectytymine groopp adyydroxlyugeowdn, iandwthbxyr grgup,aa swidazdl yl
group, a benzotriazolyl group, a quinolyl group, a phthal azinyl group, a
qui noxal i nylgrommup methylsuhfomiligrpupgendm geoyyy remeyéntgd dup theanormula

i m dazol yl group, a pyrazolyl group, a pyridyl group, pyrimdinyl group,
and a pyri d&NHQ(=§})bﬁ@CH3002O] Wien the nitrogen-containing aromatic

het erocyclic group has an NH residue, the NH residue may be protected with
a prlét ect i nézg} dihe methodifoy menvfadteringl theshownie acad esten ROMPEYESr bony |
group 20 such as a benzyl oxycarbonyl groups; an optiaonally substituted

al koxycar boagtougling goslidh vergin the c@mmw@armﬁwntsddnp;foanuglpf Potal 1y
substituted allyl oxycarbonyl group such _as.an allyl oxycarbonyl group; an
optional |y $h@sompsvag I@P&Se@%‘%&) Eé(rtﬁQ-fS’uO@/rlngfO’érHBL?:as a

t et rahydr o- ZHE:Pyr an-2-yl group, a tetrahydrofuran-2-yl

/
N

\N/

)

[24] The method for manufacturing the boronic acid ester compound
15 according to [1], wherein the compound represented by formula (3) is

the compound represented by the following formula:

Advantages of the invention

[0011] According to the method for manufacturing a boronic acid ester
20 compound of the present invention, a desired product can be obtained in

a sufficiently high yield even if a nickel catalyst is used as the catalyst.



25group, a 3-bronotetrahydrofuran-2-yl group, or a 1, 4-di oxane-2-yl group;
an optionally substituted aral kyl group such as a benzyl group; an

opt i onal lwo=otwtiotsat ed sul fonyl group such as a p-tol uemresaisbanapbsogy oup;
and an optionally substituted acyl group such as an acetyl group.

Note that the phrase "optionally substituted" in the explanation for the
protecting group above neans that a target group nay have a 5 substituent
such as an aliphatic hydrocarbon group, an aromatic hydrocarbon group, a

hal ogen at og@o g@]C%H}&?ﬁidré‘, s b ChhYERGoRRY Indh8dPforamBNArMrigEOte  an

al koxy grou yano group, or a nitro group. [0021] Furthernore, the

phrase "opti i ' ound ti5igg 4 Qigkdll @&ralysenitfiemede vy Means
that a targleb?)?giblocyu%agab(y%ttﬁgsgﬁgos&bsti t&ent 1such as yasn’ 1alli prhat is%hzydrocar bon

group, an ai@%Fié‘dﬁ@é%ﬁ%% £819Pely2RigH priBE i d Bl ﬁ?a\é@ﬂvht%/ asQmp, or a
characteristic group other than these” Specific exanples of the aliphatic

hydr ocar bon agylouliRY se@ng Ngd udead shartiaht . Hyweehedacvordiy it eHeky!
group of 1 to 20 carbon atons such as a nethyl group, an ethyl group, an

i sopropyl  grRedbntathveiivi, Vever ofparyd chldrideitod agybumonsideybhohxyd group,
an adamantyl group, or a dodecyl group; a straight, branched or cyclic

al kenyl gr oyglatively 1owasticanhdnoat @aBtisitghisassaal, \o desdiregt praglucacanl ey |
group, an 20 isopropenyl group, a cyclohexenyl group, or an octadienyl
group; and abgaiheddhta sufifieiaitbdhigh gieddi ¢ al kynyl group of 2 to 20 carbon
atoms such as an ethynyl group, a propynyl group, or a dodecynyl group.
These groupg00by] Mofeoveneacsurtiatg tatles néthbd tfoe nadmufaneningadibrantmat i ¢
hydrocarbon groups or other characteristic groups |ater described. 25Al so,
not | ess thaeid wstezl iqrhpoind fofdthecpresent grantonyehe beagtadmgaoceedsoim a
ring. Speci fic exanples of the aromatic hydrocarbon group may

i ncllftle t he mddecanditipss asnyesed itb edcanoationdtractist wihiese ar digm
hydrocar bon group nmay be further substituted with an aliphatic hydrocarbon
group, an arcatalybcohyaidedcatalystisuiseds nenti oned 5above, and/or ot her

characteristic 2r oups | ater descri bed. i ) .
[0014] Exemplary embodiments of the present invention will be more

specifically described below; however, the present invention is not
limited to the following Examples.
15 [0015] [Compound represented by formula (1)]
In the “optionally substituted aromatic hydrocarbon group” of
Ar above, the “aromatic hydrocarbon group” is preferably an aryl group
of 6 to 20 carbon atoms. Specific examples thereof may include a
phenyl group, a naphthyl group, a fluorenyl group, a phenanthryl group,
20 and an anthryl group.
[0016] In the “optionally substituted aromatic heterocyclic group” of Ar
above, the “aromatic heterocyclic group” is preferably a nitrogen-
containing aromatic heterocyclic group, a sulfur-containing aromatic
heterocyclic group or an oxygen-containing aromatic heterocyclic

25 group, and more preferably a nitrogen-containing aromatic heterocyclic

group.

10



Specific exanples of the aromatic heterocyclic group may include the sane
groups as descri bed above. Speci fic exanples of the aforenentioned

ot her chawecvsviisisec groups may i nclude a hal ogen at om sathisamomsgobuor i ne
atom a chlorine 10 atom a bromine atom or an iodine atom a carboxy
group; an optionally substituted al koxycarboxy group such as a

nmet hoxycar bonyl group; a fornyl group; an acyl group such as an acetyl
group; an optionally substituted al koxy group such as a nethoxy group, or a
benzyl oxy o[eypr] Ay opt ﬂ%@ﬁby exabgplet W dhearfAfMYEorthRHAg SUebmasica 15
car banoyl group,” or an N, N-di met hyl car banoyl group; an am no group
optionally Hé&trélgfavc ‘%i‘(t)ﬂip,aa I@hié&l@f@tg'rﬂﬁp%@%lpo@?néfﬁfﬁﬂéd]edN@&Qﬂﬁatsﬂh@h as an
am no group, an met Nyl am no group, an N-iertbutoxycarbonyl am no group, or
an N-acetyl golfopcontiiRingdmrofatic Hetedcyelib asowh mayndegranuprdoiatied by
dehydrati on-condensation of a 20 fornyl group or an acetyl group and an
am no grouphegtooptli©natouy opsdining ebothulsudfuy! agdouirs aghaas a
benzenesul fonyl group; an optionally substituted al kylthio group such as a
met h§l t hi o diauplyl @rotp ora lgemuphiszotylagrougt oup; a hydroxy group; a

sul fanyl group; a nitro group; and a group represented by formul a

- NHC( =0) NHCH30 1 b Mot ea t sptcifibe ephimpde 06 pthieonatygersabistaininge ditoimatiche

expl anation for other characteristic groups above neans that a target group
may have ahstdretycliegrés), s tatyl aroap aild phasdoertppduceyl myaugmoayp bean
aromati c hydrocarbon group, and/or an aromatic heterocyclic group. [0022]
The af or enemdrdimedar Notpr gfaér thisl wxygearcontainingyaraatioohetgres)slicr a

ni t rogen-contai ning aromati c heterocyclic_group, and nore 5preferably a
phenyl grougroap pyay dyd agrayoplatin hetetory¢lieyesapp crondaining dash yaxygesup.

[ 0023] As the "hal ogen atont in the aforenmentioned X, a chlorine atom a

br odine at oandmitregen suchasanomxanaly bgrarmer aksazoxaody] Separi f i cexanpl esof
the"optionallgsubstitu ed 10al kyl sul fonyl oxy.group” in the aforenmentioned X
may i ncl ude [8019] SrgsHsmetsrameRIgst o g PHEPLErG ORIHBHKAN SHAMABISy | oxy

O oD, 0o obp SR SeSche A5, TR Broup,
that t he phPSSEORHAIEh ARG PeuBs I IBA" BHIPRCt oRBIAESh Eroup, o °
quinoxalinyl group, a quinazolinyl group, a pyrrolyl group, an
15 imidazolyl group, a pyrazolyl group, a pyridyl group, pyrimidinyl
group, and a pyridazinyl group.
[0020] When the nitrogen-containing aromatic heterocyclic group has
an NH residue, the NH residue may be protected with a protecting
group including an optionally substituted aralkyloxycarbonyl group
20 such as a benzyloxycarbonyl groups; an optionally substituted
alkoxycarbonyl group such as a tert-butoxycarbonyl group; an
optionally  substituted allyloxycarbonyl group such as an
allyloxycarbonyl group; an optionally substituted cyclic ether-2-yl
group such as a tetrahydro-2H-pyran-2-yl group, a tetrahydrofuran-2-yl
25 group, a 3-bromotetrahydrofuran-2-yl group, or a 1,4-dioxane-2-yl
group; an optionally substituted aralkyl group such as a benzyl group;
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for the aforenentioned X nmeans that a target group may have a substituent

I ncl udi ng an al kyl group of 1 to 4 carbon atons such as a nethyl group, an
| sopropylwgorouwpiiersza tert-butyl group; a hal ogen at om sech/imsoo/08doaor i ne
atom a chlorine atom a brom ne atomor an iodine 20atom an optionally
substituted al koxy group such as a nethoxy group; and a cyano group. [0027]
The aforenentioned X is preferably a chlorine atom a brom ne atom an

i odine atom a net hanesul fonyl oxy group, a trifluoromethanesul fonyl oxy

?Srrggg:o b gf EE'%‘EF@ﬁg&iﬂﬁl?4@%@‘3%%“@‘3%%%@%@%‘*6%?’ R CE ! aFggzi]
e ooy
jgm g;gg%/ri di ne, f?—tchb%r?l n gﬁ'{es, gﬁgm ncl)}-y6-ul_)§ cﬁﬂ{ or ofgﬁ]uen%,a tion

T ehl or o- 4° TG, B BL AR e B e e e o et e,

4- chlsor 0be”§\3l{)§titﬁ€h %{Egﬂeas Zarf '\'Jll‘gﬁdétli\cl:_ (}éydrocarbon group, an aromatic

but oxycar bonyl am no) - | or ot ol uene, -chl oro-

et hyl phenYBgﬁt a%%ﬂe%g%hhohﬁ ROlatork; CAH Qi &uBRGtutdd acgl

10chl or ophen rene, or oant Air acene, " 4- chl or obenzotri azol e,
oroqui nol i ngrGushh 19FEBRYNBIAA, Ngh kS QpYd Biafld NSroup; or a nitro
chl orobenzo?’hi alg’ol ilgye, 4- é]hgo(?zopbenzoi so?%i%?o??ne%- "grouf;

group.

[0021] Furthermore, the phrase “optionally substituted” in the

chl

10 explanation for Ar above means that a target group may have a
substituent such as an aliphatic hydrocarbon group, an aromatic
hydrocarbon group, an aromatic heterocyclic group, or a characteristic
group other than these.

Specific examples of the aliphatic hydrocarbon group may

15 include a straight, branched or cyclic alkyl group of 1 to 20 carbon
atoms such as a methyl group, an ethyl group, an isopropyl group, an
isobutyl group, a tert-butyl group, a cyclohexyl group, an adamantyl
group, or a dodecyl group; a straight, branched or cyclic alkenyl group
of 2 to 20 carbon atoms such as a vinyl group, an allyl group, an

20 isopropenyl group, a cyclohexenyl group, or an octadienyl group; and a
straight, branched or cyclic alkynyl group of 2 to 20 carbon atoms such
as an ethynyl group, a propynyl group, or a dodecynyl group. These
groups may be further substituted with the aforementioned aromatic
hydrocarbon groups or other characteristic groups later described.

25 Also, not less than two aliphatic hydrocarbon groups may be joined to

form a ring.
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chl or obenzooxazol i ne, 4- chl or obenzoi sooxazoline,1 -(tert-

but oxycar bonyl ) - 4-chl or o- 1H i ndazol e, 2- (tert - but oxycarbonyl)-4- 15

chl or o- 2Hvondeazabm2 4- chl or o- 1- (t et rahydr o- 2H pyr an- 2- y Pryiiseevdazsobe,
4-chl oro- 2- (t et rahydr o- 2H pyran- 2-yl ) - 2H i ndazol e,

4-chl orol- (tetrahydrofuran-2-yl)-1Hindazol e,

4-chl oro- 2-(tetrahydrofuran-2- yl)-2Hindazol e,
1-acetyl-4-chloro-1Hindazol e, and 2-acetyl-4-chloro2H indazol e. 20[0029]

Furt her nor e, posi &iapific ABispRE bReAR GRHRRARI Sy dkHEAHORO dgaghose
chl orine atom (chltstg)r o1 gr oup)rﬁ?s substi tutgid?&wi t hya br omone@gfg%?n g\r%hi odi ne

atom a net %@aaaelth%nydrﬁéygﬁhggpas 8RB aBYLE ONW A VhaT eH® ardmatic
trifluoromethanesul fonyl oXy group or a tol uenesul fonyl oxy group; and the

af or ement i ongdr6QBOUNGFoHBYinigy 2ban fiNtheeséhieitoredt egithd ani tdlighapicot ecting
group may be nentioned as specific exanples of a conpound represented by

formul a (1) hydr88a6bnl cosneunsh repnearnigdirbyafbwnmiraup2hs mentionl t he
p

"divalent organic group” in the R above, an optionally substituted al kyl ene
group (partiabalas hiyd/oavihe ¢hdracterisacaoupt datey dasetiteed.opti onal 'y
substituted arylene group (particularly having 6 to 10 5carbon atons) may
be nentioned. [003peclfic tdeamphisi ofathey @obsitid dtetdradyklice meogp onply above,
speci fic exanples of the "al kyl ene group” may include an ethylene group, a
propyl ene ginclpdeahbshyeegrupsaspiesanithed gbevey| ene group. [0032] In the

"optionally substituted aryl ene group”, specific exanples 10of the "aryl ene
group” may i ncl udSpecphe ropaenplegr ofighandfarenentiopiednptiere chamgeriftini3] The
phrase "optionally substituted" in the explanation for R
groups may include a halogen atom such as a fluorine atom, a chlorine
10 atom, a bromine atom, or an iodine atom; a carboxy group; an
optionally substituted alkoxycarboxy group such as a methoxycarbonyl
group; a formyl group; an acyl group such as an acetyl group; an
optionally substituted alkoxy group such as a methoxy group, or a
benzyloxy group; an optionally substituted carbamoyl group such as a
15 carbamoyl group, or an N,N-dimethylcarbamoyl group; an amino group
optionally protected with a protecting group as mentioned above such as
an amino group, an N-methylamino group, an  N-tert-
butoxycarbonylamino group, or an N-acetylamino group; an imino
group such as an imino group formed by dehydration-condensation of a
20 formyl group or an acetyl group and an amino group; an optionally
substituted sulfonyl group such as a benzenesulfonyl group; an
optionally substituted alkylthio group such as a methylthio group; a
thioxo group; a cyano group; a hydroxy group; a sulfanyl group; a nitro
group; and a group represented by formula -NHC(=O)NHCH;.
25 Note that the phrase “optionally substituted” in the explanation

for other characteristic groups above means that a target group may
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above neans that a target group may have a substituent including a
straight, branched or cyclic alkyl group of 1 to 4 carbon atons such as a
15 met hylworowpiioma i sopropyl group, or a tert-butyl gr®@am/usamomsseko gr oup
of 6 to 10 carbon atons such as a phenyl group, or a naphthyl group; an
al koxycar bonyl group such as an et hoxycarbonyl group, or an

| sopropoxycar bonyl group; and an optionally substituted carbanoyl group
such as an N, N-di net hyl car banoyl group. Note that the al kyl 20group above

may have a”{né{/é’”@t é&%ﬁméﬂ@ bo%'&hgraguﬁnaﬁligtﬁ_ﬁﬁé0H9§r@éﬁ%§na§r®]§,uﬁﬁt i tuent,

and the aryl group above may have an aliphatic hydrocarbon group or an

aromatic hygraanon d%%%oﬁf%&ugﬂéﬁ&ﬁdr%rﬁron{éiﬁ?’ﬂétefécﬁlﬁpgﬁdﬂ.C exanpl e
of a conmpound repreSented by Tornula (2) as nentioned dbove having R the

(o 4RO e et Aol o rsare T oo
"-r-q13-13/ grduﬁ)io?(aﬂ@@tﬁ’@@é@@@ﬁtﬁhﬂigahromatic heterocyclic group, aznd Imoorreon
5 preferably a phenyl group, a pyridyl group, an indolyl group or an
indazolyl group.
[0023] As the “halogen atom” in the aforementioned X, a chlorine
atom, a bromine atom and an iodine atom may be mentioned.
[0024] Specific  examples of the  “optionally  substituted

10 alkylsulfonyloxy group” in the aforementioned X may include a
trifluoromethanesulfonyloxy group and a methanesulfonyloxy group.
[0025] Specific examples of the “optionally substituted arylsulfonyloxy
group” in the aforementioned X may include a toluenesulfonyloxy
group, and a benzenesulfonyloxy group.

15 [0026] Note that the phrase “optionally substituted” in the explanation
for the aforementioned X means that a target group may have a
substituent including an alkyl group of 1 to 4 carbon atoms such as a
methyl group, an isopropyl group or a tert-butyl group; a halogen atom
such as a fluorine atom, a chlorine atom, a bromine atom or an iodine

20 atom; an optionally substituted alkoxy group such as a methoxy group;
and a cyano group.

[0027] The aforementioned X is preferably a chlorine atom, a bromine
atom, an iodine atom, a methanesulfonyloxy group, a
trifluoromethanesulfonyloxy group, a toluenesulfonyloxy group, or a
25 benzenesulfonyloxy group, and more preferably a chlorine atom, a

bromine atom, or an iodine atom.
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di boron whi | ebi s( pi nacol at e) di bor on, bi s( et hanedi ol at e) di bor on, and

bi s(neopent anedi ol at e) di boron are preferable and bi s(pi nacol ate)di boron is
nore prefwoabloet10Bp0035] The use anount of a conpound r @pTASAEE0DY
formula (2) as nentioned above is usually 1 to 30 fold by nole, preferably
1to5 fold by nole, and nore preferablyl to 2 fold by nole relative to the
anount of a conpound represented by fornula (1) as nentioned above. [0036]

[ Ni t rogen-cont ai ni ng organi c base] 10As the nitrogen-containing organic

base, for e @g@ﬁ; - Fam , j ] (| q,?np&%g] d an
optionally _iu stftsgt@gg%me?rggg%ﬁ??pm?a%cﬁ?ggﬁgd}ggg{ei%hﬁhgit erocycl i c’a glt?rrpound
may be nent 'hﬁ’(}i;r% AOQRAIXASs e tPRAE aBBYRAHAY intRIdee¥RIBIbBenZerl¥, i 41BT Y

am ne 15 conp d (particularly having 1 to 10 carbon atons), a secondary

am ne conpoyRibroslueheul ar | ¥-chddioadisdlé0 20 £ahhadaséphtnoasd a tertiary
am ne conpound (particularly having 3 to 40 carbon atons) nmay be nentioned.

Q039 Soecloshamimior eepoppin - comeonmbiny Laufiie

5 chlorotoluene, 4-chlorostyrene, 1-chloro-4-ethynylbenzene, 1-chloro-4-
phenylbenzene, 1-chloro-4-fluorobenzene, 4-chlorobenzoic acid, methyl
4-chlorobenzoate, 4-chlorobenzoic acid amide, 2-(N-tert-
butoxycarbonylamino)-6-chlorotoluene, N-(3-chloro-2-
methylphenyl)acetamide, 4-chlorophenol, 1-chloronaphthalene, 1-

10 chlorophenanthrene, 1-chloroanthracene, 4-chlorobenzotriazole, 4-
chloroquinoline, 5-chlorophthalazine, 5-chloropyrimidine, 4-
chlorobenzothiazoline, 4-chlorobenzoisothiazoline, 4-
chlorobenzooxazoline, 4-chlorobenzoisooxazoline, 1-(tert-
butoxycarbonyl)-4-chloro-1H-indazole, 2-(tert-butoxycarbonyl)-4-

15 chloro-2H-indazole, 4-chloro-1-(tetrahydro-2H-pyran-2-yl)-1H-
indazole, 4-chloro-2-(tetrahydro-2H-pyran-2-yl)-2H-indazole, 4-chloro-
1-(tetrahydrofuran-2-yl)-1H-indazole, = 4-chloro-2-(tetrahydrofuran-2-
yl)-2H-indazole, 1-acetyl-4-chloro-1H-indazole, and 2-acetyl-4-chloro-
2H-indazole.

20 [0029] Furthermore, position isomers of these compounds; these
compounds whose chlorine atom (chloro group) is substituted with a
bromine atom, an iodine atom, a methanesulfonyloxy group, a
benzenesulfonyloxy group, a trifluoromethanesulfonyloxy group or a
toluenesulfonyloxy group; and the aforementioned compounds having

25 an NH residue protected with a protecting group may be mentioned as

specific examples of a compound represented by formula (1).
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sec-butyl amne, tert-butyl am ne, isobutylamne, and aniline. [0039]

Speci fic exanples of the secondary am ne conpound may i ncl ude

di met hyl awoneto/domehyl am ne, di propyl am ne, dii sopropyl aoirnesoodiobsery |

am ne, N-nethylaniline, and norpholine. 5[ 0040] Specific exanples of the
tertiary am ne conpound may include optionally substituted trial kyl am ne
conpounds such as trinethylamne, triethylamne, tri-n-propylam ne,
tri-n-butylamne, tri-n-pentylamne, tri-n-hexylamne, tri-n-octyl an ne,
tri-n-nonyl ame, j ' [ | am ne, tri-n-dodecyl am ne,
di i sopropyl m%}ﬁa%?\g@;ﬁlg%fgﬁqegﬁgwgpﬁgwg%%l kyl aryl am ne corrpoﬁnds

such as N, N- di meplyfipni-divagentadtbanid aryhipminetheoRPabOWS &ilobtiddally
triphenyl am ne. [0041] Cyclic tertiary am ne conpounds such as

N-met hyl nor phiedtitdeed Akeléned drfieuldfyrBatirlg? pe6 elirben aomhs) and
N- net hyl pyrrolidine may be grrﬁedrﬁ]g%\ed. 15[%%42] gg%eci fic exanpl e% of the

cyclic am dhfeopaspaindubayitited! stdede 8g1d>iungfbdrcimlaﬂi thaving 0§ to740ndecene,
and 1,5 -diazabicyclo [4.3 .0] -5- nonene. [0043] Specific exanples of the
optignal |y saiisin dtones) maybegeentionsdai ni ng aromatic heterocyclic conpound
may include pyridine, N N 20di net hyl am nopyri di ne, picoline,

N- et hyl i mi 1leln ahd ‘topttaiatly [s0bsdiutddenlkilenegerouphehbmengpecifieni ¢ base
is preferably a tertiary am ne conpound or a cyclic am di ne conpound, nore
preferably exampiékyfathientalkybqoa ptoup” apayi mclwdd iaar gthateme gronppand, or a
cyclic am di ne conpound, and particularly preferably triethylam ne,

25di i sopr opprepyighagraepa betylghengronp) amkagent@endigaeupi cyclo [5 . 4

o undec?(r)]gjz] In the “optionally substituted arylene group”, specific examples
10 of the “arylene group” may include a phenylene group and a
benzophenylene group.
[0033] The phrase “optionally substituted” in the explanation for R
above means that a target group may have a substituent including a
straight, branched or cyclic alkyl group of 1 to 4 carbon atoms such as a
15 methyl group, an isopropyl group, or a tert-butyl group; an aryl group of
6 to 10 carbon atoms such as a phenyl group, or a naphthyl group; an
alkoxycarbonyl group such as an ethoxycarbonyl group, or an
isopropoxycarbonyl group; and an optionally substituted carbamoyl
group such as an N,N-dimethylcarbamoy! group. Note that the alkyl
20 group above may have an aromatic hydrocarbon group as mentioned
above as a substituent, and the aryl group above may have an aliphatic
hydrocarbon group or an aromatic hydrocarbon group as a substituent.
[0034] As a specific example of a compound represented by formula

(2) as mentioned above having R, the following compounds may be

25 mentioned;
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[ 0045] The use anmount of the nitrogen-containing organic base is usually 1
to 30 fold by nole, preferably 1 to 10 fold by nole, and nore preferably 1
to 5 fol dwbyornilie7seel ati ve to the anount of a conpound Pepruss@aissh2Hy
formula (1) above. 5[0046] [N ckel catalyst] As the nickel catalyst,
for exanple, a nickel conplex, a nickel alloy and a nickel -containing
conpound rmay be nentioned. [0047] The nickel conplex refers to a conpound
having a structure in which a nickel atomis arranged as the center and

| i gands are arranged 10around the nickel atom and bonded thereto. For
exanpl e, a 0-val ent_ai conpl ex,oand-a divalen%<ER§§§£kgonplex may be
ment i oned. [0048]2§hﬁ%§?ﬁ§ exanplegdﬁﬁx he 0-val erit—gl ckel ~conpl ex may

i ncl ude ni ckel (O}y<abiks atg,?zrml %ﬁétrﬁ%@gioﬁaﬁe) bis(neopentanediolate)

bi s(1, 5-cycl ooct ad ﬁgggﬁl ckel (0); diboron diboron

ni ckel (0) - phosphi neconpl exessuchast etraki s 15(tri phenyl phosphi ne) ni ckel (0);
and ni ckel (0) - phosphi te conpl exes sugh as o}

tetrakis(tripheqny] pQ?) phi t e) ni ckeIA((Q}u. qd0 oopeci fic exanples of the

di val ent ni ckel{ cang may incl ude.i Oqpi.c aacid salt O\nigﬁgl ) such
as nickel (11) G at®nickel (11) sulfate, arﬂﬁj ni ckel (11 P'Bg ;

n

o;iganiugrgtr:ri3 i It? of ni %g)lni(ll.(s%:__ O_Iicll|< )(ell) is olate) an
o RS, AT SRR BB o

ni ckel (1'1) bis(ac
ni ckel (I'1')fluoride, nickel(ll) chloride, nickel(ll) bromde, and nickel (I1)
i odi de; nickii{d | ) baipecphatstiborimonplEz@shanehokse)diboron, and
bi s(tri phenyl phosphi ne) ni ckel (11)chl ori de, and
25bi s( t ri phbéms(hpopaphnedjodatehdiboron abe préfaesblaiankidhis(pinacsdatizdibenon
is more preferable.

5 [0035] The use amount of a compound represented by formula (2) as
mentioned above is usually 1 to 30 fold by mole, preferably 1 to 5 fold
by mole, and more preferablyl to 2 fold by mole relative to the amount
of a compound represented by formula (1) as mentioned above.

[0036] [Nitrogen-containing organic base]

10 As the nitrogen-containing organic base, for example, an amine
compound, a cyclic amidine compound, and an optionally substituted
nitrogen-containing aromatic heterocyclic compound may be
mentioned.

[0037] As the amine compound, for example, a primary amine

15 compound (particularly having 1 to 10 carbon atoms), a secondary
amine compound (particularly having 2 to 20 carbon atoms), and a
tertiary amine compound (particularly having 3 to 40 carbon atoms)
may be mentioned.

[0038] Specific examples of the primary amine compound may include

20 methylamine, ethylamine, propylamine, isopropylamine, n-butyl amine,
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ni ckel (1'1) hydroxides. [0050] As the nickel alloy, for exanple, a

ni ckel -metal in group 13 alloy may be nentioned. A nickel-alum num all oy
and Raneywoi2eloeiiomee preferable. [0051] As the nickel - ceatraiseomg3speonpound,
for exanple, a conpound, 5 where nickel is supported on an elenent in
group 13 or 14, or a conpound containing an elenment in group 13 or 14, may
be nmentioned, while nickel carbon and nickel alum na are preferable. [0052]
The ni ckel catal yst nmentioned above is preferably a nickel conplex; nore

prefer abl ¥ dedbbiedl flind kG PIRAL, isBbiyIARIAO)and AfllipRoSPhi ne compl ex,

a ni ckel (0) - phosphite cénplex, an I norgani alt ‘of nickel(ll), an organic

id | t A TK ] i | Gl ' '
ﬁ;: i dz?phogm%%l gg%llﬁ’eox;é(fal%ﬁlﬁgr 6grﬁe}%‘é;?sgglggd%@{li%ﬂgf(@nﬁ%?%%%emggnpl ex,

an inorgani gngalé demethghlint] élietl?ﬁaﬁﬁﬁ%,?%@rbbﬂarﬂﬁiei @;}iiso Aspyamingul arly

preferably bis(1,5-cyclooctadi ene)ni ckel hi ckel (1) 1Bnitrate, or

ni ckel (1) i@k deink ORBRktHYIaRHIRY, Gkel meapledlysé.s may be commercially
avai |l abl e ones and manufactur'ed by any known net hod. Furthernore, the

ni ckgl cat alg646] Specifk byampl&softhenrthey piditiecesmpouadmagtiholudeyst em
[ 0054] The use anmount of the nickel catalyst above is usually 0.0001 to 20

0.5 fold by o?ﬁbﬁallprﬁbetiahbd tflalfAdaimin® canipduchdsysuohl & tramdthydamineef er abl y
0.01 to 0.1 fold by nole relative to the amount of a compound represented

by formul a ¢dthafamine,[ @55 proflaspinenetrcorpotytathine, tri-n-penidattire,
phosphi ne conpound, phosphi ne conpounds having an 25aromati c group such as
a triaryl phosahherylamningl Kyi-oicotylaphioep Hiiresncarydamimd, dennadecylhospéi ne
conpound havi ng an aromatic group; and

tri-n-undecylamine, tri-n-dodecylamine, diisopropylethylamine, and

10 tribenzylamine;  dialkylarylamine compounds such as N,N-
dimethylaniline; and triarylamine compounds such as triphenylamine.
[0041] Cyclic tertiary amine compounds such as N-methylmorpholine,
N-ethylmorpholine, N-methylpiperidine, and N-methylpyrrolidine may
be mentioned.

15 [0042] Specific examples of the cyclic amidine compound may include
1,8-diazabicyclo[5.4.0]-7-undecene, and 1,5-diazabicyclo [4.3.0]-5-
nonene.

[0043] Specific examples of the optionally substituted nitrogen-
containing aromatic heterocyclic compound may include pyridine, N,N-

20 dimethylaminopyridine, picoline, N-methylimidazole, and oxazole.
[0044] The nitrogen-containing organic base is preferably a tertiary
amine compound or a cyclic amidine compound, more preferably a
trialkylamine compound, a cyclic tertiary amine compound, or a cyclic
amidine compound, and particularly preferably triethylamine,

25 diisopropylethylamine, N-methylmorpholine, or 1,8-
diazabicyclo[5.4.0]-7-undecene.
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phosphi ne conpounds having no aromatic group such as a trial kyl phosphi ne,
bi dent at e phosphi ne conpound having no aromati c group nmay be nentioned.

[ 0056] Spwoizbiociiersanpl es of the triaryl phosphi ne may i necwars2009/038029

5tri phenyl phosphine, tri(o-tolyl)phosphine, tri(mtolyl)phosphine, tri(p-
t ol yl ) phosphi ne, di phenyl (t ol yl ) phosphi ne,
tris(dinmethyl phenyl) phosphi ne, trinmesityl phosphi ne,

tri s(met hoxyphenyl) phosphine, bis(nethoxyphenyl)phenyl phosphi ne,
tris(fluoro | TRBogRA! AifiouRt S4PaAE ahitA ARG AiisCRYbalTes Batats
10trifuryl phosphine, and trithienylphosphime. Specific exanples of the

al kyl di aryl phesphing I®Yoldsy %Q@le???é’ﬂe?ﬁkﬂ?ep% RO IFyemdl &0hyd nizreci fi c
exanpl es of the "bi dentate phosphine conpoldnd having an aromatic group nay
include 1, 2p¥éf§fe€ﬂl?hl3% | pHFBRD Biynmlote hehgivel t¥the amount of a compound

bi s(di phenyl phosphi no) propane, “bi s(di phenyl phosphi no) ferrocene, 1-[2-
15(diphenylﬁﬁﬁ@gﬁh@@}ﬁgﬁﬁgﬁgaxn}gbbyéﬂicyclohexylphosphine, and 2,2' -

bi s(di phenyl phosphi no)-1,1" -bihaphthyl . [0058] Specific exanples of the

triakkyl phog@?\u’@ﬂeﬁﬁﬁﬂ(ﬂ Ratdiger]t ri butyl phosphine, tri(tert-butyl)phosphine,
p

tri(n-hexyl osphine, tri(noctyl)phosphine, tricyclopentylphosphine, and
trlcyC!OheXy|phOSQBHm%JﬁdKQIk@&ﬁ?h;$bﬁekhhqﬂexanﬁbkelobnqﬂexpadﬁdhﬂte
phosphi ne conpound having no aromati c group may i ncl ude

a

1, 2- bi s(di ehﬁys?rmm@lsaahickml&bhmiﬁinglc@mmim@dhaydjeoﬂmmyibpbdsphi no) et hane, and

1, 3-bi s (dicycl ohexyl phosphi no) propane.
[0047] The nickel complex refers to a compound having a structure in

which a nickel atom is arranged as the center and ligands are arranged
10 around the nickel atom and bonded thereto. For example, a 0-valent
nickel complex, and a divalent nickel complex may be mentioned.
[0048] Specific examples of the 0-valent nickel complex may include
nickel(0) alkene complexes such as bis(1,5-cyclooctadiene)nickel(0);
nickel(0)-phosphine complexes such as tetrakis
15 (triphenylphosphine)nickel(0); and nickel(0)-phosphite complexes such
as tetrakis(triphenylphosphite)nickel(0).
[0049] Specific examples of the divalent nickel complex may include
inorganic acid salts of nickel(Il) such as nickel(II) nitrate, nickel(II)
sulfate, and nickel(II) carbonate; organic acid salts of nickel(II) such as
20 nickel(Il) trifluoromethanesulfonate, nickel(II) acetate, nickel(II)
benzoate, and nickel(II) bis(acetylacetonate); nickel(II) halides such as
nickel(IDfluoride, nickel(II) chloride, nickel(II) bromide, and nickel(IT)

iodide;  nickel(Il)  halide-phosphine ~ complexes  such  as

bis(triphenylphosphine)nickel(1I) chloride, and
25 bis(triphenylphosphine)nickel(Il) bromide; nickel(Il) oxides; and
nickel(IT) hydroxides.
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[ 0060] The phosphi ne conpound above is preferably a phosphi ne 25conpound
havi ng an aromatic group, nore preferably a triaryl phosphi ne, and

parti cul avbyoprabmeabl y tri phenyl phosphi ne. [0061] The®eTuisoaplossee9
conpounds may be commrercially avail abl e ones and manufactured by any known
met hod. Furthernore, when the nickel catalyst above has a phosphine as a

| i gand, a phosphine may not be necessarily added. 5[0062] The use anmount of
t he phosphi ne conmpound above is usually 0.0001 to 1.0 fold by nol e,
preferably go@%] g hd Hiokél QMogph% eXBfPIEr & RIKeRm&aY if- g%ordﬁllg- 2 fold

by nole relative to the anount of  a conpound represented by a (1)
above. [ 0063]lokSelayeht Indisnddie Achicel-aldiin@sasthé e andiRahephatiapol vent
a hydrocarbon 3ol vént, an ether solvent, an ester solvent, a ketone

sol vent, anaﬁgbﬁgkﬁgﬂgent, a nitrile solvent, a sulfoxide solvent, and a
hal ogenat ed hydrocarbon sol vent may be nentioned. [0064] Specific exanples

of the al cofiofs5splaketiie ARkelrontdainEchbaiund, for eixhatsle, alcampoand) .

2- propanol, 1-butanol, 2-nethyl-I-propanol, 2- butanol, tert-butyl al cohol,
pent &nol , hexasrel nickichyisepepgdired! on gy cdement pal gesdlyy | Eheoglivcads a
2- met hoxyet hanol , benzyl alcohol, and cycl ohexanol. [ 0065] Specific

exanpl es of cohepdurdt comtabmingsal kemenein ngiﬁm& or 26, beay &eemehtibuede,
xyl ene, nesityl ene, nitrobenzene, pentane, hexane, heptane, octane,

cycl opent anevhikmdiaket catteaaed njicad éluBpes afé prefeealjiées of the et her

sol vent may include tetrahydrofuran, 1,4-dioxane, diethyl ether, tert-butyl

met hyl et he[Q082 hdiheoxyekdlaneatalystc hogemndd abovel istprefgrabhd ainiskel opyl
et her. 25[0067] Specific exanples of the ester solvent may include nethyl
acetate, et lepmples: anere pprsfpsrablic ea atiekel(Odppllogd careplexe, a buickel(Bet at e,
10 phosphine complex, a nickel(0)-phosphite complex, an inorganic salt of
nickel(I), an organic acid salt of nickel(IT), a nickel(IT) halide, or a
nickel(Il) halide-phosphine complex; further preferably a nickel(0)-
alkene complex, an inorganic salt of nickel(Il), or a nickel(IT) halide;
and particularly preferably bis(1,5-cyclooctadiene)nickel(0), nickel(II)
15 nitrate, or nickel(II) chloride.
[0053] These nickel catalysts may be commercially available ones and
manufactured by any known method. Furthermore, the nickel catalysts
may be hydrates or may be produced in a reaction system.
[0054] The use amount of the nickel catalyst above is usually 0.0001 to
20 0.5 fold by mole, preferably 0.001 to 0.3 fold by mole, and more
preferably 0.01 to 0.1 fold by mole relative to the amount of a
compound represented by formula (1) above.
[0055] [Phosphine compound]
As the phosphine compound, phosphine compounds having an

25 aromatic group such as a triarylphosphine, an alkyldiarylphosphine, and

a bidentate phosphine compound having an aromatic group; and
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met hyl propionate, dinmethyl carbonate, diethyl carbonate, and

but yr ol act one. [ 0068] Specific exanples of the ketone sol vent may

i ncl ude awetorveiiotset hyl et hyl ketone, diethyl ketone, nechgis2090bs0y |
ket one, and 5acet ophenone. [0069] Specific exanples of the am de sol vent
may i nclude N, Ndi met hyl formam de, N, N-di net hyl acet am de,

N- et hyl pyrrolidone, and 1,3 -dinethyl-2-im dazolidi none. [ 0070]
Specific exanples of the nitrile solvent may include acetonitrile,

10pr opi oni t gh@hihet YESRPpbuhlE: BREnPenZPNiakbinafic [%Qg%] 3peki fdsc gxanpl es

of the sul foxide solvent may I nclude dinethyl sulfo di et hyl sul f oxi de,

and sul fol aﬂ?alkﬂ%hedsg_ﬁ?r?d, aSBRIEntAte 188 compditidRAvigenas afomuecocar bon

sol vent may inc I chl’or onet hane, di chl oroethane, chl oroform
chl or obut angyoubhd Onhenianrg,. and trifluoronethyl benzene. [0073] The
solvent is preferably an al cohol solvent or a m xed sol vent of an al cohol

sol vent and[%Sé]eS?écime sRANPds selfeahed tfrfdi’mﬁl'i’dsphhwpn@&nsﬁﬁélhﬂ@ of a
hydr ocar bon sol vent, an ether solvent, an ester solvent, a ketone solvent,

an agi de sotrysidénylphosphinke taiod-tehtl)plosphiii@xirilen<ol}tiosphze,atd(m
hal ogenat ed hydrocarbon sol vent; nore preferably nethanol or ethanol, or a

m xed sol vetslybphosphiaep! or ethanol and at | eadiplengl@oly¥phosphiimst ed from
the group consisting of a hydrocarbon solvent, an ether solvent, an ester
sol vent, a kit(dimetivliphenyl)phosphide, sol vent, a ni t rittimesdiyyshasphangul f oxi de
sol vent, and a hal ogenat ed hydrocarbon 25sol vent; and particularly

preferably tres(nasthbxpphenyh)pleasgohe.ent bis{ methdrgplienahphenylplassphone sol vent
:g: \e/g';]te d ;Lg”?]d&ﬂq%sg}reﬁgrgﬂﬁlgﬁmsfirp%igg,g Ol];is(}?enqgglrlgfoaprhbe%r}]fl)Sp(ille\rlgf?lgﬁos%r}]lir?é,her
10 trifurylphosphine, and trithienylphosphine. Specific examples of the
alkyldiarylphosphine may include ethyldiphenylphosphine.
[0057] Specific examples of the bidentate phosphine compound having
an aromatic group may include 1,2-bis(diphenylphosphino)ethane, 1,3-
bis(diphenylphosphino)propane, bis(diphenylphosphino)ferrocene, 1-[2-
15 (diphenylphosphino)ferrocenyl]ethyldicyclohexylphosphine, and 2,2’-
bis(diphenylphosphino)-1,1'-binaphthyl.
[0058] Specific examples of the trialkylphosphine may include
tributylphosphine, tri(tert-butyl)phosphine, tri(n-hexyl)phosphine, tri(n-
octyl)phosphine, tricyclopentylphosphine, and tricyclohexylphosphine.
20 [0059] Specific examples of the bidentate phosphine compound having
no aromatic group may include 1,2-bis(diethylphosphino)ethane, 1,2-
bis(dicyclohexylphosphino)ethane, and 1,3-bis
(dicyclohexylphosphino)propane.
[0060] The phosphine compound above is preferably a phosphine

25 compound having an aromatic group, more preferably a

triarylphosphine, and particularly preferably triphenylphosphine.
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[0074] When the aforenentioned m xed solvent is used, the ratio of the

al cohol solvent is usually not |ess than 1% by mass, preferably not |ess

t han 10%wWwg 20mgd978and particularly preferably not | ess wPrhanus2@vbso2bmass
relative to the total anount of the m xed solvent. [0075] The use anount of
t he sol vent above is usually not nore than 500 fold by mass, preferably 0.1
to 100 fold by mass, and nore preferably 1 to 30 fold by mass relative to

t he amount of a conpound represented by fornula (1) above. 10[ 0076]

[ Preferabl emgis’?ﬁ&éé) rbh%fggﬂiﬁer %%{p&ﬁf&gh@éy%r%r&%%%raaf@éa%iwﬂé

catal yst an phine “‘conmpound] a conbination o

ni trogen- coghal gﬁ&g%@{yme{&eawanﬁ mR%%}nétﬁéa! Y HurienforENGERAI e

conmpound i s prefera i trogen-cont al ni ng organi ¢ base:

tertiary a%g%e%ﬁ&ﬂy&da vleahéésypﬂds@hﬁﬁe' di %ﬁli%&iﬂ}%‘ﬁﬁo%ﬂiﬁ%%ay%{cﬁ' yst:

0-val ent or dival ent” ni ckel conplex osphi'ne” conmpound: a phosphi ne

conpound ha}ggé%c@@aﬁftﬂg%ﬁgg_ group; nore preferably: 20N trogen-containing
organi c base: a trialkylam ne conpound, a cyclic tertiary am ne comnpound,

o Sscycl S Tcosareuni o e MtphisbobyEkumpboba (Bhalion
Phosphi ne comgmunes 120 tvidby! widdes,phicfesaband.@dpaot 0.6ufcdd! ty pietegnad! v:
more preferably 0.01 to 0.2 fold by mole relative to the amount of a
compound represented by formula (1) above.
[0063] [Solvent]

10 As the solvent, for example, an alcohol solvent, a hydrocarbon
solvent, an ether solvent, an ester solvent, a ketone solvent, an amide
solvent, a nitrile solvent, a sulfoxide solvent, and a halogenated
hydrocarbon solvent may be mentioned.

[0064] Specific examples of the alcohol solvent may include methanol,

15 ethanol, 1-propanol, 2-propanol, 1-butanol, 2-methyl-1-propanol, 2-
butanol, tert-butyl alcohol, pentanol, hexanol, ethylene glycol, glycerin,
polyethylene glycol, 2-methoxyethanol, benzyl alcohol, and
cyclohexanol.

[0065] Specific examples of the hydrocarbon solvent may include

20 benzene, toluene, xylene, mesitylene, nitrobenzene, pentane, hexane,
heptane, octane, cyclopentane, and cyclohexane.

[0066] Specific examples of the ether solvent may include
tetrahydrofuran, 1,4-dioxane, diethyl ether, tert-butyl methyl ether,
dimethoxyethane, cyclopentyl methyl ether, and diisopropy! ether.

25 [0067] Specific examples of the ester solvent may include methyl

acetate, ethyl acetate, propyl acetate, isopropyl acetate, butyl acetate,
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Ni t r ogen- cont ai ni ngor gani cbase:triethylamne, di i s opropyl ethylam

I ne, N- net hyl nor phol i ne, or1, 8- diazabicyclo [5 .4 .0] -7-undecene;

Ni ckel cawal2gsiriotses( 1, 5- cycl ooct adi ene) ni ckel (0), ni ckelcTriseeoatossoed 1), or
ni ckel (1'1) chloride; 5Phosphi ne conpound: triphenyl phosphi ne. [0077]

[ Reaction conditions and ot hers] According to the manufacturing

nmet hod of the present invention, a conpound represented by fornmula (1)
above is reacted with a conpound represented by fornmula (2) above in the

presence of n@th}D PirbpiR@Ree,CodiaéiiyNg QrBaRLe, bakethyd niagkShateat ahdst, a
phosphi ne conmpound and a sol vent as nenti oned above to obtain a boronic
acid ester @gfm@w()ﬁ@_present ed by fornmula (3) above. [0078] The reaction
tenperature of the aforenentioned reaction is usually -40 to 150C,

preferably {@@68JoSpedidic ardmpiee ofrteeketohy $blvédht hmyBokeludibeadwtener abl e
reaction tine varies dependi ng upon the reaction conditions including

reaction teppghat Ll@thybnkdeﬂoﬁeysdli@ﬂ(hjyfl dtome nuhethlyd &dboovlr ketone, [add79] The
order of mxing the aforenentioned conponents is not particularly limted,
howeber, anycetophehotbe fol | owi ng nmet hods may be 20used: after a
conpound represented by fornmula (2) above and a nitrogen-containi ng organic
base are pr ¢Q00sBpeaifiecxamplesoblethte, amidieckelvenat adaystincludehdéphi ne
conpound and a conpound represented by fornula (1) above may be

sequent i al | gimetigdforasanide, N, Nalipethylacetaneisientetdhy fmrnelidor@)andbove, a
METOOEN ) 3 dimethyl-2-imidazolidinone.
[0070] Specific examples of the nitrile solvent may include acetonitrile,
10 propionitrile, butyronitrile, and benzonitrile.
[0071] Specific examples of the sulfoxide solvent may include dimethyl
sulfoxide, diethyl sulfoxide, and sulfolane.
[0072] Specific examples of the halogenated hydrocarbon solvent may
~include dichloromethane, dichloroethane, chloroform, chlorobutane,
15 fluoro benzene, and trifluoromethyl benzene.
[0073] The solvent is preferably an alcohol solvent or a mixed solvent
of an alcohol solvent and at least one solvent selected from the group
consisting of a hydrocarbon solvent, an ether solvent, an ester solvent, a
ketone solvent, an amide solvent, a nitrile solvent, a sulfoxide solvent,
20 and a halogenated hydrocarbon solvent; more preferably methanol or
ethanol, or a mixed solvent of methanol or ethanol and at least one
solvent selected from the group consisting of a hydrocarbon solvent, an
ether solvent, an ester solvent, a ketone solvent, an amide solvent, a
nitrile solvent, a sulfoxide solvent, and a halogenated hydrocarbon

25 solvent; and particularly preferably methanol or a mixed solvent of

methanol and at least one solvent selected from the group consisting of
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cont ai ni ng organi c base, a nickel catalyst, and a phosphi ne conpound are
previously mxed in a solvent, a conpound represented by fornmula (1) above
may be adwledp10/110782 after a conpound represented by for raras¢g@posdsove, a

ni t rogen-contai ning organi ¢ base, and a conpound represented by forrmula (1)
5above are previously mxed in a solvent, a nickel catalyst, and a
phosphi ne conpound nmay be added; and t he af orenenti oned conponents
are added sinul taneously. [0080] The proceedi ng of the reaction can be

checked by geRaradarBBalspdiéntBaREhTUOIVaR, 884 sdlespemicigeaphy, high
performance |iquid 10chromat ography, and/or NVR [0081] After conpletion of

the reacti ofpQ74|eWtEraiRedforeaehtionet niixdesolveat by esdd;dhé eato 9dtheal post
treatment including a liquid separation treatnment, a filtration treatnent,

a washi ng tskahobrblveands asagliy et rlags tant t Eabyanass, Iprefdrablynponkss a
boronic acid ester 15 conpound represented by fornula (3) above can be

i sol ated. Aghainhé 0% dryemeays, emedpaaiiulan g apratetablyrorce lepedchén cx0%ybywat er i s
added to a reaction mxture to separate the liquid and the obtained organic
phas8 i s coneestelatiod torttetotad dnomthtofebsunixed slvemed by washing with
water. In addition to this nmethod, a nethod in which a reaction mxture is
20concent r afG7 AnThe usedamednprofsther solaant aheveas tusuallgshetdmarethaat er, may
be nentioned, for exanple. [0082] An isolated boronic acid ester conpound
repr esent ed509 fadmblyan{@p, geferably bé farkMerfopdrby i mdshy andgoreeal
purification treatnent such as a silica gel colum chromatographic
treat nent apteferatsyaboe i3fafoldnby meassnealativedettherameent ahancempersdi ¢ aci d
ester
represented by formula (1) above.
10 [0076] [Preferable combination of nitrogen-containing organic base,
nickel catalyst and phosphine compound]
As a combination of a nitrogen-containing organic base, a nickel
catalyst and a phosphine compound is preferably
Nitrogen-containing organic base: tertiary amine compound or a
15 cyclic amidine compound,
Nickel catalyst: 0-valent or divalent nickel complex
Phosphine compound: a phosphine compound having an
aromatic group;
more preferably:
20 Nitrogen-containing organic base: a trialkylamine compound, a
cyclic tertiary amine compound, or a cyclic amidine compound,
Nickel catalyst: a Nickel(0)-alkene compound, or an inorganic
salt of nickel(II) or nickel(II) halide,
Phosphine compound: a triarylphosphine; and
25 particularly preferably:

Nitrogen-containing organic base: triethylamine,
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conpound represented by fornula (3) above has crystallinity, a
recrystallization treatnment can be used for purification. [0083] In the

i qui d seweanratoanrser eat ment as nmenti oned above, when thecsalse@atssesed in
the reaction is capable of being dissolved both in water and an extraction
solvent, it is desirable that the solvent is distilled off 5 and
thereafter the liquid separation treatnent is perfornmed. Furthernore, when
a catalyst (no longer required) and insoluble inpurities, etc. remain in
the reacti Oﬂiﬁb?iéﬁﬁet}iﬂaﬂrﬁné{es' r abNemeftafinidippeliaee renoyed by a g
filtration treatnert and then a liquid sé€paration treatnent is performned.

10[ 0084] As didist¥ydlafs.u0]-raindetné:0 be used in the Iiquid separation
treatnment, for exanple, an ether solvent such as tert-butyl methyl ether,

i sopropyl ethyl etNiekebcathlyet haxiies igotoocadiahelrtkel(0Y,dhiekat boragol vent
such as toluene; an aliphatic hydrocarbon sol vent such as hexane,

cycl ohexane(llc);oﬂqﬁpﬂ@t(ﬂ) ¢hlbaldegenat ed hydrocarbon solvent 15 such as
di chl or onet hane, dichl oroet hane, chloroform or chl orobenzene; an ester

sol vént such as ePhsphirt edraponrthiriplessiphesphinebutyl acetate; and a
ket one sol vent such as nethylisobutyl ketone nmay be nentioned. Wen the
sane sol venf0837hhReackonttondesmsenid atltarsh sol vents is used in the
reaction, an operation of liquid separation can be directly performed. 20
[ 0085] To renove iAquardinigestsuthe amanufacteing ahadthed rafmaihei mpreisenta
reaction mxture, washing may be perforned with water, saline, acid, or a
base. As t henwention,faecompanpldaepresentecthby facingda § Lrhbaee syhastpshwath or i de,
hydrochl oric acid, hydrobrom c acid, sulfuric acid, and phosphoric acid;
and or gani ¢ saeptpasunsh represemtedc bycfarmaat (3)c abeve inathe Psesancenefw f oni ¢
acid may be nentioned. As the base, inorganic bases such as amoni a,
amod] a” wat @itrogeaioomtaindx Pteanigodagen hydnsdeh cetlpsnate Phosphing
carbonate, and pota sian1ph?sphate; and organi ¢ bases such as . i
triethyl am rsr@,mwcf)@n o selvay demasiiansdeabovioéo phaimna harenys agid d and
base are not Particula&%y Iiniteg; h mewgé, Esg may be made of within the
range wher e SSIISOMBRURS BRRISFERLS ot famylai@ a O¥€{0086] As the solvent to
be used for rystal i zation treatnent nmentioned.aboye, far exanpl e,
on a1+ phati dO7RF T BeRction vl Pebiea T ptif SHErTHER AR T eAERPARS o
aromati c hydrocar bop. sol.vent, suc bepnzene. . toluene, or xylen
al cohol sol \}@Hﬁﬁé[u_c%) 3% 1r§2)[ t‘arﬁfifergﬁﬁaﬁgﬁ,top}%(é)zﬁo"f‘{lgin%%‘ﬁ' B%'atﬁ@%,lygf
n- bLitSa nol ; % gbbér Sﬁllé/ eﬂ]}efesr%%?e Faction time varies depending upon the
reaction conditions including reaction temperature and is usually one
minute to 48 hours.
[0079] The order of mixing the aforementioned components is not
particularly limited; however, any one of the following methods may be
20 used:
after a compound represented by formula (2) above and a
nitrogen-containing organic base are previously mixed in a solvent, a
nickel catalyst, a phosphine compound and a compound represented by
formula (1) above may be sequentially added;
25 after a compound represented by formula (2) above, a nitrogen-

containing organic base, a nickel catalyst, and a phosphine compound
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10 diethyl ether, tetrahydrofuran, or dinethoxyethane; a hal ogenated

hydr ocar bon sol vent such as chl oroform dichl oronethane, or dichl oroethane;
an am de wolwsntiomach as di net hyl f or mam de, or di met hyl paTatsamo@eso2a
nitrile solvent such as acetonitrile; an ester solvent such as ethyl
acetate; or water may be nentioned. These 15 solvents nmay be used al one or
not |less than two types of solvents nmay be used simnmultaneously. Preferably,
an aliphatic hydrocarbon solvent, an aromatic hydrocarbon solvent or a

m xed sol vepfe pteibask hixe@en.a JbleeHsen abpipuref rdpresankbd &t fdrenla used
for recrystallization™is not particularly limted; 'usually falls within the

range of 0. @1)@@@&@@3 g@ded;ative to the weight of the product obtained.
[ 0087] Specific exanples of a boronic acid ester conpound represented by

formul a (3) and obftai aatbrapotuhé rapasentit by fednman (2 pabovée,ngnitedgad of t he
present invention may include (4,4,5, 5-tetranmethyl-1, 3, 2-

di oxabor ol anoat@iﬁh%nbmicébz(sé, 4nd, 5-dahpaord hyprdsedte®-byi oxainolao( Gn-
252-yl)tol uene, 4-(4,4,5,5-tetranethyl -1, 3, 2-di oxaborol an-2-yl)ani sol e, 4-
(4,455, 5-t enbawet imel preBioulydimiedabrinl ans@lveh),aaenogitednoatalyst; (ahd4as, 5- WO
2010/ 110782PCT/ US2009/ 038029

t et r anet hy 1pho3pRingi comapound amey by laddedzandt ri | e, 4- (4, 4, 5, 5-

tetranmet hyl-1, 3, 2- di oxabor ol an-2-yl ) pyri di ne, 4- é4, 4,5, 5-tetranet hyl -

1, 3, 2- di oxabor ol ath@afdrpinegsionedZcmponeids @a¢ added strauttaneonsly- 1, 3, 2-

di oxabor ol an- 2-y| %ft ol uene, 4-(4,4,5,5-tetranethyl-1, 3, 2-dj oxabor ol an- 2-

5yl ) styr ene[Q0$&], bs, proezadingt af the, saptiginoxxabobel ahegksd )bys-general

et hynyl benzene, 1-(4, 4,5, 5-tetranmet hyl-1, 3, 2-dj oxaborol apn- 2-y1)-4- .

phenyl benzeasalysisi meanssseeh pangamghramatorapby.abighy psrtormanse liquid

fl uor obenzene, 4-(4,4,5,5-tetranet hyl-1, 3, 2-di oxabor ol an-2-yl ) benzoi c aci d,
Met ¥ 4- (4 chromstagrephysand/or N di oxabor ol an- 2- yl ) benzoat e,

[0081] After completion of the reaction, the obtained reaction mixture
is subjected to a general post treatment including a liquid separation
treatment, a filtration treatment, a washing treatment, and a
concentration treatment. In this manner, a boronic acid ester
15 compound represented by formula (3) above can be isolated. As the
aforementioned post treatment, more specifically, water is added to a
reaction mixture to separate the liquid and the obtained organic phase is
concentrated under reduced pressure, followed by washing with water.
In addition to this method, a method in which a reaction mixture is
20 concentrated under reduced pressure and thereafter washed with water,
may be mentioned, for example.
[0082] An isolated boronic acid ester compound represented by formula
(3) above may be further purified by a general purification treatment
such as a silica gel column chromatographic treatment and a
25 vaporization treatment. Furthermore, when a boronic acid ester

compound represented by formula (3) above has crystallinity, a
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104-(4,4,5,5-tetranet hyl-1, 3, 2- di oxabor ol an- 2-yl ) benzoi ¢ acid am de, 2-
(N-tert-butoxycarbonyl am no)-6-(4,4,5,5-tetranet hyl-1, 3, 2-

di oxabor ovaneflyybiseol uene, NA3-(4',4' , 5,5 -tetranet hyl - IPCTAIS2@9438029

di oxaborol an-2' -y1) - 2- et hyl phenyl ] acetam de, 4-(4,4,5,5-tetranet hyl-

1, 3, 2- di oxabor ol an- 2-yOphenol , 1- (tert-but oxycarbonyl)-4-(4,4,5,5-

15t etranet hyl- 1, 3, 2- di oxabor ol an-2-y1)-1H i ndazol e, 2-(tert-

but oxycar bonyl)-4-(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an-2-y1) - 2H i ndazol e

4- (4,4,5,5- {eectr¥%trarg%ayﬁnlt,rg?tﬁl?%ﬂuo&agb%? 8?%%f 1F-If/lislflclyflt ?ré't rahydr o2H- pyran-2-y1)
-1H-i ndazol s : :
4-(a. 4.5 5 P the liquigl seppration treqiment a5 mentioned Aoy W e an- 2-y1)

- 2Hi ndazol lv%F{ fséd 3 Thé ?%é@t%’ﬂ Y kapa@ of being dissolved both in water
1, 3, 2-di oxaborol an-2-y1)-1-(tet rahydr%f uran-2-yI)-1Hindazol e, 4-

(4, 4,5, 5-t ehr@nR! Bytkadtich doBrertaR0i Al irably thatlthel 81vahy & afsdiled- Sffy 1) -
2H i ndazol e, 1-acetyl-4-(4, 4,5, 5-tetramethyl-1, 3, 2-di oxaborol an-2-y1)-

1H i gdazol egnd- agriyifid- (thet Jiquidet sepmbtivh- LirdatinentoXxadorgdriinzed.1) -
2H i ndazol e, 1-(4,4,5,5-tetranethyl-1,3, 2-di oxaborol an- 2-

25yl) napht hahemerhotd, AvBed- hethailpithyhol |Sngerdireyatredd! and 2insoluble
yl ) phenant hrene, 1- (4, 4,5, 5-tetranet hyl-1, 3, 2- di oxabor ol an- 2-

yl ) ant hr aceiapfidics, Bicd refreiin dmahbyeadtiGn 2niditoxgivivtesirable that these
yl ) benzotriazol e, 444,4,5 ,5-tetranmethyl 1,3 ,2-di oxaborol an-2-

yl ) qui nol i neré4énthved, byt ef fdtratibyl trkainedt dinok aben od diqid pepadatioal azi ne, 5
-(4,4,5,5 -tetramethyl 1,3 , 2-di oxaborol an-2- 5yl)pyrimdine, 444,4,5
, 5-t et r anet ehtrhedt isPpattormsdr ol an- 2-

10 [0084] As the extraction solvent to be used in the liquid separation
treatment, for example, an ether solvent such as tert-butyl methyl ether,
isopropyl ethyl ether or dimethoxyethane; an aromatic hydrocarbon
solvent such as toluene; an aliphatic hydrocarbon solvent such as
hexane, cyclohexane, or heptane; a halogenated hydrocarbon solvent

15 such as dichloromethane, dichloroethane, chloroform, or chlorobenzene;
an ester solvent such as ethyl acetate, methyl acetate, or butyl acetate;
and a ketone solvent such as methylisobutyl ketone may be mentioned.
When the same solvent as any one of these extraction solvents is used in
the reaction, an operation of liquid separation can be directly performed.

20 [0085] To remove impurities such as a nickel catalyst remaining in a
reaction mixture, washing may be performed with water, saline, acid, or
a base. As the acid, for example, inorganic acids such as hydrogen
chloride, hydrochloric acid, hydrobromic acid, sulfuric acid, and
phosphoric acid; and organic acids such as acetic acid, citric acid, and

25 methanesulfonic acid may be mentioned. As the base, inorganic bases

such as ammonia, ammonia water, sodium hydroxide, sodium hydrogen
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yl ) benzot hi azoline, 444, 4,5 ,5-tetranethyl 1,3, 2-di oxabor ol an- 2-

yl ) benzoi sot hi azol i ne, 444, 4,5 ,5-tetranethyl 1,3 , 2-di oxaborol an-2-

yl ) benzoowezolomeis2zand 444,4,5 ,5-tetramet hyl 1,3, 2-di orabarsedoansgd29

yl ) benzoi soxazol i ne. 10[ 0088] Furthernore, the position isoners of these
conpounds may be al so nentioned as specific exanples of a boronic acid
ester conpound represented by fornula (3). Exanples [0089] The present
invention will be nore specifically described by 15way of Exanpl es bel ow,

however, the pB&GaRe! sbﬂﬂﬁﬂt&%ohﬁtéjoénél | sothedubP PHRphatd; M brExAP! es.

Note that, in each exanple

4-chl or o- 1- - i [ H r r to as
ol oor THP%EE% ﬁlg%'fgglg‘etﬁ!élt}ﬂbiéﬁﬁn@, ¥id pitdindag8) Bel BeftiBRed. " gherigd

4- chl or 0- 2- GheuRlATRI @ BnBYSRB-ate Yibt pairt EMEaE Ol Biteds oW CnddFray
202H i ndazol e"; 1- (tetrahydro- 2H pyran-2-y1)-4-(4,4,5 ,5-tetramethyl’- 1,3

, 2- di oxabor ¢leaiinde Wiwithin thdazabe wiere al HEsidddt prothzelienbeafBetedaci d pi nacol
ester"; and, 2-(tetrahydro-2H pyran-2-yl)-4-(4,4,5,5-tetranethyl-1, 3, 2-

S st elragrai e Wity s dbaiorsot el acol

| mentioned above, for example, an aliphatic hydrocarbon solvent such as
pentane, hexane or heptane; an aromatic hydrocarbon solvent such as
benzene, toluene, or xylene; an alcohol solvent such as methanol,
ethanol, propanol, isopropanol, or n-butanol; an ether solvent such as
10 diethyl ether, tetrahydrofuran, or dimethoxyethane; a halogenated
hydrocarbon solvent such as chloroform, dichloromethane, or
dichloroethane; an amide solvent such as dimethylformamide, or
dimethyl acetamide; a nitrile solvent such as acetonitrile; an ester
solvent such as ethyl acetate; or water may be mentioned. These
15 solvents may be used alone or not less than two types of solvents may
be used simultaneously. Preferably, an aliphatic hydrocarbon solvent,
an aromatic hydrocarbon solvent or a mixed solvent of these is used.
The use amount of the solvent to be used for recrystallization is not
particularly limited; usually falls within the range of 0.1 to 100 fold

20 relative to the weight of the product obtained.
[0087] Specific examples of a boronic acid ester compound represented
by formula (3) and obtained by the aforementioned manufacturing
method of the present invention may include (4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzene, 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
25 2-yDtoluene, 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)anisole, 4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)acetophenone, 4-(4,4,5,5-
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i ndazol e) Manufacturing Exanple 1 Under a nitrogen atnosphere, a
flask was charged with 4- chloroindazole (33.0 g (content: 91.0 wt% 196.6
mrol )), pyoi2dionitorsep- 5 tol uenesul fonate (0.49 g, (2.0pramiSp)09/038029

3, 4-di hydro-2H pyran (36.4 g, (432.6mmol)), and dichl oronet hane (265 Q).
The obtained m xture was stirred at an interior tenperature of 45C for 8
hours. The resultant reaction m xture was cooled to 25C. To this,

di chl oronet hane and water were added, stirred and then separated. To 10

the obtainegelfgii RIasdiodbardlath AARRDOARIILM YT 0gens qarbonat &

sol ution was a t 0 ’Was erea € organi c phase was dried over

anhydr ous n?aflf}ﬁistﬂ?lﬁ]]‘{k%ﬁ%x&%ﬂ&%ﬂtﬁﬂg@mﬁ?r feﬂg&,ads BLeBakIhyRNd

purified by silica“ge um chr omat hobi | @ ‘phdse: hexane/ et hyl

acetate) tojopbaliBxahoRilhy-2SyPsidsiee (2&uminolb-(@)4,5 Bleetdhyitfbssance was
anal yzed by hi’gh perfor mance” Ii qui d* chr omat ogr aphy. “As a result, the total
content of @M%Jﬁ%—é@l?@ﬁi@ie‘? 41241 ACh KofeBahi#the i NdadiekabvasiafdD-4 W %
(chl or o- THP- 1H ndazol e: ¢hf or o- THP- 2H- i ndazol e = 1:3.3, yield: 100%. [0091]
Manufsact ur i el e 2 20Under 43, sitktragethyt mespligsabdoldragkyl char ged
with 4- chl g?)g;@r?gazol e (31.8 g@rcont ent: 94.322l wt% 196.6 mmol ))},,\)?)I;ri di ni um

pt ol uenesul £ béfzeéd, 9. ( 3-A, 41805 tetraheth - hy3d? @l @khlyrodan-23¢)44-9,
(432.6 nmol )?ﬁygl uene (132 g)@and heptrgne (yldSZ)\Bg%. The obt ai n?gl)m xture

was heated phedDbenndns! i rred-(Q4, 95 heuametipl-1 3e21desxdtb@olar23rglget-i on

m xture, a 5% aqueous sodi um hydrogen carbonate solution (101 g) was added.
The mi xt ur e flsesobenterd, Wwi-(4,408 §itetranwetR$Is] 3, M@lioxaborolan-2-yl)benzoic

2010/ 110782PCT/ US2009/ 038029 and t hen separated. To the obtai ned organic
phase, a 5 atchd,adMetinyd doi,4)h, Mtetragethylat Selvali exatwirolamd-y1)bdnaateas added
again. After mxing/liquid separation was repeated tw ce, toluene (20 Q)
and 19odi um Hy@t,égeh-tetmametiayle] (02 -8oxpbanelan-ddyldberanic cacide antidee 2-under
reduced pressure. To the concentrate, nethanol was added and again

subj ect ed t Netortbotagtdashonylderinogduchd, pddstametayldl 3,24 rated to obtain a
filtrate (70.8 g). The filtrate was anal yzed by 'hi'gs'r% performance |iquid

chr omat ogr aghgxabmyolan-dsyl)toluenss t ot al C&T{Mﬂ 55" srtetreetplH ihdazol e and
chl oro- THP- 2H i ndazol e was 65.2 wt % (chl or o- THP-

101H i ndazoldéoxahaspianrRipy DL imethydpleny ] -acstamidg, ef-(4. 4 0008ctraneeiby]-

M xt f THP- 1H-i pdazol e b [ id I t THP- i ndazol
e A BEaL LSS 2RSS o)L £ Aol

15 tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indazole, 2-(tert-
butoxycarbonyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-
indazole, 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-(tetrahydro-
2H-pyran-2-yl)-1H-indazole, 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)-2-(tetrahydro-2H-pyran-2-yl)-2H-indazole, 4-(4,4,5,5-tetramethyl-

20 1,3,2-dioxaborolan-2-yl)-1-(tetrahydrofuran-2-yl)-1H-indazole, 4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(tetrahydrofuran-2-yl)-
2H-indazole, 1-acetyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
1H-indazole, 2-acetyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

2H-indazole, 1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
25 yl)naphthalene, 1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenanthrene, 1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
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Exanple 1 15Under a nitrogen atnosphere, a flask was charged with

bi s(pi nacol ate) di boron (55.8 g (0.22 nol)), nmethanol (120 g), triethylam ne
(44.5 g (Wo2diomb)sp, and the m xture (61.3 g (total contremtus2@5/02s0es % O0.17
nol)) of chloro-THP-1H i ndazol e and chl oro- THP- 2Hi ndazol e obtained in

Manuf acturing Exanple 2. VWhile bubbling with 20 nitrogen, the interior
tenperature was reduced to OC. Then, the flask was charged w th nickel
nitrate hexahydrate (2.0 g (6.8 mmol)) and tri phenyl phosphine (3.6 g (13.5
mol ) ). The yipsightaeshef eact i on m &4Yr&s5 wRcetiditedss€d3 Dodryxabolelahol-
tenperature of 5C and stirred for 22 hours. Thefeafter, while the

t enper at ur e yMsenzoaieaded st epw s¢-(4pl,5 S-thfarhethyd- 1N®2-dioxaberslant2H e was
stirred. The reaction m xture was anal yzed by high performance |iquid
chromat ogr agiyquisesliaes esul t, the $€4pt,bdntorrarhethy]-coBadivadbdiblahki ndazol e
boronic acid pinacol ester 5 and THP-2H- i ndazol e boronic acid pinacol
ester in a tyhydithalawine, of 45.0 g5{(@,48,5vdtramethot 198, 2rdexibosdlh-2{ 0093]
To the reaction mxture, tert-butyl methyl ether (440 g) and 5 wt%

hydr &chl or i yDgirin{diés, g) wer e addidd,4,Afx-tatrarhethylt 198, 2-toxabacolianr2ri xt ur e
was adjusted to 7.5, liquid separation was perfornmed. 10 To the obtai ned
wat er phaseyljbenzothiagolinet hyl et h€#,4,350tagyameathydeddd R -tdwxadotolam 2-
re-extraction. The organic phases individually obtained were conbi ned,

wat er phase Yengepathnedlianad t hed-dhghhisctairamethydsl .3 drndmnabareldnd?der
reduced pressure. To the resultant concentrate, toluene (160 g) was added
and concent yalhedzondarolirgiuc sad pr ¢d4it.8.5-tetmumethyd ,3 Sndmabarelant 3 uene
(120 g) and a_20 w % aqueous net hanol solution (150 g) were added, m xed
and separ at &d)bemzptyexegptae. to the resul tant or gani ¢ phase, a 20 wt %

aqueogus net hangl _sol ytion (150 g) was added, njixed and separated. This
operi&t i on \A/E@Og%b A hermaree ther GOSHION S etnpl shepenrempensds mayiket ed
carbon (2.0 was added, 20 stirred at rpoomtenperature for one hpur and
filtrated. mentioned gk sred ’&e‘??@fgpg‘é %ﬁagorp%éﬁﬂijﬁt@%w@qlﬂﬁgbt ain a

concentrate (81.67 . Fhe optaj.ned concentrate was anal yzed by high
performncerng%Fﬂte@bﬁgﬁ@aﬁﬁa@y and gas chromatography. As a result, the
concentrat e contaj ned THP- 1H i ndazol e boroni c acid pinacol ester and

THP- 2H  25i msboroni c acid pinacol ester in an amount of 55.0 w %

(THP-1H ”Cfﬁégbf T %rr'ei:scen?ciinqzeﬁhgﬁcwilleﬁé Shore %p%c%géﬂly-r Rs&fibdd dbayZO| €

15 way of Examples below; however, the present invention is not limited to
the following Examples. Note that, in each example,
4-chloro-1-(tetrahydro-2H-pyran-2-yl)-1H-indazole is simply referred to
as “chloro-THP-1H-indazole”;
4-chloro-2~(tetrahydro-2H-pyran-2-yl)-2H-indazole, as “chloro-THP-

20 2H-indazole”; 1-(tetrahydro-2H-pyran-2-yl)-4-(4,4,5,5-tetramethyl-

| 1,3,2-dioxaborolan-2-yl)-1H-indazole, as “THP-1H-indazole boronic

acid pinacol ester”; and,
2-(tetrahydro-2H-pyran-2-yl1)-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-2H-indazole as “THP-2H-indazole boronic acid

25 pinacol ester”.

[0090] (Mixture of chloro-THP-1H-indazole and chloro-THP-2H-
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boroni c acid pinacol ester = 52.0 % toluene = 22.4 W% . To the
concentrate, toluene (8.55 g) and heptane (62.45 g) were added and heat ed
to 45C. Twothm/mmmsture, a seed crystal (40 ng) contai ni RGTAISRAMLIBE0RY Of
THP- 1H i ndazol e boronic acid pinacol ester and THP-2H 5 i ndazol e boronic
acid pinacol ester was added. As a result, crystals precipitated.
Thereafter, the mxture was cooled to 25C for 4 hours, again heated to 45C,
then cooled to OC and filtrated. The crystals obtained was washed with a

m xed sol ut idaAdlE) of heptane (11.2 g) and toluene (4.8 g), filtrated,
further washed with heptane (21.6 g) of 10 OC and filtrated. The remaining
crystal s weMamifaethrime Exanaslacled pressure to obtain crystals (33.9 g). The
obtai ned crystals were anal yzed by the high performance |iquid

chromat ogr aphy i nlkrdeal asharsgerd gtetdspteredsaaflaglsuivhs thrgedystitd i-

cont ai ned no THP-1Hi ndazol e boronic acid pinacol ester and contained only
THP-2H  15chiuterudazobe (3o eoortent: PHCO WSS £96.630n0E) Y KyFidihiunmy-,

content: 88.5 w% vyield: 54%). Furthernore, the m xture of the filtrates
and ashi ngteloknesuhenatentled ezl [@-0- n:iﬁaomiaiﬁll -dithairorlld-maiad @Fhdcgl ester
(10.4 g) and THP-2H i ndazol e boronic acid pinacol ester (2.3 g). [0094]
Exanpl e 2 ¢43Rdermal))j tandgdichdonuspthane, (£65 ezict i ble v@ﬁamedom]zmm in

vol ume was charged w th bis(pinacol ate)di boron (0.32 %

degassed et Weasolsti(i®d6 atd 3n iaverior itetipdraireeof K gfo(r2 5®onms)| )IIIheWu | e

the resultant m xture was stirred at an |nter|or te rature of 25C
bi s(1, 5- cycrendtandi exre@):honkemmmrs m;zya(so Q@O 1G| phe®9l pHosphi ne
(17.7 mg (0.07 rmuol) and a mxture ( (total content: 100.0 wt %

0. 85 mm| )) deghlerorsethanarand-wateraysre aéd@d %tmr@d@ndﬂbemepﬁw@@ e T8ot ai ned
d th f act Ex le 1 dded tog th t Af t

t e 1osul { abke PRI WHLABHS r PoRsca; A30C Wi SHGaHS , Sodumahydragesr
t d at 70 h t I d h
SeIII)renaﬁceCﬁﬁeﬁnoaIyeosg %‘I’JIIIIIﬁ%éa% Jo ‘Is((és é‘iﬁﬁr%afyt@”h ¢ ORLRRIGD %@tﬂre
boron o act V35 '%&#Z"' o0y é&%ﬁéﬁgﬁ'ﬁ%@‘ﬁ?'w A e M
5699 . [0095;5 &a le 3 Under a_ nj tm)s her a r,eacti on v sel of
20 m in FEhPTGREUI Gh AR el ip SiBrAE01 SoLimA sIFOMAeRPty (1. 27

I , d d t 2. 0.3
2;3 IIhet tﬁiiim%a@ ?%5%%”2?%@%5&%\@ obidthea @gﬁsﬁﬁﬁﬁtgﬁ#aﬁ? & (k | 9
stinr a [ ur c cke
(o 35y (0. & b Sy SERER e e %@%ef?b?‘#gg%&%?ﬁ%%ﬁ%eﬂﬁ%@ T
1 Xt 0. 5 9% I
I:nhI(oIJI)eTI(—IPl &ga&g}%ﬁg go%ﬁeg{r 56% EII% ﬁ)cfg ?e&?%tézﬁ n%(IorlonTg(I:I?:olr}(Ifance

t h Manuf | t ant
M xtur o e A8 drteplofo LIPLELERER00IO W DS IMECCHIETHIA FLEOL, | a0
one hour. TIi'ﬁdéz%ﬁE.Ic'll%IoU’HIPlQﬂ‘I‘H&aﬁﬂé‘g’i%,byﬁem.gf(m%).

[0091] Manufacturing Example 2

20 Under a nitrogen atmosphere, a flask was charged with 4-
chloroindazole (31.8 g (content: 94.3 wt%, 196.6 mmol)), pyridinium p-
toluenesulfonate (0.99 g, (3.9 mmol)), 3,4-dihydro-2H-pyran (36.4 g,
(432.6 mmol)), toluene (132 g) and heptane (132 g). The obtained
mixture was heated to 40°C and stirred for 9 hours. To the resultant

25 reaction mixture, a 5% aqueous sodium hydrogen carbonate solution

(101 g) was added. The mixture was cooled while mixing to 25°C,
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20 performance |liquid chromatography. As a result, the reaction m xture
cont ai ned THP- 1H-i ndazol e boronic acid pinacol ester and THP-2H ndazol e
boroni c awodopimnemsel ester in a total anount of 0.16 g EOTAS20m0B302yi el d:
58% . [0096] Exanples 4 to 6 25A reaction was perforned in the sanme manner
as in Exanple 3 except that the solvents listed in Table 1 were used in

pl ace of tert-butyl WO 2010/110782PCT/ US2009/ 038029 net hyl ether, and the
reaction tenperature and reaction tinme were changed to those listed in

Lo 1 TSR Lesatasalo e ok friich s o fremie ¢
tenper at ur e{44in hydrogen carbonate solution (101 g) was added again. After
mixing/liquid separation was repeated twice, toluene (20 g) and sodium
hydrogen carbonate (0.33 g) were added and concentrated under
5 reduced pressure. To the concentrate, methanol was added and again
subjected to concentration under reduced pressure and filtrated to obtain
a filtrate (70.8 g). The filtrate was analyzed by high performance
liquid chromatography. As a result, the total content of chloro-THP-
1H-indazole and chloro-THP-2H-indazole was 65.2 wt% (chloro-THP-

10 1H-indazole:chloro-THP-2H-indazole = 1:13.7, yield: 100%).

[0092] (Mixture of THP-1H-indazole boronic acid pinacol ester and

THP-2H-indazole boronic acid pinacol ester)

cl cl 0 J k J‘k
j ‘B-B'Oji 0.0 0,0
@jwp : @ﬂ Z~d o7 ‘
N N ~ N-THP N
THP N N
THP
Example 1
15 Under a nitrogen atmosphere, a flask was charged with

bis(pinacolate)diboron (55.8 g (0.22 mol)), methanol (120 g),
triethylamine (44.5 g (0.44 mol)), and the mixture (61.3 g (total content:
65.2 wt%, 0.17 mol)) of chloro-THP-1H-indazole and chloro-THP-2H-
indazole obtained in Manufacturing Example 2. While bubbling with
20 nitrogen, the interior temperature was reduced to 0°C. Then, the flask
was charged with nickel nitrate hexahydrate (2.0 g (6.8 mmol)) and
triphenylphosphine (3.6 g (13.5 mmol)). The resultant reaction

mixture was increased to an interior temperature of 5°C and stirred for
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1) 30C/ 3 hours 2) 60C/ 1 hour 1) 30C/3 hours 2) 60C/1 hour 30C/3 hours Yield
68% 46% 69% 5[ 0098] Exanple 7 Under a nitrogen atnosphere, a

reacti on weesal110f8220 m in vol ume was charged w t h bi spprnseaoasspdi bor on
(0.64 g (2.53 mmol)), degassed nethanol (7.2 g) and diisopropyl et hyl am ne
(0.66 g (5.07 mmol)). Wiile the resultant m xture was stirred at an
interior 10 tenperature of 25C, bis(1,5-cycl ooctadiene)nickel (18.6 ny
(0.07 muol )), triphenyl phosphine (35.5 ng (0.14 mmol)), and a m xture (0.45

g, (total contiesirs. 8FHervhfter, Witife Mdtampefatehl whoiddiRaddd srepazie epand
chl or o- THP- 2H-i ndazol e were added to the m xture. The resultant m xture was

stirred at B9T5POrfor ORI, tHOMmikaaetwad stiteetur el@feactionanattyzedvdyy hi gh
performance |iquid chromat ography As a result, the reaction m xture

cont ai ned ThHRalyZedrisiahgtlep brfb@mmcedugndldhﬁ@ﬂat@gr@@hyanmg HReildt) thaazol e
boronic acid pinacol ester in a total ampunt of 0.39 g (1.19 mmol, yield:

709 . [ 0099Yedetmrphiixture 2Wualieeddl HIP- it blganlaatio bphatie,acad Wolmte/ressel of

?0 mS " and THP-2H-indazole boronic acid pinacol ester in a total amount of
45.0 g (0.14 mol, reaction yield: 81%).

[0093] To the reaction mixture, tert-butyl methyl ether (440 g) and 5

wt% hydrochloric acid (168 g) were added. After the pH of the

reaction mixture was adjusted to 7.5, liquid separation was performed.

10 To the obtained water phase, tert-butyl methyl ether (360 g) was added

to perform re-extraction. The organic phases individually obtained

were combined, water phase was separated and the organic phase was

concentrated under reduced pressure. To the resultant concentrate,

toluene (160 g) was added and concentrated under reduced pressure.

15 To the concentrate, toluene (120 g) and a 20 wt% aqueous methanol

solution (150 g) were added, mixed and separated. Furthermore, to the

resultant organic phase, a 20 wt% aqueous methanol solution (150 g)

was added, mixed and separated. This operation was repeated twice.

To the resultant organic phase, activated carbon (2.0 g) was added,

20 stirred at room temperature for one hour and filtrated. The filtrate was

concentrated under reduced pressure to obtain a concentrate (81.67 g).

The obtained concentrate was analyzed by high performance liquid

chromatography and gas chromatography. As a result, the concentrate

contained THP-1H-indazole boronic acid pinacol ester and THP-2H-

25 indazole boronic acid pinacol ester in an amount of 55.0 wt% (THP-1H-

indazole boronic acid pinacol ester = 3.0 wt%, THP-2H-indazole
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vol unme was charged with bis(pinacol ate)di boron (0.64 g (2.53 mol)),
degassed nethanol (3.0 g) and triethylamne (0.51 g (5.07 nmol)). Wiile the
resul t antwoizstourie7saas stirred at an interior tenperaturecofus2®gossweekel
nitrate hexahydrate (19.7 ng (0.07 nmol)), triphenyl phosphine (35.5 ny
(0.124 mol)), and a m xture (0.45 g, (total 5 content: 89.5 W% 1.69

nmmol )) of chl oro- THP- 1H i ndazol e and chl oroT1-1P-2Hindazol e were added to
the m xture. The resultant m xture was stirred at 30C for 6 hours. The

reaction m kbtoEcwasd gsiabyaledstey =hisgh0 petvbotatasae =+ 2qud dvichy.ongibodeaphy. As
a result, THP-1Hi ndazol e boronic acid pinacol ester and THP-2H-i ndazol e

boroni ¢ aci dodfgitretepltoksher (8/8f egrantdahepdnen(2.45t@) warousddeal a8d45 ¢
(1.37 mol, yield: 81%. [0100] Exanples 9 and 10 A reaction was perfornmed

0 arpiomy 150n o i« g iy o
t hose |i st ethiktur€abf d'F2P- [Handezsalket sommec sicodupinacdladdter and[ THPLPH-Tabl e 2]
Examgl °° Ei(r?dr?zlo?e %J%rcp)\rqﬁ:u gfzidm;:)irtljeitcsoﬁ peisrtlgrchlfaast g()lc(ljei:ctlj.or ?Xr; a result, crystals
precipitated. Thereafter, the mixture was cooled to 25°C for 4 hours,
again heated to 45°C, then cooled to 0°C and filtrated. The crystals
obtained was washed with a mixed solution (0°C) of heptane (11.2 g)
and toluene (4.8 g), filtrated, further washed with heptane (21.6 g) of
10 0°C and filtrated. The remaining crystals were dried under reduced
pressure to obtain crystals (33.9 g). The obtained crystals were
analyzed by the high performance liquid chromatography internal
standard method. As a result, the crystals contained no THP-1H-
indazole boronic acid pinacol ester and contained only THP-2H-
15 indazole boronic acid pinacol ester (30.03 g (91.5 mmol, content: 88.5
wt%, yield: 54%)). Furthermore, the mixture of the filtrates and
washing solutions contained THP-1H-indazole boronic acid pinacol
ester (10.4 g) and THP-2H-indazole boronic acid pinacol ester (2.3 g).
[0094] Example 2
20 Under a nitrogen atmosphere, a reaction vessel of 20 ml in
volume was charged with bis(pinacolate)diboron (0.32 g (1.27 mmol)),
degassed ethanol (3.6 ml), and triethylamine (0.26 g (2.53 mmol)).
While the resultant mixture was stirred at an interior temperature of
25°C, bis(1,5-cyclooctadiene)nickel (9.3 mg (0.03 mmol)),
25 triphenylphosphine (17.7 mg (0.07 mmol)), and a mixture (0.20 g (total

content: 100.0 wt%, 0.85 mmol)) of chloro-THP-1H-indazole and
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0.56 g 0.45 g Amount of triethylamne 0.45 g 0.3 g Yield 80%61% [0102]
Exanpl e 11 20Under a nitrogen atnosphere, a reaction vessel of 20 m in
vol ume wawochevigen2w t h bi s(pi nacol at e)di boron (0.24 g POTAS20m9088029
degassed net hanol (2.9 g) and triethylamne (0.17 g (1.68 mml)). Wile
the resultant m xture was stirred at an interior tenperature of 25C

bi s(1, 5-cycl ooct adi ene) ni ckel (10 ng (0.04 nmol )), triphenyl phosphine (18
ng (0.07 nmol)), and a mxture (0.20 g, (total content: 100 wt% O0.84

nol )) of clhhyre-THP-2H-imdized eolathedhi®r focor@addd-with | Miaadheuyige added

to the m xture. The resultant m xture was stirred at 30C for 3 hours. The

reaction m Exangpleal wastaladded toytheiixtpes.f opfesiciel requitghtoioee egrsaphy.  As
aresult, the reaction m xture contai ned THP-1H i ndazol e boronic acid

g 'm?f}ﬁ ?I Ofesg gtlig@gdatTW@ Hot fdBaats ibvanfigtleg dimédatol0°€st@r ohd hautot al
The reaction mixture was analyzed by high performance liquid
5 chromatography. As a result, the reaction mixture contained THP-1H-
indazole boronic acid pinacol ester and THP-2H-indazole boronic acid
pinacol ester in a total amount of 0.16 g (0.48 mmol, yield: 56%).
[0095] Example 3
Under a nitrogen atmosphere, a reaction vessel of 20 ml in
10 volume was charged with bis(pinacolate)diboron (0.32 g (1.27 mmol)),
degassed tert-butyl methyl ether (2.6 g), degassed methanol (0.3 g) and
triethylamine (0.26 g (2.53 mmol)). While the resultant mixture was
stirred at an interior temperature of 25°C, bis(1,5-cyclooctadiene)nickel
(9.3 mg (0.03 mmol)), triphenylphosphine (17.7 mg (0.07 mmol)), and a
15 mixture (0.20 g, (total content: 98.5 wt%, 0.85 mmol)) of chloro-THP-
1H-indazole and chloro-THP-2H-indazole obtained in accordance with
Manufacturing Example 1 were added to the mixture. After the
resultant mixture was stirred at 30°C for 3 hours, it was further stirred at
60°C for one hour. The reaction mixture was analyzed by high
20 performance liquid chromatography. As a result, the reaction mixture
contained THP-1H-indazole boronic acid pinacol ester and THP-2H-
indazole boronic acid pinacol ester in a total amount of 0.16 g (0.49
mmol, yield: 58%).
[0096] Examples 4 to 6

25 A reaction was performed in the same manner as in Example 3

except that the solvents listed in Table 1 were used in place of tert-butyl
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nitrogen at

|, yield: 68%.
nospher e,

of 20

bi s( pi nacwbaveydotser on (0.12 g (0.47 nmol)),

i t hi um met hoxi de (31 mg (0.82 rmol)).

[ 0103] Conparative Exanple 1
a reaction vessel

m

Under

a

in volunme was charged with

degassed nechmarsedo9isods g) and

15 While the resultant m xture was

stirred at an interior tenperature of 25C, bis(1,5-cycl ooctadi ene)ni ckel
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m xture (0.
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10 g, (total

97.7 W%
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tri phenyl phosphine (4.5 ng (0.02 mmol)),
content:

41 mol )) of

and a

chl or o- THP- fdthpdastiés andl thel esartidt 2Ehipecansd eanvereadiciediiine tigem xt ure.

The resulta

nt mxture

20 was stirred at 30C for 3.5 hours.

Ther eaft

er,

bi s(l 5- cychaogddith grspiisté@in (3bR g (Gedksonobid sl@mntlnlmmlphosr)hl ne

(4.5

nyg (0.02 nmol)) were added and resultant m xture was again stirred at

30C for 2 hpe%7] hebleddction m xture was anal yzed by hi gh perfornmance

| i qui d chromat ography. As a result,

THP- 1H-i nda
acid pinaco
[ 0104] Conp
sane manner
Tabl e 3 wer
t her eof wer
Table 3. [0

5

10

15

20

the reaction m xture 25cont ai ned

105] [Table 31 Conp

abab§°¢él hour

2) '60°C/1 hour

Zol e boroni c aci d pi nat:ﬁ(i)Rf ter and éHI—’-éH— inpazol e boronic

| ester in a total anmoum@iyFre mpl Xaﬁll%lf’ 179% .
e Exanples 2t Ar 3rf in the

%&%E Conparative Orol}uﬁ 1 exce ?ﬁﬁa?&fnﬁe b ﬁ gg{ll sted in

eRéb%ﬁQn't@m?éxﬁﬁﬁe/ﬁfne i)t fioem B ﬁoxnd@o@? Hobgs J§@vc&}mm:§ ,

e changed to those |sted I n Tabl g The results are shown in

Yield

68%

46%

69%

[0098] Example 7

Under a nitrogen atmosphere, a reaction vessel of 20 ml in

volume was charged with bis(pinacolate)diboron (0.64 g (2.53 mmol)),

degassed methanol (7.2 g) and diisopropylethylamine (0.66 g (5.07

mmol)).

While the resultant mixture was stirred at an interior

temperature of 25°C, bis(1,5-cyclooctadiene)nickel (18.6 mg (0.07

mmol)), triphenylphosphiﬁe (35.5 mg (0.14 mmol)), and a mixture (0.45
g, (total content: 89.5 wt%, 1.69 mmol)) of chloro-THP-1H-indazole

and chloro-THP-2H-indazole were added to the mixture.

mixture was stirred at 3

analyzed by high performance liquid chromatography.

0°C for 5 hours.

The reaction

The resultant

mixture was

As a result, the

reaction mixture contained THP-1H-indazole boronic acid pinacol ester

and THP-2H-indazole boronic acid pinacol ester in a total amount of

0.39 g (1.19 mmol, yield:
[0099] Example 8

70%).

Under a nitrogen atmosphere, a reaction vessel of 20 ml in

volume was charged with bis(pinacolate)diboron (0.64 g (2.53 mmol)),

36



Exanpl e 2 Conparative Exanple 3 Conparative Exanple 4 Base Sodium acetate
Cesi um car bonat e Pot assi um phosphate Charge anmount 83 ng 275 ng 180 ng
Yield 0%W&02010/110782 PCT/US2009/038029

degassed methanol (3.0 g) and triethylamine (0.51 g (5.07 mmol)).
While the resultant mixture was stirred at an interior temperature of
25°C, nickel nitrate hexahydrate (19.7 mg (0.07 mmol)),
triphenylphosphine (35.5 mg (0.14 mmol)), and a mixture (0.45 g, (total
5 content: 89.5 wt%, 1.69 mmol)) of chloro-THP-1H-indazole and chloro-
THP-2H-indazole were added to the mixture. The resultant mixture
was stirred at 30°C for 6 hours. The reaction mixture was analyzed by
high performance liquid chromatography. As a result, THP-1H-
indazole boronic acid pinacol ester and THP-2H-indazole boronic acid
10 pinacol ester were contained in a total amount of 0.45 g (1.37 mmol,
yield: 81%).
[0100] Examples 9 and 10

A reaction was performed in the same manner as in Example 8

except that the use amounts of bis(pinacolate)diboron and triethylamine

15 were individually changed to those listed in Table 2. The results are
shown in Table 2.

[0101] [Table 2]

Example 9 Example 10
Amount of bis(pinacolate)diboron | 0.56 g 045¢
Amount of triethylamine 045¢ 03g
Yield 80% 61%

[0102] Example 11

20 Under a nitrogen atmosphere, a reaction vessel of 20 ml in
volume was charged with bis(pinacolate)diboron (0.24 g (0.95 mmol)),
degassed methanol (2.9 g) and triethylamine (0.17 g (1.68 mmol)).
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3% [0106] Conparative Exanple 5 10Under a nitrogen atnosphere, a reaction
vessel of 20 m in volune was charged with bi s(pinacol ate)di boron (0.32 g
(1.26 mowvp)picdegmssed di net hyl sul foxide (3.6 g) and peCaaskeniossned at e
(0.25 g (2.54 mmol )). While the resultant m xture was stirred at an
interior tenperature of 25C, bis(1,5-cyclooctadiene)nickel (10 ng (0.04 15
nmmol )), triphenyl phosphine (18 ng (0.07 mmol)), and a m xture (0.20 g,
(total content: 100 wt% 0.84 mmol)) of chloro-THP-1Hindazol e and

chl or o- THP- \hjladaeot8urahe MmEdeek beast BErdIXauRa. int88oF eeMipeddturdioft ure vas
stirred at 30C for 5 hours. Thereafter, the resultant m xture was further

heated to 79€°@nd %‘ié(!l[ﬁ@yf:l@foc@adl@ﬂé nidicd ri@@' Ofh2Om(erip4r € MagoBnal yzed
by hi gh performance |1 quid chronat ography. a result, neither

THP- 171 ndangpleeibaphoishingi (d 8ohiia0. 76shes] namd finixide (00826l aobdr oni ¢
acid pi nacoImlcbastrte%lpvverﬁeh obt(ai ne ?@ri t he regt);ti on m xt ure((Yi egd:€3t 0% .

[0107] Exanpbgeteh?: 10M&eroa0184t imogel)) af whidocTEIP-d H-baddz00e avésdgbref 20 ni
in 5 volume was charged wi th bis(plnacol ate)di boron (0.64 g (2.5 mmol)),
dega$sed nefliirdH(dd2zd}r werke adiddedptooplyd ehixtliseni NEhé¢ GreSbltant( miktumeol ) ) .
VWhile the resultant m xture was stirred at an interior tenperature of 25C,
ni ckel nitr st dtgxedhyutlBatE€ O 3. Hows. ( OIRY reawtion) mikturg veayyhigsedibye (35. 5
ng (0.14 nmol)), and a mixture (0.45 g, (total 10 content: 89.5 W% 1.69
mol )) of chigh perférnahden dimpod eclanoatboaptifHP- Akt & ncsnttl eheereactivded t o
the m xture. The resultant m xture was stirred at 30C for 5 hours. The
reaction ni xixterewasntmaty zEH sy Hringdazode floononne eadid gpimdicohrestert agpdaphy. As
a result, the reaction m xture contai ned THP-1Hindazol e boronic acid

pi nacol est ddiRrd1isdapolethdradazacid piovacal estetiial apiotalcamownst of 0.10 g t ot al

amount of 0.36 g (1.2 mol, ch eld: 709 .
10 (0.57 mmol, yield: 68%).

[0103] Comparative Example 1

Under a nitrogen atmosphere, a reaction vessel of 20 ml in
volume was charged with bis(pinacolate)diboron (0.12 g (0.47 mmol)),
degassed methanol (1.4 g) and lithium methoxide (31 mg (0.82 mmol)).

15 While the resultant mixture was stirred at an interior temperature of
25°C, bis(1,5-cyclooctadiene)nickel (3.0 mg (0.01 mmol)),
triphenylphosphine (4.5 mg (0.02 mmol)), and a mixture (0.10 g, (total
content: 97.7 wt%, 0.41 mmol)) of chloro-THP-1H-indazole and chloro-
THP-2H-indazole were added to the mixture. The resultant mixture

20 was stirred at 30°C for 3.5 hours. Thereafter, bis(1,5-
cyclooctadiene)nickel (3.0 mg (0.01 mmol)) and triphenylphosphine
(4.5 mg (0.02 mmol)) were added and resultant mixture was again
stirred at 30°C for 2 hours. The reaction mixture was analyzed by high
performance liquid chromatography. As a result, the reaction mixture

25 contained THP-1H-indazole boronic acid pinacol ester and THP-2H-

indazole boronic acid pinacol ester in a total amount of 22.9 mg (0.07
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[0108] Exanple 13 Under a nitrogen atnosphere, a reaction vessel of
20 M in volune was charged with bi s(pinacol ate)di boron (0.32 g (1.27

mmol )), WO dmgasmed net hanol (2.8 g) and triethyl am nePCO/RG009/08£0253

mmol )). Wiile the resultant m xture was stirred at an interior tenperature
of 25C, bis(1,5-cyclooctadiene)nickel (9.3 ng (0.03 mml)),

tri phenyl phosphine (17.7 ng (0.07 mmol)), and a m xture (0.20 g, (total
content: 100.0 wt% 0.85 nmol)) of chl oro-THP- 1H i ndazol e and

25chl or o- THRyRh i\h8REql8,Yer e added to the mixture. The resultant m xture
was stirred at 30C for 3 hours. Thereafter, the resultant mixture was

heated to 7m%dcbﬂh§aﬁgﬁv§tg)@rﬁglefsqt014hour. The reaction m xture was
anal yzed by hi gh pertormance I guid chromat ography. As a result,

THP- 1H i ndazol e barRAtEoAGHss péifosmkdaatire santt mdinerhadaddngphatiosi ¢ aci d
pi nacol ester were contained in a total anmount of 50.23 g (0.71 nmol,

yi el d: 83% Exhifl8]1 eReqstudiat die bhs@ listedcipnPableds wdnsamptleinlglace of
(4,4,5,5-tetranet hyl-1, 3, 2- di oxabor ol an- 2-yl ) benzene hder a

ni trggen at tigsiphe mgethaxid@ahd ahevigss ainovht thereof werel chiemgeastoctirosged wi t h
bi s( pi nacol ate) di boron (1.35 g (5.3 mmol)), 10 degassed nethanol (7.2 g)
and tri et hylistadng Tdble8.9 The rdsuitwire)shaven st Tabkd3at room t enperature. The
reaction vessel was charged with bis(1,5-cycl ooctadi ene)nickel (39 ng (0.14
mol )), tri phEdy] phatsdptsilne (75 nmg (0.28 nmol)), and chl orobenzene (0.40 ¢
(3.6 mmol)) and stirred at 30C for 21 hours. The reaction solution was

anal yzed by—I5gas chrpmatography. [AS a result, )
(4, 4,5,5-tetranet hyl- 1, 3, SOmpEdBor ol &9224AEenzene CRAPBNEai ned in an
amount of 0[50 g (2.5 npol Exathgibd: G9% Ex4:031¢C] Exanpl Esarpletdo 17 | A
reaction wap—perforfredtn—the—sare—fanner—as +nExanpte14—20—exdgept that
the bases ||Baed i n Tab| Bodumecetatgs e Casiunptarbenatd | Potastinmiphasietearid t he
charge anmobupts thereof Wwere changed [{ 0 _t hose ilsteq bn rable 4. Tfhe results
are shown i nClrse amgunt | 83 mg 275 mg 80 mg

Yield 0% 0% 3%

[0106] Comparative Example 5

10 Under a nitrogen atmosphere, a reaction vessel of 20 ml in
volume was charged with bis(pinacolate)diboron (0.32 g (1.26 mmol)),
degassed dimethyl sulfoxide (3.6 g) and potassium acetate (0.25 g (2.54
mmol)). While the resultant mixture was stirred at an interior
temperature of 25°C, bis(1,5-cyclooctadiene)nickel (10 mg (0.04
15 mmol)), triphenylphosphine (18 mg (0.07 mmol)), and a mixture (0.20
g, (total content: 100 wt%, 0.84 mmol)) of chloro-THP-1H-indazole and
chloro-THP-2H-indazole were added to the mixture. The resultant
mixture was stirred at 30°C for 5 hours. Thereafter, the resultant
mixture was further heated to 70°C and stirred for 1 hour. The reaction
20 mixture was analyzed by high performance liquid chromatography. As

a result, neither THP-1H-indazole boronic acid pinacol ester nor THP-
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[0111] [Table 4] WD 2010/ 110782PCT/ US2009/ 038029 Exanple 15 Exanple 16
Exanpl e 17 Base Dii sopropyl et hyl am ne N-net hyl nor pho |i ne DBU* Wi ght 1. 38g
1. 08g 1. 6RQ 2vul0782 PCT/US2009/038029

2H-indazole boronic acid pinacol ester were obtained in the reaction
mixture (Yield: 0%).
[0107] Example 12
Under a nitrogen atmosphere, a reaction vessel of 20 ml in
5 volume was charged with bis(pinacolate)diboron (0.64 g (2.5 mmol)),
degassed methanol (7.2 g) and diisopropylethylamine (0.66 g (5.1
mmol)). While the resultant mixture was stirred at an interior
temperature of 25°C, nickel nitrate hexahydrate (19.7 mg (0.07 mmol)),
triphenylphosphine (35.5 mg (0.14 mmol)), and a mixture (0.45 g, (total
10 content: 89.5 wt%, 1.69 mmol)) of chloro-THP-1H-indazole and chloro-
THP-2H-indazole were added to the mixture. The resultant mixture
was stirred at 30°C for 5 hours. The reaction mixture was analyzed by
high performance liquid chromatography. As a result, the reaction
mixture contained THP-1H-indazole boronic acid pinacol ester and
15 THP-2H-indazole boronic acid pinacol ester in a total amount of 0.36 g
(1.2 mmol, yield: 70%).
[0108] Example 13
Under a nitrogen atmosphere, a reaction vessel of 20 ml in
volume was charged with bis(pinacolate)diboron (0.32 g (1.27 mmol)),
20 degassed methanol (2.8 g) and triethylamine (0.26 g (2.53 mmol)).
While the resultant mixture was stirred at an interior temperature of
25°C, bis(1,5-cyclooctadiene)nickel (9.3 mg (0.03 mmol)),
triphenylphosphine (17.7 mg (0.07 mmol)), and a mixture (0.20 g, (total
content: 100.0 wt%, 0.85 mmol)) of chloro-THP-1H-indazole and
25 chloro-THP-2H-indazole were added to the mixture. The resultant

mixture was stirred at 30°C for 3 hours. Thereafter, the resultant
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10.7 mmol 10.7 nmmol 10.7 mmol Yield 78% 67% 61% * "DBU' represents

1, 8-di azabi cycl o[ 5. 4. 0] - 7-undecene [0112] Exanpl el8:(4,4,5

, 5- t et r arwOly /118782 2- di oxabor ol an-2- yl)benzene Under paTnisteogsse29
at nosphere, a reaction vessel of 20 mM in 5 volume was charged with
bi s( pi nacol ate) di boron (1.35 g (5.3 mml)), degassed nethanol (7.2 g) and
dii sopropylethylamne (1.38 g (10.7 mml)) and stirred at room tenperature.
The reaction vessel was charged with bis(1,5-cycl ooctadi ene)nickel (39 ng
(0. 14 mol ) hixtureRRenkeaBaIBITOYE 4d8 fBhEOsZ@ed ol 1 )hournd TaY @actienzene
(0.44 g 10(3.9 mmol )) and stirred at 30C for 21 hours and thereafter
stirred at Bgturé Weasinsalyzbeé b?’elﬁl%{h sp&‘rﬁsﬁhalme)hquﬁtclanmhwzg@laﬂﬁyy gaas
chromat ography. As a result, tetramethyl-1, 3

, 2- di oxabor al m&ltyCDHﬂPzehIemmw@rh(ﬁbnﬁﬁ dcid grinacolursterf afd 78HP-2BI-9 ol
y| el d: 99% . 15[0113] Exanpl el9:(4,4,5 ,5-tetranethyl-1,3

, 2- di oxabor odderole boronic acid pinacol ester were contained in a total amount of

5 0.23 g (0.71 mmol, yield: 83%).
[0109] (Production of other compounds)
Example 14: (4.4.5.5-tetramethyl-1,3.2-dioxaborolan-2-yl)benzene

Under a nitrogen atmosphere, a reaction vessel of 20 ml in
volume was charged with bis(pinacolate)diboron (1.35 g (5.3 mmol)),
10 degassed methanol (7.2 g) and triethylamine (1.08 g (10.7 mmol)) and
stirred at room temperature. The reaction vessel was charged with
bis(1,5-cyclooctadiene)nickel (39 mg (0.14 mmol)), triphenylphosphine
(75 mg (0.28 mmol)), and chlorobenzene (0.40 g (3.6 mmol)) and
stirred at 30°C for 21 hours. The reaction solution was analyzed by
15 gas chromatography. As a result, (4,4,55-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzene was contained in an amount of 0.50 g (2.5
mmol, yield: 69%).
[0110] Examples 15to 17

A reaction was performed in the same manner as in Example 14
20 except that the bases listed in Table 4 were used in place of
triethylamine and the charge amounts thereof were changed to those
listed in Table 4. The results are shown in Table 4.
[0111] [Table 4]
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yl ) benzene Under a nitrogen atnosphere, a reaction vessel of 20 ni

I n volume was charged wi th bis(pinacol ate)di boron (1.35 g (5.3 nmol)),
degassed wetheniab7s¢7. 2 g) and dii sopropyl et hyl am ne (1. 281@1S2¢020380220nmol ) )
and stirred at roomtenperature. The reaction vessel was charged with

ni ckel nitrate hexahydrate (41 ng (0.14 mol)), triphenyl phosphine (75 ny
(0.28 mol )) and chl or obenzene (0.40 g (3.6 mml)) and stirred at 30C for
21 Ihourzl,band thereafter stirred at 50C, 4 hours. The reaction solution was
anal yzed byrgas chrpmatography. _AS aresujt, (4,4,5 5-teftrangthylil, 3
, 2- di oxaborol an- 52}yl ) bE¥#BRE Itas cqnt ai ]ﬁ)éadnélﬁlgn anou%ﬁ‘a‘@g{%d%S g (3.2

nmmol, yield;,90%. [Ql1l4 | e.20 | O s performed in the
same manner I%\assei n Ex@ﬁ?ﬂ 0@6%@3@;56 tkll\gtmetﬂﬁ]eléglé%%gﬁ{}ést nlplﬂgt ed in Table 5 was
used in placgeh ni crgg 10nitrate hexghygsate and thel ugggamount thereof
was changed-to ant .icfged_i_n_IabJ_e_E-.—a—'lihe—r—esu! ts—are-shownin—Tabl e 5.
[0115] [Tablm®ok] Exkamphen®0 Catal yst| 10.7 mmol 10.7 mmol

Yield 78% 67% 61%

* “DBU” represents 1,8-diazabicyclo[5.4.0]-7-undecene

[0112] Example 18: (4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzene

Under a nitrogen atmosphere, a reaction vessel of 20 ml in

5 volume was charged with bis(pinacolate)diboron (1.35 g (5.3 mmol)),
degassed methanol (7.2 g) and diisopropylethylamine (1.38 g (10.7
mmol)) and stirred at room temperature. The reaction vessel was
charged with bis(1,5-cyclooctadiene)nickel (39 mg (0.14 mmol)),
triphenylphosphine (75 mg (0.28 mmol)), and chlorobenzene (0.44 g

10 (3.9 mmol)) and stirred at 30°C for 21 hours and thereafter stirred at
50°C, 4 hours. The reaction solution was analyzed by gas
chromatography. As a result, (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)benzene was contained in an amount of 0.79 g (3.9 mmol, yield:
99%).

15 [0113] Example 19: (4,4.5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzene

Under a nitrogen atmosphere, a reaction vessel of 20 ml in

volume was charged with bis(pinacolate)diboron (1.35 g (5.3 mmol)),
degassed methanol (7.2 g) and diisopropylethylamine (1.38 g, (10.7
20 mmol)) and stirred at room temperature. The reaction vessel was

charged with nickel nitrate hexahydrate (41 mg (0.14 mmol)),
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Ni ckel (I'1) chloride Weight 19 ng Mole 0.14 mmol Yield 74% [0116]

Exanpl e21: (4, 4,5, 5-tetranet hyl-1, 3, 2-di oxabor ol an-2- 15yl ) benzene

Under a mwonrogenomenosphere, a reaction vessel of 20 m PCm/USe090B3028S
charged wi th bis(pinacol ate)di boron (0.97 g (3.8 mml)), degassed net hanol
(7.2 g) and diisopropylethylamne (0.99 g (7.6 mml)) and stirred at room
tenperature. The reaction vessel was 20charged with

bi s(1, 5-cycl ooct adi ene) ni ckel (28 ng (0.10 mmol)), triphenyl phosphine (53
ng (0.20 muiiphenydpHosylone bz eng (0028 0mgnol)p aﬁdrmh]o)ra)bambm (0A6dgat 30C
for 21 hours. The reaction solution was anal yzed by gas chromat ography. As
a result, (6.4 tel)) enhdastitrey lat13(®Q{di Aahoury, and2thdrpditer stacdest
contained in an anount of 0.40 g (2.0 mmol , vi el d: 779 . 5[0117]

Exanpl e22: (404C5, 8- tlevuanet Hjle 1 r8a&iah oxahuronl anad- analyzed by gas

chromatography. As a result, (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
5 2-yl)benzene was contained in an amount of 0.65 g (3.2 mmol, yield:
90%).
[0114] Example 20
A reaction was performed in the same manner as in Example 19
except that the catalyst listed in Table 5 was used in place of nickel
10 nitrate hexahydrate and the use amount thereof was changed to that

listed in Table 5. The results are shown in Table 5.

[0115] [Table 5]

Example 20
Catalyst Nickel(Il) chloride

Weight 19 mg
Mole 0.14 mmol
Yield 74%

[0116] Example 21: (4,4,5,5-tetramethyl-1,3.2-dioxaborolan-2-
15 yl)benzene

Under a nitrogen atmosphere, a reaction vessel of 20 ml in

volume was charged with bis(pinacolate)diboron (0.97 g (3.8 mmol)),
degassed methanol (7.2 g) and diisopropylethylamine (0.99 g (7.6
mmol)) and stirred at room temperature. The reaction vessel was
20 charged with bis(1,5-cyclooctadiene)nickel (28 mg (0.10 mmol)),
triphenylphosphine (53 mg (0.20 mmol)), and bromobenzene (0.40 g
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yl ) benzene Under a nitrogen atnosphere, a reaction vessel of 20 ni
in volunme was charged with bi s(pinacol ate)di boron (0.75 g (2.9 mol)),
degassed wetheniab7s¢7. 2 g) and dii sopropyl et hyl am ne (0. PET@Se®9938029 nmol ))
and stirred at roomtenperature. The reaction vessel was charged with

bi s(1, 5-cycl ooct adi ene) ni ckel (22 nmg (0.1 nmol )), triphenyl phosphine (41 ng
(0.2 mml)), and iodobenzene (0.44 g (2.2 mmol)) and stirred at 30C for 21
hours. The reaction solution was anal yzed by gas chromatography. As a
result, (4, @5, rhel)) aml bytred 1413 6°C- firoXbbiwues anTheytddocnnesdutian
contained in an anount of 0. 41 g (2.0 mol, yield: 93%. [0118]

Exanpl e23: 4w(as, dar]$zecet ban%dwlchro%mﬁograp&@borol%n 2- reyul),t dhiebS- Under a
ni trogen atnosphere, a reaction vessel of 20 m in 20 volune was charged
Wi th bis(pi tettarhathg)eli,Box- dm&abo?ﬁlagt 24/17oemmh¢) wdegassdainedt hemolan( 7. 2 g)
and di i sopropyl et hyl am ne ? .5 mol)) and stirred at room

t enper at ur earﬁﬂ\mtroefabﬂrﬂ@‘(&ésnﬁm ymld;hﬁ?"@éd W th

bi s(1, 5- cyclooctadlene)nlckel (35 ) trlphenylphosphlne (66
ng (0.25 mmb0})7] Example I 8,409, 54 @ trpnegh3 -1 . FRr harple

30C for 21 hours, and thereafter sti rred at 50C for 3 hours The reaction
sol ution vvaéilb@&l@.@d by gas chromatography. As a

result,4-(4,4,5, 5 -tetramethyl-1, 3, 2- di oxaborol an-2-yl)tol uene

contained in an akler afnitrogengaimosphers) a yeagtion aesyel Pgl 4@m

Exanpl e24: 44411fmg v5vaé t(: tarréle 'Ttv%t'h bts(?)lnacoclate)g%%rrgtla& %5 g a |9) %%(s) 5

degassed methanol (7.2 g) and diisopropylethylamine (0.76 g (5.9

10 mmol)) and stirred at room temperature. The reaction vessel was
charged with bis(1,5-cyclooctadiene)nickel (22 mg (0.1 mmol)),
triphenylphosphine (41 mg (0.2 mmol)), and iodobenzene (0.44 g (2.2
mmol)) and stirred at 30°C for 21 hours. The reaction solution was
analyzed by gas chromatography. As a result, (4,4,5,5-tetramethyl-

15 1,3,2-dioxaborolan-2-yl)benzene was contained in an amount of 0.41 g
(2.0 mmol, yield: 93%).

[0118] Example  23:  4-(4.4,5.5-tetramethyl-1,3.2-dioxaborolan-2-
yltoluene

Under a nitrogen atmosphere, a reaction vessel of 20 ml in

20 volume was charged with bis(pinacolate)diboron (1.20 g (4.7 mmol)),
degassed methanol (7.2 g) and diisopropylethylamine (1.23 g (9.5
mmol)) and stirred at room temperature. The reaction vessel was
charged with bis(1,5-cyclooctadiene)nickel (35 mg (0.13 mmol)),
triphenylphosphine (66 mg (0.25 mmol)), and 4-chlorotoluene (0.40 g

25 (3.2 mmol)) and stirred at 30°C for 21 hours, and thereafter stirred at

50°C for 3 hours. The reaction solution was analyzed by gas
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Under a nitrogen atnosphere, a reaction vessel of 20 ml in vol une was
charged with bis(pinacol ate)di boron (1.07 g (4.2 nmmol)), degassed net hanol
(7.2 g) awo2diovmopeopyl ethylamne (1.09 g (8.4 mmol )) amdTAiSRemMER02¢ r oom
tenperature. The reaction vessel was 10 charged with
bi s(1, 5-cycl ooct adi ene) ni ckel (31 ng (0.11 mml)), triphenyl phosphine (59
mg (0.22 nmol )), and 4-chloroanisole (0.40 g (2.8 mmol)), and stirred at
30C for 21 hours and thereafter, stirred at 50C for 3 hours. The reaction
sol uti on washesrabfgedphy. gas chs omat ogreaphy. As(4ed Sestdtramethyl-1,3,2-
4-(4,4,5,5-tetramethyl-1,3 , 2- 15di oxaborol an-2-yl)ani sole was contained in
an armount ofliékd®rglan22#/1moblicney vedsdco®@Med iR @Dhmount of 0.41 g (1.9
Exanpl e25: 4- (4, 4,5,5-tetranet hyl-1, 3, 2-di oxaborol an-2- yl)acet ophenone
Under a nit nugeh wekbsilé).e, a reaction vessel of 20 M in 20 vol ume was
charged wi th bis(pinacol ate)di boron (0.99 g (3.9 mmol)), degassed net hanol
(7.2 9) and[@lll%]o%ocanmlet hyRénm ned+4.408, Setetrangethybll) 3 2adidxaboroled-2xt r oom
tenperature. The reaction vessel was charged with
bi s( B, 5- cyclybatisade ene) ni ckel (28 ngy (0.10 mol )), triphenyl phosphi ne (54
ng (0.21 mmol )), and 4'-chl| oroacet ophenone 25(0.40 g (2.6 nmmol )) and
stirred at 30C folJmEerhaurigtogend attnespldreera seactierd vasseoof Y Blhours. The
reaction solution was anal yzed by gas WD 2010/110782PCT/ US2009/ 038029
chr omat ogr apRiume Was eharged aith bis@misacaateadiongn-(1.67 2 (4.2 mmol)),
di oxabor ol an- 2- yOacet ophenpne was_cont aj.ned in an amount of 0.58 (2.4
mol , yi el ddegasye mgﬁp0%%|&)2@@441,11@991‘91@1@3%@%{1%&@,93g (§-4
, 2- di oxabor ol an-2- 5yl )benzonitrile i

mmol)) and S$tirred at room temperature. The reaction vessel was

10 charged with bis(1,5-cyclooctadiene)nickel (31 mg (0.11 mmol)),
triphenylphosphine (59 mg (0.22 mmol)), and 4-chloroanisole (0.40 g
(2.8 mmol)), and stirred at 30°C for 21 hours and thereafter, stirred at
50°C for 3 hours. The reaction solution was analyzed by gas
chromatography. As a result, 4-(4,4,55-tetramethyl-1,3,2-

15 dioxaborolan-2-yl)anisole was contained in an amount of 0.58 g (2.7
mmol, yield: 97%).
[0120] Example  25:  4-(4,4.5.5-tetramethyl-1,3,2-dioxaborolan-2-

yDacetophenone

Under a nitrogen atmosphere, a reaction vessel of 20 ml in

20 volume was charged with bis(pinacolate)diboron (0.99 g (3.9 mmol)),
degassed methanol (7.2 g) and diisopropylethylamine (1.00 g (7.8

mmol)) and stirred at room temperature. The reaction vessel was

charged with bis(1,5-cyclooctadiene)nickel (28 mg (0.10 mmol)),
triphenylphosphine (54 mg (0.21 mmol)), and 4’-chloroacetophenone

25 (0.40 g (2.6 mmol)) and stirred at 30°C for 21 hours, and thereafter

stirred at 50°C for 3 hours. The reaction solution was analyzed by gas
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Under a nitrogen atnosphere, a reaction vessel of 20 ml in vol une was
charged with bi s(pinacol ate)di boron (1.11g (4.4 mol)), degassed net hanol
(7.2 g) awo2diovmopeopyl ethylamne (1.13 g (8.7 mmol)) amdTAiSRemME802¢ r oom
tenperature. The reaction vessel was 10 charged with

bi s(1, 5-cycl ooct adi ene) ni ckel (32 ng (0.12 mml)), triphenyl phosphine (61
mg (0.23 nmmol )), and 4-chl orobenzonitrile (0.40 g (2.9 mml)) and stirred
at 30C for 21 hours, and thereafter stirred at 50C for 3 hours. The
reaction sothtdmatopaplanal yzed\dy gas rebulymat dgdahby5-téisaractingul,8,2-
4-(4,4,5,5 -tetranet hyl -1, 3, 2- 15di oxabor ol an-2-yl)benzonitrile was

cont ai ned i diexabarolant-2ofl)dteb@plerichebwartdontyinelddin 88¥molitt1aRD. Exgnpl e27: 3
-(4,4,5,5-tetranmethyl-1,3 , 2-di oxaborol an-2- yl)pyridine Under a nitrogen
at nospher e, (24rmawli grelde9$%).of 20 M in 20 volune was charged with

bi s( pi nacol ate) di boron (1.34 g (5.3 mml)), degassed nethanol (7.2 g) and
di i sopropy! 0131 jakixaeglé. 3626: ( 104-64 dndSietandethyi-1c £ 3-dibxaborolapider at ur e.
The reaction vessel was charged with bis(1,5-cycl ooctadi ene)nickel (39 ng
(0. 14 mol ) yDbenzohiriid phosphi ne (74 nmg (0.28 nmol)), and 3-chl oropyri di ne
(0.40 g 25(3.52 nmmol)) and stirred at 30C for 21 hours, and thereafter
stirred at 50C f oUmldnoarsitropea atnosphgrescl weadmomasssglaloyz2Q my igas
chromat ogr aphy. Asa result,3 -(4,4,5, 5-tetranethyl-1,3 , 2-

di oxabor ol aNoumppyes dilmegedswithnbis(pisacolate)diborm(1dflgo(94 mmai2 mol
yield: 419% . [0123] Exanpl e28:4-(4,4,5,5-tetranethyl-1,3 ,2-di oxaborol an- 2-
Syl )indol e degassedumerthanohi(rdgeh aadnshisesrepylgthasinen(hédsal (87 20 m
in vol une was cbargeg wi, t h_bi s(pi nacol at e) di borgn (0.50. g (2.0 mmol)),
degassed methagrb) andostgyedndf aPPBLSeBPPIAEURS: ahhse reactin gesaelo Wil )) and

ti d at t ._Th [ . |
SR &t CRarged™ With b1, 5-cycloodtadiene)nickel (35 mg (0.12 mmol)),

triphenylphosphine (61 mg (0.23 mmol)), and 4-chlorobenzonitrile
(0.40 g (2.9 mmol)) and stirred at 30°C for 21 hours, and thereafter
stirred at 50°C for 3 hours. The reaction solution was analyzed by gas
chromatography. As a result, 4—(4,4,5,5—tetramethyl—l,3,2-
15 dioxaborolan-2-yl)benzonitrile was contained in an amount of 0.58 g
(2.6 mmol, yield: 88%).
[0122] Example  27:  3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridine

Under a nitrogen atmosphere, a reaction vessel of 20 ml in

20 volume was charged with bis(pinacolate)diboron (1.34 g (5.3 mmol)),
degassed methanol (7.2 g) and diisopropylethylamine (1.36 g (10.6
mmol)) and stirred at room temperature. The reaction vessel was
charged with bis(1,5-cyclooctadiene)nickel (39 mg (0.14 mmol)),
triphenylphosphine (74 mg (0.28 mmol)), and 3-chloropyridine (0.40 g

25 (3.52 mmol)) and stirred at 30°C for 21 hours, and thereafter stirred at

50°C for 3 hours. The reaction solution was analyzed by gas
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10 charged with bis(1,5-cycl ooctadi ene)nickel (15 nmg (0.05 mmol)),

tri phenyl phosphine (28 ng (0.11 nmol)), and 4-chloroindole (0.20 g (1.32
mrol )) amwloxbiwrems2at 30C for 21 hours, and thereafter eCirruseaass29C for 3
hours. The reaction solution was anal yzed by gas chromatography. As a
result, 4-(4,4,5,5-tetramethyl1-1,3 ,2- 15di oxaborol an-2-yl )i ndol e was
contained in an anount of 0.26 g (1.05 mmol, yield:80%. [0124]

Exanpl €29: 2- am no-6-(4, 4,5, 5-tetranmethyl-1, 3, 2- di oxaborol an-2-yl)tol uene
Under a nit¢REgAa ere, aAdeagtigasyiessed-(af4,8%-Mirdeth’d-1v3une was
charged wi th bis(pinacaol ate)di boron (1.08 g (4.2 mmol )), degassed net hanol

(7.2 g) anddiiixabepoRpY2 8Py radinaayad cdltdinéd id amg@mbhnam (B2 1 €d4at room

tenperature. The reaction 'vessel was charged wt
bi s(1, 5- cychpaet,adekne)ivoyrkel (31 mg (0.11 mmol)), triphenyl phosphine (59
ng (0.23 nmmol)), and 2-am no-6-chl orot ol uene 25(0.40 g (2.82 mol)) and
stirred at F@QﬂoEXaﬁllﬂéurSZ&ind 4-(erepbtetrapidthybd, BR-d0KLaboroldniours. The
reaction solution was anal yzed by gas chromatography. As a result,

2- anbno- 6- (¢ ¥ndols-t et ranet hyl-1, 3, 2- di oxaborol an-2-yl)tol uene was
contained in an amount of 0.26 g (1.11 nmol, vyield:40%. 0125]
Exanpl e 30: M xt ublmdef @hiittogefiHRtmMobphrtazal ecavttbrc Messal- 05 TANRnRHAi ndazol e
Under a nitrogen atnosphere, a reaction vessel was charged with

bi s( pi nacol sbB)me bwaschaiged wikly big@idacaéie)diboeohd0ai0 @2@.0 tol)),
triethylamne (8.83 kg (87.2 nol)) and a m xture (15.49 k

(chl or oTHP- degassddz anethagol (Wt24 g ) haindr lifsppropyletigdaniiee (9ﬁ351l #t 4.0t ot al :
10 33.54 ol )) of chloro-THP-1H i ndazol e and chl oro- THP- 2H-i ndazol e

nmanuf act ur edithal)acaind ddirced vitt roomint¢mpetaturg Bldepreactionamvesselt Wasi nt eri or
tenperature was reduced to 6C, the reaction vessel was vacuunmed and then

pur d8d wi t hchatgedgenithThas( 1,2 s clansiadisneydskel (s mBal§dtd winiroh).ckel

nitrate hexahydrate (0.39 kg (1.3 |)) an 15 triphenyl phosphine (0.70 kg
(2.7 mol)) . tribkendphpsphiner &&mgﬁﬁmn@qm@%ér@g\gwnﬁﬁ?@g Sture to
an interior(];%rrperatgre of 20C and gtirref]rfor 7 hours. The reactiaon

m xt ure was(hAgl JEReD byndi gurek At 60nEnky 21 hauas.cand fersgHapRyredsaty

result, the_reactjon_m xture cgantai ned THP- 1H.i ndazol e boroni ¢ acid pi nacol
ester and TﬁﬂgéH_Ijor 3" hours. he reaction solution was ana yzea %y gas P

chromatography. As a result, 4-(4,4,55-tetramethyl-1,3,2-
15 dioxaborolan-2-yl)indole was contained in an amount of 0.26 g (1.05

mmol, yield:80%).

[0124] Example 29: 2-amino-6-(4.4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-y)toluene

Under a nitrogen atmosphere, a reaction vessel of 20 ml in

20 volume was charged with bis(pinacolate)diboron (1.08 g (4.2 mmol)),
degassed methanol (7.2 g) and diisopropylethylamine (1.10 g (8.5

mmol)) and stirred at room temperature. The reaction vessel was

charged with bis(1,5-cyclooctadiene)nickel (31 mg (0.11 mmol)),
triphenylphosphine (59 mg (0.23 mmol)), and 2-amino-6-chlorotoluene

25 (0.40 g (2.82 mmol)) and stirred at 30°C for 21 hours, and thereafter

stirred at 50°C for 3 hours. The reaction solution was analyzed by gas
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20i ndazol e boronic acid pinacol ester in a total anmount of 8.54 kg (26.02
nmol, yield:77.6% . [0126] To the reaction mxture, tert-butyl nethyl ether
(87.3 kg)wandiobietszo hydrochl oric acid (34.5 kg) were adeed/tspaowbss2pH of
the m xture was adjusted to 7.5 and then |iquid separation was performned.
To the 25o0btai ned water phase, tert-butyl nethyl ether (71.5 kg) was added
to performre-extraction. The organi c phases individually obtained were
conbi ned, water phase was separated and the organi c phase was concentrated
under reduceﬁrcnheﬁgmph .To Abear esuilt, aDtamne6nW,40e5-tétohmetieyl{ B3, 8 kg) was
added and concentrated under reduced pressure. To the concentrate, tol uene
(23.8 kg) adibxaabifFolstaad getdsaceitairfeds ol ahi ano(@d o8 k2d g/véléladded

m xed and separated. Furthernore, to the resultant organic phase, a 20 Wt %
aqueous net hamol, weldid0%6). (29. 8 kg) was added, mixed and separated. This
operati on was repeat ed twice. To the obtained organic phase, activated
carbon (0. 4[@H)5Wexaatnled30sMixtert atf cldono-flddBeldtindezdler andecloro- and
filtrated. The 10filtrate was concentrated under reduced pressure to obtain
a conlcent r atldBf2H4ndakole The obtai ned concentrate was anal yzed by gas
chromat ogr aphy and_hi gh performance |iquid chromatography. As a result, the
concentrate cont aUmttrmmmganrammmeb@ra)ma@t@m\cesselnweelchege@kwathd

THP- 2H-i ndazol e _boronic acid pinacol ester in a content of 15 56.4 w %

( THP- 1H | ndbzsipmmlaiﬁbelb@cm bﬁh@%okgeﬁﬁéb inel)i, vm%hamqb Q%thgiol e
boroni ¢ aci d pinacol ester 53.3 wt % toluene = ﬁ Furt her nore,

| CP eni ssi ofrigikwl @'@iﬂ@ﬁ \K/§883p(1ﬁgf @%Qdm@”eaﬁd a\gn&tu&&llé ke tdHeEant rat e

cont ai ned O, 74 o |ckeI (the res dual t of nickel was 0. 94 % based
on the charddiB 6¥0L$rck%IWTA>§I'6 toge-T IZI% égln gﬁtei ﬂo‘f"h@néo " 0 kg)

and _hept ane (|1 re ad T xture, a seed
crysltbap (1 é& %4) B&i(\ﬁgdal df gﬁ* QEWﬁd‘gliqéﬂr@QEﬁ?o%ﬁcmé]@?ﬁlepl nacol
ester and THP- ndazql.e bor i c aci est was, added, . As .a result,
crystal s prélea:raﬂ@awaa inSPRH e thﬁ\tﬂwﬁ’ H%?%?gg‘%t; o Abfiek ?}edgt hog& 5

an N nut es in increased in er re.to en cool e o]
e P er ot daterie MApErNE STRS redoREr B vt dhbs rickon Dgsdl W

vacuumed and then purged with nitrogen. Then, the reaction vessel

was charged with nickel nitrate hexahydrate (0.39 kg (1.3 mol)) and
15 triphenylphosphine (0.70 kg (2.7 mol)). The resultant reaction mixture
was increased in temperature to an interior temperature of 20°C and
stirred for 7 hours. The reaction mixture was analyzed by high
performance liquid chromatography. As a result, the reaction mixture
contained THP-1H-indazole boronic acid pinacol ester and THP-2H-
20 indazole boronic acid pinacol ester in a total amount of 8.54 kg (26.02
mol, yield:77.6%).
[0126] To the reaction mixture, tert-butyl methyl ether (87.3 kg) and 5
wt% hydrochloric acid (34.5 kg) were added and the pH of the mixture
was adjusted to 7.5 and then liquid separation was performed. To the
25 obtained water phase, tert-butyl methyl ether (71.5 kg) was added to

perform re-extraction. The organic phases individually obtained were
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solution (0C) of heptane (2.2 kg) and toluene (1.0 kg) and filtrated. The
remai ni ng crystals were dried under reduced pressure to obtain crystals
(6.29 kg)wobhm/aoisst al s obt ai ned were anal yzed by t he hipgh/ysesdossvance

i quid chromat ography internal standard nethod. As a 5 result, the
crystals contained T1-1P-1Hindazole boronic acid pinacol ester (0.4 w%
and THP- 2H-i ndazol e boronic acid pinacol ester (88.0 wt% in a total anopunt
of 5.56 kg (16.9 nol, yield:50.5%. Furthernore, |ICP em ssion analysis was

performed. Adsmbifi&bUhtatet NShapeNwRRt separit€kednd ntHehergayist phasyawad2 ppm
(ni ckel fineness: 0. 26 g (the 10 residual ratio of nrckel was 0.34 wt%

based on t heogdaitgrednudér oéduietk §rgsurbet Nanahe wasukddedtoneediraggl ve the
crystals remaining in the reaction vessel, and the obtai ned solution was

anal yzed bytdlhendi(gh.8okg] ovaspadded agdi cbrenameddandphyedudest pedssateandar d
nethod. As a result, the solution contai ned THP-1Hi ndazol e boronic acid

pi nacol 15eFbeheasuhcEhfalid; tohaaro(23.Bokgnaed ac2d wilbaamlecest methandd t ot al
anount of 0.50 kg (1.53 nol, yield:4.6% . Industrial Applicability [0127]
The Bor oni csalatidne@%8 kpnwemnddded; aiired dng sdparateduf dcunthémgorestthod of
the present invention, in particular, a boronic 20 acid ester conpound
havi ng an i thkaresiudtask ekrgardo plasesefil) vaso aqyeons methenokdobiton G19.
synt hesi zi ng medi cal /agricul tural drugs (see, for exanple, WO 2007/127183,
WO 2006/ 046Rg), waiD zidled; oubeeh andosepdretal608bis wperaom 1284 gepeated
2007/ 132171, WD 2007/127175, WO 2008/ 073785, WO 2008/ 070740). CLAI M5
1. A met hodtwige. mahafthe tabtpingdaotgandeiphasei acievated earhpoudhd rkpr 89ent ed by
formula (3): Ar-B R(3) 5wherein Ar represents an optionally substijtuted
aromati c hyaddedyr plarregr dlupoomr tempemtiehdpr yoneuheur t sad dilifagemt i dhe
het er ocycl i % group; X
10 iltrate was concentrated under reduced pressure to obtain a concentrate
of 147 kg. The obtained concentrate was analyzed by gas
chromatography and high performance liquid chromatography. As a
result, the concentrate contained THP-1H-indazole boronic acid pinacol
ester and THP-2H-indazole boronic acid pinacol ester in a content of
15 56.4 wt% (THP-1H-indazole boronic acid pinacol ester = 3.1 wt%,
THP-2H-indazole boronic acid pinacol ester = 53.3 wt%, toluene = 20.4
wt%). Furthermore, ICP emission analysis was performed herein.
As a result, the concentrate contained 0.74 g of nickel (the residual ratio
of nickel was 0.94 wt% based on the charge amount of nickel). To the
20 concentrate, toluene (2.0 kg) and heptane (11.6 kg) were added and
heated to 48°C. To the mixture, a seed crystal (1 g) containing a
mixture of THP-1H-indazole boronic acid pinacol ester and THP-2H-
indazole boronic acid pinacol ester was added. As a result, crystals
precipitated. Thereafter, the mixture was cooled to 0°C for 9 hours
25 and 50 minutes, again increased in temperature to 20°C, then cooled to

2°C, and filtrated. The crystals obtained were washed with a mixed
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R represents a dival ent organic group; characterized by reacting a conpound
represented by fornula 10(1): Ar-X(1 ) wherein Ar is as defined above,

X represanmp0m/haisogen atom an optionally substituted achyisseiossegd oxy
group, or an optionally substituted aryl sul fonyl oxy 15group; with a
conpound represented by formula (2): /0, R B-B bR(2) wherein Ris as

defi ned above; In the presence of a nitrogen-containing
organi ¢ base, a nickel 20catalyst, a phosphine conpound and a sol vent.

2. The met hed|tiun (@Y0F aftkeptage t(Re2 kenomd tekictheeslt.0rkgpanpadufidraed.or di ng
to claim1, wherein Ar is an optionally substituted aromatic hydrocarbon

group, an ofitieonahbiniagbsityistals ewerd tdrigknmcenteidoced pressmei to ldttemocycl i c
group, an optionally substituted sulfur- containing aromatic heterocyclic
group, or amrygtalso@RDykglbsThe utrgstadspheained nivaiarianglyaredry i thehleiodr ocycl i ¢
Iroup performance liquid chromatography internal standard method. As a
5 result, the crystals contained THP-1H-indazole boronic acid pinacol
ester (0.4 wt%) and THP-2H-indazole boronic acid pinacol ester (88.0
wt%) in a total amount of 5.56 kg (16.9 mol, yield:50.5%).
Furthermore, ICP emission analysis was performed. As a result, the
content of nickel in the crystals was 42 ppm (nickel fineness: 0.26 g (the
10 residual ratio of nickel was 0.34 wt% based on the charge amount of
nickel)). Methanol was added to dissolve the crystals remaining in the
reaction vessel, and the obtained solution was analyzed by the high
performance liquid chromatography internal standard method. As a
result, the solution contained THP-1H-indazole boronic acid pinacol
15 ester and THP-2H-indazole boronic acid pinacol ester in a total amount
of 0.50 kg (1.53 mol, yield:4.6%).
Industrial Applicability
[0127] The boronic acid ester compounds obtained by the
manufacturing method of the present invention, in particular, a boronic
20 acid ester compound having an indazole skeleton is useful as e.g. an
intermediate for synthesizing medical/agricultural drugs (see, for
example, WO 2007/127183, WO 2006/046031, WO 2006/046040, WO
2006/046035, WO 2007/129161, WO 2007/132171, WO 2007/127175,

WO 2008/073785, WO 2008/070740).
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3. The method for manufacturing the boronic acid ester conpound accordi ng
to claiml1, wherein Ar is an optionally substituted 5aromati c hydrocarbon
group, orwenomptioeal |y substituted nitrogen- contai ni N@CAMTSLEDI068029

het er ocycl i c group. 4. The nethod for manufacturing the boronic acid
ester conpound according to claim1l, wherein Ar is an optionally
substituted phenyl group, an optionally substituted pyridyl group, an
optionally 10substituted indolyl group, or an optionally substituted

i ndazol yl group. 5. The met h@L, A@MSuanuf acturing the boronic acid
ester conpound according to any one of clains 1 to 4, wherein the nickel
catal yst is a 0-val énmeahodifoalaatufictlieéhg cobptanic acid esterbcompeundt hod f or
manuf acturing the boronic acid ester 15 conpound according to any one of
claims 1 toreprevdreediby fdrenrda¢Bel catal yst is at | east one nickel conplex
selected fromthe group consisting of a nickel (0)-al kene conplex, a
nickeI(O)-phosphﬁhe conpl ex, a nickel (0)-phosphite conpl ex, an inorganic
acid salt ofArmiBK& (11§3) an organic acid salt of nickel (I1), a nickel (I1)
hal i de, and a 20@ ckel (I1) halide-phosphi ne conpl ex. 7. The net hod
for manufacturing the boronic acid ester conpound acconding to any one of
claifs 1 to 4, whedsreint hAr nirepesisentst adrysoptionally substituted aromatic

bi s(1, 5-cycl ooct adi ene) ni ckel (0), nickel (I1) nitrate or,nickel(lll

chl ori de.  2bgdrousebentgroupt or amoptmnally mebstistash arematiaheternysticconpound
according to any one of claims 1 to 7, wherein the nitrogen- containing
organi ¢ basg8'®¥p.a tertiary am ne conmpound or a cyclic am di ne conmpound.

9. The nethod for_nanufacturipg the borqnic acid ester conpound according
to any one of cl aRmgpresentya diralent ATEaHUC &TPPBgen- Scont ai ni ng or gani ¢ base

is a trialkylam ne conpound, .a cyclic tertiar
Y Characterize by reacting a compoe{nd represented by formula

10 (1):
Ar-X (1)
wherein Ar is as defined above,
X represents a halogen atom, an optionally substituted

alkylsulfonyloxy group, or an optionally substituted arylsulfonyloxy

15 group;
with a compound represented by formula (2):
O O
/ N\ /N
RB-BLR (2
O

wherein R is as defined above;
in the presence of a ﬁitrogen—containing organic base, a nickel
20 catalyst, a phosphine compound and a solvent.
2. The method for manufacturing the boronic acid ester
compound according to claim 1, wherein Ar is an optionally substituted
aromatic hydrocarbon group, an optionally substituted nitrogen-

containing aromatic heterocyclic group, an optionally substituted sulfur-
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am ne conpound or a cyclic am di ne conpound. 10. The nethod for
manuf acturing the boronic acid ester conpound according to any one of
clainms 1 wo 2¢10/mbmseei n t he ni trogen-containi ng organi c lpasTas2@®9/038029
triethylam ne, diisopropylethylam ne, N 10nethyl norpholine or

1, 8-di azabi cycl o[ 5. 4. 0] - 7- undecene. 11. The method for manufacturing
the boronic acid ester conpound according to any one of clains 1 to 10,
wherei n the phosphi ne conpound is a triaryl phosphine. 12. The

met hod for gEmdimaLURtdatiBehORFORIticAGkSuSSoer ad imealnd saeedngdedg to any
one of clains 1 toglo, V\:ﬂél’ ein t?\%y plho?pr)hilﬁe coerlrpg(t@}%\td ismaI

tri phenyl ph@ﬁ%ﬁéﬁ%omainin ddmdieherirbescliopramnuf act uring the boronic acid
ester conpound  accor di ng%o any one of cl ainms to 12, wherein the sol vent

is an al cohol sol ¥yenThe omeéhotx€0r salarrifactatingn thlec dogbnkol agdt ested at
| east 20 one solvent selected fromthe group consisting of a hydrocarbon

sol vent, anceinpeunscdocendingato elaimrl sehessin, Aniken optiosallyesubstieutedni de
solvent, a nitrile solvent, a sulfoxide solvent and a hal ogenat ed

hydr §car bonasahsigat hydrocarbon grbdip, Toee aretdpiibrfadly rsmbsfifitedr niigpgeme bor oni c
acid ester 25conpound according to any one of clains 1 to 12, wherein the
sol vent is eon@icingdrosmdticcheterarydiongroegh. sol vent of an al cohol sol vent and
at | east one solvent selected fromthe group consisting of a hydrocarbon
sol vent, an et her4solhenmethnd dor estaufsctuvmg .the boronic add Tseernet hod
for manufacturing the boronic acid ester c_orxggnd according to claim13 or
14, wher ei ncompaaincorusiordivlg/tnelaim bnwhiegiol Abis an iegpiisinally substituted

phenyl group, an optionally substituted pyridyl group, an optionally

10 substituted indolyl group, or an optionally substituted indazolyl group.

5. The method for manufacturing the boronic acid ester
compound according to any one of claims 1 to 4, wherein the nickel
catalyst is a 0-valent or divalent nickel complex.

6. The method for manufacturing the boronic acid ester

15 compound according to any one of claims 1 to 4, wherein the nickel
catalyst is at least one nickel complex selected from the group
consisting of a nickel(0)-alkene complex, a nickel(0)-phosphine
complex, a nickel(0)-phosphite complex, an inorganic acid salt of
nickel(I), an organic acid salt of nickel(I), a nickel(II) halide, and a

20 nickel(II) halide-phosphine complex.

7. The method for manufacturing the boronic acid ester
compound according to any one of claims 1 to 4, wherein the nickel
catalyst is bis(1,5-cyclooctadiene)nickel(0), nickel(Il) nitrate or
nickel(II) chloride.

25 8. The method for manufacturing the boronic acid ester

compound according to any one of claims 1 to 7, wherein the nitrogen-

52



16. The method for manufacturing the boronic acid ester conpound accordi ng
to claim13 or 14, wherein the al cohol solvent is nethanol. 17.

The met howoforo/rmarsaf act uri ng the boronic acid ester 10Pprcomgseama3secor di ng
to any one of clains 1 to 16, wherein Ris an optionally substituted

al kyl ene group, or an optionally substituted aryl ene group. 18.
The nmethod for manufacturing the boronic acid ester conpound according to
any one of claims 1 to 17, wherein the 15conpound represented by formula

(2) is bis(pobnagalmt rghRer Hase is a terdifry TA®if@t dtpband My asidlici ng the
boronic acid ester conpound according to any one of clains 1 to 18, wherein
X is a chl oahfidired edtnpadubdom ne atom an i odi ne atom a net hanesul f onyl oxy
group, a trifluoronethanesul fonyl oxy group, a toluenesul fonyl oxy 20group or

a benzenesul f onyl OxyTaeoupethod for2@ndmefaorirhgd flr baoniacheid ngtémhe
boronic acid ester conpound according to any one of clains 1 to 18, wherein

X is a chl ocbngpatmihncerdirgrimnangtam obclams bdo g whemin the nitrogen-21. The
met hod for manufacturing the boronic acid ester 25conpound according to

claim 1, wheoatainig osganic draseeisi @ thiellkelanyet icongpaupd, s lcyctiedeftiany t he
group consi sting of the follow ng: WO 2010/ 110782PCT/ US2009/ 038029
amine compound or a cyclic amidine compound.

10. The method for manufacturing the boronic acid ester
compound according to any one of claims 1 to 7, wherein the nitrogen-
containing organic base is triethylamine, diisopropylethylamine, N-

10 methylmorpholine or 1,8-diazabicyclo[5.4.0]-7-undecene.

11. The method for manufacturing the boronic acid ester
compound according to any one of claims 1 to 10, wherein the
phosphine compound is a triarylphosphine.

12. The method for manufacturing the boronic acid ester

15 compound according to any one of claims 1 to 10, wherein the
phosphine compound is triphenylphosphine.

13. The method for manufacturing the boronic acid ester
compound according to any one of claims 1 to 12, wherein the solvent is
an alcohol solvent, or a mixed solvent of an alcohol solvent and at least

20 one solvent selected from the group consisting of a hydrocarbon solvent,
an ether solvent, an ester solvent, a ketone solvent, an amide solvent, a
nitrile solvent, a sulfoxide solvent and a halogenated hydrocarbon
solvent.

14. The method for manufacturing the boronic acid ester

25 compound according to any one of claims 1 to 12, wherein the solvent is

an alcohol solvent, or a mixed solvent of an alcohol solvent and at least
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where the wavy |lines indicate the bonding position of Ar, and the above
groups nmay be substituted. 522. The nethod for manufacturing the boronic
aci d est ewo20mvporsad according to claim2l, wherein theprararsatn 38029

het erocyclic group is substituted with one or nore groups selected fromthe
group consisting of a fluorine atom a chlorine atom a bromne atom an

| odi ne atom a nethyl group, a cyano group, a trifluoronmethyl group, a 5
hydr oxynet hyl group, a carboxy group, a carbanoyl group, an

N, Ndi met hy| oae Bahmyit sglevted fiomithe group wonsstingno i hydeogarbaen shieediity | am no
group, N-acetylam no group, a hydroxy group, a nethoxy group, a sulfanyl
group, a nehheltlsed Jodwent, gndwum, esgedsa@vgnbup represented by the formul a

- NHC(=0O) NHCH3. 1023. The nethod for nmanufacturing the boronic acid ester
conpound accor di n§5t dl'le¢ amethod whar enantfeeteingotingd beones eatidd dsterf or nul a
(1) is the conmpound represented by the following formula: C 24, The

met hod for mampoacduadargdinge tdelaim d 3aor d4estlerelrd therpbeoin] sodventi isg t o
claim1l1, wherein the conpound represented by forrmula (3) is the conpound

r epr 8sent edntgthamel dro¢thembhg fornul a: \/

16. The method for manufacturing the boronic acid ester
compound according to claim 13 or 14, wherein the alcohol solvent is
methanol.

17. The method for manufacturing the boronic acid ester

10 compound according to any one of claims 1 to 16, wherein R is an
optionally substituted alkylene group, or an optionally substituted
arylene group.

18. The method for manufacturing the boronic acid ester
compound according to any one of claims 1 to 17, wherein the

15 compound represented by formula (2) is bis(pinacolate)diboron.

19. The method for manufacturing the boronic acid ester
compound according to any one of claims 1 to 18, wherein X is a
chlorine atom, a bromine atom, an iodine atom, a methanesulfonyloxy
group, a trifluoromethanesulfonyloxy group, a toluenesulfonyloxy

20 group or a benzenesulfonyloxy group.

20 The method for manufacturing the boronic acid ester
compound according to any one of claims 1 to 18, wherein X is a
chlorine atom, a bromine atom, or an iodine atom.

21. The method for manufacturing the boronic acid ester

25 compound according to claim 1, wherein Ar is an aromatic heterocyclic

group selected from the group consisting of the following:
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where the wavy lines indicate the bonding position of Ar, and
the above groups may be substituted.

22. The method for manufacturing the boronic acid ester
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compound according to claim 21, wherein the aromatic heterocyclic
group is substituted with one or more groups selected from the group
consisting of a fluorine atom, a chlorine atom, a bromine atom, an
iodine atom, a methyl group, a cyano group, a trifluoromethyl group, a
hydroxymethyl group, a carboxy group, a carbamoyl group, an N,N-
dimethylcarbamoyl group, a nitro group, an amino group, an N-
methylamino group, N-acetylamino group, a hydroxy group, a methoxy
group, a sulfanyl group, a methylsulfonyl group, and a group
represented by the formula -NHC(=O)NHCH;.

23. The method for manufacturing the boronic acid ester
compound according to claim 1, wherein the compound represented by
formula (1) is the compound represented by the following formula:

Cl

24. The method for manufacturing the boronic acid ester
compound according to claim 1, wherein the compound represented by

formula (3) is the compound represented by the following formula:
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