
In a prc~~tw~ communtrn~~t~ uc rcporIcd a novcl 
arylatwn of okfin b) Ydl P.~~,I:IOACI, ’ I hc rcw 
bon unolvcs a fitcllc clca\age of the P <’ twnd. 
uhlch encrgcrtsall) I\ wmparahlc IO rhc (’ (‘ 
twnd and chcmKall) \lithlc under ordmar) con. 
dlhon\ 

lhe prcxnr paper concern\ the phcnylalwn of 
I ~tx?cnc. ~yrlohcxene. acrylomtnk. %I> rtne. b In) I 
acetate. ethgl au) UC. and ethyl hug. 3 cnoak wtlh 
PdtPPh,&tOAcb: and prrwnlr a ptnvhle rnecha~~~ 
15rn In a wnc~ of paper\.’ WCL; ha\ dcxnhcd 
phcnylprlladrfwn of a varic~) of olcfin~ corn. 
poun& h) ;r phcnyl pitllw!lum ~WCK\. uhlch were 
prrpurd hj an ctchange rcpclwn twuccn palla 
dlum UII\ and phcnyl metal compounds wrh a\ 
phcnyl.mcrcur). .tm. or lead I’twc ctchnngc 
rcstww prohahly m\tti\c an clertrophlllc a[racA 
of palladiums II I on the ammaw nuclcut On the 

olhcr hand. in the prcscnl Prylawn by PdtPAf,h. 
(OAcb,. II teem\ Ihal im nryl p&&urn qxoc~ I\ 
produrcd through ml(tnhtm of the aryl group from 
~hc phorphorw IO palladwm. uhlch might bc 
mlbatcd by attack of a nuckophllc on ctxd~na~cd 

pho\phow 

Ar+r~on 0f I .OC~CII~ In all Ihew and wh\c. 
quenl rcacliow. okfin and f’dr PAr,b,rOAcb, ucrc 
u-amxd 10 V or MY m acclic asd unltl mosl of lhc 
compkt rtwkd IO produce mctallK palbdlum 
RCWIIS wth I-trlene arc wmmantcd m Fq I I I 
md 1 ~hk I. In F.q I I) no dcscnphon 1% gibcn of 
rhc product u-hKh zarncs phosphorur. wrw IIIIIC 
IS known atwu~ the fate of dcrrylrlcd Irrarylphcn. 
phmc. CXCC~I thaw a UTUII rmwnt of dlphrnyl. 
phcnphuw acid cim tw recovered from 0~ rcx 
tmn. Mcnr of rhc unrcitrrcd phosphmc ua\ Inns. 
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formed Into wphcnylphwphme otde 1 he phcnyl. 
alwn of olcfin~ tscuncd wmdrrlj utbcn a mixlure 
cd l~oc~cnc and PPh, ua\ d&d to Pd(0Ac1: in 
BC’CIIC acid udubon r’l’ahk I. run 6 and 7) Ercc\\ 
PPh,. houc\cr. InhIM\ the phcnylalton (run 0. 
Palladwm chlondc complct. u hK-h I\ tmlg dlghtly 
wluhk In xcw wxl ctcn a~ an clc\-atcd tcmpcra. 
Iurc. dd 1101 ~KJU any xh\ily In aqlalwn ilnd 
could he rccorcrcd nearly- quanlllali~clj iiflcr Ihc 
rcacllon [run YI t(ouc\cr. In comhmatwn ullh 
w&urn ~c’cI~w. lhc complct probd lo bc 8% cffcd. 
I\C an ;qlalion \)\Icrn a\ pdlidlum xclnlc lrun 
IO) II ma) tw ;~rpucd that the hmllcd conccnw~lwn 
of rhc ctmplc~ qwc~c\ In whwn made Ihe ar)-Ia. 
twn ~~rturll~ ~~ndctcc~ahlc tlouc\er. the addlrlon 
of wditim aicl.dc did nor incrc;~w lhc ~olutvlil) of 
the chlordc complex 1 he role d d~clalc ion In run 
IO prcwmabl) rc\lclc\ nol In Ihc wluhllvallon of 
rhc o~hcru~w Inwduhlc complex 11w3f hul in wmc 
dirccl p;trticiprrwn In the i(r) litlwn 

and phcny-IaM prcducl\ wcrc ohtarncd In )tcld\ 
wmdar IO thou In ~CCIK’ ad ubcnl ‘1 hut. the 
prcscnl rcaclitm con&llon\ arc midcqualc for 
aromatic ckwophd~ sub-tllullon mvdrrnp a 
pdladlum i II b rcagcnl a- wilt show-n by lhc fore. 
gomg aulhorx 

When lw1 p.~ol)-l~phorphtnc was uwxl In place of 
Inphcnylphoq&mc. the icrylatton pwcccdcd lo 
gc\cp.~ol) I dcnvictl\c\ of tsfcnc~ (run 41 I’hux the 
aromalic <’ alum. bound lo plhnpfww. hccomc% 
lwndcd 10 the olchmc carbon Since a dlrccr rcx. 
IHI of olclin wslrh ctwrdma~cd wlphcn) Ipho\phme 
IO prafucc phcnylawd okhn IS unhkcly. the 
ovcriill rcxlltw mu\1 mvdsc PI Ics\l luo phac~ of 

rcnclwn wqucncc. clear-.tgc of the rql P hood IO 
form an mlcrrncdl;~rc which <iurIc\ rn rclibrlcd 
;rr) I group. poswbl) on pdlacl~um. rnd the rc*cIwn 
of the lnrcrmcdwrc with olclin Inqwrwn of fhc 
prrducl mdiculcd Ihal fhe hrwr pha.w IS the phcnyl. 
p;dl.d;tlion of okfin ;I\ tlcxcritwd h) Hcch.’ and 
rhu\. rhc inltrmcdiidc I\ wmc +I pdladlum 
qx~c\ .4 zomparlwn twluccn run I rnd 4 Ior run 
15 and I6 In 1 :Iblr 2 b ~n&ci~rcd rhar the )~cld of 

itr>l;l~cd prducr -.I\ loucr for ~hc phosphmc ulth 
itn clcclron~rckavnp ~~~~I~XIIIIIIC~~ phcnb I group 
1 hi\ IXI may- bc tmportanr In undcr~rwnl~ng rhc 
mcih;rm\m of the fir\1 phaw of rhc rcaclron. I c . 
the zlca\agc of arj1.F’ bond 



tlcu1bml d Cltiurld phosphlmr - I I 

the reduced palladwm was reoxdwd IO a dtvaknt 
rlale. ‘The over 100% yleMdr itre explatncd by con. 
wdcnng wch a ctialyIlc cycle. NW In the preunl 
rcacI10c) rhc formatron of a phenylatcd product did 
noI paritllcl that of metallic palladwm ‘The prwp~. 
IaIwm of rerv raknI palladtum seem4 IO he In. 
hlhwd hy the prcwnce of a phrnphlnc I- and 
l~~amc wgnIfkanI afkr ~hc phosphmc llgand hsd 
been dcttcoycd h) o*K1atmn IO phoqhmc ox& 
Oxtda~wn of Iriphcnylphphmc In Ihe prewncc of 
palladwm IO Ihc phwphmc ox& I\ Lncwn.’ In 
mo\~ of OK rcrclww In ‘I’ahk I ~hc condlIwn\ 
IIlme and Iempl u-ere adop~cd In order IO mahc Ihc 
prcclplwlon of mctalhc pall&urn compkrc and 
Ihu\ the whwqucnr u-ori.up co\) 

1 hc Ilmc cwrv of phcn)-Iawn IlluwaIcd In f.Ig 
I and 2 \hou\ IhaI the phcnylarwn u-a\ ncariy 
complcIc In ;( mwh shwwr ~unc and under much 
mlldcr wn&flon\ Ihim ~hc co4111onn\ In 1 ahk I In 
thcw figure\. small dquoI\ u hlch uerc IaLcn from 
Ihr mlxIurc ucrc analywd dIrccIly on <ii <‘ and Ihr 
)-lcld\ of phcn! lalcd producf\ ucrc plcMlcd ilpolIl\l 

rcacIlon ~trnc 1 hc mltwrc ua uwlall) hctcro. 

gtnccwr~ because of lhc low- u~ubilily of the I I 
complex. PdIPPh,HOAct,..In accoc acd 01 acc- 
ItmiInk aI room IcmpcraIurc AddIIion of a IO fold 
excess okfin soh~bil~xcd the complex lo an apprc. 
c&k cxIcnI IO afford a deep ora.nge wlurwn ~JKI In 
1 hr most of UK sold dwobzd OIW hr aflcr ~hc 
addlrnw of &fin. the mIxlure began IO darken md 
Ihc prrcIplIaIton of mctallmz palladium bccamc 
cwdcnr A\ already mcntwncd II UUI a ~cncnl 
otwrtatw thaw the prcctpIIatwn of pallrdlum 15 
dclaycd a\ wmparcd IO the formatron of phenyhted 
pro&cl 

1 here I\ UMW dtwcpancy In wmer dl\InhuImn 
of Ihc prc*lucI Mu-ten ‘I’ahk I and f.IlI I. c\pcc. 
Iall! In flu rcM\c ahundancr of I and 3 Smcc the) 
arc Iwmcn In u htch onI) rhc locatIon of lhc double 
twnd I\ dllTercnI. II ctwld rcawnahly bc InIcrprcIcd 
Ih;tr the Iwreacd wnwnl of 3 m lrhlr I %;I\ dc 
nvcd from rhc lwmcrvsrion of 1 due IO a much 
longer reachon IImc II wcrn\ IhaI Ihc rcwl~\ In 
f,Ig I reflect the Iwmcr dwnhltwn dlrccrly de. 
rlbcd from the rcxtwn Intermcdnle. wncc no 
\IgnIficanI Iwmcn~aIwn of Ihc ti>-liaIrd prrrlucI\ 

was verified in the rwcliim and subscquenl analyb 
snl prrrcdurc In IhI\ dlrccf <il (‘ itnalyw a 
conwdcr~hlc amounl of hlphcn) I u;(\ dclccrcd. hur 
II dccrrwcd gradually uIIh rcacIwn Itmc and linall) 
dlmuwhcd afkr atwu~ 20 hr Hlphcql uould tw 
formed hg thermal dccompovrwn of PPh,-Pd 
IOAi): In the In)c<lwn part ofthe (il (‘ m\IrumcnI 
In 1 rMc I rw tvphcn)-I WI\ &Iamcd. hul when the 
~C.KII~WI ua\ carrlcd CWII uIIhouI c4chn. hlphcql 
bc~amc Ihc prcdommanI prvducI II IX rnIcrcwng 
IO rt~rll IhaI phcnyl palladium rcagcnI dcctwnpow~ 
IO RI\C hlphcn) I i 

In big ? II I\ IO he wIed thaw ~hc u-uI4 rc;#‘Ilon 
WC dccrcwrd a\ Ihc rallo of PdIOAcI, IO PPh, 
dccrcawd 1 hi\ 13 In accord u IIh Ihc cxpcnmenr In 
lahlr I. run 5 I hc ohwr~alion 1% grncral in0 
pccbbc of the wlvcnf I hi\ fwI IX further we\ud 
b) ptwnlmg WI lhal I ? cornpIe\ I\ uwnll~ much 
more wtuhk Ihan I I complct. PdcPPh,~OA~~:. 
In .q ordmrr) wl\cnl In oihcr word\. the high 
ICICII\II) of ~hc I I compkx mow Ihan corn 
pcnwk\ for the IOU comenIraIwn In ~hc rca~twn 
mcdwm f:rtwn a mechanl\Ilc pwnI ol \ICU Ihc 
ahwc ohwr\.tIwn wcm\ IO ImpI! IhaI wmc co. 
ordin;rlwn b.sanc) or unwturalwn IX nccctsuj for 
the mlllrllon of rhc ~C.ICII~HI .A\ IO rhc CITCCI of 
wlvcnl WI rhc reachon. r)01 much dlllcrcnce h.l\ 
been ohscrvd In the IC~CINHI MC and producr 
compostfwn In wl\cnI\ wch ;1% ,KCIIC' .tcd. xc 

ItmiInle. dXCllWkT. hcntcnc or nilrtwnerhanc. 
though mwc uorl I\ nrcdcd In Ihl\ rc\pccI 

Phrnylurton <>j c,rhrr c~lrfins 1 hc rc\ul~\ ulIh 
some of ctiher olelin\ arc wmmurrtcd m I rhlc 2 

Phenyk~clohcx;tnc and hlphcn) I. rhc rc~cIwn 
pwducls from cycl1Bhc*cnc. ctmJkl lX produced by a 
w~owlq rcactwn. I c . through h)-drogcnatwn 
rnd dch)drcgcn;lIwn of phcnj-lcgclohcrrrw\. wnir 



the former puluc~ UJ\ twt dc~ec~cd m tk reaction 
under mlldcr ct~~wn (FIR 3 I 1 k fcnmahtm of 1. 
and J~phenykycl&cxcnc. the matn ~cnluc~\ frrom 
~yclohetcnc. IS in conlraxI lo Ik cux of I octcnc 
which produced rnamly \tyrcnc dcn\afl\e, I’hc 
IlmC ClHJfU of pknylatton Of c).C:k)kxCnC tf’lg 1) 
further wrtficd that the mam producr\ ucrc 1. and 
4.pkn)-lc)clohcwnc. u here I .phcn) k~clohcxcnc 
ua\ dctectcd only in mull amcwlnt\ A wmilar 
oricnlafion of pknjl group bar rescnllg ken 
rcpwtcd for pknylpallibdatwn of cyclohctcnc ’ 

Ik c’onverwon curve\ of phcnylawn 
oc~enc. cyck)hcxcnc. and cfhyl acrylafc in 
uxlicalr a similar rate of rextton m 
okfin, On the olkr hand. when tk reactKw was 
carned WI wrh a mature of IUO olctins. a wgmfi. 
zanl ddfcrcncc in rcitclivi1) UP\ ohsend hclwcen 
~hcw okfint t I ahlc ! I 1 hn ctw~ld be alrnhuleJ to 
tk difference in coordmafmn ab~b~y d okfins.’ 
As the raillc c-f phcn>lalK)n wa\ dccrcaKd h) 
~ncrczwng lk T*IK, of Pf’h, lo Pd~OAcb,. II I\ 
prttihlc thal tkrc I\ an cqutllhnum In which PPh, 
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Table 2 c onrmurd 
_ _.--_ .-__. . . --.-_. 

Run RCr-IIOn 
4;u Ok4n MU. hr Pruduc1r. %’ 

II crhrl q: unknown’ unLnuwn’ 
hul~~~cnoalc ,I0 II.‘1 

Pi10 Pha Pha 

(I! 01 IlracC) 1-a 

unhnown C 21 
. .- .__.. . ___._ _. _ ,, -. . _. 

compctcs with &fin In coordrraatam IFS ?I t:bcn 
though ~rrc> okfin\ CXI\I rn cqulmolar amount\ rn 
the \)-\tcm. one of rhcm might bc prcfcrcntrall! 

4C0, , Pt’h, 
Pd 

Wh,’ ‘Ok 
* (‘5, ._ : 

X 

4d) 
‘Pd’ 

Pt’h, 

<‘,/ 
. PPh, (2) 

J 

‘( )A, 

X 

cc*ndmaIcd lo pJla&um and rcacl lo gi\c lhc 
concqwndmg phcnylalcd prcdu~~ 

.Hrc hanurn .4x ~~ggcdcd the phcnj-latlctn prod. 
ucr can mod rc;l~wwhl~ hc mlcrpcld In Icrm\ of 
rhc rcx~mn of okfin\ u-tth the phcnyl pallabm 
\pcc~c\ formed during Ihc rcacbon Allowmg for 
~hc ~~4-4~ mmor ~anancc uhlch m&t k Intro. 
dud by the presence d P phoxphtnc hgad. the 
prc\ent phcnylatmn rcacrmn ham\ the folloumg 
chamctcrrstrc\ which arc the c\~nlral feature\ of 
the phenylpall&tKm rcacllon a\ dcrelopcd hy 
ticch III Phcnglalton td okrim under mild con&. 
I1005. (11) rclalib-cly IOU xn\ilir 11) lo the shangc in 
rexlIen me&urn. 1~11 \tcrctshcmi\Ir)- forrnnlion 

of 1. and 4.phcnykyclohcxcnc from q~lohc~nc. 
and pfcfcrrcd formalron of rcrminall~ phcnj-lalcd 
pnxfurt from J lcrmlMl olcfm 

‘The mtnt mtnguing proMem I\ ~hc mcchantrm 
tq uhK-h rhc phcn)l palMrum ~WCK\ I\ ftwmcd 
1 uo pn~hlc ways arc condcrcd for Ihe dciitiqc 
of the I’ <’ bond ctlq 1 and 41 

PPh, 

;Pd:“ %,, - 
m\ ,Ph,P!Q 

/Pd. (1) 

Nu auckqtuk 

Ph,P<o . . c) l Ph Pd (4) 

;Pd” \ Ph,P Pd 

Equalbon I\) conruns an iruIialion inbolbing 
nuckophrhc attack CWI phcnphono h) a nuclcophrlc. 
while Fy (4) rcprcscnt- clcctrophihc attack. of r 
palladium \pcocs on ~hc aromatic nuclcu\ Fkc 
trorvrclcarrng groups (for cxampk. MC or 0151~) In 
In.p.sutnWrlcd Inphcnylphosphmc proved IO 
lower the WKIJWI~ of qlatton ’ Ikut. Ihl\ a+. 
Iton may mvolrc a ntxlcoph~l~ allack on phcn. 
phorut In rhc rate dclcrmrnmg acp. l.c.. t:q (31 
xcm\ IO hc tnwc rcaronahlc ‘1%~ mlurc of lhc 



f-10 4 llmc c’m~rxc of phcn)Iuwn of I ~~riwnc. ethyl 

acc)fuc. and cycbfureru hy P&PPh,MOAcb, In Ac<)fi 
U Y) 0. [P&Pph,MOAch] - 0 ,‘rnok:l [&fin] - 2 mokll 
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