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SYNTHESIS OF PALLADIUM(0) PHOSPHINE COMPLEXES

Eros&-Re,'erence to Related Applicabons

ji}i)iif! Tile present applicalion claims ihe benefit of'pr!out& ot'U S provision&d

paienl apphcation no. (i3!3, 7,'SS, filed on Septemb*i 2')L 2(122. and!, S. p. oi is:.Onal

paicnt applicaIion no, li3,'-! 01.73i. (i!cd on Jaliuary "(1 '0" v h rein boih ot'h:r
el ilrc con(alt( Is at&on'i!orated hereul ul. Its en(11'efi'!eld

of'» ennon

[00(}3'' Pros ided 15 an opumired process for the &ynthesis of palladiuln!111

phosphlne compleies such as e.&p bi&(tri-/erl-bulclphospiune}palladiun!f0).

i 0003', The aynt!!eiis process s(arls from co!no!ere!ally &»a!table pa!Iad!«m(ff)

COIupuu!tds nhich I!re rCdiiecd to palladium(0) conlple&res ut silo by odin!till!1 Oi

eicess phosphmc !!&land. Thc c brained pallalhum(i}! complea is then punhed in &itu

b' g. pl'clpi'I&1(ing ancl u aslung anli iso!laid 111th 111&'h y!eid aru! piadli'he
synthes;s process does not rellulre thc addition of rcducmg agents s& cfi as. for

eiample. alka! i metal hydrosides or al hail metal all oi:des. in pardcu!ar. f'r eaanlple,

s odi uin hi droa! de or sod!! an n!e(ho i!lie (li h!ch mai be prepared from sod& urn

I«din side in rnethano! under con(a&lied condu!Cns} Filrlherlnore, the san(he»s

ploccss can tlc calricli out In a sln&d&''&'ac(loin resscl 0& a oncpot I'encl! Cn

HaCi gB)olid

1001}4 Oyer th'ast dec& des. pafladiuirl-cu al&/SI d c oss-cciupfuig I'eacuol!s ha& e

Cole!'&'5'd ld a\ one ol Ihe nni5t pc&serf!!I too!5 ill ill'annie 5&'othe&la " 'f'&h&IIIgh boll)

Pd(fit and P(li) comple&es can facihia!e the cross-coupling caialys&i. It is &ieli

c&tabhshed!3!at 1fiJPd(0) {n = number oi'!!gauds} ls the ac(lue slrccies u! th cata!itic

cycle, " Due to practical &altd safety I'e!15ons. thai'e Is an lncl'easln&g lmere5t in using

prelorn ed (R!P) Pd((i! calaiysL& for c:oss-coup! ng react;ons.u ""''anous methods

of preparalion hale been leper(ed in!i(crau&r . uhich eilh r ll!c! gene!':fiiy oi einploi

lcdious l&olanon I&.'chnloucs.

1&0005) For eaaniple. bls(lr!-/c/'I-biitilphosphirle}p&ilfal)lani(0) is 0 popuhlr c&ltl&!is(

for cross-couphng reactions m both academia and industry syn!heiic CIICInist!y
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coi'IlmMII[ies Meth»&ds to produce ibis B!ater!Qi 1» picagy mvoh e air»en»iti! e Pd(0)

s[QI(11)g IBQ[cl'lais such as Pd{dba)! Oil&a!I!QH»'v (I'Ic fiat(B I'I Cup and !Bod! [iPd bv

otltpis' or fr(BB Pd{H) QH»'I co!Bpounds!"'

funt)HI in»proved methods have been developed lb!ause ia! I!ir s!Qbie PJ(li) source.

bUt these I'Pquit'P &ln arht! tiori&71 I'Prlucn!!«lgen1 s!!Cn Qs sod!Ulnhvdio»!Je.!''!I'»

drogen."" or bi»(pmacolato)cliboron under contro! fed io!Iditions.n"

! 0007! The synthesis proces» accordmg (o [hc presei!(. irn;cntiryn u!es Q

pa! iad! BIB{f 0 con! I'ciilM. s! Ich &Ls»'. g dich fol'c!(1,»-c» ch!Bc(QCI! Cnc)pag[IGIIUB I{If ). as

[!to starting !r!aterials. »»hich is red!!ced to Pd(0) iri sini by ad»hiio»n o( etc ss

phusphu!e!igand and then purified bv eg p!ecipi(sting and»»ashing to obtain the

ricsif'I'd pro&due( I!I high y!!'I J QI IJ I!U!t!»'Ug, !o 5 'o»!ehh -'N' p1!I'!tv ) fi'&II!I a

single Hash Idniil»e pre»i»»ush reprir(ed Btethods. [h!s proces» Joes no( reh»»n Pd{0)

startmg& &Baterial sin '"', ten!perature sera itive pagadiufr! QH;ene cli !tie«&ts staithig&

materia! sno ", o., additions( iedurmg agenhs uII(lei'OI! (roiled ciinditiof!» ii!ciialii!Q lo!v

[emperaiure s» nlhesis of'in(ennedia(es '" ''000ai
ooiacoi c[:0 '"""'epo!tcd a '» nthesis in»»hich I cqu! valent of dibronto(H5-

c» clooctadiene)pagadium(fi) is reacted in a n» o-step. 5» nthesis»»1th 2 equivalems of

»(QOI( in MCOI( a» a sohiuon and" eomvaieni» of wi-rp!7 brit&'!&Iphosphine hgand in

toiUCB&I ai io»v '(Proper&it!IIP 11IC s»y!i[basis of McO(»a ffo!B NQOff Qiwi,&'IcOlff Is Q

» cn cao[hcrm c process»vine!i needs lo be earned ou! scparaich un»ler controHcd

condit! Oi!s The I ep»»!leJ Iso(ated»'Ieat is ca Pgo)o.

(000')/ ooiaco! et af.!"" reportecl in p. mech!a!i»!ic study on the forn!ation of his{tri-

/o!'I-I'IUi» iphosp&hine)pahadl!Iti'I{0) li'oitl JH!mrn»('I.H-CH c!Ooctadi "ne)pagad!un!/11) and

3 Cq[IIVQICBIS Of in-/CI'/-bi!t»'Iphosphut&1 ay!Cid O('71 "ro and HO&."'o pur!I» !Vith ..o&o Of (he

co!responding pagadium(i) bromi»le dimer

[0010[ Hence. ihe!e is»(iH a conunuou» ueed iu de»Plop irupioved s»n(heses for

paHadium(0) phosphine compieaes, especiPHy bis(tri-/crr-butyiphosphi Ie)paga-

rfiun!{0). re(a[i»eh easi!» Using Qn!h ent condiiions. »hich arc charac!eri&OJ hy a

more efficiern reac(ion controi. comparable isolated yield and purity, d!e Use of

reaclih available st.uting mater! als. a!td sa& ings BI reaction time and steps. (hereby

o!TCI'ulg ale!cased »usta! Babih(L
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S uinm a!»

I&!(ill] The present mreP!ion p.oxides apri!cess for sinthcsizing a pa(]ail!urn(!i)

phvsphtne co&nplex, 1»herein said process cr&rnpnses Liie folio!»nig steps

(a) i&e!!Cting a pa]Indium!(]) coinpoimdiiith about 3 or inore equiialenLS o('a

phosplilne hgaiid n» obL!!P. 0! pa]]ad!am(0) pbosphlni.'l'1!Tip!as. aber!.'lB tbe

cqilii a]ants arc bas d or'ie a!»oui!1 01 pulls&hlinll 11): -1!!ci

(b) in snu puri(ication r!('the pJ ladium(0) pbosphine comp]en obtained!n step

]00121 The pre»ent intent,'o» (Br(her prorioe.. a palladium!0) phosph',iie comp!es

obiaiilable b; the process iiccord!ni? to tb 'r sellt inuo!1uon

f)rief De»cripdon of Iho Figures

[0013] )one

Detai(ed Descnpiion

Ii!i)lq] Herein!a describetl a proce torsymhe ising apalladium(0'! pho phine

co!»pie»L i!herein said process conip!'rscs tire folio!i !Bg a(cps;

(a) r acting a pa]Iadicatt(]]) convpi&iind nith about 3 or more equivaienis o('a

phosphine iigand to obtain a pa]lad!urn(!'i) phosphine comp]as, 1t h "rein the

oqutra]cuts ar based on the ainount ot palladium(11): a!!d

lb) i!1 snU pUnfication of tl'icpallM!iU!'l1(0) phosphltlc c&1!'i!plea obtained!0 step

(a)

[0015] The process for synthestruig apalladiuni(00 phosphine comp]Ca descnbed

lie!0»i overconies d&ie problems rri!h»onrenuonal processes for:;.nthescrmg

palhd!UP!(0) phosplllne coP!pie»0» o'] thcrebv pro!'ides a pci»'i.'i(ul sea]ableiteii'f»the(le

route (01»ards cata(f sts baseu on pd]]ad!!mt(0) phosphu!e contp]e&»es,

especial(i geared for!he proiluciion o('bis(tri./err-butylphosphine)palladhi!n(OI.
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&vhlch &s a con&merc&al cata!& st utih/ed tor Inn&l orua»IC transIorinat!C&ns

]i&I&IO] The process descr!bed herein prov des tl e folloviing ad! arnages.

]I!I&17] The process snakes use ot air stab!e Pd(II) starting materials rather than

ai&/!e;rq&e&ature se&vail&ve Pd proc&l&so&s, Thc process docs no! reqilire any addi!ional

reducing aim&ts as the additional equivahlnt o!'phosphuie is used as a reduci»g a! Ont

In pmticu!ar. the process does not rei!u&re ar) basic reducmg agen!s such aiq for

examp!c, aika!i meta! hy droxides or alkali melal alkoxidcs, in parucula!, for exan&pic,

sodiuinhvdroxide;» X! OH or sodiu»& n!e&i&oxide.

[r&tii gi! 'I'he entire p!oc ss can bc compl Icd in a single reaciion vessel as a onc-pot

reaction. '!'hc process involves onh a onc-step rcaci!cn to obtain a pa!Iad&um!0)

phosphme compiex fioin the s&arting n&a&crisis, folio!led by sunple m silu pu&ilicatiori

& lap&eferab!y p!ec p&&ation and i!ash»&g. 'I'lus means ihal A&e p!odiict is I'onned

directh m a one-step reaction and ni& intermediates occ!!r makmg the process n&ore

mbust. qi&e one-step reaction ciu& be car»ed out a room temperature (about 20! "'B io

al)out 5 '( ) 1 crs&Ls lo&1 !I I»pell!tule sin&lies'Is ol cl) ogenlc c&) st!!Il'I/allo». eg.

at -3!! '. fhls ls fo'Ion'cd bv'i&npli'ii sl!u pur&f!ca&lou.

[0010! The process can utd!Se letrachloropalladate(ll) salts of hth!um,. Sod»&m,

potassium or ammoniunl as sta&au&g 1»a&eris!. !vhich are incxperisive Pd(ii) sources

and

hale !ess

lnlpacl on Ihe env&ron&neat. Ll&emanveIy. Pd(ll) compou ids sllch as.

lrri'xai»pie, (IKxI,I&pdX (B:- Me., Ph. eic., X —. B!, Br. I). Pd(oleil&n)X (OIHin

norbomadiene, cv clooctadlene. etc» X= B!, Br. I).
]
Pd(--ally!)X! (X= Bl, Br, I), e!c.

can be us cl,

]t&020] The process p'irii'ides high 1'leicl a»el pilriti con&pa&ed!o literaure k»oivn

processes ei cn a! larger sc;&IC

[00 I] In sum&llal). Ihe p»!cess r!i"scl'ibad hei"'0& prov&iles al nloii.'I)!cle»I i&er!clio!1

control. allo&is the use ot'more readdy avallabie and chen!&cr starung mlitcnals. ra&d

saves on reagents and energv. thereby offedng ii&creased sustainablli&y !vhen

co!npa! ed to i»era&ure knoivil processes Besides it is !nore robust t'ilr scaie up.

]III)22 I h& a preferred ranboduncnt o!'the prese&n &n;entio»,!hc palladmrnt !i)
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compounci is represented by Formula (I). {11). (III), (IV) or (V)

.X»
Pd "X2 M: PdffX„QPdf'Xz TzPd'fXz A— Pdf' Pd'i — A

X

Formula (I) Fo.mula (I!) Formula (ill) Formula (IV) Forn!ula (V)

n h e f oil'I

M is;m all,ali metal ca!ion or ainmonii!BT catiott. T!referahIT selected fron! L!

K . Rh . Cs attd b''HT . !nore pre!e! Obli selected .mi!T I..I, Na al!dhfH4, iind

most pre!'erabh selected 1 rom Na'nd 1'H! '

is 0 Italo/en anton pi'cfcrably selcctcd fin!a (. I, Br ai!rl I „ Inn!'e preferab!Iy

selected I'ruin ("I rnid Br . ai!d mos! Bi eferable ('I

(1 is a cyclic diei!e. pr "I'crab!, select! from 1,5-cycIoric',adiene and

bic! clo[2.2 I [hepta-2.5-diane:

T is a!Titnie, prcferabh selected from acetoi!itn! 'nd bet!son! trile. or an

oiefm preferably ethylene, and

iT is an alkctte, preferably selected .rom an ally I coi!!pound. ere!5 I compound

arui c!nna!nyl cotr!I!ound, nuire pret'e! ahi» seiec!Cii fro!n all! I, cnityi a!Bi cinnittrty I

[0023) IB a I!!o! e pf'efc!Tcd cnthiid!B!cnl of the p!use/it 1!i! Cation, alii* prllladimntll)

con!pool!i! is represeirlcrl hy I'oi!T!1!lii ill, (fl), (f f fi. (IV I oi" {V I

Pd !Xq MSPdBXg
X»

(IPd"X, T,Pd'!XS
X

Formula (I) Formula (II) Fom!ula (III) Formula {IV) Formula (V)

i;herein

M is se'lected from Li ', Na', I'. Rb', ('s'nil NHT'.

X is selected from {.'! . Br and I:

() is se'lected f!om l,dscyclooctadiene and bicyclo[2 21[hepta-."..5-dietic:
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T is selected I'rom acetoniirile. ben: oiniui'le encl ethy lene. and

A is seleined I;om an allyl competed. crotvl compoiincl and cin tamj I

con 1 pe unit

jrlt/24j hi a particularlp pret'cnteii ernbodimeni vf:lie present inrcsrtion, the

palladium(il) compound is repr seiiied bv Forniula i(1 j. 111). ((III, (IV)i or (V)

X»
Pd'X, M;Pdax CIPdsxs T Pd"X A-Pcl,'d' A

X

Formula (I) Formula (II) Fo.mula ',Ill) Formula (IV) Formula (V)

nhereut:

!vt is seleiaed front Li', Na'nd KI4';

X is selected from (;I and Br:

g is selected from 1,5-c5 clooc!arliene and bicpcloj2 2 I jhepta-22udtene:

7 is selected from aceti!ni iri le anil benaonitnle: and

A is selected trom an. allyl co!npouncl, crotl I compouncl and munam21

conilpouriii

[()t)2~j ln a most preferr'd enibodintent ot the present invention, th'palladiumill)

compound is represented lip I'ormula (pn (Hj. (ill). I TV) or IV )

r oiixc Msf- duX, f)Pdsxa
X»

Z.,r d'ix W-r da I ds-f

Formu!a (I) Formula (II) Formula (III) Formula (IV) Formula (V)

u herein.

IVI is selecied fioin Va'nd Vi 4',

0 is selected Innn 1,5-cpciooc!adrene imd bicpcloj2 2 I )hepta-2,5-dtene:
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Y is selected Proto acetonitrile and bensonttnle. anti

A is setected t; om allvL ciots t arid cinnainvi

(ii!iiZ/l Pref'cried palladitint(ll) colllpoil!ids are
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[I!t)27 I Xi)oie pr )orred pal)ai)iunr(II) conrpouruls are

[0020 i In a prelhrred endi~oChn&enr ol. ihe preseni rns enuon, I!re i)hc sphere hgand rs

represenrerI h1 Fornrula (VI) ami Ihe pulladjurn)0) phvsphu&e oornples is represenuxl
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by Formula (Vll}

Formula (Vli Formula (Vll)

n h &if oil'I

R is at each occiirrencc independeiitly trom each other selected front alkyl.

cyclriail~ I, aryl& and alt~ lai", I. irhich are optionally si!bsiituted, preferably R:s at

each occurrence mdeper dently from each other selectccl 1 om (.'i-Cia aikw I& Ci-C ii!

c} cloall'yl, (. u-C.,z aiy I. !«id Ci-(. ii aikytari l. »hich me optionally s«bs««tied bl oiie

or niore s«bsii«tents selected (ron". F. ('I. Cbk anil -SO.M, «herein r&t ii an alkali

!octal cation iir atnlnoliium catlol'i. liioi'e profer&ably R is i c'ach occulweiice

!«dependently from each other selec:ed!'ioin (.'i-Ci alkyl. (':-C„cy cloall.i I& C„-('.&s

ar i, i«id (. --Cu alkylaiy I, iihich are iiptlofiaili'«bstltiiteit by orle i)f fnoie

substiluems so/ected (tom F. CI Cst &uid-SO!M, «herein Mis selected I'iiiml,i'a'.
R, Hb'. Cs and tsHt . niost preferably R is at cadi occurrence tndependetitty

I'rrini each other selected from !neth} l. ethyl. prop!I, butyl pen(3 1. ci ctopmpyi,

cyclobutyl, cyctopenty I cyclohesy I, phatyl. aid toly I, irhich are optionally

su(isntuied bi iene iir more -SO!M. it harem 5&1 is selecied trot« Li, lsa'nd NH!',

m is 2. 3 or 4.

[00 pl In amore preferred embodiment i&i'the present imention, ihe phosphine

llgallil is I'I;piesented by Foi'iliii.&i (VI) arid the piilladliliil(01 pllospliitic coiiiples is

rept os «ted by I-'orniula (Vill:

PRa
/
I R3P~Pdc

Formula (Vl I Fo mula /Vll}

iiiierein

R is at e'lch orcunelice independeiltli tr!irn each other selected!roili (.;-Cis

alkyl, Ci-C !&i cycloalkyl. Ci-t. u m! I, anil Ci-C, & alk«1&us I, ii'hi el i are opt«if!ally
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subsniuted bv one or more subslituents selected !!rom F. Cl. ("5, and -RO!M. !!herein

M Is ii!1 all,ah nieial ca!Io!1 ol'»if'Iiofiiiiln cation. ililcl

nl is, 3 of 4

!
&!(f31'lf hi a particularly pfe!'cored ernbodimen! of:lie pfeseni Inrcsftiofn the

phosphine haand is represeffted by Formula (Vl) and ihe pallad:um((i) phosphine

comp!en is repmsenied by Formula (VII)

Formula (VIl

I R3P/Pdo
Ifi

Formula (Vl!?

ni'le!el».

R is at each clc&urrence mdepe»den!Is froin each oiher selected from CI-(.';

alki I ('..-Cs cycloall!yl. C&;CI&i!031 imd Cf-C:: allylaI3 I. »hich are opti&!nails'ubsntutcd

bs one r!r more subsiitueilts se! ecfed from F. Cl, ('N, and -SO:M, iyherein

1&iI is selected from ILI ', Na', K., Fib ', ('s 'nd NFFI, rmd

m.! s 2. 3 o I 4.

[(1031? In amus& piefefied embodiment o!'!he pfosl n! 1»I'e»ti&!n. !Ile phosphine

! igaiid is represented by Forinu! a (V I) fuid the pal ladiuni(0! phosphinc conlples is

represeitted bs 0 ormula (VIII;

R3P~Pdc

Formula {Vl} Fo. mula!VII}

I.herein:

R ls lit each!!ccurrence independentli I'rom ecch other selected Ironl nleths'I.

eth!I, prop; I, bui? I, pe»i)I, c! clopropyl cyclobutyl. cyciopentyi. cyciiohcsyI, phciiyl,

and!o!1!, !el»eh are opuonally subsutu!cd by onc oi morc -50!s'I. Sihcrein 51 is

selected from Li, Na iufd sIH1; and

:»is 2,3 of 4.
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(0&)32| !&Y vetx inost prelerred phospl&iric li),and accord!BI& io Foiiiluia{V! !s:

(0))331 A scr» nit)si preferred paHadium(0) phosphine complex accorilinU 8&

For&mila (3/() is.

{/(3() l P— Pdo —P{tE)u! 8

(I!034i hi a prclerrcd cntborhmcnt ol'thc prc»cnr i«Yet)lion. in step la! Ihc

palladium(H) crontpound is reacted nith 3 or more cqun ale&it» of. the phosphine Ii~&and

to obis))1 Iiic I&all&tdi um(l!) phosp!1!)Ye complex. B herein the eqta ra)ants are based on

ihc an)ollnt i)f pid&!8&th)i i(H).

[0035
I

IB 8 Inure plCferYCd cnibodiltlent vl lllC PI'CSCll! IBYC&it&on, lrl Siep {8) tlr&-.'alladium(II)

compouiid is reacted Yviih about 3 to about 6 cquii alcnts of the

phosphine ha&and to CLYtani die palladium(0) phospbine complex, ivheiein the

equi Truants are b scd on Ihc sino)mt oi palladiuin( ll)

[Ut)36| 111 ail crea iriore prefcfr&'d CBiliod&Bicnt of Alc prcsciil irli'i'lilio!'&., iil slop (8)

II c palhdi«ni(H) cc&mpomtd is reacted niih 3 io I& cquii «lani» ol ihe ph &sphmc ltgatrd

to obtain the paHad)un)(l)) phosphine contplex. Yvhcrein the eqmcalents are based i»n

il&e rirnount of »al)r&diu&n(H)

[0037] In sin«st preferred embodinient of. the pieseni mvenuon. in step (aj the

palladium(II) compound is rcaclcd iviih abo«1 3 to abc«i 8 cr]iiir&ilents of tlic

phosphine lii and io: litain ihc palladiu!BH!)! pho»phinc Or««plex. Ychcre! B Ilic

cquiva'ents are bas d on the ainoun1 ol palladium( H)

[003)I | ln an ci en mr)st prefcrreil ernbodmiem of ihe present &nreiiiion. )n step (a)

ihe palladiuni(H) compound is reacted v idi 3 io 4 eqia& al »L» of'the phosp&htne ligand

to obtain Ibc palladium(0& phosphine comp)ca. ichcrcin the equtcalcnts are b;Lcd on

ihc ammmt of pallralium(l I)

[M!30& hi a preferred in«bod)ment ol!he preset« tnreiiiion. step (a) is earned oui ai
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room temperature

[i)(iaru[ in a pref'erred embodiment ot'the presern i!n ention. step (a) is carried out at

ai 'einpi."IB(ii!re bCliiPen about 20 (. (o BrbiMi( 25 (..

[I)0arl I ln 0 preferred r'frl!Oiiimt'nt ot the pl'ese!I'. !mr"",i(ion. step it11 is carl lcd oil! !I'I

an aria«etio hid! ocarbon soivcn(.

[(it) (21 In a more pie('erred embodiment!rf (he present ini cation. step (aj is ctirri et!

out inloliieflc

[()0431 In B p!Cferred ernb!rdimeot of!he present i !tention, in step (bj the

pa! Iadium(br) pliospllliic co,tip!res ob!Blricci In step ( B) Is pi!Pi f]cd bi pico!pi li!Img I'rom

B fil'sl solvPn'I rand ii'ash!nit \11th a socol'id solvtillt. Ca'here(0 tihc fii'sl soivi'.Ilt Is a

hvdrocarbon tmd (he second so!lent is an a!coho!. Prefeiablv the Iirsl soh eilt:s a (.'c,-

(. Ic aroinatic hvdroctl! brit! a(ore p: efe! ably. the !inst stiivent is benzene or toluene.

Mos! preferably. thc fir 1 st)!vent is toluene, Prefcrabli. tile second s!tli cn! is a Ci-Cnr

elk ohoi Moic pi efciubiy , nic st cond sc!Ii cill is sc(Pcttd fit!In Int!!lia'lr!1. Cui tool.,

propanoi and bate!)OI. Most preferably. the second scr!!ent is methr(alii!

[0004] In a pre(orred enllbodinlent of!he presen! iiii eniion, precipitaung from tbe

fiisi solvent is pert'orated bi Bdd!na the first soli ent

[00".s j ln 0 prc('orred ernbodirntni( c! I !lie presen! i ii en(ion prec(PI(a«ntg from tbe

firsi so!van( is pertormed by add!ng the sect!nd solvent.

[0(i'ziti ln B p!Cfoired embi!diment Of!1(C prCSCn! i«en(iOn, iiaahing Vrnth tli! SeCOnd

so!vent Is Can!ed o!n al a !emperat:ne bein'il ttbtlu! -20 "(.'o about "0 "C

[t)(ia71 ln amore preterrerl embod!ment of the prescn( I!Iventioii. itashing ividi the

second to!!tait is c;or!ed out at a ICI(Iperatiire be!vie n about -"0 '(: to abc!«I -10 "C

[00-igj hi a most preferred enibodinront.!i'the preserrt inveiition. !lashing ivith th

sccilini so!lent is ccxrned ilut al a (cmpcrature o( abou( -I 0 C.

[IH) luj hl a pi'Cli'ITC!I Col!i!)CiiinCBI tll thti preS!!il'r I!lira(it)n !iaahmg !Vith !hC SPCI!Ilt!

13
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solvent is repeated uritil a clear and coioriess filtrate is Obiianed

!
i!(i50! in 0 pref'erred embodiment o('the prese»0 i!» entinn. step (b)!s earned cult

(nice or nu&le imies in succession, hi 'or- prefe!!Cd ernbodilnen( of tlie present

inventio!1, step (b) Is carried oui!(vice or tbi'ee iime in succession

f00»li h! a pre('erred cntbodm!ento('e present invention. Ihe process for

synthes!zutg a pallachu!nli!) phosph!ne complea!s carl,ed oui!n a s!ngle react!on

1 easel,

[005" I fn a plef'-rred embed!menl of!he plesen! 0» en(ion. (h- p!ocess f'r

svnthcsizing 0 pa!I:Idiuin(0) phosphinc complex »foes noi mvolvc the addition of basic

!educ!ng agents such as, for cvamplc, all,ali merel lv, drov!dcs or al»aii mital

aI oxides,!n par(ic!ilar, for xanlp.'e. »odium hvilmside Oi sod!un! medwxide.

!i!05-j The prese!'lt Invellt:on fufthel relates io 0 palla!ihlnl(0) phosphme conlple:

obtainabhi by tbo process f'r syntlics zing dc»cnl»ed herein aboi-.

O0 f1 I 'll t I 0!'! s

[0()»"I] As used herein. (ho (enn "!!bout" or "approaimateh '. n;hen use«i in

connecnon ivith a measumble numerical variable. refers to ih. ir!dicated value of the

1 anable and to ll r alues of the vs»able that tare (»(flin the espenmental error of the

ir!&'lice(ed val«e (e! 1!ithni 95",0 confidence l«ni( tier the nina!i) ur ivith!n! I0'0

pleferablv + sgh, oi Ihe ii'idlca(ed vil'ile, ivhicheivel's gt'eater

10(id»i As used herein. the icml "/Bu'el'ers II» 0 rer/-but)1 group, i.e a brraichcd

«II(yf gl cup of fin nl«la (( if fs). Ivf lcf1 «!ay '!iso be ", ritien as ( I '(( Hs))

f!!(i561 As used hele!n, the tern! "afi yI 'efers!o a satura!ed hydioca!bon chain,

such as, b«t not hn!i!ed lo. nietl»l, ed»!. prop(I and bu(vl The aII') I gn!up may be

slraight-i.hain Or branched-cham I'n example. as used here«(, prop~ I encompasses

both 0-propyl encl!(0-props I; but! I enconlpasses n-b«V I sec-bu»yl..so-bu»! I and rc!s-

bu(vl and so fofdi

I (!0571 As u»cd herein. (h tern! "c; cioaif,v i 'ef.rs to a saturated livdrocarbon

cych c gro! !p. s«ch as, b«i r!Oi hini(ed (0. cv'ci0
11 Ops'1., cs c!Oh!its'I, 0'i'elope«tv! llr!Cl
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c) clohexyI Also iBcluded are brid&'ed saturaied 1(i drocarbon {pol) )cyclic groups s&icli

as. bu1 no( 1!rl&l!O«(o. Bdf(nl((n(yl.

[0050] As used herein, th" (erin "as& I" rel'ers n& &in are»istic h) drr&carbon Soup
Af)i:ncludes. e g, phen) I. biphcn) I niiplithyl. anthracen) I. and so fr&nb. as !cell. as

th&. substnutcd for n&s of each.

[005&«J As used herem, the terr» "allyl'efers (o a substitueni uith ihe struc(ural

I'o!»»da R-CH -Cl(I - CH;, !»herc R is Ihe rest of die !nolecule or H. It consists ol'

nic'(11»lel!P. In'id(&'-CHs" I 0(',aclie(l io 0 vi!1%1 gf cup i "CH=(..H")

[ii(ia('j As used herein. the term "cro131" rclprs to a sul&siituent iii1h the structural

formula R-CH!-CI I=.( H-CH&. »herc R is the rest of thc B&oiccutc or H.

S) stern fr!calls, !( is calleil &i bu(2en- I -) I g!oup &util e&«&!bits geurnet ic isomeri s!n.

hinng eitlier is (g) or /runs {/;).

[utg&1 j As used hercm, !hc (erin

"erne&su»I"

refers ti& a subsu!ucnt nf(h thc

siruciural foii»ula R-CH -CH-CH-Ph. »heie R is ihe rcs( of Ric mob&tule or H

Si steirliulcalh, !I is cai!ed a 3-pheny !prop-2-envt grr&up a!!d eshib!(s gcoinetnc

i. Ome!isni beir&g e:ilier cir {Z) or /Pr&ni {/&')

[()00 '1 "Sffbstffrf(ed &ls used h&!elf! flic&los lliili o»P oi fi&orP Ifydfogcn a(ofYL» o( fhc

descnbed compoiind or func(iona! gi oup is replaced nith anot!!Cr fuiictional group, or

subshtuem For eaan(i&IC. substi!uted phenyl ma) include one o! more subst'tuents in

place &&I alT!'iydrogcfi aloln 0!i ihe phenyl iiu!g. In soBle en!bodinient, !here niay be

on" suhsii(uent a! thc origo. &»c/&r or/a&r & posi!!on ln other embodimen(."„(herc ma)

be subsi!Rienis a1 both or/go positions or bo!h /nc/u posi1imis In still other

embodiments. thc up(iona!I) subshtuted phen) I m«B Include substi!ue!»s ai, e g.. both

ihc or/br& anil/&BB! pOS!(iOnS. Or both niefu anil /&urn p;&sitions 'In son!i.* '*riibodirnen(S

n'ffh mul(!pic subs(itucn(s. th'.-:ubsi!(ucn(s are &!II (he s&smc. ff& o(hcr cmb& diments

niih mul(iple subs(i(Bett(s, ih siibsniilell(s aic dlfier 11( flu!» Pitch oilier T'i laical

subsdiuents include. but are not i!!nit to. ('C& a!I s!. C f
('f h&atoa(!s I and Ci-Cr

iilkosy 9'i&en a I!&i!Ot!of!iil groilp is de:cribed as "op(iof(:f!h substiuited" thai
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ftincE!oi!al group nlu& hu'1 e of'Ie of't&of subsntlients ol no siibstftiioilts

Bxafrqdes

[I)00
[

EVanipie I Syntheli& Of BiS(tri-tet'1-butt lph&OSphhle)palladi inn{',I) frOm

Dich!ufo( I.S-C) cloociad!ene)palladia!»(il)

1 ) P(/Bu)s. toluene, r t, 2h
2 } punfication luith Meoit and toluene

P—Pd—P~

[1)N&q[ Dich!Cro{ !,5-c& clooc1adieiie)pal lad»m!(Il). op o«{10 110 g. 35 03 mmol: I 01!

cql ) v'as adlded ic 11 I lask »id& a st»'a'. &aid a Ihcl'nu»n'ci' lh& i"n!fico»pic plf!bc li

»as purged vl i ih nitrog&en I ur 30 mi!»lies !t I muiar solution ul lri-te! .'-

b»1ylphosph!ne. 98'!to {22 08 &: I I".08 mmol. 3.20 eq.) in tuluene »as adderl 1u the

flask via nitrogen pressu e canilula tra»sf'er or s&rinSC 'fhe r&action mixture vva&

stirred for 2 hour& at room temperanlre {21i-25 sD)

[ilii/5[ Degassed methv! alcohol {a!1!1&drous, 9!)8&?o (121)0!) ml)i 9 as added to the

flask and the reac11ofl fnlx1in'e v as alien ed to stir for 2(i 30 mmutes. Then, the

reaction Inix!ure lvas cooled 0& -! 0 to -20 "f.'nd the soilds vere a!Io&t ed to setlle.

The I quid &v&is fiitcrxl a!lag 1!i&h a canula raid it ",~as &vashed !lith »1&»e nieilianol

un111:he fihm&1e is c!ear and col&7riess I'hen. !oluene {ruthvd! Ous, 9&/.8'/o 1 73 ml) lvas

aii&icd to the f1 asl and it IvJs s 11 fTed at SS-6(1 o( '!r 30 mm Th" I"scil nfl »list»foe v/as

allolved io cool to at least 30 'D and degassed methvl alcohol tanhv druus. 99 8'oo

(I?i).00 mi)) lvas addeif tu the I'lask The reacnon In:xi»re !&as allo",ed to stir for?0

31! a&inn!cs. Then, the feacllon nllxtule vl s coolefl !o -10 lo "20 {. ai'.d 1!re solids

vere allo» cd to said ". Th= liquid 11 as lil1ei ed all av tvith a ennui a and i: v as u ashed

«01h more nicthanol until the filtrate is clear and coloriesss The sluriv vvas transi'ermd

onto a Schlenk fi! Icr under vacuum for Altralion. The vvhf'&c sohd p!'oduct vl as dr!ed

uild 1 iflef l col'I!hi!i!ils

[00{i(ii Yie!d. 8?o)o. piint&' 98.'«. Ikl bitvtR {f:&Do, SII{) Mills); &1 — 1.51 {t. 54(I)

ppiT'18', '!H) (&MR {D&D:., 202 3'fiir) d — 848 ppl'1'I.
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]i!067] Eaainple 2. Synthesis of B&s(trI-/e//-buty lphosphine)p&aliadiurn(0) from

Dici&lorr!{norbon'&adiene)palladium(II)

]r)068] The p&c!cedurc of Evtur&pie I ))as repe!1(ed using

d&eh!ore(norbornadlene)paIIadlunu(I) 99o&&o (.". ()0 g: 7.4" n&nlol. ! .00 pq ) 1!&si ad ol

dlchloro(l.. -cyclooct&uliere)palladuuin(ll), The quanutat!;e ratios and v»I&uncs of the

Used 1& agon&a and (cise&rts n& I'e ad)&)sled accoi'dnlglr, The d& )!feil piodUcl &ass

obtained in go'&o «!aid

]&1069! ISS!Unplc 3 Synthesis of I)is(in-/cri-bun lphosphu&c)palladium(i)I I'r&m&

Bis(ac~'.omtrilc)d&chloropalladium(II)

]i)i)7()] The pro«colure of Eaianple! 1«as repeater! usmg

bis(acetonitriie)dkchloropaIIadiun&(II). 99go (2 (ib:, ",.71 rnmol. I 00 eq.) instead

o('!»hiero(1.5-c«clooc)l&dion«)palh!dIU'n(II) Ibc quent!ta(ivc !at!os luul «olun)&ls of lhc

Used:eag«nts uod &»l)cuts!)«&e adlu ics! Sccorllu&gls, 'I'h«des re!1 product Uas

obtained In 70eo s ield.

]0071] Esarnp!e q Sy nlhesis of BIS(tn-/crr-but) II h»SI&bine)palladiun&(0) Ilrom

BIS(ben~el&i&rile)dicl&loropslladiumill)

[00/21 Tbe pi&ace&i!i'p of Fs lrnpIe I uas Iepea! )&I us&f'I

bis(I»cur»nitnle)dichloropsIIadiuns(III. ')!)'yo (2 00 g, 5.2l &urn!&i. I 00 eq )instead of

rhchloro(i,g-cy ciooctad&ene)naiiaoi&ut&((I) I'he qu nut&st!re ratios and rolumes ot the

used ruagenus and sob enus !sere adjusied accordu&gls Tl&e des&red pr»duc! !uas

»blamed u! '&gq&o 'elrl

]0073] I bc caaiuples presided bc&em arc nct in«&sot (. Iimi). th" sccpe ct the

ll&sent!on as se& forth ul &he clallns
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Ape claim

! A process f'r spmhe»iemg a palladltmi((i) pl'.osphlne complea, ivherein said

process conlpnses:he frlllol»mg step»

(a) I'i.acnng H IJalhldllllli(11) coillpouTII! !Tlth abo'ilt 3 IJf fnolc I"ilulriilenls of H

phosp! ilne hgand h» olluun al IJHIIHI!IUM(i!) pboSIJhlni.'l'I!Tlple».. nberi.'ln the

equi i aiefIts are lies il ol'le Hniount oi pallaihlinll 11): -lllcl

ib) in sllu punficinlnn of the palladium(0) phnsphuie co."up!ca obtained instep (0)

The process according lo claim I, »»herein the palladium(11) compiiiuid is

reprcseiiien b».1 orniula II). (Il), (III}, (IV} or (V):

X~
Pd'Xa MHPd 'XH QPdHXH THPd'X, A —Pd" .Pd' A

X

For!!ula (!) I oilnula (II) Formula (lll) Formula (IV} Formula (V)

ls i icrein:

H'I Is Hn Hlkah ITieiai clnirin or H011TlonlUITI cHuon:

X ls H hill ogeii Hi!Ion!

r) ls H c} clm diane,

T is a nltrde or an olefln. and

A Is in! al gate.

3 The plocess accoldn»i*,io c;Hani 2, 1»'heleln

Ht iS SeleCted frOm Ll', tSH, Is'. I»b'. (.'S'nd I»HF,

X Is selected frcan (.'! '. Br'nd I

() Is selected (!rom l,g-cpcinnctadfene iu!d blcpclo}2 2 1 }hepta-".5-diene.

T is selecled I'roni acelonitnle. benrofutnle nd eth» lene. and

2;I
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:-S. is se'le&Bed I'rom an allyl compound. Crotrl compound and culnamyl

C o inlJO I iB d,

The ]Jr&icess acco ding io chai I 2, BhereIII'.vf

Is sdecicd fronl Li . b a arid b&14

X is selected from Ol and Br

O ls si lee&i'd f foul 1,5 cccliJ&lclridl rli cllld I!Icycloi 2.2 1 ]flop&a"2.5"&lIBIC:

Tls sei& ctecl lronl rlceton'Iulle IIBd henaoliltiile.'nd

4!s si'e'c&! fronl an all!if conlpound. c! o'tcl conlpolind and cuulan1il

conlpoul'Id

The process ace& rdmg to claini 2. Bhcrem

M!0 seleci&d fronl ta rnid %HI

9 is selected f'! om1,5-cyclooctadiene and bicycl&ii 2 '"
I ihepta-".5-diane:

T is selecied fnirn aceioniinle and benxuiutrffe, and

!X is selected f'! Om alh 1. c! OIi I laid cinnanisl

6 The process accordmg lo one ci more of cliums I lo s, uherem the phosphine

hgand ls represented by Fo!'rlilliri IVI and the palladium(01 phosph!Be co!BIJ!Cx ls

reprcs nied by Fornlula IVI I

PRJ

Formula
i'VI'SP

Pdo
"ii

For!ttuia! JI/I)

Biiereln

I& ls &!teach occurrence independently I'rom each other selected fronl aff 5 I„

cyclo Ill yl, alb'I, Bind ail&3 Ia!TI, Bhich ate &1plionalfy substituted, rlid

21
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i71 is 2. 3 Of 4

7 The p.ocess accofiling to ciaini 6. Icherein

I ls Qi cacti oceuffel)ce lndepelldeB111'rom each other selected f!Ofn (. ' !s

alkyl. ('('Io cs clr)alky!. (.,;-(: n Qfyi. Qnd ( 7-(".;- Qlkylaryi, )ybich are OPtionaily

suf)sututed bi one:ir mo!e subsutuents selected from V Ol. ON, and -SO~M. 1)herein

M ls an Qli ch Bietui cailon ot'aninotui!Bi cation: Q'lil

in is 2, 3 or 4.

g The process according io ciaim 6, isherem.

g. is fli each i!Ccuffence lnilel'eililenliy'ron) each og)ef s lect!fait !IBB';-( s

Qlk'I'1. O"-(., cy cioalky!. (.!4O III tuyi, iu)d (.I"O! i alki i sly', A l lich alu opllonalli

subst;tuted br one or inoie substitucnls selected fi.om F. Ol. Ote. !Qid -SO)1st. )Cbercin

'sd is selected fiom if I'. NQ'. V '. Rb', (s'nil qHI ', Qnd

i'lls . 3 OI 4.

9 The process accofiiing tn claim (c lcherein

I( is ai each occufreni.;e Indeiiet)dently fbom each oiher selected from methyl.

egv, 1. propi!, bi!Iy I, pen ty!. Cl clopropi I. ci ciohuty I. ey cii!penlyl, cl ci oh ex) I, phenyl,

and tolyi. srhich are o»tit!nally substituled by one or more -SO;M, lchefeh) M is

SeleCIed Ilolrl ll. i tsa Anil qH.'.'; a!id

m Is 2. 3 of 4.

10 The P!ocess Qcciitding Io one oi'I'Bore of clanns I to 9. Aheieil) Bl steP ifaI the

paiiadiuir)(HI cionipouiid is I""Qc led O'1 th Qbiult 3 I o ftbt&ut 6 eql tiff llefits of tile

ph!!sphine hgaud io ohtiim ihc pailadABBK1) phosphine complex. )cberein the

equi+a! Cuts m.c based on the amount of palladnimt

if )

1 1 The process aeconhng to one cr more of ctanns 1 to '.!, Icherein in step tai the

pi)lladiumtl!1 cotnpoiind is f ilcteii uith about 3 to about 4 equi)Q)let)ts of the

pliiispliifie iigaAd to obtain the patladlunl(B) phosphino con)plea. )Cheroiil ilia

equi) alen la are based on Ihe unount of palladiungil1
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12 The process according to one or !nore of claims I to 11.!vherein step (a) is

carr ed ou( at roon! !en!perau!r *.

13 The p!ocess accordmg to one or!nore ot'claims I!o I".!&herem step (a) is

cruised out &ai a ten&'perafu!e be!tv&!! !1 0!out 20 C to about 25 (

I I, Tl!e process according to on or morc ot'claims I !0 13. vvhercin step (a) is

earned out ut an aromauc hvdroca! bon sob ent.

I, The proces& accordmg to one cr more o('clruins I to Iu, v&herein step (a) is

celt!tert out ln ioiue..e

I C. The process accordmg io oi!e or n!ore of claims I to 15, &&herein in step (b) the

pa! Ia(hum(01 phosplune cont(ilea ob;au!ed in step (!I is purified bv prccip! (atm! and

0 &rsh! i lg

17. The process &according tr one or more of c(&aittts I io 16. &vltcrem in step (b) thc

palh!!tl!!rn(0!) phosphu!e ccnnples obtained ii! slep (a) is puntied b! p!ecipnaiing I'rom

a first sol! cttt and naslung vv! !h a second solvent, tvhercut iltc fir I sob cnt!s a

hv drcca! bon aud the second solve!ti is an alcohol.

18 The p! ocess acco!dmg to claim ! 7 !riverain dte first solvent is a C&;I't

aromat!c h& droc&ubin!

I!!. The pre cess accnrdmg to ciaint !7.!therein the firsi soir ent is bensene or.

u!ilfeiie

20. The p!oce&s acco!dna& io claim 17.;therein,!he 1!rst solvei!t is toh!ei!e.

21. The process accord!tg to claim 17, vvhcrein th. second solve!tie a ( t-Ci„

alcohol

22. I'hc process &sccordittg to c!&aim I ',!vhcrcin rhc second solvent is selected

It&an! methanol& etltanoi, piupanol a!nl butanol.

23 The process accord!ng to claim 17, vvherein!he second solvent!s methanol

24 The process according to one ur inure uf claims 17 io 23.!vhere!n precipitann&g&

(rom the I!rst solvent! s pertom!ed bv addmg the secrnd soli ent.

23
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25 The process according tr one or more of claims l 7 io 2-I. wherein nashing

nith the second solrcni is corri.d oii1 ai a temperature beta eon aboii1 -2ii 't. m iiboui

2ii -'C

20 The princess acc!rding to on'r more of claims 17 to 21. nherein i@sabin,

nith the second solvent is earned out ai a temperature L!etrceen bout -20 "C to about

27. The process accordirig io rale oi'iol'e of claims 17 tr! 4, 'Ahcrein!castlirrg

niih ihe second «oh:e»i is carried c!ut at a tentperalure ol about - I 0 -'C.

2'. The process accordmg ro one or morc of etmns I7 to /. ishcre n !unslung

niih ihc second solves!t is rcpciitcd until a clear and colm'less filtrate is obtained.

29. The process according to one or more iaaf clamis I io. II. nherem ihe process is

carried oui iii a sincle reactioii vessel.

30 Paltadirtml0) phosphiii" cornples ooialnable b" ilic process iiccorrllng 1i! one

or mr!re of claims I io 29.
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