1 DESCRI PTI ON METAL COVPLEX, PYRI DYLPHOSPH NE COMPCOUND, AND METHOD FOR

PRODUCI NG ALKYL METHACRYLATE 5 Technical Field The present invention
relates to a netal conplex, a pyridyl phosphi ne conpound, and a method for
produci ng an al kyl nethacryl ate. 10Background Art Wth regard to

metal conpl exes, a nmetal conplex of whith a center netal is palladium has
been known. Wth regard to use of a palladium conplex, a nethod for
produci ng nmet hyl nethacryl ate conprising reacting carbon nonoxi de, nethanol
and net hyl acetyl ene in the presence_of a palladi umconpl ex having 15 a

6- hal 0- 2- pyri dyl di phenyl phosphi ne, ZdR& P8t i ¢ acid, thereby producing

nmet hyl nmethacrylate in a production anmunt of 10,000 to 100, 000 nol e
(methyl nethacrylate)/ nole (palladiumatom. Disclosure of the Invention
20The present inventi §AT4eFMREEXt GYRHYLPHISPHNENGONERVENt AShs. [1] A net al
conpl ex having a pyridyl j by the formula (1)
R3 R1R7 wherein Rl rggﬁgzgE?g%ggﬁggggggﬁ&§?%§§§§&%%Fogen atom 25a

| i nea¥ al kyl group having 1 to 20 carbon atonandoptionally having a hal ogen
atom as a uB@{i ugﬂﬁ, an aral kyl group having 7 to 20 carbon atom and
optionallj&ﬁ A ﬁlogen 2 atom as a substituent, an aryl group having
6 to 20 carbon BlomaBfk ARtdRNGH I¥1 NI R 3RE] RO/ Al AMHAES 31 SHBstinkuent
an al koxy group having 1 to 20 carbon atom and optional ly having a hal ogen
5at om as &FEHEC) t Yehe meihodhifar FPdsaingrasupl yaviiargaqrlete.0 car bon

at omanaoptional |y having a hal ogen atom as a substituent or an aryl oxy
group having 6 to 20 carbon atom and optionally having a hal ogen atomas a
subst @t uerBackg@RAIRrR R- and R3 i ndependently each represent an al kyl group

having 1 to 20 carbon atom and optjonally having a hal ogen atom as a
substituent, an l%ﬁ:ﬁeﬁi’ffé 5‘?8%%‘%%8? gy £d°5n! Eﬁ%ﬁﬁﬁ 4t RAFBPET BRHAL y
having a hial pgeRdaiiaSedn KHEEL.T @At reghRBRoALM! o0HROM 1RAMINErP1EL, 20
carbon atom and optionally having a hal ogen atomas a substituent, a silyl
group reprieedBe &F BRPAEREIMSENOVRSTgRF O AL soER) singrrearidag\ragraupprhaideng 1 to
20 carbon atomangh ORLEAALY AV D A SURSL 20an
ar al kyl oxy group havin997 t§¥5%ékarggﬁxg?%%g§2€a% tﬁg%gl jgﬁg%%%ggghﬂalogen
atomas a & bstliotemtridyldapheayidhorphige o imchaviragid atod,2 hembh qrodtamyand
optionally having.a hal ogen atom as. a substi n R3 Qgﬁ i ndependent |y
each repré%%ﬁ i%@ﬁ?ﬁf%é% Jﬁf%ﬁ?ggcﬁhrbﬁﬁﬁnﬁf%ﬁﬁ’gghﬁ’éﬁ OggP&%ﬁm'QV?ng 1
to 20 car heshaighaa)dnapt @nabkdymhandang a hal ogen atom as a substituent, an
aral kyl group having 7 to 20 carbon atom and optionally having a hal ogen

atom as a substituent, an aryl group having 6 to 20 carbon atom and
opti onal | ypihavidige & NalP IRRARE QM
20 The present invention relates to the following inventions.

[1] A metal complex having a pyridylphosphine compound represented by the

formula (1)

R3
R2 rR*
1
~-F RS
R R’

wherein R* represents a hydrogen atom, a halogen atom,
25 a linear alkyl group having 1 to 20 carbon atom and optionally having a halogen
atom as a substituent,

an aralkyl group having 7 to 20 carbon atom and optionally having a halogen



30as a substituent, a silyl group represented by the following formula (2),
an al koxy group having 1 to 20 carbon atom and optionally having a hal ogen
3 atom as a substituent, an aral kyl oxy group having 7 to 20 carbon atom and
optionally having a hal ogen atom as a substituent or an aryl oxy group
having 6 to 20 carbon atom and optional2y having a hal ogen 5atom as a
substituent, and two groups bonded to the nei ghboring carbon atons anong
R2, R3, R4, R3, R6 and may be bonded each other to forma ring together
with the carbon atons to which they are bonded, and the formula (2) is

repr esent FOBy?SRR SWBILLYRGED) Rio 10wherein R3, R9 and RN i ndependently each
represent a hydracas Bon group 20aukhg dcdartloGarkony akoig; a ath@nRbal atom
bel onging to oup 10 of 'the periodic table. [2] The netal conpl ex

accor di ng asoa[stbstitentsi n t he pyri dyl phosphi ne conpound is a ligand. 15[ 3]
The netal conpl ex accordin [ aQr. [ 2 wherein R2 : a R7

i ndependenatnl ‘gﬁé)é%l'?rf) lé%rhgg%ar%t Egcr? %‘% l??irb%nr %%Of)n %C{/:gﬁtglofaltlgpé%wﬁr ?31%10 ~om and
opti amal | yathavdsng sabbeltgery at om as a substituent, an aryl group
having 6 to 20_carbon atom and_optionally having a hal ogen atom 20as a
subst i t uerfi®, 2RLEY Iy IGPBUREBDI ettt RFPBY aF%a]?CgPH’*B\RP?k} B A aer9eran

al koxy grolpphavingrdt 1920 o¢ar bon atom and optional |y having a hal ogen
atom as a substituent, an aral kyl oxy group having 7 to 20 carbon
atom and ot fodaky graayvhagng had ederprRsatom asd @psideseily bevingor hakeggnyl oxy
group havi 6.10 2 rhon atom and optionally having a hal ogen atomas a
substi tuenatr%.%m as g[sﬂ%s’%ﬁtélgﬁ%t al conplex according to any one of [1] to [3],
wherel n R’} &'a Ryl gjemdapaitienal yhabagespesenm a | i near al kyl group having
1 to 4 carbon atons, 30a benzyl group, a phengl_ roup, a nmethoxy group, a
benzyl oxy B FFOP PHERBRY=C # g‘?@ﬁ ,atﬁ??nﬁﬁ,tlﬁ%alalﬂglwn‘? AdepeHIett Ty each
is an al kyls grappciavhng 1 to 4 carbon atons, an al koxy group having 1 to 4
carbon atons, a benzyl group, a phenyl group, a trinmethylsilyl group, a
tert - but ylali aealbyl sicdyd hejriogp’ 6p 28 pHeAo o DA PPt gL R2 hayidgRe halogen

i ndependent,| h_ | rogen atom or an al koxy group 5having 1 to 4
carbon at oartr'i%)%6 aesflg]SdF%%&#E%{g’l conpl ex according to any one of [1] to [4],
wherEeb n Rlan srya dvpdp dgeingaé am20rcaabdn aear aal éytiogaldyphakrang adalodem dcomar bon
atons, R2, R4, R5 and R2 independently each is an al kyl group having 1 to 4
carbon at ois® FWSEARERY group having 1 to 4 carbon atons, a benzyl group, a
phenyl groupiofl §8s8upPheexsntas P thardl RyiandoRingsgpendently each is a
hydrogen atom or an al koxy group having 1 to 4 carbon atons. [6]_ The netal
conpl ex ac¥orHidy FWURARVERe 10t B4]carlr 5Tom ahé CeFPIRILY 8aE.0E| Héatowmiky |
group havi atoms, R2, R4, R5 and R2 independently each is
an al kyl g%%ﬂg)a gvéﬁggﬁ&ggth carbon atons, and WAnd R6 i ndependently 15each
i s a2bhydr cgemradkpmxyamoad kyrtingrioup2thearbeg atoh end op@Eichan yadtagmsg adelegenal koxy
group havi nft% 1to 4 cgrtbontatoms. [ 7] The metal conplex according to any
one of [1]*T8 $%F, SHR&HeFA"RE is a linear alkyl group having 1 to 4 carbon
atons, antuR2ryiB4y JROudRsvidg @ke Jtetdrypbn GiteriRsd PRidlhalTheattigal hadsgheX
according to any one of [11]: to [5], wherein the pyridyl phosphi neconpoundi s
bi s(3, 5- di ¥FePH3A pheRyFItyEBinet hyl -2 - pyri dyl ) phosphi ne, bis(3,5
-dimethyl-4 sperhoxypheaylly (Ben %%Pa@eh@_a: H%kﬁﬂo%ﬁ )RBRS RhANSGEX atom,

bi s( 3, 5-di net hyl phenyl) (6-ethyl -2 -pyridyl)phosphi ne. 25[8] The net al
conpex acmordivigroaee haingriet@?0 Fdjbohmtpspnd whekwephlit Rying a halogen atom

as a substituent,

an aralkyl group having 7 to 20 carbon atom and optionally having a halogen

atom as a substituent,

an aryl group having 6 to 20 carbon atom and optionally having a halogen atom
30 as a substituent,

a silyl group represented by the following formula (2),

an alkoxy group having 1 to 20 carbon atom and optionally having a halogen



pyri dyl phosphi neconpoundi s bi s(3, 5-di met hyl phenyl ) (6-nethyl -2
-pyridyl)phosphine. [10] The netal conplex according to any one of [1] to
[ 5], wherein the pyridyl phosphi neconpoundi s

30bi s( 3, 5-di net hy1- 4- met hoxyphenyl ) (6- et hyl - 2- pyri dyl ) phosphi ne. [11] The
metal conpl ex according to any one of [3l] to [5], wherein the

pyri dyl phosphi neconpoundis 5 bis(3,5 -dinethyl phenyl) (6-ethyl -2
-pyridyl)phosphine. [12] The netal conplex according to anyone of [1] to
[11], wherein the tal atom belonging to Goup 10 of the periodic table is
a paIIadlﬁﬁgﬁfﬁn?‘¥§§ﬁlﬁ@% r|dylphosph|ne conpound represented by the
formula (Lh ﬂ%lk;iloﬁ Riupnhesigi 0 Blor £pHEes efdSard ptdbegden nat oy a dahgkegen
atom a linear group having 1 to 20 carbon atom and optional |y havi ng
a halogenéﬁp@ﬁﬁaéfﬁ®§ﬁ%§@ﬁ%@ént an aral kyl group having 7 to 20

aryl o o ranag B b n s A pRE R, Pk 4 AP en "R om
as a Bubstadtbmesst a suhsaltkexy, gndup having 1 to 20 carbon atom and optionally

having a hal o en a S a subst uent 5an aral £ oup Qavgn 7 to
20 ca?bon‘ﬁ? £8g%g6ﬁéfwyn Wﬂn%‘ﬁ%?3bﬁﬁm§t agSu st t et or an

aryl oxy groupyhavibdde® daén %@h@lawqen@ta%mngn@g@mézoml dhehaatiBl s2ak-egen
atomas a substituent, R2, F4, R5 and R7 |ndependently each represent 20an

al kyl gr oufpridavhey age tonger,c arh SR FOsH an ¢ JopeiRasieptehPiyng a hal ogen at om
as a substityent, an aralkyl group having 7 to 20 carbon atom and
optionally Having a hal ogen atom as a substituent, an aryl group
havi ng 6 te~°GR&arboﬁ3aton1and optionally having a hal ogen atom 25as a
substi tuent, ,@ silyl group represented by the following formula (2), an

al koxy group having 1 to 20 carbon atom and optionally having a hal ogen 6

atom@s a Wpebsitnl Ryedtand &P BldabdkaXy, eHcAURPAEENAG HydrecadBot arbannatiam and
optionally having a hal ogen atom as a substituent or an aryl oxy
group haviln§® &% 62290 cHPBdNn at om and optional |y having a hal ogen 5atom as a

substi t uenty B%eé'zﬁd a'éﬁn LadeRendent i FaGN F epLEsenly;d Rydeogen atom a

hal ogen atom an al kyl group having 1 to 20 carbon atom and optionally
havi ng a h@ll ogBre acbm amalsubstotdieat fo [1], wheminarché kyyrigyapsptaveng 7
to 20 carbon atgm and %ftlonally havi ng a hal ogen 10atom as a substituent,
an aryl grotp Havihg 8920 carbon atom and optionally having a hal ogen
atom®ms a ybstret tzl@tle c@nps.bkyaiccgfdmg teanesantied, yetdia £9l Rowkngnd o mul a
(2), an al koxy group having 1 to 20 carbon atom and optionally
havi ng a WAPBRFEACASYt SHakePie&t¥st i tuent, an aral kyl oxy group having 7 to

20 carbon At o and.@phianghl! o6 HAvRen %t&@h@@@ﬁti%h@ﬁy@%v@n& 4BsE bdddeHomOr
as a substituent,
an aryl group having 6 to 20 carbon atom and optionally having a halogen atom
20 as a substituent,
a silyl group represented by the following formula (2),
an alkoxy group having 1 to 20 carbon atom and optionally having a halogen
atom as a substituent,
an aralkyloxy group having 7 to 20 carbon atom and optionally having a halogen
25 atom as a substituent or
an aryloxy group having 6 to 20 carbon atom and opticnally having a halogen
atom as a substituent.
[4] The metal complex according to any one of [1] to [3], wherein R' is a
hydrogen atom, a halogen atom, a linear alkyl group having 1 to 4 carbon atoms,

30 a benzyl group, a phenyl group, a methoxy group, a benzyloxy group or a phenoxy



an aryloxy group having 6 to 20 carbon atom and optionally having a hal ogen
atom as a substituent, and 20two groups bonded to the nei ghboring carbon
atons anong R 2, R3, R4, 1k5, R6 and 1k' maybe bonded each other to forma
ring together with the carbon atons to which they are bonded, and the
formula (2) is represented by 4 wherein 1k8, RgandR10

i ndependently each represent a hydrocarbon group having 251 to 20 carbon
atons. [14] The pyridyl phosphi ne conpound according to [13], wherein R2,

R4, Wand R7 independently.each represent an al kyl group having 1 to 20
carbon at SHPHrdR opt i Dl R tRESHCATT R TR AP0 Eh 2R E UM SO 8FBEE It PehtarPsBan
aryl groupthay) Be HibQ SbuparRORy at uandLaptiaRal & yehaui fgug, Rabiegen atom
7 as a substituent, a silyl group represented by the fornmula (2), an al koxy
group havigygud, &d-r20etdutdpidnl arowr -andesptivernklingtiyavilyg erohmlosgenhentosm as a
substitue an ara 3] [ Lng. 7.t arbon ato nd optionally
havi ng a zﬁ)%éeﬁmgé o%%é gg%e%sés?(%%fc %Z%%&g%ggnﬁygr% fg/?eglx?/tognr %ru%)n ﬁnla]\%olxﬁfgg%u?o 20
car bom at aravamyg 1opd Yocsabby drams.ng a hal ogen atom as a substituent. [15]
The pyri dyl phosphi ne cogBound accordi ng tog%%B%, wherein Rl -is a, hydrogen
10 atom a“Hal O§eRC@t o™t PASHIRT K91 FtfpChai N 14to"Bemear BontSatons, a
benzyl gralBrofnPieRYdr §rQHRar 31ERL B KHOHP.1 B RENZVEORY Y, ORD B @
phenoxy group, R 2, R4, R5 and R7 independently each is an al'kyl group

havi ng 1 taad4R cardspendgnbhis cadh 1aldtosikydr oippr Haviiegy 11te ¢ darbar pdanat ens, a

benzyl grao nyl . . u ' Si_| o] a

tert-but ylagT& %’é‘fﬁ@% ?{%‘/‘1198?1088 %rc %Bogﬁ%%y agﬁr%n&%? g%gié%’d al%hegﬁ%j SRBP °F

i ndeb&ndent pheneachirdup, andiRtaragr i nadmemiaitlgradh kyh hgadpn hast tigar atloxsd
carbon atons. gl,G The eri | phosphi ne conpound according to [13],

wher ei n R & HV]‘% 0geh * & BAPBVATE™ i near al kyl group having 1 to 4 carbon
atons, R2,[dr4, THOmanRd &phsdependend k¥ 8/Ckd sranjaldkyhb] gredRiRaviNngal to 4

carbon atons, an al koxy 20 group having 1 to 4 carbon atons, a benzyl
group, a pHemst ahpdugrook havikehdRy: §rd9p,atant K3 Rnd Bkeé & iodgrendaniiy each
is a hydra .at . gro i 0 r 6 ] The
pyri dyl phoeg% il%ea(?l(%%(l)?r%gé%é%%lrngi 1ng<pt42& ghﬁkggﬁ%&éfaif%]a?@ ork ?‘i‘%&nﬁr&r& in RL
i s al%i nearachlikyl hygroigp dtamj g alkitlogrbue apbiow latofrearder,atBds, dBamatkox25 R7

i ndependent | ach is an al kyl group having 1 to 4 carbon atons, and R3 and
R6 indepen%@ﬁ?l%?v I’SHthszlacaﬁéa?%@ ‘atom an alkyl group having 1 to 4
carbon atoms, Tfe Adtadl k@pYe:dhotdrdiay itBtank & 4fc@nben (8f,00kereih 18] isThe

pyri dyl phosphi ne_ compound according to any one of [13] or [14], which

0

i shi s(3, 5 HapdethipHery PPV 1 fetthrrbon apons: i) Phdsphi A R38¥ BF3wh
- di net hyl E%ﬁﬁgthoxyphenyl) (6 -methyl-2-pyridyl)phosphine,or bis(3,5
-dinethylﬁ%enyl)(G -ethyl -2 -pyridyl)phosphine. [19] A nethod for
prodii ng ithe Pyr imdidlplrospleknecoodpound accondi oy o Bnyl5]18 wreeof thhe
above-nenti%ng_%&%kigg [18] , which conpr&;eg g'first step of reactgng a
hal ogen- sUBStTE Gt ed pYTi di ne conpound repré€sBAtEd by the fornmula (3)
S5wher ei n Rlsi(3, 3-benssBRhaRdN | (Bgne@By et byiadyl)phédpdinbove- menti oned [ 13], and
X1 represents_a hal ogen atom with an alkéllithiun1conpound, and a second
step of r éféét(?'r?gd% Ve 4ot IOR= YRR d 6Ol RY eaPY Hy hehesabdfest ep wi PR a
phosphi ne gl dearerensehed becbe L oritle ddinfle, K7 l0wherein R2, R3,
R4, R5, R6 and R are the éghe é%agingggs ge#&héﬁ i% t he above-nenti oned
[ 13]25and D2 rEyr aseait somoleal ageomditoone any one of [1] to [5], wherein the
pyridylphosphine compound is
bis (3, 5~dimethylphenyl) (6-methyl-2-pyridyl)phosphine.
[10] The metal complex according to any one of [1] to [5], wherein the
pyridylphosphine compound is
30 bis (3, 5-dimethyl-4-methoxyphenyl) (6-methyl-2-pyridyl)phosphine.
[11] The metal complex according to any one of [1] to [5], wherein the

pyridylphosphine compound is



[20] A netal collvlex obtained by contacting the pyridyl phosphi ne

col Ej Jound according to the above-nentioned [13] to [18] with a conpound
having a netal atom belonging to Goup 10 of the periodic table. 15[21] A
met hod for producing an al kyl methacrylate conprising a step of reacting an
acetyl ene conpound, carbon nonoxi de and>an al cohol in the presence of the
nmetal conpl ex according to any one of the above-nentioned [1] to [12] and a
protic acid. 20Modes for Carrying Qut the Invention The present

i nvention wl cillustrated in detail below <Pyridylphosphine Conpound>
First, thebl&hL"igégﬂﬁrrB% ?\%1)66?%‘6‘&%’5'8¥r1fiﬁ@p5‘?§¥£ﬁ?'invention will be
iI'lustratedo); The Rtk dhPRASRRLAS NG AIRANWhel 5F [BPFESEN 6fhebYit iR fadha (1)
RIR7 wherein Rl represents a hydrogen atom a hal ogen atom a |inear alkyl
group haviagnicelen@ogcer Bonrat bmfats ppticghalthylenayingatlehalogesm.at om as a

SUDSt | Uentys) S0 AL BN B QURBAYLAGLL, 4020 B3Re:cakom and optional |y

having a h as a substituent, an gr oup havi 6 to 20 carbon
atom and option® |y having a hal ogen atom as a substituent, an

al koxy grougzhaking+1 to 20 carbon atom and optionally having a hal ogen
l0atomas a s ituent, an aral kyl oxy group having 7 to 20 carbon atom and
optionally ha a hal ogen atom as a substituent or an aryl oxy group

having 6 to 20 tarbon gt om and(lopti onal | y having a hal ogen atom as a
subst i t uent IR ~R4R°R5 and R7 independently each represent an al kyl
@ carbon atom and optionally having a hal ogen atom as a

> F KYH® group having 7 to 20 carbon atom and optionally
havi ng a hakbgen agkbm as a substituent, 20an aryl group having 6 to 20
carbon atom and gptionally having a hal ogen atomas a substituent, a silyl
group repr é?ﬁtrbg Bﬁpﬁeﬁ%n%o?ﬂﬁ’\ﬂir%%enf%?%l%h(a%g{ena%toﬁlr koxy group having 1 to
20 car bon At pEaaRdkppdicapabiinghavd DY carddal 268 andbinoas! 1& 1shsd L hueln 25an
aral kyl oxy group having 7 to 20 carbon atom and optionally having a hal ogen
atom as a ¥9Bs?S euBRELHICBR aryl oxy group having 6 to 20 carbon atom and
optionally, | 10, at I !

i ndependen%nrgyaggglh %F !)el%Jr g%é%? gtﬁyzg?&o%gﬁﬁgt% %{ﬁ]%%to%g%a (lai:gggfg‘g%g%%ah gﬁ?l

gr oup0 haviatgmlast e 2@stHbon at om and optional ly having a hal ogen atom as a
substituent, 5an_aral kyl group.having 7 to 20 carbgn atom and. optignally
having a hal %Ja’gngrgfl%l%aéjsngag g%%gﬁatrh%n??oma ndg?%ﬁloﬁﬁgﬁﬁlaﬁér\lﬁ A§286°48 B car bon
at om and opt boadktytubay,i Nng a hal ogen atom as a substituent, a silyl group
represented by the followng formula (2), 10an_al koxy group havi ng 1to 20
carbon at Gih aRP*EPTPBAARFPNAVEN 0 £2RAT0aEH ardRPES Al SUBIIRS e he 1odgh

ar al kyl oxy,gh o s hawkpguént 0 20 carbon atom and optional ly having a hal ogen
atom as a substituent or an aryl oxy group having 6 to 20 carbon atom
and bpt i orrl dnplhheikngrauhbdvvge 52t ombas agoms edvs opttioeily famtng swbalpoeups
bonded to the nei gs%gﬁtrﬁ ,carbon atons among R?, R3, re, R5, R3 and P7 may
be bonded €ach other to forma ri ng together with the carbon atons to which
t hey are bondedpx@rdoitheafiagndilka A02¢arbsn peqt aserbetbraylRaaviy-RObL)geR p
20wherein R6, P9 and R113 i ndependently each represent a hydrocarbon group
havi ng 1 tF 30 %carPoatH6hE. In the present specification, a hal ogen
atom may he, any ofand ' URELORLAt QMeadh cBhRLERE atom a brom ne atom and an
i odine atom Anong these, preferred are a fluorine atom a chlorine atom
and 40 br omdmalkyt grpashaviag 1 to 20 carbon atom and optiocnally having a halogen atom

as a substituent,

an aralkyl group having 7 to 20 carbon atom and optionally having a halogen

atom as a substituent,

an aryl group having 6 to 20 carbon atom and optionally having a halocgen atom
25 as a substituent,

a silyl group represented by the following formula (2),

an alkoxy group having 1 to 20 carbon atom and optionally having a halogen



25hal ogen at om of R1. In the present specification, exanples of the
| i near al kyl group having 1 to 20 carbon atom and optionally having a

hal ogen atom as a substituent include a linear al kyl group having 1 to 20
carbon atoatsuch as anethyl group, an ethyl group, a n-propyl group, a n
-butyl group, a n-hexyl group, a n-octyé 30group, a n-decyl group, a

n- dodecyl group, a n-hexadecyl group, a n-octadecyl 11 group and a n
-icosyl group, and a l|linear hal oal kyl group having 1 to 20 carbon atom
wherein one or_nore h drogen atons of the alkyl group illustrated here are
repl aced bV°E Hafoy®s ﬁ?ﬁﬁ? Al so, the hal ogen atom may be any of those
descri bed abona xybAFRREuS haseg TPFEE®EL8EniaSoRahd Bﬁ@@bnéil@&{av%@b!@xaﬂﬁg‘éhng 1
to 4 carbon atons, and nore preferred are a neth group and an et hyl
group. at@N?FF%%ﬂEFEé@ﬁ¥<§peC|f|cat|on exanples of the aral kyl group
navi 10, 7 oth BRIAL 00BLALOM-B DI ONALh BT bR f3h R0, ALOM50Rn

substituent 1 nclude an ar group such as a
(2- me? hyl phenyds aesdpptigeoup, a 10 (3- nethylphenyl)nethyl group, a

Eg Zeérﬁét y@%# ﬂg%%%@?%?&ﬂﬁfﬁ%ﬁ egmf?nlneb¥%§$ a%ﬂén?l§%€9%§ §Woup, a

(2, 6- di netdyhphenybigBiANl 19EORP cambohIitdm a8l BBEImb PRt hraty bodr fUR, a

(3, 5-di net hyl phenyl ) net hyl group, a (2,3,4 -trinmethyl phenyl)nethyl group, a
(2,3,5 -tr?%@tﬁ?ﬁ%ﬁéﬁ??)nethyl group, 15a (2,3,6 -trlnethylphenyl)nethyl
group, a ( r )

-trinmet hyl %hgﬁ%ky%m%rﬁ? mé‘% %Egﬁ¥g %E&g%% %rtr&lwr%{al? %&Igp % )hﬁ‘éltnﬁy halo SB a
(2,31@, 5- t@MmaﬂeahyﬂpthyhﬁmEthyl group, a(2,3,4,6

-tetraneth 0 2 tetr t.hyl phe net

gr oup, (lene%]fy%n%liogf§ }e/nr?y? ﬂé%hiﬁrbé? 8L éndzaptéor(l%qg’eq%ﬁﬂ%bﬁ% %eﬁ’e&ltl)‘/??l
group, a [ﬁ;én$ﬂﬁ@ﬁykMQhenyl]nethyl group, a (4-isopropyl phenyl) net hyl
group, a [4 n -butyl)phenyl | methyl group, a [4- (sec - but yl ) phenyl ] net hyl
group, a [%Sléx’leﬁfoupba%gﬂei%ﬁm % ﬁwlqgﬂlawonallm Pn

- pentyl )phﬁpma;?tgmhp GHaQURy 1atc( %0 @@9&@@&&& Qﬁ?%’c)d?ﬁﬂyha& Quap’hafog[eﬁ (n

- hexyl ) phenyl | net hyl group,” a [4 -(n -octyl)phenyl]nethyl group, a

[ 4- (hO- dedVb%phEﬁy$¥m@mmWhtgroup, a [4 (n -dodecyl)phenyl]nethyl group and

a napht hyl jre u 0 qne. o

hydr ogen” at ¢ o5 @Q g?pa ?(Vllngg?tou%{l l%Isltarga a‘gd rlgnaar a"fﬂ‘%%élai‘%%fn
hal ogen aIQMMeﬁlSO$ﬁ%hﬂnhﬁiQ@en atom may be any of those described above.
Anong these, preferred is a benzyl group. 30ln _the present specification,

exanpl es oF" ERE-ORY PO Bﬁ‘ﬁnﬂa@|tﬂ9206cﬁr8°?@t8‘&raﬁ6r?pé%%%cﬁaﬁé’tgl AL havi ng
a halogenlﬁk@n&ag aiskbskht ugny i nclude an aryl group such as a phenyl

grou a 3 -nethyl phenyl group, a 4-nethyl phenyl 12 grou a 3,4

“di nlt hyl phengiou? apdedat Bt deimbhyinghenhn gEawpancas R4 5 Rt Raed’ ytpheny |
group, a 4geft r 4
-|sopropyﬁ%heﬁyEpg%%%%fgcgzﬁhf%téﬁég?l pﬁgﬁk%ﬁﬁﬁ%%p, ag%gfggﬁnfgﬁ?§ﬁfphenyl
group, a 4wiiterthebutrgl pgpheny kbngriddpiorauts 42) is- pemtydnkphernyyl group, a 4

- (neopentyl ) phenyl group, a 4 -(n-hexyl)phenyl group, a 4-(n -octyl)phenyl
group, a 4 -&h - decyl ) phenyl group, a 4-(n -dodecyl)phenyl group, a 4-(n
-tetradecyl)ghepyl gggup, a naphthyl group and an anthracenyl group, and a
hal oar yl grom wherein one or nore hydrogen atons of the aryl group
illustrated %ere are replaced by a halogen atom |In 10addition, the hal ogen
atom mayb g t e phenyl
gr oup. %ﬂ%gxﬁpﬁ ébgégggﬁ?&%%e0| a%%%hﬁggggﬁ%P%gﬁg?g£ﬁmg§{E%%h%n%g
havidyg 1 tbt@Gﬂbaahmm akmﬂland optlonally havi ng a hal ogen atom as a
substituen n ude Xy grou aving 1 to 0 carbon, atpns, sych as a
met hoxy gr@ﬁg é%%é% lé?dﬁﬁpgﬁg"ﬁ? By g ollp, &S Bpr dpdkygr oup,
a n -but oxy gk@p@mbatgegajb@@gxge@goup, atert- butoxy group, a n-pentyl oxy
group, a neopentyl oxy group, a n-hexyloxy group, a n-octyloxy group, a
nonyl oxy gFotkYl STAURIBETNS Ay O GREPCR HODATS ) HERYL gt BApNo a heleesdeipioxy
group, a Qﬁgglgggyhgéxtgroup, a n-tetradecyl oxy group, a n-pentadecyl oxy
group, a n-hexadecyl oxy group, a 20 n-heptadecyl oxy group, a n-octadecyl oxy
group] a remanddeoyb drRyirgroup 2anchraomat@osyd optiogaldypiavamga dahademad donxy
group having 1 to 20 carbon atons wherein one or nore hydrogen atons of the
al koxy group illustrated here are replaced by a hal ogen atom Also, the

hal ogen atom may be any of those descri bed above. Anong these, preferred is
an al koxy group having 1 to 4 carbon atons, and nore 25preferred is a

met hoxy group. In the present specification, exanples of the
aral kyl oxy group having 7 to 20 carbon atom and optionally having a hal ogen
atom as a substituent include a group wherein an oxygen atomis bonded to a



formula (2) described bel ow, an al koxy group having 1 to 20 carbon atom and
optionally having a hal ogen atom as a substituent, an aral kyl oxy group
having 7 to 20 carbon atom and optionally having a hal ogen atom as a
substituent or an aryloxy group having 6 to 20 carbon atom and optionally

havi ng a hal ogen 5atom as a substituent? In R2, P?, R6, R5, R6 and
R7, the carbon nunber of the al kyl group is preferably 4 or |ess, and nore
preferably 2 or Iess In R3, R3, R4, R5, R6 and R7, the carbon

nunber of the ara# b aryl, al koxy, aral kyl oxy and aryl oxy groups is

pref er abl 518 TPFES€™ 1 om t he 10vi ewpoi nt of easier production of the

pyri dyl phaspghiyie geampestdsérkted mnend@benpeefmrably 9 or |ess. In the
formula (1), two groups bonded to the nei ghboring carbon atons anong R2,

R3, R4, RN REKOXHIIRW FaYHY boivddd ceredn aternd gptisnakly haigng oy Bekeenwi t h
the car borht@}noggsatglb\élgi&gn{ hey are bonded. Specifically, exanple in which
15 R2 and re, R3 and R4, R5 and R6, or R6 and R7 are bonded each other to
forma corﬁjleaf@é@yquxmglrburgmmw Mict 2D tdrbopyrond aneoptiingaldly Hehzeadaldgeg to
whi ch theytare bond d. is stovvn Exanpl es of the ring forned by these

nei ghbor i rig groups® IﬁEJﬁ‘]ﬁ% &'saturated or an unsaturated hydrocarbon ring,
and speci fdrcagxarploesud heriegfs koGlouganan Gy6h @pA @paBal i NdavidgCy Ghokahane
ring, a cyclopentane ring, 20 a cyclopentene ring, a cyclohexane ring, a
cycl ohexerfdoRidrge HLsyEI6Rept ane ring, a cycl ooctane ring, a benzene ring,
a napht hal £] ]% r £ bei ng
on these r?ﬁgsfﬂn%%gﬁrpgg %C%QE%& ?15']%%33%1 at o%3such&a%¥% g%?gllyl ne atom
and ¥0 f | ucrtione aettaémenoartomhe JJmk@: alllqyltgheuqah@\&egtl ®pe cafbon at-oron, a baxraaypl es of
t he hydrocar bon %)‘r? u incl ude é above- rreftl oned al kyl %roug having 1
to 20 car bon &t ot anddthe S8& O%‘ﬁ’fciuBh@dbeéﬁzy *rBap° RAVE HE<Y 8528 car bon
at ons. R, R, | B dnie’ pr@peidens DEeehdH Gadn O1kyl exaiiphLsn®fl thhecsbby bt@lspup
represent ed bf/ the formula (2) include a silyl group wherein R3, R9 and RI D
i ndependerft JLEOFE PP BAVEIKY [FOdh GEFPRATRG: B Pezb Faihon PREBHEJ81Pan aryl
group haV'd‘lgrm%QhQSJ.@ylzgr&%r l%PBe@cLBu ldﬁ'ﬁ&ﬁkliélq ?W 8§ a%hekgzgy éfc&u\{)l group
represented by the fornila (2) i'nclude a trlmetﬁy I"si |

tri ethyl sidng RgarsuR’ lraﬂepemqﬁnbh»yb@crﬂ ¥$ agihsirpgeraatam bmaylaslk}zy Igrglpoh@nagd a
tert-butyldinef t&glgn Yl 15 group. Speci fic exanpl es of the

pyri dyl phospﬁl ne corrpourllnﬁ (1), preferable conbinations of R, P?, R3, R4,
P.5 R6 an[d6R7Therpytr|i1&y]fpﬁbsl§ph|lﬁe tdpoundietdeaai ighras 133 hewardin RTablaely&LrogEa,bl e 2,
Table 3, Table 4 and Table 5 (hereinafter, referred 5to as "Table 0

tabl e 5").atom Or g Jnm&am%h gr@‘é%ﬁla8¥ngs§/n%l4 CHEAR L PR fRorI |R0man@ndFﬁ{

hydr ogen at@ @%erﬁ@ntl@eéek%l 196U Ky Elorot BXEirgr OUR, 4 Rariln afsulRl CRY L1igQup, |
-Pr: isopropyl group, n-Bu: n -butyl group, i-Bu: isobutyl group, t-Bu: t
butdl  gr clEw BAVinseh£914 errbaD AL, q)hérwll QoeRp 2 PIvEL gquune:trhay pyerorly

gr oup, TBEE%@K%]'%IKE/@ ’egcli'th :\ngh%hgé{rltﬁ_.‘&/ E%’acEglr l?‘!ij%ydro]ggn a%g m or ancgflpyciugpoupm R3

having 1 to 4 carbon atoms.

[17] The pyridylphosphine compound according to any one of [13] to [16],

wherein R! is a linear alkyl group having 1 to 4 carbon atoms, R?, R!, R® and
25 R’ independently each is an alkyl group having 1 to 4 carbon atoms, and R® and

R® independently each is a hydrogen atom, an alkyl group having 1 to 4 carbon

atoms, or an alkoxy group having 1 to 4 carbon atoms.

[18] The pyridylphosphine compound according to any one of [13] or [14], which

is bis (3, 5-dimethylphenyl) (6-methyl-2-pyridyl)phosphine,
30 bis (3, 5-dimethyl-4-methoxyphenyl) (6-methyl-2-pyridyl)phosphine, or

bis (3, 5-dimethylphenyl) (6-ethyl-2-pyridyl)phosphine.

[19] A method for producing the pyridylphosphine compound according to any



Et 3 Hn-Pr Hn-Pr n-Pr Hn-Pr 4 Hi -Pr Hi-Pr i-Pr Hi-Pr 5 Hn-Bu H n-Pr
n-Pr Hn-Pr 6 Hi-Bu Hi-Bu i-Pr Hi-Bu 7 Ht-Bu Ht-Bu t-Bu Ht-Bu 8 H En
H En

one of the above-mentioned [13] to [18], which comprises a first step of

reacting a halogen-substituted pyridine compound represented by the formula

(3)
\—/ '3
N
R’I
5 wherein R is the same meaning as defined in the above-mentioned [13], and

X' represents a halogen atom, with an alkyllithium compound, and
a second step of reacting the reaction mixture obtained in the first step with

a phosphine halide represented by the formula (4)

R3
R2 R*
] 5 (4)
x2”
RS
R7
10 wherein R?, R’, RY, R°, R® and R’ are the same meaning as defined in the

above-mentioned [13], and X? represents a halogen atom.
[20] A metal complex obtained by contacting the pyridylphosphine compound
according to the above-mentioned [13] to [18] with a compound having a metal
atom belonging to Group 10 of the periodic table.

15 [21] A method for producing an alkyl methacrylate comprising a step of
reacting an acetylene compound, carbon monoxide and an alcohol in the presence
of the metal complex according to any one of the above-mentioned [1] to [12]

and a protic acid.

20 Modes for Carrying Out the Invention
The present invention will be illustrated in detail below.
<Pyridylphosphine Compound>
First, the pyridylphosphine compound of the present invention will be

illustrated. The pyridylphosphine compound is represented by the formula (1)



Bh HEn 9 HPh HPh Ph HPh 10 H TMS HTMS TM5 H TMS 11 H TEEMS H TBDMVS
TBDMS H TBDMS 12 H O H Ove OV H Ove 13 H OPh H OPh OPh H OPh 14 H Me

R3
R2 R*
(1)
5
| ~P R
_N Ro
R' R’

wherein R' represents a hydrogen atom, a halogen atom,
a linear alkyl group having 1 to 20 carbon atom and optionally having a halogen
atom as a substituent,
5 an aralkyl group having 7 to 20 carbon atom and optionally having a halogen

atom as a substituent,
an aryl group having 6 to 20 carbon atom and optionally having a halogen atom
as a substituent,
an alkoxy group having 1 to 20 carbon atom and optionally having a halogen

10 atom as a substituent,
an aralkyloxy group having 7 to 20 carbon atom and optionally having a halogen
atom as a substituent or
an aryloxy group having 6 to 20 carbon atom and optionally having a halogen
atom as a substituent,

15 R?, RY, R’ and R’ independently each represent
an alkyl group having 1 to 20 carbon atom and optionally having a halogen atom
as a substituent,
an aralkyl group having 7 to 20 carbon atom and optionally having a halogen
atom as a substituent,

20 an aryl group having 6 to 20 carbon atom and optionally having a halogen atom
as a substituent,
a silyl group represented by the following formula (2),
an alkoxy group having 1 to 20 carbon atom and optionally having a halogen
atom as a substituent,

25 an aralkyloxy group having 7 to 20 carbon atom and optionally having a halogen
atom as a substituent or

an aryloxy group having 6 to 20 carbon atom and optionally having a halogen



ove M Me OV M 15 HEt OW Et Et OW Et 16 Hn- Pr OV n-Pr n-Pr OV n-Pr
17 Hi-Pr O i- Pr i -Pr O i-Pr 18 Hn-Bu OW n-Pr n-Pr OM n- Pr 19 H
i-Bu Ove i-Bu i-Pr OV i-Bu 20
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atom as a substituent,
R® and R® independently each represent a hydrogen atom, a halogen atom,
an alkyl group having 1 to 20 carbon atom and optionally having a halogen atom
as a substituent,
5 an aralkyl group having 7 to 20 carbon atom and optionally having a halogen

atom as a substituent,
an aryl group having 6 to 20 carbon atom and optionally having a halogen atom
as a substituent,
a silyl group represented by the following formula (2),

10 an alkoxy group having 1 to 20 carbon atom and optionally having a halogen
atom as a substituent,
an aralkyloxy group having 7 to 20 carbon atom and optionally having a halogen
atom as a substituent or
an aryloxy group having 6 to 20 carbon atom and optionally having a halogen

15 atom as a substituent, and
two groups bonded to the neighboring carbon atoms among R?, R®, R!, R°, R® and
R’ may be bonded each other to form a ring together with the carbon atoms to

which they are bonded, and the formula (2) is represented by

RrE
L
-mlSi.:-i.wR*- {2}
g;:‘l{)
20 wherein R®, R® and R independently each represent a hydrocarbon group having

1 to 20 carbon atoms.

In the present specification, a halogen atom may be any of a fluorine
atom, a chlorine atom, a bromine atom and an iodine atom. Among these,
preferred are a fluorine atom, a chlorine atom and a bromine atom as the

25 halogen atom of R'.
In the present specification, examples of the linear alkyl group having
1 to 20 carbon atom and optionally having a halogen atom as a substituent
include a linear alkyl group having 1 to 20 carbon atom such as a methyl group,
an ethyl group, a n-propyl group, a n-butyl group, a n-hexyl group, a n-octyl

30 group, a n-decyl group, a n-dodecyl group, a n-hexadecyl group, a n-octadecyl



Ht-Bu Ove t-Bu t-Bu Ow t-Bu 21 HBn Ov Bn En O\ En 22 H Ph Ow Ph Ph
Ove Ph 23 HTMS O TMS TMS Ove TMS 24 H TBDMS Ove TBDVS TEEMS Ove TBDWVS 25
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group and a n-icosyl group, and a linear haloalkyl group having 1 to 20 carbon
atom wherein one or more hydrogen atoms of the alkyl group illustrated here
are replaced by a halogen atom. Also, the halogen atom may be any of those
described above.
5 Among these, preferred is a linear alkyl group having 1 to 4 carbon
atoms, and more preferred are a methyl group and an ethyl group.
In the present specification, examples of the aralkyl group having 7 to
20 carbon atom and optionally having a halogen atom as a substituent include
an aralkyl group such as a benzyl group, a (2-methylphenyl)methyl group, a
10 (3-methylphenyl)methyl  group, a {4-methylphenyl)methyl  group, a
(2,3-dimethylphenyl)methyl group, a (2,4-dimethylphenyl)methyl group, a
(2,5-dimethylphenyl)methyl group, a (2,6-dimethylphenyl)methyl group, a
(3,4-dimethylphenyl)methyl group, a (3,5-dimethylphenyl)methyl group, a
(2,3, 4-trimethylphenyl)methyl group, a (2,3, 5-trimethylphenyl)methyl group,
15 a (2,3,6-trimethylphenyl)methyl group, a (3,4,5-trimethylphenyl)methyl
group, a (2,4,5-trimethylphenyl)methyl group, a
(2,4, 6-trimethylphenyl)methyl group, a (2,3,4,5tetramethylphenyl)methyl
group, a (2,3,4,6-tetramethylphenyl )methyl group, a
(2,3,5, 6-tetramethylphenyl )methyl group, a (pentamethylphenyl)methyl group,
20 a (4-ethylphenyl)methyl group, a [4-(n-propyl)phenyllmethyl group, a
(4-isopropylphenyl)methyl group, a [4-(n-butyl)phenyl]lmethyl group, a
[4- (sec-butyl)phenyl]methyl group, a [4-(tert~butyl)phenyl]methyl group, a
[4- (n—pentyl)phenyllmethyl group, a (4-neopentylphenyl)methyl group, a
[4- (n-hexyl)phenyl]methyl group, a [4-(n-octyl)phenyl]lmethyl group, a
25 [4- (n—decyl)phenyl]methyl group, a [4-(n-dodecyl)phenyl]methyl group and a
naphthylmethyl group, and a haloaralkyl group wherein one or more hydrogen
atoms of the aralkyl group illustrated here are replaced by a halogen atom.
Also, the halogen atom may be any of those described above. Among these,
preferred is a benzyl group.
30 In the present specification, examples of the aryl group having 6 to 20
carbon atom and optionally having a halogen atom as a substituent include an

aryl group such as a phenyl group, a 3-methylphenyl group, a 4-methylphenyl



Ove 17 Table 2 Conpound R R2 H3 H4 H5 R6 14.7 26 Me Me HMe Me H Me 27 Me
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group, a 3,4-dimethylphenyl group, a 3,5-dimethylphenyl group, a
3,4,5-trimethylphenyl group, a 4-ethylphenyl group, a 4-(n—-propyl)phenyl
group, a 4-isopropylphenyl group, a 4-(n-butyl)phenyl group, a
4- (sec~butyl)phenyl group, a 4- (tert-butyl) phenyl group, a
5 4- (n—pentyl)phenyl group, a 4-(neopentyl)phenyl group, a 4-(n-hexyl)phenyl
group, a 4-(n-octyl)phenyl group, a 4-(n-decyl)phenyl group, a
4- (n~dodecyl) phenyl group, a 4-(n-tetradecyl)phenyl group, a naphthyl group
and an anthracenyl group, and a haloaryl group wherein one or more hydrogen
atoms of the aryl group illustrated here are replaced by a halogen atom. In
10 addition, the halogen atom may be any of those described above. Bmong these,
preferred is a phenyl group.
In the present specification, examples of the alkoxy group having 1 to
20 carbon atom and optionally having a halogen atom as a substituent include
an alkoxy group having 1 to 20 carbon atoms such as a methoxy group, an ethoxy
15 group, a n-propoxy group, an isopropoxy group, a n-butoxy group, a sec-butoxy
group, a tert-butoxy group, a n-pentyloxy group, a neopentyloxy group, a
n-hexyloxy group, a n-octyloxy group, a nonyloxy group, a n-decyloxy group,
a n-undecyloxy group, a n-dodecyloxy group, a n-tridecyloxy group, a
n-tetradecyloxy group, a n-pentadecyloxy group, a n-hexadecyloxy group, a
20 n-heptadecyloxy group, a n-octadecyloxy group, a n-nonadecyloxy group and a
n~-icosyloxy group, and a haloalkoxy group having 1 to 20 carbon atoms wherein
one or more hydrogen atoms of the alkoxy group illustrated here are replaced
by a halogen atom. Also, the halogen atom may be any of those described above.
Among these, preferred is an alkoxy group having 1 to 4 carbon atoms, and more
25 preferred is a methoxy group.
In the present specification, examples of the aralkyloxy group having
7 to 20 carbon atom and optionally having a halogen atom as a substituent
include a group wherein an oxygen atom is bonded to a methylene part of the
aralkyl group having 7 to 20 carbon atom and optionally having a halogen atom
30 as a substituent illustrated above. Among them, more preferred is a benzyloxy
group.

In the present specification, examples of the aryloxy group having 6 to
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20 carbon atom and optionally having a halogen atom as a substituent include
a group wherein an oxygen atom is bonded to the aryl group optionally having
a halogen atom as a substituent illustrated above. Among them, more preferred
is a phenoxy group.

5 In the present specification, examples of the alkyl group having 1 to
20 carbon atom and optionally having a halogen atom as a substituent also
include a branched alkyl group such as an isopropyl group, a sec-butyl group,
a tert-butyl group, a neopentyl group and an isopentyl group in addition to
the linear alkyl group optionally having a halogen atom as a ' substituent. One

10 or more hydrogen atoms in these branched alkyl groups may be replaced by a
halogen atom, and examples of the halogen atoms include the those described
above.

The inventor of the present invention has found that a metal complex
capable of being used as a catalyst which produces the product in good yield

15 can be obtained from the pyridylphosphine compound (1) wherein the atom bonded
to the pyridine ring has no branched structure in R'.

Therefore, the alkyl group of R' is needed to be linear, and the carbon
number thereof is preferably 4 or less, and more preferably 2 or less.
When R' is the above-mentioned alkoxy, aralkyloxy and aryloxy groups,

20 the atom bonded to the pyridine ring is an oxygen atom, and therefore, the
part bonded to the pyridine ring has no branched structure. It is preferred
that the bulk of each of the alkoxy, aralkyloxy and aryloxy groups is smaller,
and therefore, the carbon number thereof is preferably smaller. The carbon
number of the alkoxy group is preferably 4 or less, and more preferably 2 or

25 less. The carbon number of the above-mentioned aralkyloxy group is preferably
10 or less, and more preferably 7. The carbon number of the above-mentioned
aryloxy group is preferably 9 or less, and more preferably 6. The carbon
number of the aryl group is preferably 9 or less, and more preferably 6.

It is preferred that R?, R*, R’ and R’ independently each represent an

30 alkyl group having 1 to 20 carbon atom and optionally having a halogen atom

as a substituent, an aryl group having 6 to 20 carbon atom and optionally

having a halogen atom as a substituent, the silyl group represented by the
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formula (2) described below, an alkoxy group having 1 to 20 carbon atom and

optionally having a halogen atom as a substituent, an aralkyloxy group having

7 to 20 carbon atom and opticnally having a halogen atom as a substituent or

an aryloxy group having 6 to 20 carbon atom and optionally having a halogen
5 atom as a substituent.

In R%, R, RY R° R® and R/, the carbon number of the alkyl group is
preferably 4 or less, and more preferably 2 or less.

In R°, R, RY, R, R® and R/, the carbon number of the aralkyl, aryl,
alkoxy, aralkyloxy and aryloxy groups is preferably 18 or less from the

10 viewpoint of easier production of the pyridylphosphine compound (1), and more
preferably 9 or less.

In the formula (1), two groups bonded to the neighboring carbon atoms
among R?, R%, R?, R’, R® and R’ may be bonded each other to form a ring together
with the carbon atoms to which they are bonded. Specifically, example in which

15 R’ and R’, R® and R%, R’ and R®%, or R® and R’ are bonded each other to form a
condensed ring together with the pyridine ring or benzene ring to which they
are bonded is shown. Examples of the ring formed by these neighboring groups
include a saturated or an unsaturated hydrocarbon ring, and specific examples
thereof include a cyclopropane ring, a cyclobutane ring, a cyclopentane ring,

20 a cyclopentene ring, a cyclohexane ring, a cyclohexene ring, a cycloheptane
ring, a cyclooctane ring, a benzene ring, a naphthalene ring and an anthracene
ring. One or more hydrogen atoms being on these rings may be replaced by a
halogen atom such as a chlorine atom and a fluorine atom, or the like.

In the present specification, examples of the hydrocarbon group include

25 the above-mentioned alkyl group having 1 to 20 carbon atoms and the
above-mentioned aryl group having 6 to 20 carbon atoms.

In the present specification, examples of the silyl group represented
by the formula (2) include a silyl group wherein R®, R® and R™ independently
each is an alkyl group having 1 to 20 carbon atoms or an aryl group having

30 6 to 20 carbon atoms. Specific examples of the silyl group represented by
the formula (2) include a trimethylsilyl group, a triethylsilyl group, a
tripropylsilyl group, a tributylsilyl group and a tert-butyldimethylsilyl
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15

group.

Specific examples of the pyridylphosphine compound (1), preferable
combinations of R}, R?, R}, R, R’, R® and R’ in the formula (1), include those
shown in Table 1, Table 2, Table 3, Table 4 and Table 5 (hereinafter, referred
to as "Table 1 to table 5").

In addition, each of symbols means the following; H: hydrogen atom, Me:
methyl group, Et: ethyl group, n-Pr: n-propyl group, i-Pr: isopropyl group,
n-Bu: n-butyl group, i-Bu: isobutyl group, t-Bu: t-butyl group, Bn: benzyl
group, Ph: phenyl group, TMS: trimethylsilyl  group, TBDMS:
tert-butyldimethylsilyl group.
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Table 1
Compound R R? R® R* R® R R’

1 H Me H Me Me H Me

2 H Et H Et Et H Et

3 H n-Pr H n-Pr n-Pr H n-Pr

4 H i-Pr H i-Pr i-Pr H i-Pr

5 H n-Bu H n-Pr n-Pr H n-Pr

6 H i-Bu H i-Bu i-Pr H i-Bu

7 H t-Bu H t-Bu t-Bu H t-Bu

8 H Bn H Bn Bn H Bn

9 H Ph H Ph Ph H Ph
10 H ™S H TMS ™S H TMS
11 H TBDMS H TBDMS TBDMS H TBIMS
12 H OMe H OMe OMe H OMe
13 H OPh H OPh OPh H OPh
14 H Me OMe Me Me OMe Me
15 H Et OMe Et Et Me Et
16 H n-bPr OMe n-Pr n-Pr CMe n-Pr
17 H i-Pr CMe i-Pr i-Pr CMe i-Pr
18 H n-Bu Me n-Pr n-Pr CMe n-Pr
19 H i-Bu OMe i-Bu i-Pr OMe i-Bu
20 H t-Bu OMe t-Bu t-Bu OMe t-Bu
21 H Bn OMe Bn Bn OMe Bn
22 H Ph OMe Ph Ph QMe Ph
23 H ™S OMe TMS ™S Me TMS
24 H TBDMS OMe TBDMS TBDMS OMe TBDMS
25 H QMe OMe CMe Me OMe OMe
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Table 2

Compound R R R’ R* R® R® R’
26 Me Me H Me Me H Me
27 Me Et H Et Et H Et
28 Me n-Pr H n-Pr n-Pr H n-Pr
29 Me i—Pr H i-Pr i-Pr H i-Pr
30 Me n-Bu H n-Pr n-Pr H n-Pr
31 Me i-Bu H i-Bu i-Pr H i-Bu
32 Me t-Bu H t-Bu t-Bu H £-Bu
33 Me Bn H Bn Bn H Bn
34 Me Ph H Ph Ph H Ph
35 Me TMS H ™S ™S H ™S
36 Me TBDMS H TBIMS TBIMS H TBDMS
37 Me OMe H CMe OMe H OMe
38 Me OPh H OPh OPh H OPh
39 Me Me OMe Me Me Me Me
40 Me Et OMe Et Et OMe Et
41 Me n-Pr OMe n-Pr n-Pr CMe n-Pr
42 Me i-Pr OMe i~-Pr i-Pr OMe i-Pr
43 Me n-Bu OMe n-Pr n-Pr Me n-Pr
44 Me i-Bu Me i-Bu i-Pr OMe i-Bu
45 Me t-Bu OMe t-Bu t-Bu OMe t-Bu
46 Me Bn OMe Bn Bn CMe Bn
47 Me Ph OMe Ph Ph QMe Ph
48 Me TMS OMe TMS TMS CMe ™S
49 Me TBDMS OMe TBDMS TBDMS OMe TBDMS
50 Me OMe OMe OMe OMe Me Me




™5 Ov TMS 58 n-Pr M HMe Me H M 59 n-Pr t-Bu Ht-Bu t-Bu Ht-Bu 60 n-Pr
TMS HTMS TMS H TMS 61 n-Pr Ove H O Ove H O 62 n-Pr Me OV Me M OV Me
63 n-Pr t-Bu
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Table 3

Compound R R? R® R 3% R R’
51 Et Me H Me Me H Me
52 Et t-Bu H t-Bu t-Bu H t-Bu
53 Et T™MS H TM™MS T™MS H ™S
54 Et OMe H OMe CMe H OMe
55 Et Me Me Me Me Me Me
56 Et t-Bu CMe t-Bu t-Bu CMe t-Bu
57 Et ™S OMe ™S ™S OMe ™S
58 n-Pr Me H Me Me H Me
59 n-Pr t-Bu H t-Bu t-Bu H t-Bu
60 n-Pr TMS H ™S TMS H ™S
61 n-Pr OMe H QMe OMe H OMe
62 n-Pr Me OMe Me Me OMe Me
63 n-Pr t£-Bu OMe t-Bu t-Bu OMe t-Bu
o4 N-Pr ™S OMe ™S TMS OMe ™S
65 Bn Me H Me Me H Me
66 Bn t-Bu H t-Bu t~Bu H t-Bu
67 Bn ™S H TMS ™S H ™S
68 Bn OMe H Me OMe H OMe
69 Bn Me OMe Me Me OMe Me
70 Bn t-Bu OMe t-Bu t-Bu OMe t-Bu
71 Bn ™S OMe ™S ™S OMe ™S
12 Ph Me H Me Me H Me
73 Ph t-Bu H t-Bu t-Bu H t-Bu
74 Ph ™S H TMS ™S H ™S
75 Ph OMe H OMe OMe H OMe




Owve t-Bu t-Bu Ove t-Bu 64 N-Pr TM5 OV TMS TM5 OV TMS 65 Bn M@ H M M H
Me 66 En t-Bu Ht-Bu t-Bu Ht-Bu 67 En TM5 H TM5 TMS H TMS 68 En Owe H Owe
Oove H Owe 69
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Table 4

Compound R R? R® R R’ R R’
76 Ph Me Me Me Me OMe Me
77 Ph t-Bu OMe t-Bu t-Bu OMe t-Bu
78 Ph ™S OMe TMS ™S OMe ™S
79 OMe Me H Me Me H Me
80 OMe t-Bu H t-Bu t-Bu H t-Bu
81 OMe ™S H ™S ™S H ™S
82 QMe Me H QMe OMe H CMe
83 OMe Me OMe Me Me OMe Me
84 CMe £-Bu OMe t-Bu £-Bu OMe t-Bu
85 OMe ™S OMe TMS TMS OMe ™S
86 OBn Me H Me Me H Me
87 OBn t-Bu H t-Bu t-Bu H t-Bu
88 OBn ™S H ™S TMS H ™S
89 OBn OMe H OMe OMe H OMe
20 OBn Me Me Me Me OMe Me
91 CBn t-Bu CMe t-Bu £-Bu OMe t-Bu
92 OBn TMS Me T™MS ™S OMe TMS
93 OPh Me H Me Me H Me
94 OPh t-Bu H t-Bu t-Bu H t-Bu
95 QOPh TMS H TMS ™S H TMS
96 OPh OMe H OMe OMe H OMe
97 OPh Me OMe Me Me OMe Me
98 OPh t-Bu CMe t-Bu £-Bu OMe t-Bu
99 Oph T™S OMe T™S TMS OMe T™MS




Bh M OV M@ M OV Me 70 En t-Bu Ove t-Bu t-Bu Ove t-Bu 71 Bn TMS Ove TMS
TS Ove TMS 72 Ph M@ H Me M@ HMe 73 Ph t-Bu Ht-Bu t-Bu Ht-Bu 74 Ph TM5 H

™5 TMS H
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Table 5

Compound R R R’ R R R® R’
100 F Me H Me Me H Me
101 F t-Bu H t-Bu t-Bu H t-Bu
102 F ™S H T™S TMS H ™S
103 F OMe H QMe OMe H OMe
104 F Me Me Me Me OMe Me
105 F t—Bu Me t-Bu t-Bu OMe t-Bu
106 F ™S OMe TM™MS ™S OMe T™S
107 Cl Me H Me Me H Me
108 Cl t-Bu H t-Bu t-Bu H t-Bu
109 Cl ™S H ™S ™S H TMS
110 Cl OMe H OMe CMe H OMe
111 Cl Me OMe Me Me Me Me
112 Cl t-Bu CMe t-Bu t-Bu OMe t-Bu
113 Cl ™S OMe TMS ™S OMe TMS
114 Br Me H Me Me H Me
115 Br t-Bu H t-Bu t-Bu H t-Bu
116 Br TMS H ™S ™S H ™S
117 Br OMe H CMe OMe H CMe
118 Br Me OMe Me Me OMe Me
119 Br t-Bu OMe t-Bu t-Bu OMe t-Bu
120 Br T™S OMe ™S TM™MS OMe ™S

Among the pyridylphosphine compound (1) illustrated in Table 1 to Table

5, preferred is a compound wherein R' is a hydrogen atom, a halogen atom, a

5 linear alkyl group having 1 to 4 carbon atoms, a benzyl group, a phenyl group,
a methoxy group, a benzyloxy group or a phenoxy group, R°, R, R® and R’
independently each is an alkyl group having 1 to 4 carbon atoms, an alkoxy
group having 1 to 4 carbon atoms, a benzyl group, a phenyl group, a

trimethylsilyl group, a tert-butyldimethylsilyl group or a phenoxy group, and



™5 75 Ph Ove H OV OV H OVt 19 Table 4 Conmpound R2 R4 R6 R2 76 Ph Me
ove M M OV M 77 Ph t-Bu Owe t-Bu t-Bu Owe t-Bu 78 Ph TM5 Ove TMS TMS
Ove TMs 79 Owe
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R’ and R° independently is a hydrogen atom or an alkoxy group having 1 to 4
carbon atom in the formula (1), and

more preferred is a compound wherein R' is a hydrogen atom or a linear
alkyl group having 1 to 4 carbon atoms, R’, R, R® and R’ independently each

5 is an alkyl group having 1 to 4 carbon atoms, an alkoxy group having 1 to 4
carbon atoms, a benzyl group, a phenyl group or a phenoxy group, and R’ and
R® independently each is a hydrogen atom or an alkoxy group having 1 to 4 carbon
atoms in the formula (1),

still more preferred is a compound wherein R is a hydrogen atom or a
10 linear alkyl group having 1 to 4 carbon atoms, R?, R, R® and R’ independently
each is an alkyl group having 1 to 4 carbon atoms, and R’ and R® independently
each is a hydrogen atom, an alkyl group having 1 to 4 carbon atoms or an alkoxy

group having 1 to 4 carbon atoms in the formula (1), and

especially preferred is a compound wherein R' is a hydrogen atom or a

15 linear alkyl group having 1 to 4 carbon atoms, R?, R*, R® and R’ independently
each is an alkyl group having 1 to 4 carbon atoms, and R® and R® independently
each is a hydrogen atom or an alkoxy group having 1 to 4 carbon atoms in the
formula (1). Also, especially preferable examples thereof include a compound
wherein R' is a linear alkyl group having 1 to 4 carbon atoms, and R?, R', R

20 and R’ are methyl groups in the formula (1).

Specific examples of the pyridylphosphine compound (1) include
bis (3, 5-dimethylphenyl) (2-pyridyl) phosphine [compound <1>71,
bis (3, 5-dimethylphenyl) (6-methyl-2-pyridyl)phosphine [compound  <26>],
bis (3, 5-dimethylphenyl) {6-ethyl-2-pyridyl)phosphine [ compound <51>1,

25 bis (3, 5-dimethyl-4-methoxyphenyl) (2-pyridyl)phosphine [compound <14>1,
bis (3, 5-dimethyl-4-methoxyphenyl) (6-methyl-2-pyridyl)phosphine [compound
<39>] and bis(3,5-dimethyl-4-methoxyphenyl) (6-ethyl-2-pyridyl)phosphine
[compound <55>], and preferred are
bis (3, 5-dimethylphenyl) (6~methyl-2-pyridyl)phosphine [compound  <26>],

30 bis (3, 5-dimethyl-4-methoxyphenyl) (6-methyl-2-pyridyl)phosphine [compound
<39>] and bis(3,5-dimethyl-4-methoxyphenyl) (6-ethyl-2-pyridyl)phosphine

[ compound <55>7, and especially preferred are



M HM M HM 80 OV t-Bu Ht-Bu t-Bu Ht-Bu 81 OV TM5 HINS INS H TV
82 Ove OV HOVE OV HOW 83 OV Me OV M M OV Me 84 OVe t-Bu OW t-Bu
t-Bu Ove t-Bu
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bis (3, 5-dimethylphenyl) (6-methyl-2-pyridyl)phosphine [compound <26>] and
bis (3, 5-dimethyl-4-methoxyphenyl) (6-methyl-2-pyridyl)phosphine [compound
<39>].
Herein, the numbers in < > of [compound < >] described after the names
5 of the pyridylphosphine compound (1) mean the numbers of the compounds
described in Table 1 to Table 5.

<Method for producing the pyridylphosphine compound (1)>
Next, the method for producing the pyridylphosphine compound (1)
10 (hereinafter, sometimes referred to as the method of the present invention)
will be illustrated.
The pyridylphosphine compound (1) can be produced by the method
comprising a first step of reacting a halogen-substituted pyridyl compound

represented by the formula (3)

X' (3

15 R’
(hereinafter, sometimes referred to as "the halogen-substituted pyridyl
compound (3)") with an alkyllithium compound, and a second step of reacting
the reaction mixture obtained in the first step with a phosphine halide

represented by the formula (4)

o RS

RG
20 R
(hereinafter, sometimes referred to as "the phosphine halide compound (4)").

This method will be illustrated in detail below.
In the above-mentioned formula (3), as X', a chlorine atom and a bromine
atom are preferable. In the above-mentioned formula (3), R'and its preferable

25 scope are the same as the definitions in the above-mentioned formula (1), and



85 Ove TM5 Ove TMS TMs Owve |
t-Bu Ht-Bu 88 OBn TM5S H TM5
ove M Me

86 OBn M H M Me H M 87 OBn t-Bu Ht-Bu
M5 HTMS 89 OBn O H Ov Ov H Ove 90 OBn Me
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is especially preferably a linear alkyl group having 1 to 4 carbon atoms.

Specific examples of the halogen-substituted pyridyl compound (3)

include 2-chloropyridine, 2~-chloro-6-methylpyridine,
2-chloro~-6-ethylpyridine, 2-chloro-6-n~propylpyridine,
5 2-chloro-6-isopropylpyridine, 2-chloro-6-n-butylpyridine, 2-bromopyridine,
2-bromo-6-methylpyridine, 2-bromo-6-ethylpyridine,

2-bromo-6-n-propylpyridine and 2-bromo-6-n-butylpyridine.
In the above-mentioned formula (4), as X%, a chlorine atom and a bromine
atom are preferable. In the above-mentioned formula (4), R?, R’, R', R°, R®
10 and R’ and their preferable scopes are the same as the definitions in the
above-mentioned formula (1). It 1is especially preferred that in the
above-mentioned formula (4), R%, R%, R° and R’ independently each is an alkyl
group having 1 to 4 carbon atoms. R® and R® and their preferable scopes are
the same as the definitions in the above-mentioned formula (1), and it is
15 preferred that they independently each is a hydrogen atom, an alkyl group
having 1 to 4 carbon atoms or an alkoxy group having 1 to 4 carbon atoms.
Examples of the combinations of X?, R?, R?, R*, R°, R® and R’ in the formula
(4) include those shown in Table 6 and Table 7. In addition, each of symbols
in Table 6 and Table 7 are the same as those explained in Table 1 to table
20 5 described above.



Ove Me 91 GBn t-Bu Owve t-Bu t-Bu Ove t-Bu 92 GBn TMS OV TM5 TMS Ove TMS 93
OoPh M HMe M HM 94 OPh t-Bu Ht-Bu t-Bu Ht-Bu 95 OPh TMS H TM5 TMS H
TMS 96 OPh OVe H
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Table 6

Compound X R R® R R R R’
201 Cl Me H Me Me H Me
202 Cl Et H Et Et H Et
203 Cl n-Pr H n-Pr n-Pr H n-Pr
204 Ccl i-Pr H i-Pr i-Pr H i-Pr
205 Cl n-Bu H n-Pr n-Pr H n-Pr
206 Cl i-Bu H i-Bu i-Pr H i-Bu
207 Cl t-Bu H t-Bu t-Bu H t-Bu
208 Cl Bn H Bn Bn H Bn
209 Cl Ph H Ph Ph H Ph
210 Cl T™S H ™S TMS H ™S
211 Cl TBDMS H TBDMS TBDMS H TBDMS
212 Cl OMe H OMe OMe H OMe
213 Cl OPh H OPh OpPh H OPh
214 Cl Me OMe Me Me CMe Me
215 Cl Et OMe Et Et Me Et
216 Cl n-Pr OMe n-Pr n-Pr Me n-Pr
217 Cl i-Pr CMe i-Pr i-Pr OMe i-Pr
218 Cl n-Bu OMe n-Pr n-Pr OMe n-Pr
219 Cl i-Bu OMe i-Bu i-Pr OMe i-Bu
220 Cl t-Bu OMe t~Bu t-Bu OMe t-Bu
221 Cl Bn OMe Bn Bn OMe Bn
222 Ccl Ph OMe Ph Ph OMe pPh
223 Cl ™S OMe ™S TMS OMe ™S
224 Cl TBDMS OMe TBDMS TBDMS Me TBDMS
225 Cl OMe Me Me OMe Me OMe




Ovwe Ov HOw 97 OPh Me Ove Me Me OVe Me 98 OPh t-Bu Ove t-Bu t-Bu Owe t-Bu
99 OPh INS OV INS INS O TM5 20 Table 5 Conpound R2 R3 RO R5 R7 100 F
M HM M H
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Table 7

Compound X R R’ rR* R’ R R’
226 Br Me H Me Me H Me
227 Br Et H Et Et H Et
228 Br n-Pr H n-Pr n-Pr H n~-Pr
229 Br i-Pr H i-Pr i-Pr H i-Pr
230 Br n-Bu H n-Pr n-Pr H n~Pr
231 Br i-Bu H i-Bu i-Pr H i-Bu
232 Br t-Bu H t-Bu t-Bu H t-Bu
233 Br Bn H Bn Bn H Bn
234 Br Ph H Ph Ph H Ph
235 Br ™S H ™S TMS H TMS
236 Br TBDMS H TBDMS TBDMS H TBOMS
237 Br OMe H OMe CMe H OMe
238 Br OPh H OPh OPh H OPh
239 Br Me OMe Me Me Me Me
240 Br Et OMe Et Et Me Et
241 Br n-Pr OMe n-pPr n-Pr Me n-Pr
242 Br i-Pr OMe i-Pr i-Pr OMe i-Pr
243 Br n-Bu OMe n-Pr n-Pr CMe n-Pr
244 Br i-Bu OMe i-Bu i-Pr CMe i-Bu
245 Br t-Bu OMe t-Bu t-Bu CMe t-Bu
246 Br Bn Me Bn Bn OMe Bn
247 Br Ph OMe Ph Ph OMe Ph
248 Br TMS OMe ™S ™S Me TMS
249 Br TBDMS OMe TBDMS TBDMS Me TBDMS
250 Br CMe OMe OMe OMe CMe CMe

As the phosphine halide compound (4), preferred is a compound wherein
%? is a chlorine atom and a bromine atom, R?, R, R’ and R’ independently each

5 is an alkyl group having 1 to 4 carbon atoms, an alkoxy group having 1 to 4



Me 101 F t-Bu Ht-Bu t-Bu Ht-Bu 102 F TM5 H TM5 TIMS H TM5 103 F Ove H Owe
Oowve HOw 104 F M OV M M OV Me 105 F t--Bu Owve t--Bu t-Bu Owe t-Bu 106
F TM5 Ove TMS
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carbon atoms, a benzyl group, a phenyl group, a trimethylsilyl group, a
tert-butyldimethylsilyl group or a phenoxy group, and R’ and R® independently
is a hydrogen atom or an alkoxy group having 1 to 4 carbon atom in the formula
(4), and

5 more preferred is a compound wherein X* is a chlorine atom and a bromine
atom, R?, R!, R’ and R’ independently each is an alkyl group having 1 to 4 carbon
atoms, an alkoxy group having 1 to 4 carbon atoms, a benzyl group, a phenyl
group or a phenoxy group, and R® and R® independently each is a hydrogen atom
or an alkoxy group having 1 to 4 carbon atoms in the formula (4),

10 still more preferred is a compound wherein X* is a chlorine atom or a
bromine atom, R?, RY, R’ and R’ independently each is an alkyl group having 1
to 4 carbon atoms, and R® and R® independently each is a hydrogen atom, an alkyl
group having 1 to 4 carbon atoms or an alkoxy group having 1 to 4 carbon atoms
in the formula (4), and

15 especially preferred is a compound wherein X* is a chlorine atom or a
bromine atom, R?°, R*, R’ and R’ independently each is an alkyl group having 1
to 4 carbon atoms, especially a methyl group, and R’ and R® independently each
is a hydrogen atom or an alkoxy group having 1 to 4 carbon atoms in the formula
(4) .

20 Specifically, preferable examples of the phosphine halide compound (4)
include bis (3, 5-dimethylphenyl) chlorophosphine [ compound <201>],
bis (3, 5~-dimethylphenyl) bromophosphine [ compound <226>],
bis (3, 5~dimethyl-4-methoxyphenyl) chlorophosphine [compound <214>] and
bis (3, 5-dimethyl-4-methoxyphenyl)bromophosphine [compound <239>], and more

25 preferred are bis(3,5~-dimethylphenyl)chlorophosphine [compound <201>],
bis (3, 5-dimethyl-4-methoxyphenyl)chlorophosphine [compound <214>] and
bis (3, 5-dimethylphenyl) chlorophosphine [compound <201>], and still more
preferred are bis(3,5-dimethylphenyl)chlorophosphine [compound <201>] and
bis (3, 5-dimethyl-4-methoxyphenyl) chlorophosphine [compound <214>].

30 Herein, the numbers in < > of [compound < >] described after the names
of the phosphine halide compound (4) mean the numbers of the compounds
described in Table 6 and Table 7.
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In the method of the present invention, as the alkyllithium compound,
an alkyllithium having an alkyl group having 1 to 5 carbon atoms is preferable.
Specific examples of the alkyllithium compound include methyllithium,

5 ethyllithium, propyllithium and butyllithium.

While a solvent is not necessarily needed in the method of the present
invention, it is preferably conducted in the presence of a solvent.

As the solvent used in the method of the present invention, ether
solvents such as tetrahydrofuran [THF] and diethyl ether, or hydrocarbon

10 solvents such as hexane are preferable, and these may be alone, or may be a
mixed solvent mixed with two or more kinds thereof.

In the above-mentioned method, the first step may be conducted by
reacting the halogen-substituted pyridyl compound (3) with the alkyllithium
compound in the presence of the solvent followed by conducting the second step

15 by adding the phosphine halide (4) to the reaction mixture obtained in the
first step, and the first step may be conducted by mixing the
halogen-substituted pyridyl compound (3) with the alkyllithium compound
followed by conducting the second step by adding the reaction mixture obtained
in the first step to the phosphine halide (4). From the viewpoint of easy

20 operation, the former is preferable.

Also, when the ratio of the amount to be used of the halogen—-substituted
pyridyl compound (3) to the alkyllithium compound (molar ratio) is expressed
as [the halogen-substituted pyridyl compound (3)]1/[the alkyllithium
compound] in the method, it is preferably a range of 1/0.5 to 1/1.5, and more

25 preferably a range of 1/0.75 to 1/1.3.

The ratio of the amount to be used of the halogen-substituted pyridyl
compound (3) to the phosphine halide (4) (molar ratio) is preferably a range
of 1/0.5 to 1/2.

The reaction conditions of the method of the present invention will be

30 illustrated.

The reaction temperature in each step is selected from the range of -80°C

to the boiling point of the solvent used or less, and preferably a range of
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-80°C to about 100°C. Also, the reaction temperature of the first step may
be same as or different from that of the second step, and the reaction
temperature of the first step is preferably lower that that of the second step.

When the reactions are carried out at the above-mentioned temperature
range, the reaction temperatures are sufficient to be within 48 hours.

After the reaction, as necessary, the temperature of the reaction
mixture is set at about room temperature, and then, the pyridylphosphine
compound (1) which is a product can be obtained by operations such as
extraction, recrystallization, reprecipitation, or various chromatography or
a combination thereof.

An aqueous phase containing inorganic components generated in the
production steps and an organic phase containing the pyridylphosphine
compound (1) and the solvent can be separated by adding water or aqueous salt
solution to the reaction mixture after the second step. Examples of the
above-mentioned aqueous salt solution include aqueous sodium chloride
solution, aqueous sodium sulfate solution, aqueous potassium solution and
aqueous sodium hydrogen carbonate solution. Further, the pyridylphosphine
compound (1) can be separated and purified by concentrating the organic layer
obtained by the above-mentioned separatioh and then purifying the concentrate
obtained with column chromatography or by conducting recrystallization of the
organic layer. As necessary, the pyridylphosphine compound (1) can also be
extracted by adding an organic solvent to the agueous phase obtained in the

above-mentioned separation.

<Metal Complex>

The metal complex of the present invention has the pyridylphosphine
compound represented by the formula (1) described above and a metal atom
belonging to Group 10 of the periodic table. Hereinafter, "metal belonging
to Group 10 of the periodic table" is sometimes referred to as "Group 10
metal".

In the metal complex of the present invention, the pyridylphosphine

compound represented by the formula (1) is usually a ligand. Group 10 metal

M HM M H
Oowve H
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en the'metal complex of the present lnventlon is prepared, at least

one solvent selected from the group consisting of alcohol solvents,

25 sulfur-containing solvents, hydrocarbon solvents, halogen-containing

hydrocarbon solvents, ester solvents, ether solvents and amide solvents is
preferably present therein.

Examples of the above-mentioned alcohol solvents include methanol,

ethanol, 2-propancl, tert-butanol and ethylene glycol. Examples of the

30 above-mentioned sulfur~containing solvents include dimethyl sulfoxide and

sulfolane. Examples of the above-mentioned hydrocarbon solvents include

hexane, toluene and xylene. Examples of the above-mentioned
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20 complex may be conducted in the presence of the protonic acid and the amine
compound described below. In such case, an alcohol preferably exists therein
as a solvent, and the alcohol wused as the reaction agent of the
alkoxycarbonylation reaction especially preferably exists therein.

A metal complex solution containing the metal complex of the present

25 invention can be obtained by the above-mentioned contact. The metal complex
can be separated and purified from the metal complex solution with the known
method such as recrystallization, concentration and column chromatography.

The metal complex of the present invention can be used for various
reactions such as polymerization reaction, oligomerization reaction,

30 alkylation reaction, Heck reaction, hydrogenation reaction, coupling
reaction, oxidation reaction, carboxylation reaction, alkoxycarbonylation

reaction, hydroformylation reaction and hydrosilylation reaction.
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As the metal complex of the present invention, the metal complex
separated from the above-mentioned metal complex solution by suitable
operation may be used as the catalyst for various reactions, and the metal
complex solution may be used as the catalyst for various reactions without

separating the metal complex.

<Alkoxycarbonylation Reaction>

The metal complex of the present invention is especially useful as the
catalyst of the reaction wherein an acetylene compound is subjected to
alkoxycarbonylation reaction to obtain an alkyl methacrylate. The
alkoxycarbonylation reaction of the acetylene compound described here means
a reaction wherein an alkyl methacrylate is produced by reacting an acetylene
compound, carbon monoxide and an alcohol.

In the alkoxycarbonylation reaction, the metal complex separated and
purified can be also used as the catalyst of the alkoxycarbonylation reaction,
and the reaction can be also conducted by providing the acetylene compound,
carbon monoxide and the alcohol to the metal complex solution obtained by
contacting metal simple substrate of Group 10 metal or the compound having
Group 10 metal with the pyridylphosphine compound (1).

The used amount ratio of the acetylene compound to the metal complex
of the present invention is preferably set so that Group 10 metal atom can
be in a range of 107 to 107 mole per 1 mole of the acetylene compound. When
the acetylene compound is provided to the metal complex not isolated, the
amount of metal simple substrate of Group 10 metal or the compound having the
metal may be set in a range of 1072 to 107° mole per 1 mole of the acetylene
compound.

In the above-mentioned alkoxycarbonylation reaction, a protonic acid
is usually used in combination in addition to the metal complex of the present
invention. Examples of the protonic acid include phosphoric acids such as
orthophosphoric acid, pyrophosphoric acid, polyphosphoric acid and
benzenephosphoric acid; sulfuric acid; hydrohalic acids; sulfonic acids such

as benzenesulfonic acid, p-toluenesulfonic acid, naphthalenesulfonic acid,

206
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chlorosulfonic acid, methanesulfonic acid, trifluoromethanesulfonic acid and
trimethylmethanesulfonic acid; and carboxylic acids such as monochloroacetic
acid, dichlorocacetic acid, trichloroacetic acid, trifluorocacetic acid and
oxalic acid. Two or more kinds thereof may be mixed to be used.

5 Among them, preferred is the sulfonic acid, and more preferred is
methanesulfonic acid. While the used amount of the protonic acid is not
limited, it is preferably in a range of 3 to 600 moles per 1 mole of Group
10 metal atom in the metal complex of the present invention, and more
preferably in a range of 10 to 360 moles.

10 The acetylene compound in the above-mentioned alkoxycarbonylation
reaction is a compound having a carbon-carbon triple bond, and its carbon
number is preferably 2 to 20. Preferable examples of the acetylene compound
include acetylene, methylacetylene, cyclohexylacetylene, phenylacetylene,
1-butyne, l-pentyne, l-hexyne, l-heptyne, l-octyne, 2-butyne, 3-~hexyne and

15 diphenylacetylene.

Among them, methylacetylene 1s especially wuseful for the
alkoxycarbonylation reaction in which industrially wuseful methyl
methacrylate is obtained. If hydrocarbons such as allene, butane and
propylene are contained as impurities in methylacetylene, the

20 alkoxycarbonylation reaction can be progressed enough by using the metal
complex of the present invention as the catalyst, and therefore, the metal
complex of the present invention 1is especially effective for the
alkoxycarbonylation reaction, and with regard to allene, however, it
socmetimes decreases the catalytic activity of the metal complex of the present

25 invention, and therefore, the amount of allene is preferably 1 part by weight
or less per 100 parts by weight of the acetylene compound, and more preferably
0.1 pat by weight or less, and still more preferably 0.005 part by weight or

less.

30 The alcohol used in the above-mentioned alkoxycarbonylation reaction
is not especially limited, and the alkyl methacrylate corresponding to the

alcohol can be produced. Examples of the alcohol in the above-mentioned
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reaction include an aliphatic alcohol having 1 to 6 carbon atoms, and an
aliphatic alcohol having 1 to 4 carbon atoms is preferable, and an alcohol
selected from the group consisting of methanol, ethanol, 1l-propanol,
2-propanol, 1l-butancl, sec-butanol and ethylene glycol is still more
5 preferable.

In addition, in order to obtain methyl methacrylate from

methylacetylene, methanol may be used as the alcohol.
The used amount of the alcohol is usually 0.5 mole or more per 1 mole
of the acetylene compound, and preferably 1 mole or more, and it may be usually
10 20 moles or less. The use of excess amount of the alcohol is still more
preferably since the reaction can be carried out in the absence of a solvent

along with being able to increase the yield.

The above-mentioned alkoxycarbonylation reaction can be conducted in
15 the presence of a solvent.

Examples of the solvent in the above-mentioned alkoxycarbonylation
reaction include sulfur-containing solvents such as dimethyl sulfoxide,
diisopropyl sulfone and sulfolane; arcmatic hydrocarbon solvents such as
benzene, toluene and xylene; ester solvents such as methyl acetate, ethyl

20 acetate and butyl acetate; ketone solvents such as acetone and methyl iscbutyl
ketone; ether solvents such as anisole, dimethoxyethane, diglyme,
methyl-tert-butyl ether, ethyl-tert-butyl ether, dibutyl ether and
diisopropyl ether; and amide solvents such as dimethylformamide,
N-methylpyrrolidone and dimethylacetamide. These solvents may be a mixture

25 of two or more kinds thereof. The used amount of the other solvent is not
especially limited.

In the above-mentioned alkoxycarbonylation reaction, still more
preferable reaction result is sometimes obtained by adding an amine compound
in addition to the protonic acid.

30 As the amine compound, a tertiary amine or a cyclic amine is preferable.
Specific examples thereof include N,N-dialkylaniline, pyridine, quincline,

isoquincline, triazine, imidazole, triethylamine, tributylamine and
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N,N-diisopropylethylamine, and two or more kinds selected from these may be
used, and N,N-dimethylaniline or pyridine is preferable.

When the amine compound is added, the addition amount thereof is not
limited, and it is preferably in a range of 1 to 50 moles per 1 mole of the
protonic acid, and more preferably in a range of 1 to 10 moles.

The alkoxycarbonylation reaction can be carried out by providing the
acetylene compound and carbon monoxide to a mixture of the metal complex of
the present invention, the alcohol and the protonic acid, and the solvent added
if necessary, preferably to a mixture of the metal complex of the present
invention, the alcohol, the protonic acid, the amine compound and the solvent.

While the mixing order of the metal complex of the present invention,
the alcohol and the 1like is not limited in the above-mentioned
alkoxycarbonylation reaction, it is preferred that the metal complex solution
obtained by contacting metal simple substrate of Group 10 metal or the compound
having Group 10 metal with the pyridylphosphine compound (1) is previously
mixed with the alcohol, the protonic acid and the amine compound, and then,
the acetylene compound is added to the mixed liquid obtained. Further, the
reaction can be efficiently conducted by conducting the contact in the
presence of the alcohol used in the reaction and mixing the metal complex
solution obtained with the protonic acid and the amine compound.

Carbon monoxide used in the above-mentioned alkoxycarbonylation
reaction is not necessarily pure carbon monoxide, and may contain gases
significantly preventing the above-mentioned alkoxycarbonylation reaction
from progressing such as nitrogen and argon. The partial pressure of carbon
monoxide on the reaction is preferably 0.1 to 10 MPaG.

The reaction temperature of the above-mentioned alkoxycarbonylation
reaction is preferably a range of 20 to 100°C, and more preferably a range
of 50 to 90°C. The reaction time can be accordingly adjusted depending on
the kind of the metal complex of the present invention, and the kind and the
amount of the acetylene compound, the alcohol and the protonic acid, and it
is preferably 12 to 24 hours. The reaction pressure is preferably a range

of 0.5 to 10 MPaG and more preferably a range of 1 to 9 MPaG.

t - Bu
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After the above-mentioned alkoxycarbonylation reaction, the alkyl
methacrylate can be isolated and purified by a operation such as distillation,
extraction, recrystallization and various chromatography or a combination
thereof. For example, methyl methacrylate obtained by using methylacetylene

5 as the acetylene compound and by using methanol as the alcohol can be purified
by a operation such as distillation and/or extraction or the like.

Examples of the alkyl methacrylate obtained by the above-mentioned
alkoxycarbonylation reaction include an alkyl methacrylate having an alkyl
group having 1 to 4 carbon atoms. Specific examples of the alkyl methacrylate

10 include methyl methacrylate, ethyl methacrylate, propyl methacrylate and
butyl methacrylate.

<Use of Alkyl Methacrylate>
The alkyl methacrylate thus obtained can be used as a raw material of
15 various industrial materials. Among the alkyl methacrylates, illustrated is
the use of methyl methacrylate.

Polymethylmethacrylate obtained from methyl methacrylate and a
copolymer obtained from methyl methacrylate and the other olefin or the like
can be applied for various uses such as building materials, electronic

20 materials or separation materials. These polymethylmethacrylate and
copolymer can be produced according to the known polymerization means
(suspension polymerization process, bulk polymerization process, solution

polymerization process or the like).

25 Examples
The present invention will be illustrated by Examples in more detail
below. Also, methylacetylene was used assuming that its purity was 99% unless
otherwise specifically noted. Unless otherwise specifically noted, % is on
a weight basis.
30
Example 1
2-Bromo-6-methylpyridine (18.9 mmol) was dissolved in 40 ml of
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tetrahydrofuran [THF], and 1.59 M hexane solution of n-butyllithium (18.9
mmol) was added dropwise thereto with cooling with dry ice-ethanol bath and
with stirring. Then, the mixed liquid obtained was stirred for 10 minutes
to obtain a reaction mixture. To the reaction mixture obtained,
Chlorobis(3,5-djmethyl—4—methoxyphenyl)phosphine (17.5 mmol) dissolved in
20 ml of THF was added, and the temperature was brought back to room
temperature and the stirring was carried out under room temperature for 2 hours
to conduct the reaction. To the solution obtained, a little amount of water
was added to quench the reaction, and a saturated aqueous sodium chloride
solution was further added thereto. Next, to the solution cobtained, ethyl
acetate was added to stir and separate, and then, an ethyl acetate phase (an
organic phase) was collected by separation. This organic phase was dried over
anhydrous magnesium sulfate, and filtrated, and the filtrate obtained was
concentrated under reduced pressure.

The concentrate obtained was purified with silica gel chromatography
(developer: hexane/ethyl acetate =5/1, weight ratio) to obtain 4.45 g of

bis (3, 5-dimethyl-4-methoxyphenyl) (6-methyl-2-pyridyl)phosphine (Yield

From the result of analysis with ‘H-NMR (*H-nuclear magnetic resonance

spectrum), its purity was calculated it was 99%.

'H-NMR (CDCls, 270 MHz): & 7.42 (1H, td, J=8.2 Hz), 6.99 (5H, pseudo d, J=8
Hz), 6.82 (1H, d, J=8 Hz), 3.71 (6H, s), 2.55 (3H, s), 2.22 (12H, s)

Example 2

2-Bromo-6-methylpyridine (19.5 mmol) was dissolved in 40 ml of
tetrahydrofuran [THF], and 1.59 M hexane solution of n-butyllithium (19.5
mmol) was added dropwise thereto with cooling with dry ice-ethanol bath and
with stirring. Then, the mixed liquid obtained was stirred for 10 minutes
to obtain a reaction mixture. To the reaction mixture obtained,
chlorobis (3, 5-dimethylphenyl)phosphine (18.8 mmol) dissolved in 20 ml of THF

was added, and the temperature was brought back to room temperature and the
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stirring was carried out under room temperature for 2 hours to conduct the

reaction. To the solution obtained, a little amount of water was added to

quench the reaction, and a saturated aqueous sodium chloride solution was

further added thereto. Next, to the solution obtained, ethyl acetate was added

5 to stir and separate, and then, an ethyl acetate phase (an organic phase) was

collected by separation. This organic layer was dried over anhydrous

magnesium sulfate, and filtrated, and the filtrate obtained was concentrated

under reduced pressure. The concentrate obtained was purified twice with

silica gel chromatography (developer: hexane/ethyl acetate =5/1, 9/1, weight

10 ratio) to obtain 3.68 g of

bis (3, 5-dimethylphenyl) (6-methyl-2-pyridyl)phosphine (Yield 59%). The
purity calculated with 'H-NMR analysis was 99%.

'H-NMR (CDCls, 270 MHz): & 7.42 (1H, td, J=8.2 Hz), 7.25-7.03 (7H, m), 6.83
15 (14, d, J=8 Hz), 2.56 (3H, s), 2.26 (12H, s)

Example 3
2-Bromo-6-ethylpyridine (18.2 mmol) was dissolved in 40 ml of
tetrahydrofuran [THF], and 1.65 M hexane solution of n-butyllithium (19.1
20 mmol) was added dropwise thereto with cooling with dry ice-ethancl bath and
with stirring. Then, the mixed liquid obtained was stirred for 10 minutes
to obtain a reaction mixture. To the reaction mixture obtained,
chlorobis (3, 5-dimethylphenyl)phosphine (16.8 mmol) dissolved in 20 ml of THF
was added, and the temperature was brought back to room temperature and the
25 stirring was carried out under room temperature for 3 hours to conduct the
reaction. To the solution obtained, a little amount of water was added to
quench the reaction, and a saturated aqueous sodium chloride solution was
further added thereto. Next, to the solution obtained, ethyl acetate was added
to stir and separate, and then, an ethyl acetate phase (an organic phase) was
30 collected by separation. This organic layer was dried over anhydrous
magnesium sulfate, and filtrated, and the filtrate obtained was concentrated

under reduced pressure. The concentrate obtained was purified twice with
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silica gel chromatography (developer: hexane/ethyl acetate = 20/1) to obtain
2.07 g of bis(3,5-dimethylphenyl) (6—ethyl-2-pyridyl)phosphine (Yield 33%).

The purity calculated with 'H-NMR analysis was 97%.

5 'H-NMR (CDCls, 600 MHz): & 7.44 (td, 1H, J=8.2 Hz), 7.03-6.95 (m, 7H), 7.03
(d, 14, J=8 Hz), 6.83 (d, 1H, J=8 Hz), 2.83 (g, 2H, J=8 Hz), 2.26 (s, 12H),
1.27 (t, 3H, J= 8Hz)

Example 4

10 A metal complex solution was cbtained by mixing enough 45 mL of methanol
with 1.8 mg (0.0080 mmol) of palladium acetate and 127 mg (0.32 mmol) of
bis (3, 5-dimethyl-4-methoxyphenyl) (6-methyl-2-pyridyl)phosphine obtained in
Example 1. To the metal complex solution obtained, 0.10 ml (0.80 mmol) of
N,N-dimethylaniline and 31 pl (0.48 mmol) of methanesulfonic acid were added

15 to prepare a metal complex solution 1.

Example 5
One point seven (1.7) ml of the metal complex solution 1 obtained in
Example 4 (corresponding to 0.00030 mmol in terms of palladium atom) was taken,
20 and introduced into a stainless-steel autoclave of which inner volume was 100
ml under an atmosphere of nitrogen, and then, 28.3 ml of methanol was further
introduced into the autoclave. The autoclave was cooled with dry ice-ethanol
bath, and 6.40 g (158 mmol) of methylacetylene in which propadiene
concentration was 20 ppm by weight was introduced into this autoclave. Further,
25 the inside of the autoclave was pressurized with carbon monoxide (CO) to adjust
the pressure in the autoclave to 5 MPaG.
The maintaining at the reaction temperature of 65°C was conducted for 7 hours,
and in order to keep the partial pressure of CO at 5 MPaG during this, carbon
monoxide of which amount was that of carbon monoxide consumed was constantly
30 introduced therein with a pressure reducing valve. The reaction mixture after
the reaction was sampled, and the quantitative analysis thereof was performed

with gas chromatography (GC) to find out that the yield of methyl methacrylate
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was 73% and the production amount of methyl methacrylate per 1 mole of
palladium atom (Pd) existing in the palladium complex introduced was 380

thousand moles.

5 Example 6
The metal complex solution 2 containing a palladium complex,
N, N-dimethylaniline and methanesulfonic acid was prepared according to the
same experiment as that of Example 4 except that 108 mg (0.32 mmol) of
bis (3, 5-dimethylphenyl) (6-methyl-2-pyridyl)phosphine was used in place of
10 127 mg of bis (3,5-dimethyl-4-methoxyphenyl) (6-methyl-2-pyridyl)phosphine.

Example 7
The experiment was carried out according to the same experiment as that
of Example 5 except that the metal complex solution 2 obtained in Example 6
15 was used in place of the metal complex solution 1, and 6.05 g (149 mmol) of
methylacetylene in which propadiene concentration was 27 ppm by weight was
used as methylacetylene. The production amount of methyl methacrylate per

1 mole of Pd existing in the palladium complex was 420 thousand moles.

20 Example 8
The metal complex solution 3 containing a palladium complex,
N, N—-dimethylaniline and methanesulfonic acid was prepared according to the
same experiment as that of Example 4 except that 115 mg (0.32 mmol) of
bis (3, 5-dimethylphenyl) (6-ethyl-2-pyridyl)phosphine was used in place of 127
25 mg of bis(3,5-dimethyl-4-methoxyphenyl) (6-methyl-2-pyridyl)phosphine.

Example 9
The experiment was carried out according to the same experiment as that
of Example 5 except that the metal complex solution 3 obtained in Example 8
30 was used in place of the metal complex solution 1, and 7.72 g (191 mmol) of
methylacetylene in which propadiene concentration was 8.4 ppm by weight was

used as methylacetylene. The production amount of methyl methacrylate per
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preferred are bis(3,5-di nmethyl phenyl)chl orophosphi ne [ conpound <201>] and
bi s(3, 5- dihéhhyﬁalZmﬁﬂhaxybhehyl)chlorophosphine [ compound <214>]. 30
Herein, the nunb <.> my d< 2l de ft e s Qf the
phosphlne halldee%% msal 8?E§&Q fp%? Q;§8W5$§%h%_ ?£ug8 %Q&ggsig]bed
in Table Gpmddcﬁ@bhle aZkyl azthacrylatelﬂ’romm aeéﬁmdrmf:ort@wn@r esent invention,
as the al kyllithium conpound, an al kyllithium having an al kyl group having
1 to 5 carbon atons is preferable. Specific exanples of the alkyllithium
conpound include nethyllithium 5ethyllithium propyllithium and
butyllithium Wile a solvent is not necessarily needed in the nethod of
the present invention, it is preferably conducted in the presence of a

sol vent . As the solvent used in the nethod of the present invention
et her solvents such as tetrahydrofuran [THF] and di ethyl ether, or

hydr ocar bon 10sol vents such as hexane are preferable, and these nay be

al one, or may be a m xed solvent mxed with two or nore kinds thereof.

In the above-nentioned nethod, the first step nmay be conducted by reacting
t he hal ogen-substituted pyridyl conmpound (3) with the alkyllithium conpound
in the presence of the solvent followed by conducting the second step 15
by addi ng the phosphine halide (4) to the reaction m xture obtained in the
first step, and the first step may be conducted by nixing the

hal ogen-substituted pyridyl conpound (3) with the al kyllithium conpound
foll owed by conducting the second step by adding the reaction m xture
obtained in the first step to the phosphine halide (4). Fromthe vi ewpoi nt
of easy 20operation, the former is preferable. Al so, when the ratio
of the anobunt to be used of the hal ogen-substituted pyridyl co pound (3) to
the al kyl l'i thi um conpound (nolar ratio) is expressed as [the

hal ogen- substituted pyridyl compound (3)1/[the al kyllithium conpound] in
the nethod, it is preferably a range of 1/0.5 to 1/1.5, and nore
25preferably a range of 1/0.75 to 1/1. 3. The ratio of the anmpbunt to
be used of the hal ogen-substituted pyridyl conpound (3) to the phosphine
halide (4) (nolar ratio) is preferably a range of 1/0.5 to 1/2.

The reaction conditions of the nethod of the present invention wll be

30i I [ ustrated. The reaction tenperature in each step is selected
fromthe range of -80C to the boiling point of the solvent used or |ess,
and preferably a range of 28 -80C to about 100C. Al so, the reaction
tenperature of the first step nmay be sane as or different fromthat of the
second step, and the reaction tenperature of the first

st epi spreferabl yl onert hatt hat ofthe second st ep. When the reactions
are carried out at the above-nentioned tenperature range, the reaction
tenperatures are sufficient to be within 48 hours. ~ After the



Exanpl es of Goup 10 netal atominclude nickel atom palladium atom and

pl ati numatom and palladiumatomis preferable. The netal conplex of the
present invention can be obtained fromthe 5 pyridyl phosphi ne conpound (1)
and netal sinple substance of G oup 10 netal or a conpound having G oup 10
nmetal, preferably fromthe pyridyl phosphi ne conpound (1) and a conpound

havi ng G oup 10 netal. The nmetal conplex of the present invention
is preferably obtained by contacting the pyridyl phosphi ne conpound (1) with
t he conpound having G oup 10 10 netal. When Group 10 nmetal atomis

pal | adi um at om exanpl es of the corrpo% having Goup 10 metal for
obtaining the netal conplex of the present invention include palladium
acetyl acetonate, tetrakis(triphenyl phosphine)pal |l adi um

bi s(tri phenyl phosphilnely‘pdl tadilexnhariivat @yripdilbladipbimec hdrgoimte reprebseraledadi um
15acetate. fomu h]«r% preparation of the above -nentionednetal conplex,
t he anopunt % beClsed 6 t he above-nenti oned netal sinple substance or the
above- menti onedgrnet al conpound and the pyridyl phosphi ne conpound (1) are
not limtedgzand the anount to be used of the pyridyl phosphi ne conpound (1)
i's preferabﬁq ange 20 of 3 to 400 noles relative to 1 nole of the
above- nenti on&d _get al sinple substance or the above-nentioned netal

A

conpound, and npre preferably #)range of 10 to 240 nol es. When t he
metal conmp Q. _gtesent invention is prepared, at |east one sol vent
sel ected flfo thup consi sting of alcohol solvents, 25

sul fur-contafni ng Nt s, hydrocarbon sol vents, hal ogen-contai ni ng

hydr ogar bongsol vengs, ester sol vents et her solvents and ami de solvents is
preferably present therein. npl es of the above-nenti oned al cohol
sol vents i 'REFeHe RnEEREEsEnts ét%‘éﬁeﬂ Qtonbri‘)ﬁ’é‘ﬁ%‘-lfen &% - but anol and et hyl ene
glycol . Examplses a@ﬂ i @ﬁ)up%gvﬁgoy €5 Q@@Bk&ﬁeﬂ:oﬁ lél'ﬂci B{)ﬁﬁﬂgil@' A8y § @hY&RLS

i ncl ude di et hyl fOXI de sul f ol ane. Exanpl es of the above-nenti oned
hydr ocar boﬁftogloﬁialén%@Stxmleu’de hexane, tol uene and xyl ene. Exanples of the
above-nmentj o 0 in dr. on,.sol vents incl

di chl or oneét%gﬁaggglggﬁf ofg%é nﬁcalﬂté:g %br f%? %rage haneptf'O a\ig%?f For oet Elggo en

chl ot@benzane and sibehltarabenzene. Exanpl es of the above-mentioned ester
solvents inclu nmet hyl  acet at e, acetate and net hyl nethacryl ate.
Exanpl es of® £ %roﬁBﬁgl%ﬁttP&ﬁe‘ffrB?‘}h/QFOI%GII‘Q/%VQH?H@ I ktf’d’é“%éé?&ﬂ%@n FFEhy |
ethyl ketonea s®kbuchsobutyl ketone, anisole, dinethoxyethane, diglyne,
methyl -tert -butyl et her, di butyl ether and THF. Exanpl es of the

above- ment AP XHNMTEEP S8Rl std AE | dadleoNa N R Ryl et Hinidi@g ahalogen

- met hyl pyr i es di met hyl acet am de. \Wen t he above-nenti oned
net al corrpéftg%é1 igsggusseggjf%’rew% 'he al koxycarbonyl ati on 10 reacti on descri bed
bel olWp t hearsafaléntoxusedup hatimg TatyoRE camoh iattre eng pepanatliyorvsng b ebesghl vy
sane as al cohol useu[dIO in the al koxycarbonyl ati on reaction. The

pr epar at i o Pethér AGHEEFT (He preparation of the netal conplex of the
present i nuepiy1eRy igtold 85€M3ILE YoR0r 1@En Qftol) 2h8 cbROna1 WieRvilea measddhon is
carried out at the tenperature within the above-nentioned range, the 15
above- ment3'GRe?f AetBwEtSiepte substance or the above -nentionednet al
conmpound igme t bve S nd (1) generally for 0.25 to
48 hours, r%?*heﬁrqe(l;ﬁ;;wattl)lg Ig Bﬂe%%%%:egﬁgzgtg&?ﬁgse eﬁ%ugh When t he netal
conp?@x ofart hkyprozsenhavimygdntd 0 casponseedm faod ophienal kokaiay bdry bedn am
reaction descrl beI ow, the preparation of the netal 20 conplex may be
conduct ed ThetHe”® gr t@S8Hce of the protonic acid and the am ne conmpound
descri bed &ehoywkyl rowe Ratiage] tamoatLobolatph eheraphlohaexy shéidghemaidheds a
solvent, and the al cohol used as the reaction agent of the

al koxy_ar bUi¥ 3t RoFHPPEHAERbNn especial |y preferably exists therein. A netal
conpl ex SOAryéfﬁr%r%Q?th%{rfﬂgn@ b HRLE) SCHRLELY afongﬂ‘?, RAEAE Dtha? Sgdrn Rt | ON
can be obtai ned he above-nentioned cont acrtJ he netal” conplex can be
sepat?at ed and %}mstim@dtff romthe nmetal conpl ex soI ution with the known

met hod such as recrystallizat] oncentr.ati nd ¢ol um chr omat ogr aphy.
The netal ¢6& il ex 0 é:eﬁ?rgts?gqtfy Flgﬁ/g ﬁ%’ﬁ g f%“ﬂ@ ééd for various

reacti ons suehkas thy MRKidAt i €20 eaebdrDBron0bh@ @FEidnaaly 8Avingas thih0syen30

al kyl ati on reaction, Heck reaction, hydrogenation reaction, coupling
reaction, oxidation reaction, carboxylation reaction, alkoxycarbonyl ation
reaction, hydrofol nylation reaction and hydrosilylation reaction. 31

As the netal conplex of the present invention, the netal conplex separated
fromthe above-nentioned netal conplex solution by suitable operation nmay
be used as the catalyst for various reactions, and the nmetal conplex
solution nmay be used as the catal yst for various reactions wthout



20 al koxycar bonyl ati on reaction can be progressed enough by using the netal
conpl ex of the present invention as the catalyst, and therefore, the netal
conpl ex of the present invention is especially effective for the

al koxycar bonyl ati on reaction, and with regard to allene, however, it

soneti mes decreases the catalytic actiupty of the netal conplex of the
present 25 invention, and therefore, the anount of allene is preferably 1
part by weight or |ess per 100 parts by weight of the acetyl ene conmpound,
and nore preferably 0.1 pat by weight or less, and still nore preferably

0. 005 parﬁ*@?fﬁbﬁgﬁpsﬁﬁmﬁ@és 30The al cohol used in the above-nentioned

al koxycar bonyl a0, e8¢} hAnL S %050 Sa%l%‘éﬁ @ ¥nd bﬁﬂlbﬁglly%@lﬁ&g héi&jéh

nmet hacryl ate correspondlng to the al cohol can be "produced | es of the
al cohol i retoheasabosrpsnenenomed 33 reactlon i ncl ude an allphatlc al coho
having 1 to 6 carbon at |c aIco 4 carbon
atonms is pa}‘ne?@/ﬁgﬁl gmlﬂ'fnga‘%ga{g%%ﬁl %Hda ¢ Sh t%@t@ bﬁ%ngo?‘n %Ry of
nmet hamol , abhanok, subsprapanol , 2- propanol, 1 -butanol, sec -butanol and

et hyl ene qﬁycol is still nore preferable. In addltlon in order to
obt ai n methydndnR} hedsPoRdsnslY ark FEPFRPERE &t JYERES REPhaAdl2fESR BEsed as

the al COhOAn alkyl grox}aqﬁat}iﬁs q Bérb%ft attgrﬁ aﬁd Bﬂa%kail% MH{S la)ﬁa@o&nr@doﬁ or

nore per nol &€ of the acetylene conpound, and preferably 1 nole or nore,
and it nayxbe swbgad tugntd,0 20 nol es or Iess The use of excess anount of the

al cohol is_stil re i nc rea e carried out in
the absenc® STLvEaroBhbEER G Shi rBErhg Eb PR (BT Her Bade” et JELT
The above- ££nta£eedmetkﬁﬁycarbonylatlon reactlon can be conducted in 15 the
presence of a sol vent. | es of the solvent in the

above- ment3o#ed %H%B)P%%?%%ﬁ?ﬁ&tqad o @bt PhoRtHenddy TR R -NedPReRI 3Ry

sol vents such agsgdinehhyl sul foxide, diisopropyl sulfone and sulfol ane;
aromati ¢ hydrocarbon sol vents such as benzene, tol uene and xyl ene; ester

sol vent s suehlﬂbgnemhyﬂnac@ﬁaﬂdn'ehhfblgﬂuamébaméaaﬁﬁ butyI acetate; ketone
sol vents such, as acetone and t I ob r_sol vents such as
e Bbebd e o Vira ot et pHER R it e e R el Sor R It

- butyb ethﬁkm.ﬁabuﬁyhtﬂihﬁt,and dllsopropyl et her; and am de soIvents such
as di net hyl fornam de, N nethy Igyrrolldone and dlneth | acet am de. These

sol vents My <EIPH S BFRDFE NI F £q b CHPORGERN Ri o iPRR a0 V1 Hha Mgl ampunt
of the ot hairsol wenlstsRet gspecially limted. In the
above-nmenti oned al koxycarbonyl ati on reaction, still nore preferable
reaction ra@satiloky sserehaey e di0nexrbey aaddiohy cRhi@wlhe havingoumdleaen
addi tion Qﬂnkngsgrgﬁgghgw id, ;30As the anine conpound, a tertiary am ne or
a cyclic amne 1s préeferable. %pecific exanpl es thereof include N, N
- di a2&yl antwoi q;’l@upmbbmdadn*eg tiopinaathoneingi satjor aod>rtsnmttont_ajr£k azp?,ne,, Ry Rfaal e,
triethyl am,ne, bd#%lanbne and 4 N, N—dllsogﬁﬁp%ll | ami_ne, and two or
more ki nds® s@yekcet SRR HELET ARy BB LSHY, © t EATHORA TR & Oor
pyri di ne ighiphefeyakeponded, andVieB tdiguadmi(pe 1%0faiﬂéé‘é11tle§ wdded, the
addi ti on amount thereof is not limted, and it is preferably in a range of
1 to 50 nnleﬁ&per 1 nol e of the 5protonic acid, and nore preferably in a
range of 1 t% ) gﬁ The al koxycar bonyl ati on reacti on can be

D providi'ng the a

carried out cetyl ene conpound and carbon nonoxide to a
m xture of tRE€ netal conplex of the present invention, the al cohol and the

pr ot oni c i d necessary erably to a mxture
bf “the meCAIETEBE i F I ht BPRLEHE A BT EREFOR™ 4 REFEBnaI S~k 6P oni ¢
aci dzst he aﬁbng)@gﬂkﬂdundandthe sol vent . Wil e the m xi ng order of

the netal conplex of the present invention, the alcohol and the like is not
limted i Pche %%@tﬁ%r]ﬂeﬁ‘dt%dg aﬂOkG]SQP@at%dﬁy‘th&t PoROfEAsERon, it is
preferred that the netal conplex solution obtalnedbycontactlngnetal si npl e
substrate of Goup 10 netal or the conmpound 15 having Goup 10 netal with
t he pyri dyl phogphi neTreonpeeid Qd&ﬂés prewiddous| yom xedmwi 1h whereahcaibel , t he
protoni c aci and then, the acetyl ene conpound is
added to t%@lﬁ§¥%8ﬂ?ua%ﬁﬁm%%F§nﬁ ﬂ%ﬁ??her the reaction can be
effigpently conducted by conductlng t he contact in the presence of the

al cohol used in the reaction and m xing the metal conplex 20sol ution
obtained with the protonic acid and the am ne conpound. Car bon
nmonoxi de used in the above-nentioned al koxycarbonyl ati on reaction is not
necessarily pure carbon nonoxi de, and may contain gases significantly
preventing the above-nentioned al koxycarbonyl ati on reaction from
progressing such as nitrogen and argon. The partial pressure of carbon
25nmonoxi de on the reaction is preferably 0.1 to 10 MPaG The



36 tetrahydrofuran [THF], and 1.59 M hexane solution of n-butyllithium
(18.9 mvol ) was added dropwi se thereto with cooling with dry ice-ethanol
bath and with stirring. Then, the m xed |iquid obtained was stirred for 10
m nutes to obtain a reaction mxture. To the reaction m xture obtained, 5
chl or obi s( 3, 5-di met hy1- 4- not hoxyphenyl yphosphi ne (17.5 nmol ) dissolved in
20 mM of THF was added, and the tenperature was brought back to room
tenperature and the stirring was carried out under roomtenperature for 2
hours to conduct the reaction. To the solution obtained, a little amunt of
wat er was addetr t o qUENATAE HOMPEATBFEFILREEC £1aHt drett d "RgRIGUR, sBdiRim
chloride A golibomwas, tugt her added thereto. Next, to the solution

obt ai ned, ethyl acetate was added to stir and separate, and then, an ethyl
acet at e phaselkyanromganiicg phase) cavden eobh end edtioyaslepavatd ermalddeansatongani ¢
phase was %rgesdubo%/&rue%nhydrous magnesi um sul fate, and filtrated, and the
filtrate obtaited was concentrated under reduced pressure. 15The

conceit r ats ot agrdes hwashgpsl kb Roathrivbt Bt hidCartdehaldRneretpgmaphyen atom

(devel oper: hexane/ethyl acetate =5/1, weight ratio) to obtain 4.45 g of

bi s( 3, 5- didfef i{APStHUeRHet hoxyphenyl ) (6-methyl -2 -pyridyl)phosphine (Yield
81%) . . Fr0 e f i | - (' H- nucl ear magnetic
resonance 2 Zs(l)f%lpg%:c%%u%p%é%&stegugy??}% ﬁggﬁg\g‘%&?é@é g\%yl'?vvas 99% 1H NWR
(CDC13, 27 dHwxky Bpuddayid 1t 20 =8ridorHaiqm ndopfiShallpsbardogdy hdx@ehiz) ,
6.82 (1H, adc,o lc_i:8<,il-|szu}3 tlsc. thl(GH, s), 2.55 (3H, s), 2.22 (12H, s) 25Exanple 2
2- Br ono- 6- me{nhysl pyTi é| né“f 9.5 nmmmol ) was dissolved in 40 m of

t et rethydr ofnamanky bk hrodithving 9 I dtexamen sebiibhOso @ bndl- Ryt dd 4 Rhbge619. 5
mmol ) was added dropwi se thereto with cooling with dry ice-ethanol bath and
with sti rrqtﬁﬁ.aSTﬁe?ﬁ’,%S’EWéle% ®¥&d |iquid obtained was stirred for 10 ni nutes
30 to obtain ! 1 0, I I } i

chl o1 obi (3 Bk et hy ol ) pho o T Tob Taor). A Seolvedsi n2s sl of
THF was added,asapdsubheituentper at ure was brought back to room tenperature and
the 37 stirring was carried out under roomtenperature for 2 hours to
conduct the reaction. To the solution obtained, a little anmount of water
was Hided to gauench ThhenetenchigiRy #drdngabutiated, ageeausr'sh triedyenr | de
solution was further added thereto. Next, to the solution obtained, ethyl

acet at e WS RdadF BBt Pl IBFRF JLYALIPE DAART LHEM CAFOBERYTS s BeHYE phase
(an or ganig‘mﬁ%ag SheMBSqeRb] 8GtRHoRY o RRPALA M ox T rSuy eg % bienbay fopas

dried over anhydrous negnesi umsulfate, and fi [trate ) the filtrate
obt ai ned ViasRodhceAlr drdegendeaety eadiuicea phiws guewr hapheg & daderarben atasist ai ned

was purified ' | d i I o) ar. vel oper; hexane/ et hyl
acetate :Sa? 1‘#9@}(?{?‘”% gﬁ‘?mfoir:g? ?%f?%%%t%?jn 4 é‘g‘geg% y%ggf‘go'Sg(#‘ ﬁ%\’frlh%]fobjﬁényl )
(6 -2kt hyle 2rippthydypl )yihosphi retdti-bhitd/ 1898chhe 1 pugkdyp eakbgilead:sdgrduph ' H - N
anal ysi s was, 99%_ . . , 1H- NM R (CDC13, 270 MHz): 57.42
(10 td, 3985 99)% iposmsrionsy At 1) 2 BT SLTHO! B S HAFORSERE 3
S), 2.26 (112H,4 s)rioxasmhe. 3 2 -Brono-6 -ethyl pyridine (18.2 mmol) was
di ssolved in 40 ma of tetrahydrofuran [THF], and 1.65 M hexane sol ution of
n-butyllithium(19.1 20 mml) was added dropw se thereto with cooling with
dry ice-ethan bat | Lryl . - ' L | Lquy ined was
stirred for 18é'n‘i nuﬁggq%g%%@%kaggfg%é?ggﬁ%n%a%%r’ g%hég%nt%g%r%ggg%o o

m xtdfr e obttanneda tinkar ksl 3rSaudihaetdyy I pheAytarpbo sphine Rf,16%,8 Rimaod )R’

di ssol ved .irl 20 rrit of T&]—J F Wafék ded, and thﬁ t erper.at ure was brought back
to room t eRPETALTIEYaftf t He 22 25K PN GONES £APr T €878 2 tTera™ BHTFY

t enper at urgof® haBinBOUES 4t @rBeNdsts, thBedRAGLAF). a TRehNCySRb W HPnalkal ned,
alittle anount of water was added to quench the reaction, and a saturated
aqueous sGdPRn &M Br pRfeRs SRAFPPRITIRAS SREt Eherhvseeay 218y @t e alexty, 9108Pt he
sol ution qRiaiNneds, gthyl2cetal e was added to stir and separate, and then,
an ethyl acetate phase (an organi c phase) was 30 collected by separation.
Thi s3lrgani c | ayer was dried over anhydrous nmagnesi um sul fate, and
filtrated, and6the f'Itr%tg obtﬁi ned was concentr tegA under, reduced
pressure. The ConcentTate ot H eI WS P FR i%et™ wi CBWThY 33 %119°8a gel
chr omat ograpiy geelgyrh@PGIT tbexangiont idns Acet at,er=204 k) ih@eehti@itny 2404 g of
bi s(3/5 -di net hyl phenyl) (6-ethyl -2 -pyridyl)phosphine (Yield 33%9. The
purity calculated with Ili -NWVR analysis was 97% 51H NVR (CDC13, 600 MHz):
57.44 (td, 1H, J=8.2 Hz), 7.03-6.95 (m 7H), 7.03 (d, 1H, J=8 Hz), 6.83
(d, 1H, J=8 Hz), 2.83 (q, 2H, J=8 Hz), 2.26 (s, 12H), 1.27 (t, 3H, J= 8Hz)
Exanpl e 4 10A netal conplex solution was obtained by m xi ng enough 45 niL of
met hanol with 1.8 ng (0.0080 el) of palladiumacetate and 127 ng (0. 32
mol ) of bis(3,5-dinmethyl -4 -methoxyphenyl) (6 -nmethyl -2



N, N -di net hyl ani | i ne and net hanesul fonic acid was prepared according to the
sane experinent as that of Exanple 4 except that 108 ng (0.32 mmol) of
bi s( 3, 5-di et hyl phenyl) (6-nethyl -2 -pyridyl)phosphine was used in place
of 10127 nmg of bis(3,5-di nethyl -4-nmethoxyphenyl) (6-nethyl -2
- pyridyl)phosphi ne. Exanple 7 The experinment was carried out
according to the sane experinent as that of Exanple 5 except that the netal
conpl ex solution 2 obtained in Exanple 6 15 was used in place of the netal
conpl ex solution 1, and 6.05 g (149 mmol) of nethyl agpgt_yl ene in which
pr opadi eneScHheBftlr @oHe maWEY 2 70 dpfAtbyn REPht ANt sidtl 1R8eRfPEmAaRecy | ene.
The producty t t | at e I P Lsting in
t he pal agisu%]%(\‘fonpﬁ‘ gxat\(/%’s %2%%%%%%35%@%2;82%&%%%% égtoggﬁl'ﬁg %(e%gl{o&gonpl ex
sol uti on Jroupttavimong @ patdradi wnereonpl ex, N, N -di net hyl ani |l i ne and
met hanesul fonic acid was prepared according to the sane experinent as that
of Exanple 4 except that 115 ng (0.32 mmol) of bis(3,5 -di nethyl phenyl)
(6-ethyl - 2- pyrj dyl ) phesptanecopSexiS€brithdt8Gea0f 31 2he2S5MIROLs a linear
bi s(3, 5-di met hyl -4-nmet hoxyphenyl )@5(6- met hyl - 2-4p§g%ggll)phosphi ne. Exanple 9
The exper iGHHt JHRIP BAHEPY dd-cotiF2EROB Gt ah g2t DR ¥ Her Safd Bxpér T9rbit 988 Pehat  of
Exanpl e 5 except that the netal conplex solution 3 obtained in Exanple 8
30 was used in place of the nmetal conplex solution 1, and 7.72 g (191 mmuol)
of net hyl acet y$ ene iThewhinetal pr opatkeneccoxdent rtat | drimass3, 8. dhqypim bytheei ght
was used as nethyl acetyl ene. The production amount of methyl nethacrylate
per 40 1%@8 © l%%éi sting in the pall a‘%??‘ﬁ?ﬂrgjorrpl ex was 370 thousand
nol esy  Corpaan afs-vendexarmpletyl} (6-methyl-2-pyridiip pR¥f@iheeNt Was carried out
according to the sanme experinment as that 5of Exanple 4 except that 112 ng
(0. 32 ng) UF (HiPAEFRFEIE - Bridrsvrienydy FTRpFRY biroRFHARE AasPi8ed i n pl &Ee of
127 nmg of .bi Hs.0 -A- = hyl
- 2-pyridyl SE%’?pﬁf%gwgﬁ%ﬂdg%tﬂ?%gﬁm%ﬂ)Fgl?s%lgﬁ%lyl acetylene in which
propadi ene concentration was 18 ppm by wei ght was used as net hyl acetyl ene.
The productionganou of hyl 10net hacrylate per 1.nole of, Pd.existing in
t he pal |l adi um %‘orrpl @hewa%l&ﬁr?%r "2 tholSand 1ol et§ ?lr?élrﬁstf'i avh%apl)?i ct?ilﬁi lity
The 1%t al wemeKogfhitde present inventi oncdmpodrai rly useful for 15prigduci ng
an al kyl methacrylate froman acetyl ene conpound. . 41 CLAI M5 1. Anet al
conpl ex haRHhey TFRT ARG Rt Korpodidy Hepradented by the foula (1) R3
5R1R7 wherein Rl represents a hydrogen atom a hal ogen atom a |linear alkyl
group having 1 to 20 carbon atom and optionally having a hal ogen atomas a
substituent, 10. Then metallky¢omgierup ahestidang 7 too 2@iparbonvharsan arfde
optional ly_ hayi hal ogen 10atom as a supsti nt, an aryl group having 6
to 20 car bpélﬁ%é%l%%o%ﬁég%pti onal ly having a %%%%téne%ﬁ atom as a substi tuléc’nt, an
al koxy gr aup (hadigethyt-a-2échoayheny Bt (emandl -apbycaal lppotitnihag a hal ogen
atom as a substituent, 15an aral kyl oxy group having 7 to 20 carbon atom and
optionally having a hal ogen atom as a substituent or an aryl oxy group
having 6 to 20icar bofheat gRand-optéonakbisrdiayi 18 acRahogen FUOWAS the
substituent, R2, RI, R5 and R independently each represent 20an al kyl
group havigwidvipbosizar bon at om and opti off@PPYchavi ng a hal ogen at ém as a
substi t uent., _ak havi Ay atom and optionally
havi ng a hr%scgg&nﬁgﬁ%ﬁﬁaps@gygﬁgg% :ﬁ% ggzng #l%y%pph%%ﬁ%'

25

12. The metal complex according to claim 3, wherein the metal atom

belonging to Group 10 of the periodic table is a palladium atom.

13. A pyridylphosphine compound represented by the formula (1)



an aryl group having 6 to 20 carbon atom and optionally having a hal ogen

at om 25as a substituent, a silyl group represented by the follow ng fornula
(2), an al koxy group having 1 to 20 carbon atom and optionally having a

hal ogen 42 atom as a substituent, an aral kyl oxy group having 7 to 20
carbon atom and optionally having a halsggen atom as a substituent or

an aryl oxy group having 6 to 20 carbon atom and optionally having a hal ogen
S5atom as a substituent, R3 and R6 independently each represent a hydrogen
atom a hal ogen atom an al kyl group having 1 to 20 carbon atom and

optionally havi a hal ogen atom as a substituent, an aral kyl group
havi ng 7 tor20 garkbn atom and optionally having a hal ogen 10atom as a
substi tuent, ryl group having 6 to 20 carbon atontand optionally having
a hal ogen ato a substituent, a silyl group represented by the foll ow ng
formula (2), an Al koxy ﬂboup having 1 to 20 carbon atom and

S0

optionally, al ogen l15atom as a substituent, an aral kyl oxy group
having 7 tig@ 20 ca i %;onland optionally having a hal ogen atom as a
substituent Yor an Jrylfxy group having 6 to 20 carbon atom and optionally
havi ng a haRdgen aRbm as a substituent, and 20two groups bonded to the

nei ghbori n 5 -4, and may be bonded
each othe?ﬂF% Ig%nf§5$¥%8é¥§S@%ﬁ%%”h?%ﬁ“t%gmgﬁgﬁﬁﬁug%ons to which they are
bonded, analidrerfadkyiudup2pvirg ¥ epLeserioachtby agBoptSiona RY(Iviky @ halogen
wherein R8, R3andR%gjndQ§endently each represent a hydrocarbon group having
251 to 20 T&Foth2atBrE"Shtt a netal atom bel onging to Group 10 of the

peri ogi c tabhkea1xd1 HheudBhAIngC Bl BXcALER bR Gintl @pel @ial 1 haWhigr £ihA1ddea

pyri dyl phosphi ne conpound is a ligand. 43 3.The netal conplex according to
claim1 ora®m gherBEtR2erR4, R5 and R7 independently each represent an

al kyl'_ar ougy, b gyl :0::406 68200 BLOT ANk BLL BRI AR D203l aggn at om

as a substituent; 5an aryl group having 6 0 carbon atom and optionally
havi ng a hed egessatomnts a substituent, a silyl group represented by the

following fornula (2 an.al ko roup havin to. 20 carbon at and

opt | onal Ly haurig S BRER doite d b Ao fud bEi oL BPaRet R Poup
havi ng 7 t&od0asarbotatwemrand optionally having a hal ogen atom as a
substituent or an_ aryloxy group having 6 to 20 carbon atom and optionally
havi ng a h SEehYHXSAraP 828HEst F¢ e AtrPorskon R ARtPatignpiveRd aded?dtng to

claim 3, whepeid  Ridssi@lyd,00en atom a hal ogen atom a |inear alkyl
group having 1 to 4 carbon atons, a benzyl group, a phenyl group, a methoxy

group, a banzyyloxy ggrawpavingad phedfosarbgn ciipn aRa,opRionaRby #anirkR7a halogen

independeng&xleachl&%thmgkyyl group having 1 to 4 carbon atons, an al koxy

group having 1% § Carbon at ons, a benzyl group, a phenyl group, 20 a
trineshyl si¥, y&, g aing, R'aitdependehuty ledemetbydsent yI group or a phenoxy group,
and R2 and R6_independently each is a hydrogen atom or an al koxy group
having 1 t¥ al%%ArBewP hebig.t & %%&amaatowﬁ%os&w&ew WG9 CPEPET T
wherei nRI i 85 @ hydeogen:,

an aralkyl gJ_;oup having 7 to 20 carbon atom and optionally having a halogen
atom as a substituent,

20 an aryl group having 6 to 20 carbon atom and optionally having a halogen atom
as a substituent,
a silyl group represented by the following formula (2),
an alkoxy group having 1 to 20 carbon atom and optionally having a halogen
atom as a substituent,

25 an aralkyloxy group having 7 to 20 carbon atom and optionally having a halogen
atom as a substituent or

an aryloxy group having 6 to 20 carbon atom and optionally having a halogen



25 atomor a linear alkyl group having 1 to 4 carbon atons, R2, R4, R5 and
R7 i ndependently each is an al kyl group having 1 to 4 carbon atons, an

al koxy group having 1 to 4 carbon atonms, a benzyl group, a phenyl group or
a phenoxy group, and R3 and R6 i ndependently each is a hydrogen atom or an
al koxy group having 1 to 4 carbon atonge6 30 44 is an alkyl group having 1
to 4 carbon atons, and R3 and R6 independently each is a hydrogen atom an
al kyl group having 1 to 4 carbon atons, or an al koxy group having 1 to 4
carbon atons. 57. The netal conplex according to claim3, wherein Rl is a

li near al I Foap"WaATE"™ to 4 carbon atons, and Fe, R4, 125 and R7 are
met hyl gr a¥pshg r® indepBndchh®, MBLAlrFATREE% {qg{ B9, 02 GAbMBr3arff)€r €i n the
pyri dyl phosphi neconpoundi s 10bis (3, 5-di met hyl phenyl” )

(6- met hyl -2+ Pyl dybye phasphi te20 bibop 3tok adi et ilepdl 14~ et hp R \np hegepl dtom
(6-nmet hyl - 2-pyridyl hosphi ne, or bis (3, 5-dinethyl phenyl )
(6-ethy|-Z*bgr?%ﬁgyl%ﬁgsphine 9. The netal conplex according to claim3,
wher eb n t hey A5yyi dybphasphymeeompotHiBbs abis 6dd 2pt thnaelhybhwhe iy hi1dgen

-met hyl- 2- pyridyl ) phosphi ne. 10. The netal conplex according to claim 3,
wher ei n t FEPYAS aytPpRbsSPRPreconpoundi s 20bi s( 3, 5- di met hy1- 4- met hoxyphenyl )
(6 -met hy 1o 25y d.dub hRPASPEIBS0 &%bonTQ&n%p&gﬁ@lﬁﬁa@ﬁﬁoé 6h Db utEhal m 3,
wherein the pyridyl phosphi neconpoundi s bi s(3,5-di nmet hyl phenyl)

(6- et hyl - Z2spgriutppt)gyhosphi ne. 25 12. The metal conplex according to
claim3, whetei.n the netal at bel onging.to G o of the periodic table
is a pall aadisﬁ%la?]éon%p represe%S'BX gkf/er ?g%ﬂl‘%h%%ﬁ W\uggcg?gpound represented by

t he T@r mnulam &lRoxy Ridsidp Waetej 0 #3120 epreseatd andyptiegen ahamga halwgen
atom a linear alkyl group having 1 to 20 carbon atom and optionally having
a hal ogen 388 %#§EB§FFPuent, 5an aral kyl group having 7 to 20 carbon
atom and opf 4,08y 1%y RRYINELA NG 3l QORN A8 ASH SnS YRS bhL UG Hax1@a 8L Ydgedl OUP
having 6 to 20 carbon atom and optionally having a hal ogen atom as a
subst it uergtom as a subghitaleRoyy group having 1 to 20 carbon atom and
optional |y, _hayi tituent ral kyl ox roup
naving 7 15 9ok Bt PamRa®h ol SRefh SYRLbI gBE et By Bt Riteo
subsibt uerdtonrasan abgtixgngr anp having 6 to 20 carbon atom and opti onal
havi ng a hal ogen a%onl S a substituent, 15R5, R4, R5 apd R7_j ndependent|
each repré?@é%%ﬁ? PRI ot Bitfp™ Ng¥ FEP0 LS IR G tomBand + opt iforaf y

having a halggen BiREHaSCR THESELtents ral ARk wiHHouR BAWAGtdmd @520
carbon atom and optionally having a hal ogen atom as a substituent, 20an

aryl group™ialithgy @redPo°darhdihat valid (dptip orepreserkedidig a hal ogen at om
as a substituent, a silyl group represented by the followi ng folnula (2),

an al koxy gripup having 1 to 20 carbon atom and optionally having a hal ogen
atom as a sups®Pt uent2) 25an aral kyl oxy group having 7 to 20 carbon atom and

y
y

optionally ing a hal ogen atom as a substituent or an aryl oxy group
having 6 to 20 carbon atom and optionally having a hal ogen
20 wherein R, R’ and R independently each represent a hydrocarbon group having

1 to 20 carbon atoms.

14. The pyridylphosphine compound according to claim 13, wherein R?,
RY, R° and R’ independently each represent
25 an alkyl group having 1 to 20 carbon atom and optionally having a halogen atom
as a substituent,
an aryl group having 6 to 20 carbon atom and optionally having a halogen atom
as a substituent,
a silyl group represented by the formula (2),

30 an alkoxy group having 1 to 20 carbon atom and optionally having a halogen



46 atom as a substituent, R3 and R6 independently each represent a hydrogen
atom a hal ogen atom an al kyl group having 1 to 20 carbon atom and
optionally having a hal ogen atom as a substituent, 5an aral kyl group havi ng
7 to 20 carbon atom and optionally having a hal ogen atom as a substituent,
an aryl group having 6 to 20 carbon atam and optionally having a hal ogen
atom as a substituent, a silyl group represented by the follow ng formul a
(2), 10an al koxy group having 1 to 20 carbon atom and optionally having a
hal ogen atom as a substituent, an aral kyl oxy group having 7 to 20 carbon
atom and optTotall SHEEVTIS§ta hal ogen atom as a substituent or an
aryl oxy_or QR-NRYING fBokon2fl o631 B0 Bl.08aRG, AR bANBLLY ARG, 3ahglagen
15atom as a substituent, and fwo groups bonded to the néi ghboring carbon

at onms anongroR3as R3subRdituRst 6 andnay be bonded each other to forma ring

t th ith th b t to which th ded, dth I
(2)°1 8 v eprbaBLE Byt S ErRoT 27 4 CrSOMAS L BRI Ak R haBpGTent | y

each pepresent af ahydsecakhon group having 1 to 20 carbon atons. 14. The

pyri dyl phosphi ne conpound according to claim 13, wherein re, PO R5 and R7
i ndependently each represent 25an al kyl group having 1 to 20 carbon atom
and optionally;bavi nﬁqeapg)@iq%s%s?m{@ BBl PSLILYER o201 ARYh3 950uUR havi ng
6 to 20 carbon atom and optional 'y having a hal ogen "atom as a substituent,
a silyl greéwpeirept ésenthedrdypntdrenf er halloget 2kon3@ahirebk ol yyyooow hawingg 1 to
20 carbon ﬁggpha&gb%ﬁghgnal%y having a hal o en . 47 aton1a§Pa substi tuent,
an aral kyl Xy gr SUp havthy 7 5720 &57Bon® & 'SH add St £ oRarHY FAVHg 2a

hal ogen atiemzaso:d @dhs birtapidnoy group, RARARY AKX R’ gh@itpndlal @abh 16 a0
carbon at om_ and optionally havi ng a hal ogen 5atom as a substituent .

15. The py?H<dyIPRSSPRTAE I EBfpeRIHAD £CEBT dihGLEFYIRIREsing 1 12 4 GRERBI n R1
i's a hydrogepsat @Mpa Ml QasR, al-0Mniyl | BE&, al KYLrGeomB shamMi Ng-ohpt 0,4
carbon atons, a benzyl  group, a phenyF group, a methoxy group, a 10

benzyl oxy epmsupitoldiacphieisokyl growpr ReherRay 9REumnNehdY dndRépendesndeytlyach i s
an al kyl group.having 1 to_4 carbon,.ato n_al kgx roup haying 1 to 4
carbon at o(grfaxsc%ll & %e%ogi)g%nr %E%m %5 aﬁh%ﬁ)%’ll %Ed&ﬁg?a‘%n (rii %/r%g hg:ﬁ1 Sl Py Orﬁg'oup, a
tart15butyl di mat hyl silyl group or a phenoxy group, and R3 and R6

i ndependently each is a h¥dro en atom or an al kyl group havingal to 4

carbon atons. 1%  The PETIHHBIGPRINR IPHOEPHI AE 8o RdSH®orldi g Y% cl ai m

13 or 14, wheeel &' R3 4 $yardiudr298NA50Mnesr A1kjiNgadupahddhg dr ey baMing 1 to
4 carbon atons, R2, R4, R5 and R7 independently each is an al kyl group

havi ng 1 ta&kamscBronRageshl, indepsaRendy s§ebdp 2havkyigrbup bavingdr bof catsms, a
benzyl gro a oun . a.phe I , 5

i ndependent 1y éSQEQS%k%%Eg%}%§8%5£tBﬁpbgggﬁnat%§g ag%gﬁﬁﬁggﬁﬁgeip?%“%

car bdd at ogup or a phdrbxy Breupyandigl phbsphidepentmpbyndctats arldidaggdnoateinai m 13
or 14, wherein R% s a linear alkyl group having 1 to 4 carbon atons, R2,
R4, R5 and’* 28 R Ylﬁﬁ@ﬁéﬁﬁ%ﬁ&l? aéﬁg?‘o A4yl group having 1 to 4 carbon
atons, and R? and R6 i ndependently each is a hydrogen atom an al kyl group
having 1 to 4 carbon atons, or an al koxy group having 1 to 4 carbon atons.
18. The pyri dyl phospHien®YEBiBBATEhERT COEPIGIt ecerding £3 6Faig 13whi ct

30i shis ( - di pet hyl I - =2 DY hinegs biss( 3 5
-dinethylgwgﬂ?%%?ﬁggfbﬁgﬁg fhf%§9ﬁ§§%§%h?§:56§figy %%%%ggﬁi%é,%fq%f§%(3,

5- di &t hy| Phisnypindestlat éndh-i2 @y pildstl gdoupesipty heo.4 carbon atoms, and R’ and

R® independently each is a hydrogen atom, an alkyl group having 1 to 4 carbon

atoms, or an alkoxy group having 1 to 4 carbon atoms.

18. The pyridylphosphine compound according to claim 13 or 14, which
30 is bis (3, 5-dimethylphenyl) (6-methyl-2-pyridyl)phosphine,
bis (3, 5-dimethyl-4-methoxyphenyl) (6-methyl-2-pyridyl)phosphine, or

bis (3, 5~dimethylphenyl) (6-ethyl-2-pyridyl)phosphine.



48 19. Anet hod for producing the pyridyl phosphi ne conpound according to
claim 13 or 14, which conprises a first step of reacting a

hal ogen- substituted pyridine conpound represented by the formula (3) 5 (3)
wherein R is the same neaning as defined in claim13, and Xl represents a
hal ogen atom w th an al kyllithi um conpgund, and a second step of reacting
the reaction mxture obtained in the first step with a phosphi ne halide
represented by the fornula (4) R3 10R7 wherein Pe, Pe, Fe, Fe, Fe and R7
are the sanme neaning as defined in claim13, and X7 represents a hal ogen
atom 20. A netal conpl ex obtai ned by contacting t he

pyri dyl phosphi 15 Hgg nd
havi ng a netalﬂﬁtont %gﬂ%gﬁﬁgag$ﬂﬁ-&%b&h%h?%égﬁg%r%ﬁlc ta qxggﬁﬂgg
21. Anet hoo fdraipr dducemglan ahion eebhoesylat élmrrpamesl rtgf arsicej:ng)fa
reacting | ene_conpoun car bon nOX|de gﬁ&t n t he

n.acet
20presenc3‘a&?g%é%fﬁtte %ﬁgweaﬁ%@%ﬁl ée?]%?steﬂl ot‘ c acid.
1
\ & X (3)
5 R?

wherein R' is the same meaning as defined in claim 13, and X' represents a
halogen atom, with an alkyllithium compound, and
a second step of reacting the reaction mixture obtained in the first step with

a phosphine halide represented by the formula (4)

R3
R R*
(4)
XZ/P RS
¢
10 R

wherein R?, R®, R!, R’, R® and R’ are the same meaning as defined in claim 13,

and X represents a halogen atom.

20. A metal complex obtained by contacting the pyridylphosphine
15 compound according to claim 13 or 14 with a compound having a metal atom

belonging to Group 10 of the periodic table.

21. A method for producing an alkyl methacrylate comprising a step
of reacting an acetylene compound, carbon monoxide and an alcchol in the

20 presence of the metal complex according to claim 3 and a protic acid.



