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CllsjtoOlBRBOr dJcOdzHtse o L dzj Sltetsdzde” »  J to,
~OOCIsjtedMmisdsd. lfjitcor | f s5COL Oder o L dBs
fitoj desMtse LOGGWHO d §jt]j dsmtss LOtWYHO M d
dz¢ qgdzj Myd deydd, sBiMmfjydeoshdns WMV sHLFMyJ
fjtcj nSHBO OtetsdzOIsdyj M<dn WicOGd3j dzlsts o, B
BdWHJ tedz’ n B s Odzdzs BOC te sy d $ dzd) wj PNL-dzH ¢ G diHded de
ofjtworj M {teddj dggudrepjobp §de@BE Gdztso ¢ G sy O
Mo tsB SH dz' R L dzj CstcsdzOn e S OL Odets bkdgj dz' b §
LsdzBIs@( toj OdzdL Oydw OktesWddz dzr = oL O d3sSH J 2

lfjtwor j fCOLOdets, yYlsts ~dztstodH dz [) dnts@dz®Oc
ZdcOjfAEOdsz 1: 2 Mismtsedy ikh jMlseodvis: Mkt
Oyj Issdz0, Oy stsdzd Is te d dzO, rfnd ntbdzf ddef &8 L O
Wstecdzdtoso Odedw dzj S tso Odzj dzlsdz" « oL OddizgsH j 2 Mise
OsskOE OLtkO. Cktk syl dcdd sigsd s
MsLHOjIs oL Btsy dets s ¢ dimf sdz' L s Odaed W Ctsd3
ZjeCtsdzjlszyd] ttteOddyjmMSdj MtjHddz dzdw. v
CiCMOVHjtedy 7 CtdfdzjCMse, ©BEMuss dzj dzdg®w
COdCagsdedsH " HEEO &0 ddcOdH d § &zOMmlsjteyj dested
sjtetsntetsd3dL &3 dz¢ B dej My dzydd, o' L' o0O8Nd2
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tOldtdd stedud MSCdrn dz¥ Bdazj My delsde’ = s ed3tsd3d

v ittejlsdyjmsoOw d ftcOCIsdyi M @Y sta jdsfpdidy
L dzOyd itsfyls! tcOBSls’ tBLEMdss dzj dz0O dzHisy o SOz je
o0z dZlsdzr 7 k¢ dztse 1,50 I ©8Zed % ©fg WsGWJ C dzts 5§ Is O dzt
dMmf sdz' L zj & 2 H dzw fMddels jL O Ctsdigf dzj S Mtso,
dz¢ a3d dzd Myd dzls dzr d3d fgecfd s OQEY, 1 &0 OlstsBse
CtststoH d dzOy J & dzdztzg ¢ CppHERB)dzdz@Y @ cdfBIsjL O f SL ¢
f sz yff dzded VY H jtedzr R St dzj SMtse dzj Itsd St fy
B4 HY (d Lisdsdts(d M Htezed B §Jtef-tsHdr d&3d d3d
Eydlsr 90! qw d o MddasjLj BjlsOdzdsS skl dj s
COlO&dIsdyuj MSda f tets ydgjfips@dz dif Gy dd figf jWSHA® +
tcOBSIsT WwWodzw jlsfqw or wodzjdzdjy d&Bj -~ OdedL dZgse d
Clstster 7 L OHJj2Miso s Odz COC Obt®kOtdr j st
Bsdzj Cdzwtodzr | BB dlsOdzd Odi3d detsdzj Is o dz¥ syl o dzts ¢
LO®R) Misdlsj dzd d&dEcOdzitse, Ylsts My dls o Oy dzts:
Cod3f dzd CMtse M  ftej HJ dzj dede” B  dz® d3d dad My dels
Sls¢dzd ¢ dz¥ B daj Myd deydd dzO odzj " ded Mlsd d3lz dz’
Co®f dzi S Mup o siBEB (B esdw z8 i3d ded Myd deyde , -
Coltets? d3j dgv s Isfqw  ftsH Hj2Mlseadjds odzj h dzd =
ML HOddWw dzt 3 dzd Myd dzlsdz" = M demstese . VI dzkz y
ftotsweodzwe h ] Ho zZR ff sdztsdzlz ® dzé d3d dzd My J dayd ¢
{50 j Hjzdzdzd{ dzj Myj dzeydd CSodBfdzj CMmse, few L Odadzt
ddzls j defd o detsisd Heo kR (sdztsih + &dMMmdd, d § ¢
f OORj ste® HEY dLBjtejddy IsjBfjtcOblzter §o
cOBS On HIMMjtelsOydsddetso dgOistylsr ¢ g e gz§ &
L HOddY BdtdsedyjmMSd OCkdodz o CHBftL
oL BBy desls ! & stcj € € d dzc O fn ftod d3j daj dzd § o
(jtcOdsmisdS o) .

[isHdsedY d  d&jlstsé tz0 didydm dzg ji ts a5 ez of 1 j M€
s kB dzdi o @@, % s OydS ssSlsOdtss o SH
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CGjlsjtesOIssRBOA, d OMYUJ IO Ecedktse d&jxHE 161
Zdc OdzH s fftotso sH § @ROM BB ROIB SBOIO yp B dze yoOoe h OV
dzlz yh J 2 tcjftojL jdzsOIsdodzsmisd d o Oted Olsd o dzts
HJ dzH e 56 tc O d3ai3, tcOMYf tcd H ] dzws h dQa MlistczCIskzter
fsmistctsj dzd | Ctstetej dzv yd tsdgdz” ~ L Qo d frye qz@3ATS J 2 .
HgWBsMWY OydS dzstsS IsOdetso dmYf sdz! L s Odzpw  d3d IstsH,
fJteodyds =~ WismW ddztse , MsH j ey O dn n to s
f OcOW stcd3gOdz! HiGedHE d Jjteoadyde &3 Ofsd d4O oz
L sdzls @s(izh j Mise dzv dziw  tej O Yy dizff & Otfizm didty ts-gs e B nizfRg
3FHdW MY Oyd S dzessC IsOdetseo i Mtsdzw d3d  d3d Is O dzdzts o
dzj cC sEzRtsHWYN dj dzd ¢ OdzH ' (201 tod d3Jj to, Oyd Ists
EMmlsOdztso dzj dzd W MstczC sk te, i sdzlz yd dedze’ n ) A
dmf s@dzimye ¢ sd3f dzj ¢ fdzr 2 zOoBtstc WdLduyj M dn
MydSbtesms s ¢ se&hgted "™, A-figitf) jo%) lsiustslin Qs
Bsdes € ted MiIs Odz! dgr 2 d f stctsh Csor 2 tc] dzlsc J dats fr
Mots2MmMlse CtBf dzj CMse tMikh j Mise dzv dastr d djfr € d
Mootcj d3g dedz" » MY J ClstesW SIstsd3j steOr  dFluigdeg, dz' dz
Fluorolog QM) . Rdzsjteftoj sOydw WeshksWdLdyj mMsdn
B ss5HOB] CoOdkstsots?2 nddi3dd M §todoe dj RENE] J B3
otej BBY L Oo defd df 32z ddS jyH ts dzO dZDDFT) dzts IsrdzsAisiddzd ()
otsLBEZYHjddz" » MMistswdzd?2 d3j SOzEZEBOSC tetsyd & dzc
ZMmlsOdzs o ¢ On-scienc§ BSRE(A33 .c O toj dzts B dzXFEL ( & O dzy @ ¢z &
14 ted3Odzd V) .

[ dyder 2 9 ¢ dzOpHo 1O s tsdEpfylslasts &z@dz o W stcdidtetso O
dimmdzj Hso Odzdw, o' BBIK] GBI jCIstse, §MmlsOdzatso !
BistHBdSEd2 tojh jddw §oflsOsdj ddzr = L OHOY
tojLlzdz sOIstse, O OCy] o VWstedizdzdtets@C j 1 dn7
mMddalsj sdyj MSdj OB, 9Cds yovw 0OdzOdzdL HO
Br dzd o'  tsdzdzj dz" dzd ydes Oolststetsds dzdB B fMiso
or fsdzdzgw ¥ h dd&3d 1 Rt 9 dzOBBtOltedd At st
stec Oded yj MSts2 d Wds. d W) ip< 529 teBddzdsh O f sH to
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lteso jHjded] 1 SCMfjtedd3j destse s dMmfidzj Hise Odzd ¢
C sdzdzj ¢ ©Odzd dL Asl g ¢ A ARA sOL1 A t ¢ .

ftososHddzdm!: MiskzHj distsdy. \ REBNESHF REPMET L 2
ftecsosHddzsMm! MBodii Misdets M Oolststetsdy, §smists,
OfftesC M &BOYJd W ftcso sHd dzOMm! Qolsstetsdy dzd yc
f OtcOd3j stetso CtsdiBf dzj S Mse BT dzts o' ff sdzdz] dztsd O 9 I
dL (JdMmMetemdsets yjdzstcO w1 BJ U ddzd -"sqhdgRy JAREAC
tcOmydlsr 5 sflsddddL Oydd MmMbickCIlskzte ¢ iR dzj €
slso § YO " dn L O dz8 Bddzj myd deyd® ¢ s dzj ¢ yGs. ,

R{Am dd&s. . . BB ®. | JtcPBMEYH ] ded-] to,
~rdBdud MSEdna tOMUujlstse d ofHoadxyjddd Isjtsteds:
CodiBf dzj SMse ftesosHddzdMm! Mo d3j Misdes M Oo Istst

dbftesBOYdV.{tgQHEdsNIsOIsT HdMMJ telsOydtsdadets? to
Qo lststetsd3 dzd ydefsm del)j rddg dr@te8H dzr = d oM tetsmmd?2
[ JdzgH jdzj joamCd?2 i jLH fs Bh j?2 d f tod € dzC
I'fmjtesmid?2 s Oow SCtsdal j tef dzyd W -20s2 4des d{dctizd Mfyts fo
G.), Il mMjtesmmd?2 mMe Ow d3ts dz 15 ¥ gz® ¥ dzy dz® iz de® @
ftesBdz B tStecgOdedyj M52 7 d Bdid €0 z(ycdzQ Wis oS tipifVB ¢
crddosdud MCdd fwesyimmr o ~ddidd 1 dzj d3j dalsts
2022 G.), Il mMjtesmMimd?2 M¢ Ow CedaV J toj dzydw it
CdzOMlsj ets9-2 C23HOMsgtpdzd?2 | BoetstesH, 2022 G.
YEcOjomEOw Ctsde jtej dzydw 5 stssteH d dzOyd tsdad
[ddrjdjjemcd2 Ml jLH 5 tBMj2 jdjifetedicdzOn
sBddzj 2dzr | dsdsdesmtseo ME dJ st SEdosiCohferencegh s ) €
Atomistic Simulation of Functional Materials( & . s OL Odg' M Int2rhatiodal ¢ .
Conferenceon PhosphorusChemistry( G . 1znOf jhis, 2018 ¢. ),
YEGcOjomMEOWw CtsdaW J o daydw ¢ 5 s t5isteHIdtEHz0,y d2s@iAdzt
XX [ sdztsH j 3 dzO¥ s gk jstdzOdzyd v 5 BSteec Oded yd mEx2 =
[ i HE&ZOttsH d@nwz hj Gotg diy d W -2¢0f1j7d2H j(dEjjjlop BB 66
C.NEzdH Ogd dzls Odz! dz' § =~ d di3qd ud-dntS dg § A Mmdad .1 s OGS
[ iYHE®RZOSH dEOydzW ) ety dt) v  MiskzH j dzls s o, OofmYf dte

cfOjtdOd d kjhdsdscdd 219j60& (. sOL
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stec Odzd yd MS ts2 F20HR[e (¢ dlcicH O s tc ¢ , stiitednatidnale . )
Conferenceon PhosphorusChemistry( G . s OL Odz' ,Eurdp@aaCodngresson , 1

Catalysisftl 6. s OL Odz' , 2015 ¢.), VI 10OLEeaOj]omECc
XXVI [ Y HEZdzOtetsH dzOVY v liod @Gzya S AWMs CSusdseitgiH d dz0 y d t
s OL Odz 2t litefnatienallCgnfer@n®eon PhosphorusChemistry( 6 . [ 2B dz

2014 tdIntgrnatiohaonferenceonPhosphoru€hemistry( 6. t tslslsj teH O3
VIl i esmid?2 mME Ov  Codav | 6] di gV Misy H & dzgsded 2 ]
¢csdzofgwawre (c. 1 oy tiehnd2 GLLDERE N jsdapd W
BsdzsH '™ 7 "HyQldgthditsdzj Czdzw todze” | dOdestsBi j CIsr
[ sMC o O, 8hE&urapeawVorkshoponPhosphoru€hemistry( ¢. [ ¥ dzffls j to
G.)

[ sfflstse j tedaets s ¢ f tsdzlz v Jr dedy’IsAs o 6 jo dzbs dixis s O I4f tsg] H
HdMM]j tlsOydsdedzets?2 tcOBBSIS] tjLEzdz IsOIstse tshdatse
LS jted 3] dzlsOdz? dzr & HOdzdzr 2 o MetCbky dzsflse
BiscHOBESEBD Sdidd, slsfmizksMmsodwy ¢lstedyOls
stz dzd € s Odzdz" R ) dzdlsj cOlskztcdz n dfmlssydzed ¢
wodzjdedvds d MW stedizdzdtctseo Odzdz™ d3 o' 9 tsSH O3,
or Mol tstej 2Isddee so ™ n ) tcdzO dzts o o ik lsD
HdMMJ tlsOydtsdzdzse s dMmMmdzj Hise Odzed v, Bdzs ¢ sy d
BiHEZROEH & d oMmjtEsmmd2mMSdn StdW jtej dzyc

lreddCOudd 5 .19 jsRk] BOSQBEOZOBR HJMM] tols |
s ZB dzd C2rpls@odiss 3 © dzOkz ydzr = ) k2 tcdzOdapin |, € teBXS ts'd3
9 YiztodzOdzOr f jtco 56 5] (4 otdsEtdicess (3 oofkoisik)' difj 2B dz
dzj oBLW©COY Ol ftotslsde dMf sdz' L s Odzgdw dBBOIsj ted
HdMMJ elsOyd sdzdzts?2 tcOB SIS .

L6 Odzs d_ f totycddPiphdeg s Oy d s dzdzts j dMmidzj H s
[ OBtstOltstedd AthitstesteeOdzdyj MSdn ddcOdHtso
t profmstsise jlsMmisodd M f dzOdzstde i RW d dgCeisfiisLo @H2O dz
i sMMd2MS et AtdHO Ak dH Od]5BE0R282, dB0R00563 ) dz;
COdzs® 1 tejL dH ] dzls O tHisdy ) o Ashdzts 0 ternjste jj te@@asPd {1
tsMMd2MS dRC Gdpy gl Glsso  dzOES, HBChkttse dOk
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{ M2 MS 82 A JHTG2IOYYL 7(.f3s) d { sfnd2 M8se s
30031, 1943-04119, 2213-00147).

1 dzO G tsH O te dpts figlisde. 9" cO O  Is Gz ¢ 28 B dzC
Csdzkz dz sOtelsll. Yoy, fsy. sO0LOmMdSk . ¢.
fslsswdadzze fsHHjtey Sk d EZyOmilsddi. de |t BteifiAmdHd
v. ). LO foMmistsw dzdzlz® OdzgdsH H § 6356 [f H [ dgdnjdag v & ozts
~rdBduUud M&da ©WOMYJse (6 BftejHjdjdds B
CoRf dzj SMse d HBdesMesydesy MslstelzH dzd Yy Mls:
ts fr) dzts o dzts 2 o ¢ dzOH ) sftej Hy dzj dzdd MistckzCIlskzte
[ MmO dézst . o S.R.dz. AO2LEzddddz 1.¢. LO
WslssWdLdyujMSdE OOk lstess o w©OMe stcOR
Csif dzj SMise o BdsdsedyjmMSdn MtejHOR: €. &,
O JieOdzlsz ¢- O E®GE) ok FdpzsjL P dMEtH o
H .-d. dz. stsdzj fnded € tsdg.zdz. R . 7 3J daf offifs. difs Dy . d L LAY j dz
WslssWdL digg B HE®C dzs yow dzdL Stslsj &3 j e Ols iz tg dz'
JteOyYyjots?2 . 1. LO f dzbHtslseo stodetsj  frysels@edadHvdzd
5B ZOMIs fO dzdsdatzdsdz’ dz' 7 C &y dzj S Mso; Ml dzd €
LO ftotso jHj BB Wi YEdss OdzOdzdL © MlstelzCIskz1
Mlstelz H dzdeCIOERRcU f IS Ui MSdj o &OL jtedy j BjlstsH
LO fttsojHjdd] BEdUSsGEY &ztgridsj H 50 Oded 2 .
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1ol ¢. [ dIsjOlskztedes 2 BBL tStE

11 sddgsjL d S 6dHOB@dYshy 6yds &sstlsod

15 ORI dW MW Oyd ¢ dzsts € Is O dg' (o dzd Is j tcOls
MsC oo MYy d ¢ dzd ud MC dd dzd ¢ ORENTY) i o dzehy dfjtediadf Isjt
GibjtesydSdadyi mMSédi ddecOdH', MHjty OMdj o
ORJdzsc ez §r, MmtsjHJdzj dazl dEtsodsjdych Y td@sBdsj2dzlsdd;
MotsBh jddwY tB 1 Istsd3 ¢ &zOMMmj -8t jeHsdidzj ded H ozt W a
tcOBtSIsOR OCOHj B3SO Markd[l-5].d cB By PBod Higuzdss d
¢ MddasjLz ©OMMEBOIEde Odzd ! t6j OF yidteo JBudiA (ds
O dzOd3d 5 tj OCydd StsdeH jdzmOydd bJdfo [ O
I Wduese Btd 5 CdMdsly. I Okddodkd (urnj kO 1

R
/

—OH Ph—P, P—Ph O0—\
RNH RNH
Ph—P _ \\jN:// -2 Ph—B< P—Ph
—on N 0—"
R
R = Ph; R' = Ph (1.1), p-Tol (1.2), p-BrC4H,

(1.3), Bn (1.4), Py (1.5)

R =Cy; R'=Ph (1.6)

R =Me; R'=Ph (1.7)

R = Et; R'= Ph (1.8)

R = CH,=CH-CH,; R' = Ph (1.9)

d4rn ) BDuHdzlsj-nd@I,7BJdWsSMYOyYyds dzssC IsOdzts o

[ v fdussjdloa7a % s OydS ssSlsOdese o
dMfsd L s5o Odzr B d i tedsd n to 5% o] dsif stk dirts ¢ p @ fojaf]
qazd W, dzd W sfW ddzO, O OCYj] ©OLd&Jud j S
(8n0jdBO0 1). 1 tdkzyjdd j WHdEyna ahgddn Odduigd s
My d ClstesmMC Effdd.Istedg@nisgtedd d 1+ [Epldi3d deb this&® 3O d
EilsOdztso dzj dz7 R Ow©OS s tod fls POHMN-Yc O dig deB @,  §
tjedmstedieks sy COC Hoj Ccb§y'r -5HuH djls oHl
Ofmmddj stedudesfisd { dzisydS dzdyj MSdrn OS¢ mdod c
mts MWy J yditfdeydizd dgeis o o L O d Bty Hitf) @ th)ls ERSARREWIS MV S5t O .
) od W dgMi€aizls @Y ffefozscts oL O d&sHj2Mlsady s
WY s fdd dts slsddyojlsfhMs ) ynsHdOo & § Bl
foslstdBo | AdY OCMJOd dF m fhulssdss. -v0S
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HgOIL7A dW sMW Oyd ¢ dzss€ IsOdalgipc € fsthlse s dzwHsj ddis d W d
SBcOLtsSoaOdedj ©® ~BHJ tj OCydd.

dlssdls OS] BlBilkdls!, ybsts tjotydw ¢t
Wi d dztse , f OtcOW stcdzOdz? HjedHO d 1 juaajddeddsz rn
ydsazdud msédna OBddtsd3j Isd dziv s d dz®@atzd Hfieddhodisoa” drls
ydsdadui medn d dzd Oydsdzdud m& dn O di3d dzts |
tcj OC yd s dzdzts WiHE fiptiza| dplizs. Malkites Wine sd » [Sleddfg s RL s 9
Oydsdzdud mMc¢dd Odddzsdij Isddzé sw  dz" -+ @3, 7@ dzl
HdW MY OydS dzstsC s Odzte g, tofPr wizd mpeaBh PR3] M dzdz" |
sO0Cddz tBKLOL 503, J i3z ZHOd&sHIO o "W Jdaddds dz" d
ydSdztsej Cmddz dgr &5 L OBd MisdIlsj dzjy a3 MRsd Ho kzr Ol

- —OH
OH o N Ph
/ 2RNH / OH _ / _
Ph—P — . Ph—P Ph—R N _P~Cy
\—OH ¥ﬁH \vﬁ
Ph Ph

tnd BPunj BO Mddzlsj L1A0 Mtsj H d dzj dzd W

ddz' IsjtedzOlsdodz d&3 f sH n-BH B63FA § W tfifigfWdesyj d. Sedzs 1s
wWogdzWw jlsiqw oL OddBsHj2Msad] BttOZESEMHdW sMW d
sOCyJ fHtodeosHdls ¢ GBKOLSo Oded® tBMEYHOJ i
(dnjd3@,7]1) | j sBRrBHJd B stsdgg sdzd J B istsO daf s ¢
ftesdmMrBHdIs 5 sz %4 Mddalsji sdud MEsdiz f iz
H O dzdzts d3 Mdzz yOJ o 3 Mists f4teodyds n 0]
BdM(ecdHtesCMd i3 sddz) W s ddzO3d dMmf sdz! L 25 Is
I B0z sC MW tcOc6 d3jHlzls ' tod frpoLs@d dssHidtRimise d d M
wogdzwelsfpw EosHWh BB ctkzif Odizd. v MO o
L WWJjClsdoe detsfyls weodzw jlsfqw Btsdzj | Bdzts ¢ sfls O
BdM(cdHtesCMddi sddz) W s ddztse M j oo d ygadzdid
Motsy hdtsCtsj 1 tod d3jHdiiCazZHB]d Wots friffid@izlsdi SL dts 1€, 150 dzts
o tcj A3, sdz Bsydls BI Is dzj sBRrtsHdd& o Is d
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OBddesdBj sqdz¥ st Jdzso fejfwismlsolzjls dzOdzdudj
Clsste’ j] o' HjdVs MW Sk jeaBigumddessdyj f

1 OdB 5dzj | dL vy dzde’ d3ef f CA7@ W SR OyYd L B s
f sdzz uj dzdz’ § dzO tsf)dis20]iP-n§ fedpdizazd E:fHRNFedigdls jits sy d €
By dets MydlsOls! ¢ di3tsH j dz' dg" cgde Mtsy HJdzj ded W &3q
ftcjotcOh | eBg203,7ad %5 M% Oy d S dzs € Odats o, | dad deW ts figtingt
f sdzlz uj egfdzj dalz" j yqedazdud m<dy O 3q dzis d3f dedf dzw
BjdzL ddzL Od3j M j dzdzr d3d OB dzOdBZEd, O IsOC 3 JL.3).tcOL dzc

HO \®/ OH ocuosanue/RC1 HO \SD/ OH

P T
HO—" N—0H R N—oHn
Rl
CH,O —OH R'NH R—P, ! P—R
R—PH, ’ R—P . \\jN\/
—OH N\/

R = Ph; R' = Ph (1.1), p-Tol (1.2), p-BrC¢H, (1.3), Bn (1.4), Py (1.5), t-Bu
(1.11), p-CF3C¢H, (1.12); Me (1.13), n-Cy4Hyo (1.14), p-MeOCH, (1.15),
p-CgH 3CsHy (1.16), p-CyoH,, CeHy (1.17), p-Cy4Hy9CeHy (1.18), p-
C,sH37CgH, (1.19), CHyCHPh (1.20), p-(COOH)C,H, (1.21), 4-
(C,H)CgH, (1.22), 4-(P(O)(OE1),)CeH, (1.23) Mes (1.24), PhGlyEt (1.25),
PhCH,CH,COONH,CH,COOResin (1.26)

R = Cy; R' = Ph (1.6), Bn (1.27), t-Bu (1.28), p-CF5CeH, (1.29), p-

MeOC gH, (1.30), 4-MeOBn (1.31), 4-(COOH)Bn (1.32), Gly (1.33), 4-
(AlaOMe)Bn (1.34), 4-(PheOMe)Bn (1.35)

R = Me; R' = Ph (1.7), Me (1.36)

R = Et; R' = Ph (1.8)

R = CH,=CH-CH,; R'=Ph (1.9)

R = t-Bu; R' = Ph (1.37), Bn (1.38), t-Bu (1.39), p-CF;C¢H, (1.40)

R = Bn; R' = Ph (1.41), Bn (1.42)

R = Mes; R' = Ph (1.43), p-Tol (1.44), Bn (1.45)

R=p-Tol; R'=t-Bu (1.46)

R=Fc; R'=Ph (1.47); p-BrC4H, (1.48)

R = n-Bu; R' = Ph (1.49)

R = 2-EtPh; R' = Ph (1.50)

R = i-Pr; R' = Ph (1.51)

R = 0-PhOH; R' = 4-(COOH)CH, (1.52)

R = 3-CH;Ph-2-OH; R’ = 4-(COOH)CH, (1.53)

R = Tipp; R' = 4-(COOH)C,H, (1.54)

R = Ph,PCH,CH,; R' = Ph (1.55), Bn (1.56)

R = Ph,P(CH,CH,CH,; R' = Ph (1.57)

R = CH,OH; R' = (P(CH,0H),)CH, (1.58)

R = R' = CH,0C(O)Me (1.59)

dn] B ddzldpr dCI7AdYW sMW Oyd ¢ UAS 5.69s O dzts

s totsd3j Wi ded dzWW smW d dzO H dzw Mddzls j L-®d GO d L
HgW MY OydS dzstsC s Odzets o -Bflnd dsdddt! t= fipe oddzd ) 'y d Asdety d

18
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[8,11,17,2130).
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f szl yj dedPGLIB, Y s Oyds dessClsOdetso, d3qddezw o
I s6 & o COuj Mmiso j dMAtHdEE S ) ts
kjlb©eOCdm( cqdHiesS Mddj K E&3BsmY sdzd 2 ¢ € dzts 6 @ g o1
sted! Isd dzO i3q ddtss Is P &g stesC Mg & sq dz) % MY d dz,
CoOlsjtdedL zjlsiw ©dseOdsSddEOdkd, GBLOLEW I
Msd! (8] BO sfidjHEzsh O ©BEOBEKSO fMEdd
BdM( cdHtesCMd &3 Isd dz) Odz& d dzWv s W d dzlzj, H dSdag lsisftg "dR
g dzls j -4 GCL7TOH W s Oyd S dssCsOdgse . u gy sd L
f sdzlz yJd dz" Mi3pcHlcp@izi dzd v

S tots d3j 1 Ists@ts, o [203n dzjcy B i) B @&d ¢zd dzO 9 s
WizdeS yd sdzOdzd-u @@ qWIs,iH Oyd S dzssC s Odets o Isoq jj teJ
LeLydsdzdud MCda L O®Bigsdss j dzf-2ids dof e G265 dz§ @€
4d . vOS, RolfwepPeibPo dzj dz MY sMtse 1.6 d dipty H JOc 1S
WismWtsted dz! dz" 2 ¥ tetotsdigyfdsdzded Ot MY ddetsctolz f o
mddals j L d etcos@ily jsdepfvdfidz -1fd G705 W s Oyd ¢ dzstsC s O
smdetse j 14p i jBB8Mdzj Hizs h jj WeshWsted dzdtess Odzd |
Besddazdzdsdjd d fdastW sy dlstsds.

0
EO | OFt

n-BuLi/CIP(O)(OEt)2 L1A1H4 CHZO/PhNHZ
EtZO EtOH

N n-BuLi/CIP(0)(OE2 /O/ N \Q\
— L YN\V/ O, e \\jN:// iy

OE
EtO \OEt
1.60 1.61

Br

Br

4ol GOu dzd.5n d 7@ W MW Oy d ¢ HAOGL6E O dzts 9
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1T s f5C OL Odpy,0C yER TSI W s Oyd S s S s Odz
ded ¢ jdzfj o' B3 Sl dzj Ssds dgp VW Wde sl C\Qijds  dzj 5B
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1.2BBBjdL ZOL dH S o 1§ tod ity ls fifls o @ S i IS¥GO |
fsmdzjHksh jj Mdwisdj L ONdIsHd O O dny gzt [52 .C
(DABCO) ftodosHdds § -HspBGALCA ¢ ©FR ©y d C1E2 =I5 AREC
15).

I/ I/ Ph\—N’MN

—

\ é/ S § a

Ph/P\/N\/P\Ph BH; THF Ph \\jg:// Ph CuSO,4/Na-ascorbate Ph/P\/N\/P\Ph

N > N

Pm N ?mb . N

Nsy' bn

—

. N

/g 1.62

NQN/N‘}’h
dtn] BEOuddzlsj L MEleA d dzj dzd W

15/ O3B dU¥ M OydS zssS sOdyr M smse dr Mk
dL sd3j gEgOdglstHtcd j dzlsOyd j 2 1 61 Ols ts dstpch ff sV asTroltfits to
JL sdj gz dad 3530 | FAMTjSkwOrn fldce dzOdzry d@ls ts ¢
JLEE] chd QAU FY sy OydS &ssClkOdss (o] 40ifRoEd t
. H., o MiEyOj Ottdd dr 7 L Odsj iisEPEH ] 5. fits
Mz yOj BjdeL dzr dzr B L O Misdlsy dzj 2 4§ todb tc@iezmdsC
LB toddiefeEmis o Mih jflse j dedets -B76 dBj0j dfy gk
AL sd3j et  BBGY s OydS dessClsOdesa wo dzw s Is

R3j dgdets HdzWw {1 Isdmr dLtdBBjtese dqLEzyjd -wdoedaqy
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dlsj 6Okt B EBWDEZO g fEdER § B 6 o0 jzip@ts ,-C g jisipdt
o OdzdzOe o Ogai@dzdzO( © zdlsj Olktcj o Mistc@dgj Is
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R’ R R\ R pR
SRy Nee P R\N R P
4 R P \/ AN , N N
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WA
N PN,
6 K

TBUCT
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¢ o Gedzlsd d&3d U ME d BAESKEAMUI s OB
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LOBI MisdIlsjdzv ftcd Olstsdzdy OL slIsO, tstedj dzlsdtetso (

[ BtcOL ts9 GededRydein s d3j tcts @ ) ~ BHJ5H d @3frazls j L
HgW sMY OydC essSlsOdatse B dzs  H 5§ OB8P dztsh sdgf v O
sBtcOL ts9 Odad j dzOB dzt H O dzts iy fn MO & tc O dzdzd
sBMEyHOdEZdM! o tfkzBddS o Odzdzr = t©OBKSISOR, dz
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sO0Cdds sBOLtsd3, dzO fMj etsHdWh dzd?2 HHEDL @S
37FHdW MW Oyd S dztssC Is Odzts o sfMisOj Ismw tej OC ydw
IStcj - S SBY Sdzj dalsdzs?2 Mmd3d Md: fjtodyds 2 WisiWc
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HdW MW Oyds dzstsC IsOder diIsekzls Mikh jMmMlseotseo Ols: o
YyddL sd3j 6O i tog Mudzis® dztk] ¢ g2 1S OAY dats d3j Is  dzit s d
10dzdydy Hokms Otd@ite WEsMWBKO o yYydqeé&dzg, k& ¢
Hy dZOJ s dnrn fjHBtEcOddL 50 Odzdz" B3 HdBzW tsBtOL
BzHjls fcCOLOds o | d&Oesj 2, ftojHSEEOddL ®1)
15Hd CRL7Aa dW simW Oyd S dztsts € Is © dzO 3.

12. ss@fdzy CMmr yqdseéddudmSédn O@ddsdilsd

1 tod sB Mk Hj ded d CtssteH d dzO Y dHOEEBED
HdWsMWY OydS dzstsC IsOdetseo 9 Oy des f sded gOIs! , ylsts
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1 Is d d3, C tsd3tf-riaf @3fifd d Wis, M3 Oyd ¢ dzstsC Is Odzts o fted d
fszzyj dz M OCdhid {J tcy[Aler@@?248H Makl4 B3O d3d
[45], Mn [46,47] Fe[23,28,32,33,480], Ru[9, 61-66], Co[25,30,6771], Rh[72], Ir [73],

Ni [10,11,16,20,24,26,27,29,31,45;94], Pd [8,15,19,21,22,37,45,95] Pt
[19,21,22,4595] G Isd d3j sOdzdzr Westedddtelzt Is f sdzd ! HteT
(S.yy.) 4 ddzd 6, d fted | lstdik] £OCE T twOw dzs
9 sy jddves ftojHBeOddL S0 Odzdz" = H &V 5B t6(

121. st dzj ST &j sOddss WNsPIPBEY §r dzd €

) jteor § ftj HilsOo dlsj dzg & Is O-zdBL78 &Y d
HgW sMW OydS destsC s OdzO B BT dzd 1 t5 dzieWlarkz(3]. o 1 1 9
OB fl8j’ &z sdzyj dz Y H € Ote Blitgda] dz’ odz S s Iststfe Rz j1
37HAU BMY Oyd SUEHO Oy O s ¢ OC ¢ j &zQ s g lyod
16).

(CO),
M
R / B\
R / I P R
\/N I/\]
R R
1.63-1.66

unjd® wddasjL € M diziI€ 1).634.66 dz0 s ) dz=adjG3, 70, 5
HdW W Oyd ¢ dzstsC Is Odzts o

1 dtsdzj e G Pastfls @ dg CotsteH d dzOy d ts dzdas@ G3,7@ d d3¢
HdW W Oyd ¢ dzoigvistatgels § sH kS tso sHMIse tsd3
s Otc ©MKIZ13,21,22,96,97] ) ¢ sdussy @ dzd fy! MistczCIlskzter
BdMmnj dzOIs dz" = Nigl¥k Esldi dzgodi kb)) dCu(l) ( & » jLBO
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\
\ < R\P//Zi\:\\lf N
/ \ Fop M(NO;), N
|

B e N\
Rl

AN > M
\/ R 2 (NOy)
/Rl

R P 12
R™ \\jN\/ SR
1.67-1.70 N\/
|
M =Pt, R = Ph; R' = Ph (1.67) Cul, Py R’
M =Pt,R =Ph; R' = Bn (1.68)
M =Pd, R = Ph; R' = Ph (1.69) — 1.71-1.74 -
M =Pd, R = Ph; R' = Bn (1.70) P |
N M = Ni, R = Ph; R' = Ph (1.71)
Cua M = Ni, R = Ph; R' = p-Tol (1.72)
M = Co, R = Ph; R' = Ph (1.73)
M = Co, R = Ph; R' = p-Tol (1.74)
R'
P ‘ P.
/" N\~ —N—_7 \
R N R

R’/
175
R =Ph, R' = p-Tol (1.75)

UnjGDuddzls j L S NECa Odsa.67-1.75

]l twcOBBENsIsdizj yoOjIsmw, Yyl dzdc O &R~ § dz) &B
sBtOLEZjIs Bdyd§ dzts [$3e § 3 dis] detisdztd ds tciifhs CoaCHogeided ( d gz
tcOMMd3OIsted 9 Ols! -EdzjdatidsEcdfO YNIF s BO, O dzj 34 IsOd
tcOB SIsO~R slsd3d Uy dz o Oy dz" 2 MistczC Iskztodz 2 W OC¢
sftcj Hj dzv s h d gls dod t-@ee3d 3,701 Wots MW Oy d ¢ detssiS ts Od
ftesMistcOdzmis o j dzdzOW B dzd tHEE[ PR, 7@ d © Is f5 i 0 y dOrL dixedsty |
COsddzz BB IsOdzdzO o SRR dzj CMj. [ OMMmistsw dzd |
OstsBcdz OL IO MsMOd.dH jls . X tsdigds O 8tz O4Y ldcts[ta) d
dmf sdz L s9 @dEd8,7@ dW,s5MW¥ Oy d € dzs s € IPO-Ezlp tz®Isd € B N
dzd G OdzH s 9 , dzj MM d =, sO¢C dzOL " 90O B CcftsHS
tsfdzts o dzr 2 Yyjdzste ots olsttets? CtssteH d dzOy d 5 dz
COOdzdIsduyj MS dr- ofMmdld ndg fzd tyqrodme s tdienmeactiops
(HER) ) . dwlbtsdl LOCY] Bldijlsdls! d dsf Hegd kzg § @
f dzZOIsddzr , o € tslststcPRd3EAls U0 W te s to sy M@)[OZD y d ©
[ Odzdztsy HtojHY Sdztsy § dzadd H J d3d tCdsBY dfy I€ thiasls 2 ter
dzOh j &z BHdatsL dzgOydesets f sHIse jtey H j dad VW, dzts W
HdMMJ LlsOydsdzdzts?2 OB SIS .
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P \ P
. R
P, ’R P, (PhCN),PtCl, umu PtCl ‘Cl N/Cl
Nty A,
N Cl/l Cl
R' R
R ~/ "R
N
R'

1.76

R =Ph; R' = Ph (1.76)
H4n i GO cjHf Sy Isj dz! desy tBtOL SoPOIdZd S B JWHJ

RHJW dmMf sdz' L e Q@A dW¥ sy Oyd ¢ dzstsC Is Odz
MstczC sztessBtcOLEZE N dr BdMW MW ddeser =  dzd ¢ Ok
Csdehistczdtetso OdzdV Bj IsOdzdzs S s dzj € Mdz" ~OLDE Ols @
Dubois [77]. [Mdeseo ™ 9 OW fiy! O fteddydf Or fHtodtesH"
tcOBtslsORr MistezCIsztc® B dNi)R) o @b Geded O dzO fis ‘ozt iy Off th
CdHEtsE J dzOL T . [ dzv tcOBSlsT Witedsdj dzls©O G dHtEtsG
citsHoe jh | dedets G tséls ttdiyslgts o O@A] Y j, Mish j Mmls dlidm Is1 , db
HgOGL7A dW sMW Oyd ¢ dzs 5 € IsICBEpDBR98]( 1 d M dets €

/
\ FHH-.N‘. o4
R R
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[FesSq] S ! o e P N
€454 ——8 .JS ' ‘E" I . -'-— \\
\F //\\/_l Q/r \P\“’/
oc— e-\_ Fe
d PCN N
NC O [ele) 1

t dMkd®senj BOdydss) dLBBEGOY jdadj MtkSlskzter
MlstekClskter NithdHddFR MY sl Oyd S s S s Odz0 di3d

10 fjetsHdwh dzd 2 Ni(ll§ 5 BY sz s v dzO0d B 5 dzj |
[10,11,16,18,20,24,36,27,29,31,45,78,80,8294,99,100] ] Mistelz € Is Iz te dat
S1 BBdHY O HOM -~ tfj dlscj desmstczS sSztcdzsa s (
C B dZNRIftsdrH § GBS dW¥ s Oyds dzessS sOdzORd, MsH

LOGRd Misdlsj dzd 1 fdf O s BGOBEBRBOEsEBHMY stcO (t d Mz
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R = Ph; R' = Ph (1.71),p-Tol (1.72), Bn
(1.77), 4-CH;0C4H, (1.78), Bzh (1.79), 4-
IPh (1.80), 4-HC,Ph (1.81), t-Bu (1.82), 4-

CyCgH, (1.83), 4-C,3HagCyH, (1.84), 4- RI\\I : — RI\\I ks

C¢H,,CeH, (1.85), CH; (1.86) R /\ /\ R /\ /\

R- Cy;6R' = Ph (1.87),31311 (1.88), t-Bu N N/\ 4 R\P/\N/\p/R

(1.89), CH;0CgH, (1.90), 4-(COOCH;)Bn / i{/

(1.91), 4-CH;0Bn (1.92), CsHgN, (1.93), D

EtOMe (1.94), . —Ni

R = t-Bu; R' = Ph (1.95), Bn (1.96), t-Bu / \ 2(X) \ X
R P—R

(1.97) W/

R =i-Pr; R'= Ph (1.98) R \/N\/ \ P\/N J

R = Me; R'=Ph (1.99) Y \/I\{

R = 4-(P(0)(OEt),)CgH,); R' = Ph (1.100) ,/ R R

R = Cp,Fe; R' = 4-BrPh (1.101) R

R = Ph,PCH,CH,; R' = Ph (1.102), 4- — -
MeBn (1.103) L =X, CH;CN, CO, H*
R =Bn; R'=Ph (1.104)
R =Bu; R' = Ph (1.105)

tdmzdssEr § BOIsSdydetsy dLtsBteOy J dedJ MBERAEGSISEZE ¢

sOldtdz IYzd Coj &z sk dzj SMOR dRjels IsjlstcO
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HdGl7A dW s Oyd ¢ dzstsC s Odzats o mMsH j o O d A
LORB] Misdlisj dzd fted O lsdsjddsoddziv Mstnfiy idtsis® s@Agd ditdefc
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Ph2 Ph2 \Ni/

P\N12+ — R
[ / RN j [Ni(ID)] \,ﬁ\/ R [Ni(ID)] / R\
N P /
v KN
R' Rl

R' = Ph (1.106)
L =Cl; R =i-Pr; R' = Ph (1.107)

L =CH;CN; R =t-Bu; R'=t-Bu
(1.108)

L = CH5CN; R =t-Bu; R'=Ph (1.109)
L = CH;CN; R =t-Bu; R'=Bn (1.110)
L =CH;CN; R=Cy; R'=Ph (1.111)

D GBD wddsjL QIO C Mo

I ®Bjdz hj2 tigsiMmbad dj df Mtz lsHzde®3, 708 s d:
HgW s OydS dssClsOdzsa M § Ols dijs dzOdsd  § Oz @ et
[8,19,21,22,37,45,95,96,104] & Mmdv &d ! Isd5 §j ey ¢ @Ter o
HgW s OydS dssClsOds -, SB@OL K Ishks @R Y § &6 Bdau i |
1.10).

2+

R'\ —
\ e /\N/\
EN TN, R
\
/ \ /Rl
MCl, R/P NN M(NOj3),
o \/N\/ N \,1/\1\/ R 2 (NO3)
Rl
M=Pd R.’
R =Ph; R'=Bn (1.112)
R =Ph; R'=p-Tol (1.113)  M=Pd o
R = p-cresol; R' 4-(COOH)C¢H, (1.114) R = Ph; R' = Ph (1.120)
M = Pt . '
oot R=Me; R'=Ph (1.121)
R =Ph; R —'Ph(1.67) R = Cy: R'= Ph (1.122)
R = Mes; R' = 3,5-(COOH),C¢H; (1.115) R = Ph; R' = Bn (1.123)
R = Ph; R' = 3,5-(COOH),C4H; (1.116) R= ny R' = p-Tol (1.124)
R = Ment; R' = p-Tol (1.117) M =Pt '
R = Py; R' = p-Tol (118) - o
R = Ph; R' = p-Tol (1.125

R = p-cresol; R' = 4-(COOH)C¢H, (119) R=Py;R' = g-Tol El ) 126§

enj &M uddalsj L € R RIA 19 626

I Ctdf djCMom (Ol OikdOs Ok § sdz¥  dsj Is O dzc
f ZsMC 5C o OHEOldzEs ¢ jdjlsteds dzdc OdzH R 5 ¢
N Okdr & S dzj SMOE ML HO kMY fls BIdhELIEE
37HW MY Oyd S dzts s € Is O dfists o 15 dzl tshighY tsde' 0y QS iy d O dz-
LO&j fisdlsj dzj 2 ftod OtsdkOR OLBSO Habkh ddcc
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Hiek ¢ € Hbsjzed W] fffdddz s f wisflso d2, Mt HOs
HgOL7A d ¥ sMY OydC dzssS kOdr oll) S tEd3t dRYIELHRPRER " 2Ol
o C sdalf 5t BOY epdO dzdzOte | f) dgtds dziicl & t3® tg® BH d G, 70
HgW s OydS dssClsOdses ) OdzdL k2 IsBY § lseglds €
§ O dzdz@HILY2(¢ 1.114

H Hiclz G 52 Miststctsdzr Ctotsd3g Mlsj cdyd M< d -
1L dzZsOdzr f 2 dzOvY fMsMmisOo dzw e h Ow | ftecdosHwh OQw ¢
dzd 6 OdzH s 9 ) CotkbedOy B dzj ¢ RP[GMdz] £ g Oc
fsHS 6] § df ooz Hazd uj MC dd3d  te@Ediy & Detedd 2
Ol ftsoe O z.s. YCOLOdd, ylsts Hdv - j d@llsdz -
Ptd Mo dzOr ts) H j ded 23,70 ,d% ¥ Oyd ¢ dzestsC IsOdzso o € ¢
o OdzgdzO W o dzw j Isfpw dz@3f]e s dkjtejd oot M IstsRMN e @3 tc O - ¢t
tcj OdzdL 2] Isfqpw  tcOo dztso j MepjO dzdgPy H s dziv & i BO Yy § Medic
Yd ted Hiz j Isfmw dzO- s H J dzd s H dztRdzd O dyifCudR
ORJdets 3 Isd dzV smW¥W ddeso tse s yde dz6. 1 Ity j otey
Ybts Hozy z@tdesn ¢ SEINz] dAOEe sdiygd @i Hfsulsd
CodeW ste@FO B E®B dzO e

s tsdeW ste 3Oy d tsdedzr fJtojatSHT | ftosd mn sH W
weodzwe sfpw tshdces?2 C0OIOddIsdyjmMSédas ftosyj MMt
d ©josydd ©6¢dmnkEdardos] ossdistkisy P lsdi yodtsih!
MlstczClskztedz d3 OMY j CIssdzg, M sMmMsemlsokzs h dqdg + W W
wodw jlsfpw BdzdL sfis! ORddesctlzdffr € d3j lsOdzdzts
oCdzs yojls o MmMisw Htedmtsj Hddej dzdjjc M el iPotad=HlHQ
M OBddsctezf f 52 d HOd dzj 2" d2 G6jlsj &©BYd D dedf
LIssdz CSdeW stedZOYydwy dzdecOdzH O o ~-8@zdzC OB-O &ds,
Ctej Mdzs d BBtOIlsdets, O dsekzhCs2, HjLOCISdo dt
MdzOB oL OddsHj2Mise d?2 foslssdzO M Hokdw Ol
fjtcjrntSHES dzd e OdzH O & OUzEZRN stc 3Oy d ¥ o OdzadzO
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>
P, R
/NI \/N\
/j*' XP( \P\/ Ha NS 2
N e b L
o \ // PJE "
\ _\\‘,P< (NI\ LN
C /Nl‘\P \7N\ GO
F’ |
H 1L+H .-N/ i
H* >\
P., | wPC
2 Dy i
ey 12* HfT'\ PN

t M@Kt Hf sd&zOc 0] BOW MR j B0 COkOddlsdyj NS &
Mddals jL O otHBEHO MNiRN-ips d OdgH OBdY dzj € fiso

vsO0Cdd3 sBteOL 340,165 cPHigEPREzE h dr C OlsOddls
Csif dzj SMse  § s5C OL Odzts, Ylsts € tsdzib Ot digbl ¥ J oy
ftosyj MMOR. stdeW sted3OYydtsdzdzOW ff sHo dy detsfyls!
HdzW OydosdzOdz! desets Mddalsj L O dzé d3d dzj My Isdzg" ~
2.

122.s & dzj SMr M) Hekzeddd §jtjn sCod@h®d d3j s

g SOCdd3d f J tej ~ t5H d2ZCodzq,3047H, Rai2EE 2k{Ru [©,61¢
64]15H d G, 7@ d W s Oyd ¢S dzstsC IsOdzr sOCyJ BBtOL k2%
Csd3f dzy €M [ dzvCo { migtzgz SHOH | dzv i3d L OYOfmist
ftesdLosHd § yd¢ dsisdEdqQ@udgOjudgd 20 ffis o Ols d s dzlz
mslzd ¢ Ot gldP[70,71] RN sdzPHES QdEffjzt Isddz L Od3j h
HJOGI7@ dW¥W sMW¥ Oyd ¢ dzssCIsOdzse fftedo tsH d dzs E€CotsB to
ff PPPP-Isj IstcOH j dzls Ols dzts 2 ¢ ts 5 30 d dz@y dhpifd2dz’ dhgfls jOdg
fwoj nmlsOo dzj dz@ ¢ cEBIGEq UBRIPE d JzOBEAZE (68.84] dzj ¢ !
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L
L—
/ \/N\/
Rl

L = CH;CN; R =t-Bu; R'=Ph (1.129)
L = CH;CN; R =t-Bu; R'=Bn (1.130)

[Co(ID)]

Ph, th Cp L
P R’
/

Co
n(H2C) / R\ /(CHz)n [Co(ID)] R/P\/N\/P\R [Co(ID)] /R\
R \/N R

f

R NP i
\/N R’ RN

R'
Ph (1.127) J [Co(ID] L = CF4SO4; R = Ph; R' = Ph (1.131)
Ph (1.128) L = CH;CN; R = Cy; R' = Ph (1.132)
L = CH,CN; R = Cy; R' = Bn (1.133)

R
n=2;R'=
n=3;R'=

— R, — 2 L = CH,CN; R = Ph; R' = Bn (1.134)
R /\N/\ R L=-;R=tBu; R = Ph (1.135)
NN L =H; R = t-Buy; R' = Ph (1.136)
\i{, Cp=FsC¢Cp; L=-;R=t-Buy; R'=
Ph (1.137)
X-Co Cp=FsC¢Cp; L=HR =t-Bu; R'=

2 (BF,)” Ph(1.138)
R' Cp=F,CsNCp; L=-R=t-Bu; R'=
Ph (1.139)

X = Cl, R = Ph; R' = Ph (1.140)
X=-R =t-Bu; R'=Ph (1.141)

dn] Q. uddzlsj L € ORI SO

Htse dzOMdets HOdzdzr &3 toj dzlsc j desistezC sz tcdzts G ¢
Colsf dzj S MOR -§ EEERIEBMY O8 S S IsOdeyr dzOR SH'
C to j fg @EzAZ0, dm¢ dze yj dztp] d3 oW o U g st a3 ddzd ¢ O dzH
P dztsh | Gztige B dzts o Y ARSR e BOYd PR o Ols@z Rjls OdzdzO d
Coikf dzj SMOR CsBOdZ SO &y 5 OB 7 $ to di  Odg O dz® dizzj dz
LOR 9o OO tj OdzdL z¥ IsEL27 d91.128 5 BIP,A-IE MOEOH | dzls ©
CotsteHddzOYyd j2 dZdeOdHO. | MsOd d' 7 Mmdziz yoO!
s dzj CMOR ded S j dzv,  OzdzOH-8f® d  zOkddz , My

stsdf dzj S M toHHdEL70 ¥ S50y d S s S Is O dz0 di3q
Mistelz C sk tc ORIPER j OB defg? € ststoH 2P Y dsis Mded dQ dizdA

31



HolzdsWw dzd ¢ OdgH Oz, dzd B ts Hsdhi Wizdjods| teliif ddtdp dzu © d3j ) e
[25]f o Ot ®EOT uf GlENG Ot B AT f4dsd 1.149W o dzw & Is fi)¥
cdHicdHdr B, CGHj fwikk® CostoHddOYyds L Odzd dsc

— R'\ — 2
N
ghz - R\P/\\I\{:\\P/R
\Rh / 2 /R' \ R'/
RN [Rh] NN A [Rh] X-RK
P N p R
\ g R\, |
N
R'=Ph (1.142) !

Rl

=
I

Ph; R' = 4-CH;0C¢H, (1.143)
Ph; R'=Bn (1.144)

Ph; R' = Bn (1.145)
P
P

S T

AR

h; R'=Ph (1.146)

h; R'=4-CH;0C¢H, (1.147)
Cy; R'=Ph (1.148)
H; R =Cy; R'=Ph (1.149)
-; R=Cy; R'=CH;0C¢H, (1.150)

e T e e
I T T R R

N jBRuddidsjL € REHGBHYPE ¥ sMY OyS dzs S Is Odz0d

I Ctdfdj ChHoRdEgr sy 6ydS s s0dy &g
COC o Cd¥ SokOlpkd® CCHMGEHIT M SOS d o €.
COBLuHABg . vedr L ORoOkO djlbRHAE®Eizds) j § s dyfj di
OO dydsy & Ctdifdzj SMOE f] Hskeddd (-] Nt

g C Olsd s Wb gideds' datz®- AL, 7E d W sV Oyd ¢ dzstsC IS C
fsdzzyj d ydSdzstf j dzsOndyj daed dz dzr j SPRGH dzP & figO
CsteHddOydY CdstaidgHd@d y d ®dzdzOv MW j 6O &j s O
CosteHddzOydj2 §j dzls OH d-gzded BrtzEzs dss € szs g O d3d d3
Oyjlbtsdzdlsted zH § dzatEdzc ff j dzf G Oz, dzdB 5 B dz |
NHs, Cl, N2( & » jLA8)9,61-64,66].
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L = CH;CN; R = Ph; R' = Ph (1.151)
L = CH;CN; R = Ph; R'= Bn (1.152)
L = C,HoN; R = Ph; R' = Bn (1.153)

Cp /L L = CH;CN; R = t-Bu; R' = Bn (1.154)
R Ril L=0,;R=t-Bu;R'=Bn (1.155)
P ! P Cp = (CH3)sCp; L = CI; R = Ph; R' = Bn (1.156)
e Ru(II p 3)5Lp
R \\:E\/ \R [4()], /R\ Cp = (CH;)sCp; L = Op; R =Ph; R' = Bn (1.157)
| P / P Cp = (CHj3)sCp; L = CI; R = t-Bu; R'=Bn (1.158)
R' R \\jN\/ Ng Cp=(CHy)sCp; L =CI; R = t-Bu; R' = Ph (1.159)
N Cp = (CH;)sCp; L = Oy; R = t-Bu; R' = Ph (1.160)
R' Cp = (CH;)sCp; L = -; R = t-Bu; R'= Ph (1.161)

Cp = (CH;)5Cp; L = NH;; R = t-Bu; R' = Ph (1.162)
Cp = (CH3)5Cp; L = N; R = t-Bu; R' = Ph (1.163)

WD i BBuddzsj L S REAGHYOEER ¥ s OyS dssS Is Odz0 0

I ¢ a3t dz]5¢ 160 1.1630 63 dets d3j Isd dzlt sMW ddetse r 2 tsfists
o C tsdaW tstc 3On @ pdzOtec j B dzds16Ldid.d6RIdz] © fisjdzt t5¢cTROm e dpO &
LGz LOR9 OISO i) sOZZO dzOSBE CIBMPYL O dH)E Cf @
Codisf dzjldBfisoc Hj L Istsls L dzOy jaadjji§. 1836t ka6 dzO fy

b 2Oz L dtezw W HT -H{ BAEP Y CSMEDOYT ¢ EstsC Is Odz
LOC dz¥ ydls+, ylbts 1Istsls ¢ d&zOMM dzde OdzHtse o' Misk
fn 1 Isd ds, LO dedd3 EmMlsOdsse ddzsm! Hsdzvisdy { to]
Coditf dzj SHOOLIT-BE dB s Oyd S dztstsC Is O dz' ftoj ddgzh j fr
Codel BtedZOYydafOdeda®] Md® tcjHEdd3 dMSE dze yd ded J 5.
LdzOyjdedj &3 ke dzO L O @EEE di3 ts Pepd SHdity s Clls, Cbdz
LdzOyj d@fy '8 ofmjrn Ctdiifdzj CHBO-C sdablzstc 309 d @) d ¢
BiYHEZ Hokddw ObtBORd W-BME sicP BtiGlO@dids) ld8zd
OstsBOBd OLBIO LOsdmdl ls toj OdzdL s h j 2 Mmw
Ctocj fg @EzEN tcOfMissw dzd j ZO-sHdIs-B)w 8 o) ,Hd O Cn
o] Odzd CBBYAR S te BO Y didic j Tiftei®dz8 . 1 tcd L Istsdz L O
LOR 90O BBj sOdzdzO wIs twOMmMmlstswdzad?2 dj yHEZ Ho lzc
OstsRZOr WsMWstc® ddzd OL IO ddzd Htekzedr  OtcC
syd o dHdes, Yl hijl@tslskjlcdsdzOm dingdg' tsls 1 dzj CIstc
Bj Is © dzdzO .

123.sd@3f dzj € Mr d3d sOdzdzseo Y sSHGWZY ('

RMMdzj Hise Odzad W COsOzdsdyj MSdr Ha®LHIs o
HQW s OydS dzstsCIsOdztse 9" Lo Odzts BRtodz" 2 tetsfls
slsdetsh | dzgd sz efd & dgj Is © dzdzO 3. I1s CStsdzdyj Mo iz
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St dBBdHYMEB2 BOL | FeQERRGH,Y sh® d3fdel] Cofjs stets d3
Csdi3f dzj S MOdz dzd € § dzv . Clsts MovwLOdes M "
MistczClsktelz OCIsdo dzsets MO2 s OV ¢Yw dgfFaefehidD tofts 3. ¢

{4 OSyddH dOeR7ebdH sy Oyd s dzsts Yl s as s 6y |
tcj O dzZs OB dBsclkzls - 282BBI33,48l1662,5456,50aks B d M
nd &ZOIsdzr d3 ¢ 4RibSEP.SNID.d3 1 M Bafd) C 2 tcj HY SYlsd |
tc] OdzdL BjIsls&s. gMlsOoah djMmMw o9 0COdelsdzr | MO22-Isr ¢
dzd c OdzH O3] . Jdzd & OuzH sl o stk ls o' Miskf Ols' ¢ Odz
ftesdLoBHd § yYydsdzsf j dzlsOHdj dzO, Oy lstsdzdIsted
Mndi8@). J[IsHJ dzt dzts (ligFetFazs O g dzj S M, o Clsts
Y ddziL O Mo W L-IOERI,7E)d W EMBOyd ¢ dzs ¢ IPRRO &G Is dzty:
CetstcHddZOYydj2, O Htkzce 2 [dad O dHetd Bdiefm oiptzLdz!

L =CH;CN; R =Ph; R"=Ph (1.173)
L = CH;CN; R =t-Bu; R' = Bn (1.174)

L =CI; R =t-Bu; R'=t-Bu (1.175)

L L
L-Fé-L / \ L =Cl; R = t-Bu; R'= Bn (1.176)
H; Ph \
5 2 /R'

Ph (1.177) Phy |

n=2;L=L' =
n=2;L=L"' =Ph(1.178) P— //P NP \\:E:// “R
n=2;L=Br;L'= - R' = Ph (1.179),(H,C), /f/R\ /(CHz) R \‘ :// R ?
n=2;L="L'=~ R = Ph(1.180) P NP R
n=2;L=Ny;L'=-R'=Ph(LI81) \,N\/ ¢ 1

Cp = (CH,)sCp; L = CI; R = Cy; R' = Ph (1.182)
Fo(Il) / \ Cp = (CHy)sCp; L = H; R = Cy; R' = Ph (1.183)
[Fe(ID] No P Cp=(CHy;Cp;L==R=Cy;R'=Ph(1184)

R \/\N\/( R Cp=(CH;)sCp; L = H; R = Ph; R'= Ph 1.185)

S__S L R' Cp =F,4CsNCp; L =CI; R =t-Bu; R'=Bn (1.186)
< + 1 —_ —_ — L
I%;FC}FE,LV H ] / [Fe(1I)] R/P\/N\/P\ [Fe(1D)] Cp=F4CsNCp; L =H; R=t-Bu; R"=Bn (1.187)
% // - \,N R Cp = F,CsNCp; L = CI; R = t-Bu; R' = t-Bu (1.188)
Ry R Cp =F,CsNCp; L = H; R = t-Bu; R' = t-Bu (1.189)
RN NN~ Cp = F,CsNCp; L = H,0; R = t-Bu; R’ = t-Bu (1.190)
R \4N~/ R NN/ _ Ol R R R
> [Fe(ll)] Cp =FsC¢Cp; L =CL; R=t-Bu; R'=Bn (1.191)
R’ Cp = FsC¢Cp; L =H; R = t-Bu; R' = Bn (1.192)
L=L'=CO;R = Ph; ESL] 1§f R =Ph;R'=Bn; R" = Cp=Cp; L= H; R~ Ph; R'= Bn (1.193)
R'=Bn; R" = CH, 3 (1.164) ' — R' Cp=Cp; L=CI;R=Ph; R' = Bn (1.194)
+ L=L"'= CH3CN; R =t-Bu; R'=Bn; N’\ Cp=Cp; L=CO; R=Ph; R"=Bn (1.195)
(1.164-H") R DTN
L=L'=CO;R=pPh; R =CHs(1.165 N Fe S
R > L=L'=CO;R=Ph;R'=Ph;R"=H R/
R'=Bn; R" = C,H;
(LI67-H) (1.166) L-F&—
’ L=L'=CO;R=Ph;R'=Bn;R"= 2(BF4) \/N\/ R
C,H; (1.167) RN VNN/
L=L'=CO;R=Ph;R'=Bn;R"=H R” \\/N\/ “R
(1.168) NJ L= co R = Cy; R'=Ph (1.203)
L=L'=CO;R =Ph; R' = Ph; R" = L R ] L = CO; R = Ph; R' = Ph (1.204)
C,H; (1.169) L =L'=CH,CN; R =Ph; R'=Bn (1.196)
L=L'=CO; R=Ph; R'=Ph; R"=Bn L =CH,CN; L' = H; R = Ph; R' = Ph (1.197)
(1.170) L=Cl; L'=H; R = Ph; R' = Bn (1.198)

L=L'=CO;R=Ph;R'=Bn; R"=

L=L'=Fye,: R = Bn; R'=Bn (1.199
C,H; (1.171) BFg B 5 n (1.199)

L=L'=CL R = Ph; R' = Bn (1.200)

L=L'=CO;R =Ph; R'=Bn; R"=Bn

(1.172) L=CO;L'=H; R = Ph; R'= Bn (1.201)
L =L'=CH,CN; R = Bn; R' = CH;CHPh
(1.202)

4 BBuddas L € Fastloki B W s OyS s S ks Odz0 d

1 MEslstew &z0 h oS sy 0L dzHBER,EA d j
HgW sMW OydS destsClsOdyr o StdfdjSMOT ddjsls ¢
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C sdzW stc 3Oy o o ol ix@ distslzdf y j Mlso O ¢ Ols ditawidiogzi &fipts ©
ZdcOdzHtse  Htkzedn WOChksttso sesOC @K tedz® j o
1OCIsdui MSd ot o fiyjdAo3, 7w sV COMYQFE dzAs 58 Is O dz'
C s da¥ tstc 3O Y & i dEt®). fydzth C dzs y j ad ds iz . B6AHAzY. K6 BHT), W
1.178H*, o Ctltster 7 dzdecOdzH  dzOR tsH 8 E 7
HW s OYylg @diisds € ts dalbd Otz ( C sdzf stedizOydv bk
O3 detsd3j Is dz¥ sMW d dzs o sdBz  yd € dzlz, 1 @ y jai, f Jsfe
C 3 dzj Q.BP@R* d 1.167ZH" H OdzdzOW Cdelf StedzZOYdW fi
foslsddtetso Odzd j 5 + dzHsyd $ dzd yj MS 56 5 1.1BKH 5 B3O
C s dal s to RO dBdEQ Odzd L 2 j sTyw  Hdzv dzj ff esls sdzd to
1 d Mdisslstew dzO tOL dzr | StdW stedgsOydd dzd ¢ OdzH O
Btsdn Mzyowvs &ORsHwWlsMY o HJOfOLdy ®ls
ZORtsHdIsMw o HFHOFOL tsdzj wsIs 79

] LOBHEFCOLOd ftod i3j toH HOKEB ff ¥ Y Gy if S Bris t
dL Mkd YOO IjbeosdmM(ecdrtess ddjlsdd) & s
ftedmkzlsmiso dd tMhdatse Odzd™w (unj &30 17205d1206d !
MstezCskzter Ctlstster i B' dzd ©®lsdzj M df v T LS dzts d3,

HOHZC\P ///:I;j\\P _CH,0H
/

HO OH
Sed (HOHzC)zP\Feép(cHon)2
NaOH (H0H2C)2P7 f(CHZOH)Z NaOH / \
[Fe(NH4),(S04),] + 2[P(CH,0H),4],[SO4] —— Y / T’ O, /O
-H -
20 AN i —F¢~p(cH,0n)
HOH,C \’N / CH,OH (HOH,C),P / \ 208),
/ ]
1.205 R \,N P
HOH,C” \;N\/ NeH,0H

1.206

4N i BB uddzlsj L S =IBRF5H.206) & o

l MmMddzkz SCtsttHddoydd WshmWddser n ctlzfff
COdBdzz % jdzjL O d&JcOdH o dzj i3 -WBF Bezf s s
sy © dH dats, dzd Bsy JIs a3 dzv Is* MP-Fe B jJ L Mis @ dzMm
Gitdj stedyd M< dJ f OlcOdzj Ister" MistczClskzter ¢ tsd3
Ef sz dzzlsr 5 o " h j HJO§ OL sdzOB] .
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| ©OfeSkyl e dzdCso Odets 2 4§ tod B O fEHSEHYEE) €
37H W s Oyd S s s6 Is Odz0 di3q PP-dsty fipldsd S ety 2 0 d ¢ & s te
(Mzdss wjud ofjn CodfdShss 4 HOLROEH &
HW s Oyd S st s OdZonmy d K2688RY alaz? fis v  j H d dzfl
feddj cOBd M EeshsdSsos? CostenddOyd)?2 d&dd!

I (OH) (H?)S//S
Cy
Ph C 3
\ /\\F’\‘ Y NV Fes778
NZ AN Fe—(OH), .Bn Fe_
| “Ph AN/ O
(RO —Fe. Cl pn T S ONR
[FETS Bn Ph
(HO)Y ™\Y
1.208
1207 ¢

tdmMzdsSC vnj BOSdydzsy dL 5B OY J1RO7H1.BtclzS Sz te

I S o B2PRdpfjc Ozt ZODsHdlsfw o Ilsadfmlk ¢t
GjljtetsOlstsd3 ORddetsdzj sd dzW sy d deso sets tsMmistse
C ts 3 dzj. 208 ¢ OdzH  dzO 1 5 HOdds)ffey REBdaE sSqEHEO yd .} o
Cdsf dte@7igB tc OL 59 Odia thd3jCGaiEsd dzd08 OfdzH BfLdERR] te S d3.
Cts i3 dzjlReTjL Odzj Misdlsj dzd f tod Ols ts 3O R OL sls O
fsdsy jddi, LOdkjmsdls, dfre Obstststsa Oddcd®sks 0 O
fsdztsy jded j . S 1208 s @sgziisdIsj dzd ftcd OlstsdzOR W
OCMd Odz' dzs s FeFermmielzd €,0 OB stcd Odz' dztd.@97d 112086 ts d3
tcOMmMMlsswdzafj BIYHE ObBOBRd WshWtstcd MtslsOo d
LdzOujded j 8 MtejHd ofmjnj teitelsdis, sty C & d
COMMssw dd™w ®&jyHE Os®kO®R] WshysteO dzj dt
c CstetsdzOe d dzf O dzd&Ote j ) dzts stcjBlZjIs dmsc Oy |
ORddzs B sd dz¥ s J dzso se s BMistse O.

1.2.4.5 ts &Y dzjCF,igu, Mn gV
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{fdmOdadz” § o' N j Csdapdep S J v dedzy tels W dzls O
Bsdz b jj Csdzd yj flsfots sfls ol @ I Hadzr & 1090 dsdzts dste
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5B dzOMK>'6 95 1dddz. 1 tcd 1 Issdz CoOdzlstsor j ©F RtSHT
Mded ¥y O Isfmw, dzOR sHW M! [486,fl&] H | &ZzOr SIs 4 HE ¢
O ZOdzse d ydz' 2 iBj g HzOfisdiazIS | S dH dify ¢ Mse d3j |
sHddz tsBI Y d3dz" Bo B M spfdds tdtNdz’ N2 6 j Isj tesyd ¢ dzd
Br dz toj Odzd L sHEPd oy @&plsdstsijls d, § to f(2-de® WOIIfHR)H J =
ddidHOLfg[[41,,500] W j dzOdzlstetsdzd dzO ( ni mp H) l GH
dzd ¢ O dgHEShfH-H (2 j ded dzW sMW d dzts) W J@d&BaH%@;@W@&E
BdM( HdWJ ded-Gth(si@dflsigtsdpts i3 ( Xan-8dMmo s i W jdddefdozii &
1,-d dfdzO¥ Is O dzd dztsazd ( B C N AMPE 6 N )d3ts dz!  dzts o3 mBBB@Bh
Hd - dzstcd3] IsOdzts o 52 fMtcj HJ B B gztf Misfg dzczld i d tc & ©
C sz dz].Z5M,1.258ad1.259a( ¢ ~nQLe$) . 1 teso jHjdzdj tej OC yd
Emdzse dw r , dzts o ftedmklsmise dd dgLB" €O
Msslse jIsMilsea zs h dn deiS2uEsdRt{Qidgt Cofg S 2 § B 632 BL&BB

CH,Cl,
H
N

77N\
) + Cu(CH4CN),PFg + P P —
N Q

nimpH

NaOH
CH,Cl,/ MeOH

QPPhZ PPh, OO
/\ PPh,
PPh,

e OO

POP (1.257a,6) Xantphos (1.258a,6) BINAP (1.259a,6)

4o &Buddzls j L € sSIBFAzgE0 Mtso

1.2576-1.2596

ustolzClsZtedzOY St Odzd 1.2B7ad Y. 26R B ZFOMRES

ftsHIso jtoy Hj dz20 diBj ssHisds toj dalsc j detsistelz € Is iz to dats «

HdzW Y ssHtsBd » MBjHddej dzad?2 S BtsteH d dzOyd tsdzdats s

dm<¢ Oy Y dzdzlz & IsjlstcO1 Hted yj MC z& Gjtsd3j Istcd b ,

Ostsdiss OL s5IsO, { @dzOdetelagly O dz§ ®Hzj PElssded tots
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ni mpH, O sOCYy] Hokmn Obt®@cse Wi sStcO, 9 n s
r dzd dz@ maN P22 .M {jiPRHgI2CRY9 | ) BMIO® IsMw B
Istey n MstezCIsktcOn d ~tth i htsc dedifzdids v tc d
ZMmls Odzts 9 dzj dzdz" dsd 1R252%.256[188k] dzj ¢ Mo

1 d2tc0dz dz § AsBPABCIS & 1. 25 PHotsw o dzw &
Wislstsdze d3d dzj iy dels dz' § mMots2Mlso ®© M &BOSC Md i3z d:
HJOf OL B5608j7 5d2d8. soOdzstseor j orf atsH' dz¢ dgflaEilmy
BZOR BHWYIsMw 974 B W] ZAB 3 sGtd@y j des o u OB dzd Yy,

5 OB ZdYPOC d i3z d3'  H dzd dz o ts dzddz 1L.25EY2BPIN G d S s d

] [ dc OdeH Amax, dzd3
1.2570 POP 579
1.258 POP 589
1.2580 Xantphos 595
1.258 Xantphos 587
1.2590 BINAP 598
1.25% BINAP 637

[ dzw ¢ s BYI1RHE I OdzOB dz¥ H O Isfw B Olstsn tets dzdz
ftedBdzdL dlsj dz' des dz©@ 10 dzdys ¢ 84.25T9tdAL%R| dzdffls tsf
ModHjlsjd Misalzjls s B tsdzj j 9" 8Oy J dadatsdz Iz 1
Wistedid totso Odzed otsLBEYHJ] ddztsc s mMemilstsw dzd v .
ZCOLM 90 ls dzO Ists, Ylsts Istedfdzj sdetsj oL B Iz»
ftedtesHlz M o ¢ dzOH tsd3 -O @fAs dg s O Is tfte Sfigas s tetp ts d
WtcOc di3j dals O, YIlsWILATEHUSOT] GG Csls j to  [HB8H3d dzj iy J

JHddz du hdqtesCts ftodd3d dgv § d3r = f SHRtSH 58
CoRf dzj Sfise BjHG( 1) thdsesOdz &0 dhftd L
Bsdzj Skdzj COC2 WtsigWgdts] dJiddzjor 2 Idfr His
Ctsdzls j Sfisj B dzd sz yj dzr RBsdzsWHjtedz j Stk
dpqud 8-( Hd W j dzd dz¥ s MW d dztxd) L(drizidgddds dzWdtpfmWad dzts ) dzO W
Br,Cl),sB 5L dzOUj dz80J.26Z O % ( dzls j Lo cw g™ | fiffs ©78 BtsH t
flsy i3 99 jHjddY dpna o tjOCydedadzzes Mmd3j M
Hd - dzste 3] Is AZD[190k -~ J BRBO

60



N

X
thP\Cu
PPh
Qig + CuX -2
Ph2P
PPh, O

X: CI (1.260), Br (1.261), | (1.262)
dnJ G .4 d dzl€ sz dz jl.26G 5262

456G dzZOMdzets HOdzdz" d3 toj dzls G j dzts s tc ZIC2BAAIRGRES G t5
ftcj HNIsOo dzw & Is M 52 B dztsW H j todz" | d3d Is O dzdz
B SOzdzsyJ dzlste tsCtelzy v dz yJ 97 He gl  HiVs=iaEitaia dds dd3
OL slsdzr &3 ( ts HiAgod3 U I8 t© dztdf dgjdds s H  Is ¢ or tcOY J§
IsjlstcOt Hisd Yj MS 52 CliRB3H) Otsd okzy s gy N8 5 .67 HA
Yylsts Mmkh jMmlse j dzdes BIsC dztsdzgy j Isfqw  tsls dH j Odz! dzls
dms¢ Ox 4 dzd J sBEkzMmMdztse dzj des tsMistc’ @3 kdzdas@xizHLOO -
(HAWJ ded dzW smW ddzts) » d dzesdzd dzO, d OdzOdztsG d ydzts
By dtedH d detso r dfff76,184, 108 dzH O d&3d

) soy tcHisd3 Mtsfls sW dds J dz3tftftda]O Is Iz sy deCBedARG2dz |
ftotsw o dzw 6 Is CtcOMmdzz ® dzé d3d dzd mMyd deyd ¢ fm
LOtej cdMmistcd tetso Odzdz" 1d20 ., tc § 8 3628%zd3 dz(z 6 619262 dzd3
Motslseo jIsfise jdzdets. 1 tcj d3J dzO Y dL dzad o tsSL Bl HY dac
HdOf OL s5dzjil ( 80 =d3OMKY6 1 SEWHBS tOMmY tsdztsy j dzd
Motslse jlsMmise zj Is fflsxfipli2j<H 26104 J.28Q0 desyls s Mtse dzO M
Slsdesmdlsj dz! dets?2 Mmddzts?2 dzd ¢ OdzH des@ dgd tf dg@atsd i tst
< Br [1M].[AddesdIsj dz! des CtstetslsCdj ote d3dj dzO L O
2 fstewHCO dB3jd My, Ud® fted sqdy &) - Ok
IsjtedZsOCIsdo qtclz j d3ts 2 L OH j toy Odzdzts 2 Wz stej iy
Isj B j cOIskzter Hts 77 s dzOBdz® HOB Isfw Mdzj HizE M g
dzd31.260 , 6 8126Ndzdxd ( 7 1.2629 dzd3 r (dzv  CUR62f dzff ¢ fis@ dzO N H |
dzOB dz¢k HOjIsMW BOIsts~tetsd3dz" 2 MHoeadae  sdztshr 1 d
L Ofd dzj ded v dzdL " j et Istcd)f dzjfldcdits ¢ dzd L f§ s ls 18 adf
ftoslsdo cff sdztsy desfyls ! 1 k26@H.26173H QA O K lds jd3tf jdaje C dndstp fr
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mMHo d ¢, Mo LiPEHaO R dzj dzd § B3 t6j dzOC MOy tsdzdz’ w
mMemilstsw dzd v , 5B ZzMdzts o dzy @dzd H) d d3is g3zt J € Bldzdy © dats
otcOh Olsj dz' dzr d3d MIS[J9B]4 dzv &3 Mo sB tSH T

1 dBtsdz "dj tdzgjtecibduimid) wOLdshisd
9 BLBEYHY dzdlzr d3qd Mitgf)ls s W% RO | 4 dF | H dzw Is 9
¢ s i3 dzj 16264 262 ZCOL" 908 ls dzO Ists, Ylsts dz¥ d3q «
ftoj JdB3zh j Mise jdedets dL Ijtediddud MEd OCIsdeodtetse C
MeseatsClkzfd &3 MfjCltesME s du MEdd3 H Odzde- o3,
~rdBdud MS&dna tOMYY stso, L BdMidsdedz’ § Mo 52
sBEzMmdzse dzj dzf  jidzf e ©ezOdptEc B I Ptz dzBRIPO L OteW H (

ldIjtetsdzj fIsdyd MSI1RHI 1268wz dzd € ffijd dzls j L Jtets o C
ftewdtsets M " do Oded W Misj ndBdi s tedizd o PUafi O
sted W j dzd dzit sV Jdz0 o M3 Md OYJ lGNEHKHEJ dPte dd
CoRAzOIsdzts?2 Isj B2 AWMk tcj (&~ J B3O

RO RO

> R,

R>
N cul N
/ Rt 4 S oo N\
\O N P. 2vi2- 3 T O/
sz OO

PhoP—cy—!

\

PPh;

1.263-1.268
1.263: Rg=H,R;=H,R,=H
1.264: Ry = H, Ry = OCH; Ry = H
1.265: Ry = H, R; =H, R, = OCHj
1.266: Ry = N-carbazolyl, Ry =H, R, = H
1.267: R, = N-carbazolyl, Ry = OCH; Ry =H
1.268: Ry = N-carbazolyl, Ry = H, R, = OCH3

4nj &M uddasjL € =lBE3AZI68 ftso

lojHjdedj tOLd&Jyde 7 L ORj-zfd Bgeeizsd 6z Mis
ffzh jMmlse j dedetséts o dzdW dzadV dz0 R OOCIsjte CBSBHC
dtsdz* €ls Oy smw  yjlsr ey RS ststoH d ded tots o Odzdz’ o, ]
Wistedsdtolz j smyw L O fyyy-dsd ¢eOfdaHjCdzls Odstsiziz jc Gsiz ¢ ~ Nis te d
dsH-@ezd 5dz0. | OdzjQUERdz( Js tolf & gzrdzdIldz s MW  dzg) dzO~R s
106. 14A uts 111. 7ECAP (PNsxfie@ dAi QC o BOdsdzd tolt & s fi)
89 . AHMA
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) soy tHisd3 MeMmistswdzdd f ®.863126B3 tc &KW o LAY 3
dz¢ i3d dzj Myd delsdz” § Moets2Mmlse © M &OCMd Bz BGWE] ¢
dzd3. zdqes¢d?2 ~OtOSIjt §tdtsh + &d Mgt Oald
sBkzfMdzso dzj dets f jtoj nBHORBd M f jtoj desfpsds L Otew +
( MLCT/ XLCT) . l o9 jHjdedj B ssSCMdetezff o W
WisfmWddzsar 2 d BJ dzt d &3 H OL -tedzc ez O, W tc @ 5 d3p thzld
tcl Cdzdtetso Ols+ yo gls dz®E3d dzjofn 1, odzigth ezj & OH i 3
By ssiMdetezffz, RBOSCMHdBzd  GdMMdd (529 daB)
f ¢ ol dzg6B8(mIsEP dzdB) . 1 o jHjded-d Wpzsy hdd iz §
1265 ftwwdotsHdls & djdajd o' 6Oy jdzdzsdzsz cdif Misat
556 dzds. 4 BHdOW L OC tsdzts d3j to dzts ) Is-f) 5 HOZ Ay A& H]
C B dzj126y b:3 3 1d269( 56 4 d269 59 7 dedz) . 1 d&zv o M
HOdzdzets?2 Mjtedd L Ot ncdfitcfto®atBdzo’ j| o' AtSHT
O sHWh djifmw o ddzlsj tcof@@] s 31.1 % HEtS 88.

1330 dWHjteds j CRuMY dzj S e

[HdzddE dL dzOdetdjj HjlOd dets dMidzj Hiso G
weodzwelsfipw BWHjtedsr | G Odztsc j dgd H dz' | Cigptsy H tf tizj «
ftoeddad 30 jIs dzdBts f dzsClzs CtsdWdekzteOyds , dzd
MstekzClsktwOr CtsteH d dzOY d 8 dzddiesy jusd friptst) Isom daryels *
Ud st g .

l twHj tcOBBl B dzd ffteseo jHjdzm MlstczCIskztod
BAWHjtods 7 dz¢ Bq dzj My dzls dz' 71.268 4@y oz f§ tHsjots 3 €&
nd ZOldtelzy h d 2B dligf(GHOfH did, d2% s MW ddzts) B § daL tsdz ( C
toj dzlse j desflsteczC Iskztocdets @ 5 dfds@ dzdHLa @D, yoj dzlslécddr Chigtf
YdIsr toj = ydzj dedats,j WisitdctdsH q@ad tetso O dz' Hozd3w ¢ Od
(t dfnku2L76].
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X: Cl (1.269), Br (1.270), | (1.271)

t dmMz 9% -~ § BBOIsdydzsy dL 5B tcOy J dzd.d69il R Iz € Is L

) ¢ s dz].269)XP71 d s dz B HI(I]) dzO - sH W Is )
IsjilstcOL Hicd Yyd ME 52 Csd dekzteOYydd fn HisMis Olst
YoOmlsdzsmisfCUiiPz @ @tc’ Ftolzé Isw 68 A .tc A ,ZzORIs®B 7M B
SIsC dzsdzgy j spw  tsIs dHj Odz! detsc € Isls] ldsis@ Ldzistelz]] wigd g ¢
BOdZr &3 Eedzsdz L Or9 OO dzdcOdzH © DPPB. 1 j mMdis|
Csd3f dzj € M- BdHd M BdMWESMW ddzse ™ di3d dzd ¢ O dzH |
f dzsMCts?2 ¢ j sd3d Istc dXp [A95,196]@ ¢ df) lsdiddaX Is@zus O R1.269 ts d3ff ¢
1.271dz0B dzt HOj Isw L dzOyd s j d2'Odiszfs d i ighs@>sj dzdfi jo Od3 p
[196]. | dzd dz' MowXL jRo jCad yd e O Isfqvw  f-Hsj-deB Pidzj M todst
CcOHdEMO OLB®RO O0dztse j dzO,Cusk L&t uo tsjindsvO ¥ Is@Y
dzj d L d3j dzdz" 3 d dzj yi@ls 9 H d Off @i daf.j 8 3 dzO Y
o Oulzj-4.cO O dz' Mtse" 7 tOHdkMtse Hokr Oltsdise d3j HC
MdzOB 56 BRI B@dzdry j MS scts oL O B H | 2 MIS]1B3]. d3j

l IseoVy toHtsd3 Mmtsmis &268d.Y71{CidsxistfodefpCefrls W (g S wizlz f
Wislstsdzt d3d dzj Myd dzyde ftod Cdi3dzOlsdzs? Isj BY J toC
B SCtesm) Cdznde” d3d otej a3y d&zOd3d N dL dzd. [ OGMmd d3l
533 dzd3, CoOdzlsts@®8 gzv soils8 068 + OMtefiply A3 dzO > d L dzd
MomMlstsd dgfw 4. 0 HBs 10. 4 &BEM. mOwLOCIsj te dz¥ d3d
sBikzfmMdzsodzj dz f jtej nsHOMRd M § jtoj destsds L OtcW H
OCyjflsstedzs? tsteBdlsOdztf j o BBy (M + X) LCT

S s dzl.2731.2748 " dzd Mddzlsj L Jetso Odzgr ) 88~ &H C
fzlsy o3 HtsB O9 dzj ded W sHdsatw f( H W Jdpddy mdsic
Hgd&3J sddzsdtsW j dz2O (dmpt) € MmemfjdLdd mMoslse j
1.272 Brl2WdzwCIl1.2#¥dzw H d » dztstc dzj 4.ONWEJI7].( & = j BO
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Ph2P \

PPh,
=
/ \ CH20|2 —

S /
dmpt

\/
u Cu/
\

X =1(1.272), Br (1.273), Cl (1.274)

/\O/\
\/

40 &BM™uddasjL € =lRT2Az37% Mso

I Colf dfRNOAdsdz BJHI() diddls dmME Oy
Csdz¥ ezt OYyd 4 CUiP v God®Pte! Ptelze s 8 . iIDPRH HBAEOA
Mih i Mise j dedets SIsC dztsdgw j Isfqw tslIs dHj Odzr dzse s |
setcOded Yyj dede" 5 EZedzsdz L OR90OIsO dzdeOdzH O dmp
MsMlsOoadzv s Is 2. 84 HigzW 9 € sektf de @ @B 63 5, 22.9
ModHjlIsj @iz BlsedzPBdzd ydd MzOBtses Ckf§ftetsW ddzt dztsc ¢
BdHA(I) .

s s i3 &zjlQMp1.2749 IlsoVy tHisd Mifissw ddd §ted ¢
ftoswodzwels ddzlsj dzmdo dzze W sls ts dzt gydzdzgizsg g fs dew ds®
Ljd dese s Yo jlsOl @d igdipd: dn d a3z dfEatgd3tc od@igzi d 4 QO ® O ¢
9" ~nSHOMAd o HIPGOPBOL Bodek A Z GUAR H dz? 6 1d2d3d H dzW
406 dz3l2mMdzy ) StewWHEBSS A h j ddv  BOSC Md Bk dis
f sdzj H 5o OLAT2R1.2ZB&LIRM § tod 1 IstscgiiticRsfsistinddj 292 O
MHoddzzls O f CidBj datligs o dz@® 82 ¢ B ZOMIS! § BS27HteO¢
d1.274[208].1 ttd G tsdzdy jJdedd Isj B j eOlskzter HES 77 s
BOS Md Bz ists o 1.879 , 4 9564.6388zd (5 U2TH deBo (3 W7 HIRP2
369 dzd3278dz1.274 , Ykt GeBlkMmdse dj dts §tj ddzh j
ded ) dzj ¢ 5 Istedf dzj Is gets of ths o fr) tetdgfls € v Ms j (K j Ok tc O
otcj i3 20 Y dL ded oL BEZYHY dzdzsets Msistsw dzdw -
Yybsts idzPst@wWHCO dijde hj MmMtstslse jlsMmlsealkzs h dr L dzO
tej OdzdL Oyds BjrOddL BO IsjteddsOSIsdeadqtclz j d3ts 2
[197].

12y &3 6 OCydd dsHdH O fo3) te e dizfe v 1) fr) diztf dzO deis
(4-d3j Is d dzff d2xfdie) s MW s dzOdesdz 0 dBsdz! degsdz Mstsis datsh
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fMtej Hj BT dzd M dalsj L (25PpITE 1§ tstsly alzj IS fipls H.3D)dzdzts
[149].

R =H (1.275 ), 4-CHj (1.276)
dn ] BBDuddzlsj L ¢ SRS Z7onts o

Hse ZOMdets tojLbd OISO toj dals ¢ j dzts L@ € Is |
MsHd ey dls yj dzstc@z! dfstgd dafie@s M ICu ¢ Jj sd3j sted ®
Csttets] 66 ©bigdicdazi Omidy | i YshY sdkodss ™ j
Codsf dzj SMO &ONBHWISMY o CodWistedkOydd c¢SCtsjfr
BsMmMisdSsor 2, C(ttttHdddtezYy BO ddtsdd &JiHJ, Ik
fl &BjikOdkesYyj dsteOdid dMmS dzs yd sqQ i vdztsih Pujj dg@ LS O
sBiMfjuyudoeOjls IsjlstcOt Hicdyd MEs] Cteky jdadi ¢

st dzj LAHE d 1276 ftoswodzw s ls L j dy dalz®  dzs o
BOSC Md Bz BOR] 1+ B MM sdedz” = §sdzsfyp fted 555
1 &ZOydlsjdz' dzr j swbktsCisear MEgicddy ssmiSDdd
NYdLded dz¢8 i3ddzi Myd deydd ECOLTr 908 ls dzO Isted § dz
dzt d3d dzj My 4 deyd d 9 sBtsdn fpdzz yow A ddzls j toff to
oL BEYHY dedz" 7 MHYHET[@G2 Isdf O

]l OB tslsOrn -Aalsi§i58, 4P8200sts ffiffOdz Mddzls j L W HO
Cod3f dzj SMtse  BIHG(1) O thdssj @O HEMisE
Zde OdZH OB MY N sdzg yjor dd WOCIsttsds, sftcjH
nOOCIsjtedMisdSd tIlkdn Mt Hd dzjdedjts sy drCoddryj
nj&Odtlke h jets  def ¢ GARCQL]  RingjcdodzH T sB8j MY J
54 ed3tsH d dzOBRd U ME 2 d Webkstsnd®duj meizs s
My shseMmlsokzesls YW iClkdods?2 tjOddLOydd jts,
dzd ¢ OdzH z) (ISMAdEC MO Br o EMmddzd o OW  dzs [A@0d]dzj My dzls dz
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[ v ) Myj delsde’ | Mows2Mlso O HOdzde B € s dzj ¢
M jChtcOd dRtlEJO]@j Bdrits CwOMds? B &OMIs,

o' MSCdj SCoOddstsorj of AGH', HEBMsdeOshdj 9
~dBdYUd MEdrn ©LOMYY tse, IsLOMLdYf tsp @dHAD" [AQIs-ds jodz
COksdHdEEE WHEO, kSEHO COC 1waff Mmsh

WicOG d3d dzls On B3ts s FEOEEHESD . PvNOCddB3 BB KOL 53,
Meotslso jIsmMisoakzjls fijtejrBHOR M §jtoj desitsdz L OteV
¢  dfHEO(M+X)LCT.

S i3 dzjlM1.2998 " dzd Mdadzlsj L Jetseo Odz" flzlsy d3 o
BiHA(1) f HAW ] ded dzi ts frplj disdgtsia OR]j C" dr ddzpg” fESdd d3df
Bsdz! detsdz Mts s Isdash j.a8Pe1db4]).3 . 2.

R R
O C
|
NaoPPre __Cul  php &% _PPh,
CH,Cl, Cu~Cu
R

|
[} [}
N A PPh,
N- reTepouuknuyeckme nuraHgbl
npencTaeneHbl B Tabnuue 3 R
1.277-1.299

4N j GEuddasjL € =IBTZAZ399 fts o

HB8G6 dzOMdets HOdzdz" d3 toj dzlsc j desmistcz S Isktodzts G t5
MH ]ty Ols R OLOCIsjtedesj] WHtts Cu | i tod dzd
sCtolzy Yy dedets j -dd t& P ORZYN [ Hddz dL dzdcOdzH s €t
CogsMmisd € o r,2 IsdxfeeH@ZHE OC Ho O MilsOdzr dz" = 9L O
dmec dzt ydilsj dzv dets yJ ted L Ols s d3" W stcO. l o,
f Jted Hddz dgr 2 L] Mg BY tzo Oj Is mMizh J Mise j dadz
CtsteHd dzZOydtsdedzr | MtsB j dzdats M ls PzOdadf &0 digH tsfa. d3f oz
MistezClskzte] [I58]d3 dzj € Mtse

[ sHdWdSOydd dzdceOdzH dzse s Btk jddw CO
1 dgj toc d & 18 [ Motslse jIsMmiselzs h A Ctod3tf dzj € Mts
fodtsy jddd $BOCHdBzEse - 13f)sdzsine 19 shef f),nidw{S &L

oo jHjddj {zjChtodsHtdstd R LOdkjmsdl] dj 2
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1278 (v OB dzd yO I D jB)jdedj + dzjCltetsdetsOSC Yy fIststsds
(S BfILIE M MsOBdddL dtekzjls 1 8f [, yYst Mtsftetss
f sdztsfyr L a3 M d d1.287s dzis fedf Is jCd= tixREIAI 28 ts dnisH | oy O
nddsdkzddzse ' 2 d dLbAddtsdkddse 2 WikOcE & dase
dz¢ dB3d dzj Myd dzydd o SncESB6ZE 7 IdesfizOfijds d3,( 20l.281ts d3if
d1282 tsfydstse Odzdz' 7 20 dL o ddescdzddzj, £ OtOCIs,
HoW jdzd dz¥ s  dzso se s L Od3j Misdls j dzv : W smW d dz
MlsOBddzdL dtelzjls 1 uf [ BBdjj {W¥W¥jCldedts, Uj
stesdBi B, stsdmMlf sdz L 59 OdzdLj O d3g § dzdzdds ¢ O L Wststhg(Wdz| dzts ©
dzd ¢ OdzH s (K2BAHNLABHS MIsOC N j ftodotsHdls ¢ BOIt
L di3dmMimdd (558 d 546 dedz, Mmslse jlsmlse j dedats)
otsdzdztso ' 7 BOS Md Bz Bse , LsAJPLSIpS tEts of Qeoksdd' L o tsHHCH
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v OB Zd.3POC Md Bz 3" Hdzd dz o tsdzdz 1.27HY29N d d
) [ d ¢ OdzH Omax, Aty = | dc OdzH Bmax, 20
X X
1.277 w 537 |1.288 U 546
N~ PPh, N"" “PPhy
NMe,
1.278 S 481 |1.289 Q 509
N PPh, N peh,
X
1.279 U 553 | 1.290 § 497
F” N7 “PPh, \
N7 PPh,
Hept
1.280 > 605 |1.291 S 522
N pe, NT pph,
N PPh
1.281 | 572 | 1.292 507
N | N
N PPh,
‘ ~ Ph
1.282 N 657 |1.293 L 545
PPh, | P
N /
1.283 C[ 713 | 1.294 PR | 485
N PPh, N\\/\N
S
1.284 @[ P 558 | 1.295|  ewe Nf// 485
N \
s
S
1.285 C[/}pphz 546 1.296] 458
N 2 N
[N
N—/
//Ph
1.286 ﬁ 523 | 1.297 P“*'YN\ 496
N pph, N\/N
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X N—N

1.287 Qpphz 1208 A b 544
B

1.299 p-To|/<o)\PPh2 >48

s sz dzj £.794 1.297 MsH j o) Ot OLIis,d2 ,d& j Witc O
MistczClskte] dJdcOdzH s, GJteswodwb s dzt dzddzi Myd ¢
) BOCMd i3z BORBI + d3d.EPAKLRIFY,tc d4 ABOGdzBES 4 (9.297). da3
Il Bldazdyd) s #H2p8d, 12903 &S htedL 28 Isfqw MY & f
L dzy des?2 BB d&ZOMIsd M j SIstcO, M BOSC Md FOHFO &3d

sO¢ MzjHEkzjls dL H Odzdz" n, ftoj Hils Qo dzj dzdz'
sted OL sdz! dzf = € BECMOHJOL dz! H29413.298z0 0 dzi @ & Is
fsmdz) HS9 Olsj dz dz" 2 BObLBrRtetsdzdz" 2 MHode dZOS M
Mdzd % § dzdd 1 dzj tecjlsdud MR tdL dzdif'{ . Bhsuiz
fSHIso jtiey HOE s dOdzdyd) Sttetej dvWydd dBIYHE
Msslse jIsMmisekze M j2 1 djtedy?2 1d4f ] o MmMtshmisOs,
MtczCIskzter : dzdeOdzH' M Btsdzjj o' MBEB ttOMY B
~nOtcOALIzEld J My OO dyds d3 ftsor h jdedJ d3 1 dzj
INf{ smsoylshvw fwO0Cisdud Msd daj dL d3j dzdz" 3, o
18l [ HftwedeotsHdl ¢ cdfMmtsrtetddsdilz MHI®E.cz dzt «

sO0Cdd3 BBEKOL 53, ZO M dtosOEas, ekl tHOdeds
MtckCIskzter ciljtetsyd S dzd yd ¢ ts et cWCaighc@dg] dfldcq Heo
mMsB 52 L WWJiClsde dzr 2 d dzimiste z d3j dzls H dzw Is s d
dz¢ a3 dzj Myd deydd . 1y &3 dL d3j dzj ded ™  tOL-d34 to

Cjlsjsyds dse, O yl§ OF ¥Z0f @O dzjidadztis? W k2 dzS
L dzj SstotsdesH sdestede a3 dzd | dzj ChtetsdzsOC yj flsts
CsRf dzj $M', ©®RoOlroOshdj hdusSd2 HJOfOL G

8 tsls 458 Hfts 713 dadks.

SOC B' dzs EMlsOdzso dzj des, 1R77M20BdE sz OR d &
sty A -dEDdzH s toj OdzdL zjls R j dzOlsdzz CtststeH
YyJ dzstcO, IsSEHO C0O¢ HoO MlsOeah daMmw dzd ¢ OdzH C
YjtejL Obtdz WM stcO, ftosWeodww disdasH j dzls Olsc

Codstf tdep Cglsd Hd (1) hdqesCs fteddj dv jIsimpw MistcO
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Isted Isd Ytz dz ¢ QafichPlsaHiO, dzj A tsEzSEYzBE 466l | Nl
199202] s ©OCdd Itejlsduyde 4 WtsmWddz , Atslsw d dzj
yomisdv -foj tML-@UB|O~ MY sMissl) MisOBdddL Oydd ¢
fMejH' BjlsOdzdzsyj Zste® ds¢ ELOCo AESE QLddRz] loj do ¢
WssWdLdujmMSd] ROLOSkjttdsdSd §sdzzydj &3 -

dts56 dzOMdes HOdzdzr d&3 + Bd MM sdedets?2 M J C Istets
ttOfmYY IsStso ,H jHiES@Isdps @zts Isted W j dad dzWf s ddztser & dz
fjtod¥ | BLdzOdnis j O, dzj otodzj yjdd o Wshdis
St dlsOdzj 2, ftlso jlsMmise jdede 7 L O dz¢ B daj My day
sBd MY Jud ddd Coddsfodsjtcidigigsemlis dl Ists 3 J -dzef & O dghl ,
MsjHddvshd2 HoO ddzO JdtBHued®, o O Shjsfiplsig® | Iz
Wstedgdtetso Odzd d 1 & f J qd, fdzj Hiso Ols j dz' dets,
slss¥dLdyujmMSdy Meot2fMsa® Sl dj SMmO. s OC
syjlozd o dzdw dzd j — d3tsdode o D ©C tsdzOP A i j € Istc Ozt '
BdWHjtede n Codifdzj SMso.

s sz dzj €.3901.315 B ' dzd mMddzlsj L Jetseo Odz fzlsy
tcOL dzd ydz'-cBd ¢ OlzNtso fy Isted ¥ j dzed cdzW sl d dets g
sy nddi stedud ME sd3 fytst i diE1E pRguigMIR : 2, Mt

==

X

N2
4

PhsP. %% PPh
PPhg CuX P a Xy ;PP

N _-PPh2 . :
| !
CH2C|2, rt Qlj/Pth
R

N- reTepoumknnyeckue nuraHabinpeacTaBneHsl B Tabnuue 4
1.300-1.315

4N j GRuddasjL € =lBFOz3LS fts o

o556 dzOMdets H Odzdz’ d3 tej dzlsc j dzts Mis to ZIC3BAA BRI G t5
ftcjHMsOoa dzvs s MisBts2 BIWH,] tedp,j frisink Opintes Hegpd
COdztse j dad H dztsde, WHiteddzd@IOs h jj cGjtsdjlsteds Isd
tcOL dzd ydzr ° dzd G OczH O,

v jCltcOdz dzsj  tsdzsy j dzed j f LIVGEHPL59 10dgd i fipdeq Is &
NY deElsfsdzy dzgsGts (55 8ddaB)e tH® 46 dzaltesl) o S tej H
Mots2Mlso Odsd CcEjibjtesydS dzdyj MSsets WteOe dj dzls (
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ZdcOdH O (4) PP, HEv Codfdj CMse ) OdkS d
fdtedH d detstp y§.309(I304) , O 1OCy ] ¢ H30% 430 sdf dz
5 OHqOL s8I dd ¢ OdgH OR], OB d* HOjsMw B OISt
fsdsh 5 MteOo dzj dzdl'800 i MEBE BlckP? f &3 dzj di3tsH d
fdedHddzsor 2 WiOadkj dzs. | Of LsdEhls dC tsaky dpg € d
o' Miskzf Os s ftsdL o tsA.8425.315d B3@H Ols ts B HED,  (
HjBsdhstedteks s cdfmMsrtesdd 2 MHedce, Gt
Msslso jlsMisoks hdn 1 8f ) (s[10pkOodzj ded® M 1 dtoc

5 0B &Zd4POS g Bz dg' Hdzd dz o t5dzdz1.80%H3HJd € sd

) | G OdzH | amax,dzdi ~ | d 6 OdzH Bmax, 23
‘ N Ph,P, "
1.300 ) 514 | 1.308 - 506
N~ “PPh, Ny
Ph,P. o
1.301 S 515 | 1.309 e 556

PP o
1.302 522 | 1.310 T 558
$ i
thPYS
1.303 -~ 540 |1.311 | %V 545

OMe

(0]
1.304 552 | 1.312 <:§ 468

1.305 PhZPYNH 498 |1.313 g 451
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CgH17
/

1308 . K/J 499 |1.314 D[N/ oo, 478
N

//Ph
1.307 PhaP N 506 |1.315 481

Y N
N—/ ﬁ[ />fPPh2
N

tdLEzd sOIsT -7 dWs Qe ot tcOMmMyy sso -DfJTIsStSH t
0" f sdzdzj dzdzr = H dz801 LRIPBHRHLIMGTso Mo JH j Isj dzr Mise k2
ZOBdzsE HOj o8 j 1 dzjSltetsdede’ j 2§ jtej RtSHY J-dzj & |
A~ OOCIsjte. 11 [ [ dztsC-Oanfis dsHddrodeio I€micls@®zE O ¢
9 BMmdzso desds MisMicy H Bis sdzf dz© dae@ , BEfishsd G tsa ts| o3 tcF
tc ts dz fshdzj Hdzgj 65 o Wtcdzdteso Odedd WslssW dL
[199].

vgd3 dzj o34 daj J ftedtesHO ditsdztsH j dzls Olsdz' n
BjH, MYfshMtseBdzO BECOL T 9 Ols! Xevdagte @zd j Y lsd®, cg 5Tk
Bsydls fedotsHdls: € dL d3j dej dedW d3 o dz¥ 3d dzj My,
oW Hj tcOBSIs B d&ZO fHwwjHitddWIsO yjdzj dzOf tcOo
ftodtesHT dBsdatsH j dzls Gds dARfeeO ddHOm WdgQiztlotHsts W o L d Y J
Mmtsd H d dapaq202]

1 Iy o3 OoLOdhsH j 2MIso W dtsHdHO d3j H d (
(HdW jdzddzW s ddes) f JiscdHd 2O d Mtsslse jlsMmilse zb |
dzd ¢ OdzgH O3 B " dzd MMd dzls 1.316 1c38H1BGI200,2025( dzif ~dgF &I
v OB dzif5)y ©
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Tll TRH

R2PL I PR:
N PPh, Cu_ _Cu
N 2 okB. P-nuranpa2 aks. Cul | =17
N\ PPh,
R 7
R
1.316-1.337

R = H, Me, ‘Bu, CH,-
umknoneHTtun, 4-Me, 4-
6yTuHUN, 4-Bu

R' = 4-CICgH, 4-CF3CgH, 4-FCgH, 2-cbypun, CgHyy, Ph, Cy, OEt, O'Pr, OEtR" =
4-CICgH, 4-CF3CgH, 4-FCgH, 2-dbypun, CgH,7, Ph, Cy, OEt, OPPr, OEt, Et, Bu

uDj BBuddals L C clBI6AZ33Y Mo

HsE ZOMdzts HOdzdze' B toj dzls ¢ j dzts fiyls to ZIC3GA B3RS G ts
ftoj HMisOadzw s Is MBsBts2 B JWY H jeo@eztgd jfioksjHHdz dilf dadHyi
ftodded 3O h ddz - @tg B Jstedglzs Isdf O cBOBBYS O
(HdW jdeddzW smW ddzts) f JtcdHd dzO o' fls 2§ @dlss O dzH e

CtsBteHddzd telz W sBO yjdzlsteO d3j HJ. UjlstcO1 Hts
COYHBEB dsdzO® Cu (1) Hsf sdzdzd Isj dzt dets W st dzd
WY SO Holko dBSdasHj dzlsOlsdz & W s fLEEREORO2E  dzd

5 OB &ZdBPOC Mg Bz Hdddz o fsdzdz 181G IPTRI=H S 5
(1.316, 1.317 ), Me (1.318-1.321), 'Bu (1.32, 1.328), CHo-y d § dzts f JL.82% [ 355), (

4-Me (1.3%-1.331, 1.3331.336, 4B Iz Is d dzd3) 4-Bui (1.337).

) RO RO O |omaxdad RO RO 06 | &max dzad3
1.316| 4-ClCeHs | 4-ClCeH4 547 | 1.327| 4-ClCeHs | 4-CICeHa 552
1.317| 4-CRCeHs | 4-CRCsHs | 549 | 1.328| 4-FCsHs | 4-FCsHa 555
1.318 Ph Ph 524 | 1.329| 2-W kzted 2W kztcd 500
1.319| 4-FCeHa 4-FCeHa 519 |1.330| n-CgHi7 n-CgH17 555
1.320| 4-CRsCgHs | 4-CRCeHa | 539 | 1.331 Cy Cy 547
1.321| 4-ClCeHs | 4-ClCeH4 519 |1.332 OEt OEt 507
1.322 CeHa CeHa 541 |1.333] 'OPr 'OPr 534
1.323| 4-FCsH4 4-FCsHa 524 | 1.334 Ph OEt 537
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1.324

Ph

Ph

528

1.335

OEt

Ph

548

1.325

4-FCsHa4

4-FCeHa

524

1.336

Ph

Et

555

1.326

Ph

Ph

510

1.337

Ph

Bu

545

[ OS¢ Md gz &

dzcs,

(1.319q 1.325 ,
MsH j oy Oh j 65
Qo dzd Is j dz' dgr 2

WissteimtsH j toy Oh d §

O dz0 dzsE3RAEA.324 o

Yls ts

H O dzdzts §

seoVy tcH BS200W OL |

s s 3 dzj.82f1.3379
9 ) Y-Ldglsd®y dzts 2
500555

H dzw

sB dzOMils d
dzds (15 PB dzg gO@dzlstso r j
Csdsf dzj S MO 96

HS 8514 &0 wgdslzd v |
sted ¥ j ded dzW sl  dz
0dzOdzd L
wWisiw d dz"
Cslsster n
fpdd M 4 ded §

B s

9

Bl Is!

9" AtSHT

L d3d M d d1.366de837 & jsxiihlsizj § Msd Of OL t
n Ot OC Is ] tcdzets 6 5 -WHsdEMG L i) '  digdzlzdi] fif s W d dzts
L Otcj ¢ dMmisted tdi8220 dzdz
COyJ Miso
f LB bRY Is ,0 € tgs g O KN
H § deisodz Istftes] et Gso dgjc
dimf sdz? L tso Odz Isted W §
Mo w L Odzts

Isoy cHsd3 MisMistsW dzd d J 1) 1g F tzy dz#
sdHd et My jClktd f

dzs d3d dzd My,
HIS3260 9 Yotc  dzv Is & tg 38 dzglzC ) & dzf

HJ BBsdzMmistc d tiskasr 19 Sog Gdalst  dzé di3d dzj My J dzyipe],
v OCdds sSBLOL 503,

Btsfis d ¢ s azdLB ORZHN d
sB kzMmdztse dzj dzO
CGOdztse § dzd H dz' 2ABd ¥ R {p te@ Is dFg ds O BzH N d3.

WOCltstetsdg, tsftcjHjdvshdd

ftedtetsH O

1 dzj € Is to ts dadzts j

dzd G OdzH '

steedlsOdzj 2,
rOOCljtedmisdSd,
f sH Oo dzj dad

[teedds bd§fsd
fMtsd Hddzj dzd v

dsdz” 03 HidS(

dz

Ho O WMtsdetsH j dzls Ols dz" A
sdf O

B G kzls
9 dZCfW w
B j L MI54IZt99] Ols j dz' dats 2

COdO dzts o

BdWHJ todz n

BdWHJ teQiglr,n

fit)nBHOB]

Nshmls0es © L

0 j dzOls dzts Bz

sdfk,

BdHj dzsOlsdzese s dzd ¢ OdzH O,
dgdsdzcg d3Q azj dizd J v B3 dzj

f ted dzd 3OV
sCOL" 9 0ls!

f§ tisHof3i telzy @ Mo
W s W d
( X+ M3 Q€& ,
dtstslse j IsMmise
WislstsWdLdud S dy
o -HIisEzS BB H o
k4 dzj J ,
dzj f sfytej HMiso j dzdzets G s
CtsMmoe j dzdzts |
O ff dztsls dets fiyls !

C B3tz © foas & Is 3
-8 OB PGS B GH ¢
MmMowerr g Ow




OLBkO. 1 yOfmlisdetsfmisd ,-( HfctaVdi dedLdt dsdrys! H jd2sh) Is- ed ks d
BdHG (1) wirddz sfdudelzj tedz" 2 ¢ t5dsBaR, ¢ il Iz Q@ |
ftcj HMlsOo dzj dzD20HAR]. {  fylz dzS J

S /%
PPh2 Ph,P

1.327
t dmMz @20% -~ ] BOdydetsy dLtSBOY J@PBIG7 Mistclz € Ist

o0 dtsdO d3j Hd(.327M o) Hidigtdez] Yisimte § H Miso 53
dsH@ed sdztse, W stoddclry sttt dGrR Isdf O ¢B OB
BiH SCSottcHdddtetso Odz 5 - Jj dzOldzys GHzH 5 f 2 o S Ho
Yyjets dde Cu(l) ddijsls dmMCOyY dedzlze s j Istc O
Isj B j cOlskzte] SCtBBfdzj S oW o dzv j Iskzdz, d3ckfigphipdizls t
9" AatsH MtsMsOQoadv jls 1.6 %, O otej d3j dzO X dL dzd
HJOf OL tsdzgj. w86 dZzZOMdes tOMyYY sOd3, 1 dzgj .o j Isd yd
OOz d ydets t00Odzj j B dMOdzdzr s Hdzv Ctsdzff dzj € f
s Odzd LB oRHOO MG j dzdH dzgsd3 WHtej, ISScHO £ OC
CilbltsOts®BOIdyui MSAdRc DO d3] dZEOT & B tcOL
Clif dAARMB EMdzso dzj dz20 § jtoj nSHOBd dL Mmd3di h Odz
AnOtOCIsjtedL iz h dr mw - o IsADECTEH{ds Yc@BL]. X L CT

Il Mmjtedd ¢ 6.828Ud3RIC( Mol , i tsdzlz yJ dzdd20%] o
fzlsy @3 oL Od izsinyg MPiisdats@dzd dgd dzO fn COdztsc j dzd ¢
dHj dzsdW dydtetse Oder HO J tc OL dzd ydz' J ChtsteH d
COdiztsG j dzd H[ARE]G S5 W H 1O
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R = Me, X = ClI (1.328), Br (1.329), | (1.330)

R + R = (CHp), X: 1 (1.331)
4nj GBhuddalsj L € slBE8AZ33T s o

]l MtezClskztc l.328@GlsYdZ] CdROHI d c OdET HWBO d X
= Cl) tOmMfcdzOcOs lsmw o wHds?2 § dtsihdishdsd,
1331 ( X = Br, 1), 9 C(tlbtster an WYHtts {ftoddzd di3C
CjBd3j sted ¥ ¢cBOBBYSde fm ®wlsCdsdyj ddj dd Olstsd
CsdWdektcOydd zfp @Plsssd@aydkzy ttedj dzlsOyds
slsdesmdIsj dz' dets Htekzec HttlkZe® © Hoknm IsdfOr Mmls
Meftcsotsy HO] IsMw d&Odetsdz! "dd3 d3i %0 ZHIBA &3 &
Mz Hso Ozt Y dH Ol X eHzdtE® i dEDeYIds R o fifEits ) k2o
COHdEZMO ¢ Odkkdy dT:| )21.329 4Rr (i, 1630 518) ; Ykt
C kZuHdzddzj dzd® twWOMMssw Bz20 36 Cp LBRWEsBRZAIINj o
103 20 HBj Isd ZzOBBd desctclzf f dzO B tsdzl§ j o ¢ Sots diffsd
1331 teso sy HOjIsMw ko jddyjddjd CulLllLCu tC
o' 6Oy Jjdzde’ & Misjtedud MEdd3 odzdWdedj d3 yd & dzd y4 f

s sd3tf dzj A.BP81.331 o Iso Y toH 53 mMsmistsw dzd i
dzt 3 dzj Myd deydeL jazy gz B OMIsw i o dHdBSE B i
fsdts { &3dMMdd B3O oddzwa BSBY4dEd4 O (dasizdO N 3.328 5 @ 6
490 1289 ( soOdzlssor j o' atsH' HEGMIsdeOEIls 65 9%
mMomMisswdadw ftod € sdBB3dzOIs dzsIQ sl sEipy d.Isk oS fi).s M)
HS 460 K dzOBdzs HOJjIsfyw L dzgOydlsj dz' detsj 0 Hetsj dzd
dzi MEsdz Cdr MBljdz BdStesmMj SkdzH, yYbsts ECOL ™ ¢
tJLEd IsOIsT -7 dUs Qe ot tcOMmyy Istso fsHIse j toy
dz¢ d3sd dzj yd deydw e EMdtse dzj dz0 fN+HEY CTH20Q B L
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sy &5 oL Od Bs@y §Mded izt sBY Oded dzts € iy d ) 2 o d
COdsE jdzdH OB &jHd(!) BT dzdl.33BHI%AS(ju jEBE O dz'

[205].
Z | thP\ | |
N
N Ph,
| X\ _P CuX, CH,CI NN, cul, CH,CI
O _Ci_ Doi Yo <R CRCh 2, I/ \I
N

\P/U\/ \/

Ph, th

1.332,1.333 .~ 1.334

X = CI (1.332), Br (1.333), | (1.334)

dn]J BB uddzls j L ¢ sld3§2dz339 Ms o

4856 dzOMdaets H Odzdz’ d3 (18883 d SL.B3Y dzp ¢ MitswS d fn
dzOB dzt H O j Isfw dz@ ddfiaipdf | dzdizd dz@Madz Vs tis@ » YCdedzts G 5
Bsdzj S dzOdRd POQ, CostcHddzd ez h &3 Olstsd3" d
1333 tej HMIsQoa dzv j Is MsB B2 yYj dstesd izsdzj Isted ydzlz ©
CuwBr, Odz0dzts ¢ d Y dzk334 s G3fez HY fiskklzOG O Isfyw , 1.38As 5 |
MH ] OMgEE BCRW toj OdzdL 2 Isfqw  OdzOdztse  ydzOw
ssdzdydi s 1 L384O, Whskspdr YFHJHO dBJHJ - Ot
Mdddzi Istcdj 2  SBEZOHOjIs dL 6 dkzEL BN K& BTHHO t
P\N-dzd ¢ OdzH sd3 ¢ O€ Y J dzls w3t fipd G b tc d 1WBB3HAS HSERAE -
L j tcC COnief dgels) Isted ydzr = ,1.334 sHisS@ddg' j= BT dzs s dMmoOd
i di3Res i3

AslstsWdLdyuyd MSdy fho s13BAM 832 B € dzdizt df gty eH ts €
soVy toH 52 WoL . lted I3 EMlsOdzse dzj dzts, !
HisRBzMistcdtolz® Is Is ts dii3832¢61.383s d3lf &z § @ " ¢ DI34Y Ctadso ffoddg v ey
CtcO2dzgj MdzOBEZ®¥ 1 d3d MIEPPIL.Otorj dvd MG tEditfcdz p OfA® {f ts
BOC M Bz B fted 590 del (293 K) d B53BP tedfds |
77 K BOSHdBzR dZ2OBdzE HOjIsMw ftod 625 dadz. )}
9" AatsH Wltsdzt dzddzaj Myj deydd MmMsmisOo  dz33BR@Y] § 1
1T Oy j dedetsj] CtOmdeso sdedetso s fMdgj M jdedj 4 o3q
CoOdzstsotsats orf npHd f t8g B ji@siz tc* o 1.3B3kzkz y
fsLosdzddzd OolststcOdy lsdzilzglsds j jetss , ¢ Odz fiptkiz d 1.
S dMmOdedzr &3 B dW HJ todz’[208 208 d elésQ egPtE] LOAY ™) - [ ]

78



MdMmlsj &g Cddesdzddzto sets WicOC i3 dals O fgifiazfg ts € fig le
CtOmdzzy 5B &ZOMIs: , Ykt &syjls Hsf sdddljd d
IVfJ] fted §jtejrtsH] s Bos@BREscs § - dstd!

lted ko jdzduyjdedd L Octolzy j dedetsfilsd -Ged ts 1O filps @
fesdMotsHdl 1teQ Ot ®@jyded(j = j ZOkdtsets MmowL ' o
BiHE( LO Mujl Yjet bkHOMsh335MEEazs L kB ®IST
BJH(I1) Hfoswodwe s CGHRBHJBZOYd sdzdzts] yd mdzts

st dzi ¢ [ Su3BRIBFIP C)cH J T BEHRIE B Iz Is9[Az
(HdWj ded a2 sl d dzts) W jidac{HBRS, Orte(k3X) tsaf, 1.83D) , X B ' dzc
Mddzls j L Jiese Odzr ) o MRS ed ot ey mGdsh S(d8 5 oW
MMy jdL fd Msske jlsMsoksh jets COdkSEjddHO
Ctsdzd yj Mise sds TBB)R@] (& 5 j &3O

Crm Qsm—c@w
CH,Cl, t \ \Q\
Q

)

Bu-t

40 G o d dzl§ sk dzjl.8FF 1387

456 zOMdets HOdzdz" o3 toj dals 6 § dats nyls tc ZIC3BIA . B3zts G 5
SB&ZOHOs Is § dzsMC 5?2 tosdEe g MEO2 o fi)is Ggzts & dzj
o jdzdyjddjdz Olssdidesets tcOHdEZMO ¢ Odztse j dzd H dz
ZHdzddsj dzd jlstE R ABjtg@NMisswdzd?2 CulllLX, OS¢ o0
sty » St dzj CMtse 1~ Ot O Glistg deaktOdzOadrz fdet=R0 W E =Lts totfi «
BJH(1), MYtstcdsdtcso OdegdzOY HobkzdBY EOdzs@ j ded H
Zd e OdgH ©. wlzd&3dBBOteds’ j o OdzjddglsHdg M tizfiglsi®d o 1d38E:C Idc 23
352.18% (d 3B8B)5U ysts ECOLT90jls dzO L dzOyd
dqHj Odz! dets?2 ff dzsfipO8k2 G jtsd3j Isted

s s B dzjlBIHL.337 2 0teOCIsjtedL 28 Isfqw  dzs &3 fapindz 2
B dzOMisd MyJ SO M KOS MJ Bk 5K dzdsd i) fycfaff
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LOtcjcdMmMistcdteso Oder BJCtesmj Ckdznder §j otcj dgi dzO
< 0.01%) . 16 MmfjcysiUymd o dmndagizdal d3ls | 4
sBlkfMmMdzseo dzj d&z0 Mtso 5C EZ§-dXLEBT- ¢ HfQHF B RIS E © d
fsdedy jdedd Isj i3 jteOlskter HB 77 s dzOBdzs HOJ
BOSC Md sz dsts o 1BBY ,5 08 1148AGdzd3] (5 0.337) dzd3 v (tc O o dzj dzd §
NdLded dz¥ gddzj Myd deydd fted S BREZOBSADEs?2 J &
oL @iy dzlz  toj Odzd LTADF]208]. d3j =~ Odzd L d&30

[ d d&3j todz" | ¢ %.838 1340 [@Lx(PysPRX2] (X = CI, Br, |) B dzd
Mddasj L detse Odz'Is tc delf) (PE djfd &) W iy igWOfiads@ j ded H s5d3  d
Oyd Istsdzd Is te L&) [158]4225] BO

X = CI (1.338), Br (1.339), | (1.340)

tnd B uddzlsj L ¢ =1B§8Az340 s o

456 dzOMdets HOdzdz" o3 toJ dzals 6 § dats s tc ZIC3B8A .BAfkts G S
w9 dzw 8 Isfpw qLsmistezSC skztede” ds3d d StedmlsOdzazdL k2
YyJ dzlstetsds ddzo jtemdd, twOmMftsdzsy jdedzr d@3 © 6 j 53
Csisf dzj € My Ho O COlsdidzOv 3y ol 3V ) dzq B B dsHOd dgaft
sBtOLtsd3, Ylsts COYHIN2 Ot d3j IsOdzdzO MmMew L Odz
OstsizO®Bd OL SISO Htekzetsets. Y jlsoy tlskys CtststeH
O dzd ts dz, Wistedizd tolz w dMme¢ Oy VY dadalz 8 Isj stcOL Hted UJ
& ez § dzd [158]d3j H d

ltcd Isj B jtcOllztej ABIBL3BO Y Cssh dzyy € fgr o " 6O
WV stey mMyJ dzyd e M ormMsCddd CoOdzstsor dzd o
fsdedy Jded J 53 Isj BB j Ozt HtS 77 S LWWjCl
ftcOCIsdyd MS¢d 100%, vyt ModHjlsjdz Mlsakzjl

fiod 0 &0y Hj dddEle3s ¢ 1fBI0edfOB &zt H O sMv  f ©f)dzj
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cdfMsrtesRdesy Md3j"jddj BOChHdBzBss + dMmhd
Zd3sj det N jded j d3 dzOf oW 3 Y dzdesmisd Cted MmilsOdzdzd yd M¢
Btesd3dH d HOdzj ] dz2O dHJH, o Mmizsksj $REy dd
> Br [178,193] J toj d&3j dz2©@ L ded oL BEZY H j dzdetsc s
Isj B j cOlskztcj MtsMmisOoadzvsIls 14 . 5,1.338 8338d 18402 0 .
Motslse j Isfise j dadzts, o J ddyde Ow fiy! Hts 36, 48
fMondj Isj dz' Mlsekzjls 5 Istcdff dzj Isdes?2 (B tctsH i + d3d fi
s s dzj1BM1.3468 " dzd GsdzEyjdzr fklsy &3 o L-Od d3t
fdtcd d3dHddz) W smW d dzO f CjSMOWsstetsW s Ols ¢
[Cu(MeCN)]PFs. )| lIsdrn MjHddzj ded W R COdtsdz Cts
Hdd3d tedz" 2 G§ dzOMmlisJ te, o Cdzs yos h d2 Ho 0O ddzO (
dzd ¢ OdzH O d3q , tcOMY sdztsy j dedz" d3d fts Isdfk CGtfs
CsteHddOydY |y jl shkh j flse dvisdhy oOv imrys q
SHdd B3 ddzd tBtddBd ¢ OISHPEPABd diHd (onj B3O

|
=
MESCHO Ph2 )\ thp)\N ///\
L/ |
_MeCN ~cu—I|N
30\+ 2 [Cu(MeCN),PFg —— » / “c (PFg)2 unm Cu o ZN | (PFe),
PPh, Ph,P /\ PPh, Ph,P v \ ~PPh,
L
/
D N_)
L =MeOH (1.341), L=MeCN (1.344)
Me,CO (1.342),
MeCN (1.343)

150180

— N — 2+ /j 2+

F’hz A thp)\

PhCN
7/ (PFg), —PhCN C (PFg),

Ph,P. PPh, Ph,P /\ PPh,

>/’N\ >/—N\ NCPh

. 5

1.345 1.346

40 GBueddsj L ¢ slB4LAz346 fts o

v CoBilddie.ee oy wHs?2 WOL) ftod S
LOtejecdmstedtetse Odz® d dzls j dzijd o dzOw  dz¥ ok dzj fy j dz

sB dZOMISH 6 H 6 Gzdks. J s d3ddzd My deydw S tsdi3f dzj SMso
81



otsLBLRYHJddztse 5 (NELMRUS)SCTdzdevd to tH 5 2Ls ( difisjdzj € Iz dz(
tc@fip stedlsjdzv), o Coltttd { dj S lstesddzOw § ds
BilsOkzO, &JcOdHtE d SttttHdddtess Odzdets? st
f OtcOd3d Ister dz¢t d3d dzd Myd dzydd R~ OwOCIsjtedL z8 Isfqw
(o ddzlsj DO dzES 19). .6 & sh@sdzls tsolf t§ls sezs R dzj My day
HsMisdeOs s 891%7.ftcd 300 K

s s o3t dzj €.3371.350 B ' dzq ffddals j L Jletso Odz fzlsy
fdtedH & s sdzOdzsor 7 e OdzH e ) R dzsted H B
BjHIJ(I) o EBosdWtedsd Moslsdsh jddd 3: 2 ( do
CodBdzOldets? Isj B j teOlskztej o k(fpddsibadP2no] d dzj tels dat

R R
X X
X ‘ X
R CIL ‘ 7 C\P 7
| x|
\ 2CuX X N
3 o Cu:Cu + Cu—- Cu
= CH20|2 / N \N = X 7 \N =
= R R
J P R P P
N O O O
L R _ L _
1.347 HH - 1.350HH 1.347HT - 1.350HT
nepekpuctannusaums n3 EtOH
— I — _
R X R X
X ‘ X
oD O
N s ‘ N
X ‘ KpucTannuaatd X ‘

1.347HH - 1.350HH 1.347HT - 1.350HT

1.347HH, 1.347HT (R=H, X =Cl)
1.348HH, 1.348HT (R=H, X =Br)
1.349HH, 1.349HT (R = H, X = BF4)
1.350HH, 1.350HT (R = CH3, X = BF4)

Unj BWuddals L € lBErAZF5OHIE T

4G ZOMdzs HOdzdz' B toj dzls ¢ j dzts fyls to ZIS3UTH K dzts @ 1
1.348 H 5B ZOH O Is COlsddeeliXds , W H S d € S[ls@Us t
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fdtcdHddzW sMW sdzOdetse ' - ZdcOdzH O CttcHddzd oz
CssteHd dzOydd 2, O C(ttsteHddzOy(d tsdzdzOW mMWdteO
COWBG jdzdHdzr &3 dzdc OdzHsd3 ( X = ClI dgdzd Br)
Mistolz ¢ IB4EO. 1.34HT H3BHT COYHWB2 BB HJ d3tsdzin
Istcd ¢ ts dffOcfite @zl H Odz! dgzs G jtsd3jIsteds : tHddz yj dals
WMWY ste® d tSHdddEB Olsts @it d LA , O dastuigHdd  WatsErfw
OlsBOBd OL tslsA34HT Cas@3ifsin CdpdiH dzr 2 @ dzdc OdzH
(Hdd dnowiBd @tMmlsOo dzv jLIB4HZT. 5dBO B .H O)j Ishw  H s
CtosteHddzZOydtsdzdetsj] oL OddstsH j 2 Misadj diBjBFRE3 d s
i Mk B30 -4e03ddz: e n OHJdEMSRIOCY d Bt O fiz
1.35HT Lt Ists oL OddspfjdmMeOfFdetsj @Cui ), ojtwls
ftesMistcOdzmise j dzdz" = L OlstelzH dzj dzd 2 , 9" L 9 0Odzdzr =
fdqtedHddz' dztsdz WtcOG d3 dzlsj . lts oMfmjn Istcy ~ ¢
MrtcOdzY j sfpw  COPY tc Bdgdf ¥ BdiZOAD tlzats [ Is d3jfpinjlsdisdy dgd
B YHE OlstdizOdzd d&R48HT ,( 22..761B4H THHA»w 2 . 5.86MHT) H dz
ModHjlIsj dz Mlseakze Is ts zOdzd yd d dB3d s Odzdzts W d dz
sBEkzMdztseo dzj dzdzr = BdzdL S d 3 tcOMY tsdztize § Gedey tgo H ts dat

1 tod C Bdi3dz0O Is dzts 2 Is § a3 Jj 13@AsHi 163pMH HE s dizfc dzy © fzw
dz¢ 3 dzd MyJ dzyd¥ -L9 dz¥ etk s a=s@lOMIsd MY j SISO f
Laisdmmdd o HIGOROWETZ] | DB HOJ 3" | BB P dJ
200 dzd3) O OGSy J BdSCtesmi ¢ zdzH dz § otcj d3d
ZCOL" 90 I§ftf digOs gt ftodtetsHlz dzs s dzj Myj deyd d
Myd ClsteOdz! dz' d3 H Odzdz’ & B3 QjdEE" iy  Cte @iglalsjEotdse |
MesjHddj ddvr MowL Od MW XY J €T e Odgd ubde § @ 3d
B s@RAzZSH dzse 5 W HiCOROIBIDIS d SIs dzd ¢ OdzH 59

gt HJd43BALB53f tcj HIMisOodzw s Is Mtsets?2 twjHCT]
Coigf dzj SmMseo B HJ (1) M demMisdStsoats?2 CtsteHd
Codsf dzj € My B dzd Mddzlsj L dtctseo Odzr ) toj L zdz
i bOOYj ssdzdsted dzOls © -&34 W 6 tf ¥ J G (z€ H& M) EPBRizES )
d Wz dz€ y d ts dzO dzd e(2fFfedste Puiafiaiz)~f d EOL tsdz! dzr = dzd ¢
mMsslsdztsh jdedd 1:1: 1. ) SBtOL tsS9 Odzdz" = Mbteklz
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or fsdzdzy jIs ttsd &sMisdCO &EjyHkE Hobkdw vyj dzls
fls OB q dz' At Oyt ARYEL2].

7 HN
| thPk\)‘t\Pth N\
Y U (CIO,)2
N\ N7 N

R = H (1.351), 'Bu (1.352), CF5 (1.353)

t dmMz @b ~ j B30I d ydetsj fifls tists Sckbglf iz G5t 15353

[Sdzj Cbdv tedy j Tlstclk A.BH1353 8¢ watff digrSOas®S Is j t
BjlstHEsd tj discj dasmistekSsbtedsec s OdzOdzdL O. s C
fjHmlsOoadvsls Mmees?2 Yjl' ©dzOHyOlsdydzj dadzr 2
Hobdgw dudzOdsd kjHg(1), MmowL Odedy 5 H o kzdgw
CjLbdes@®OL 2y sfjw  yqdSddyimSdj MstkSlkktr ,
Codalt stedBOYdd: H.85L f§ s@ifsn ®jind@0 L Ofds dz2v dzdzOw
C OC 1:352f1.3537 O OC s tedz® Mk j dzyOlOw ¢ t5dglt tste d3C
CONHBEE Otd®O &j HJ Hsts faskimzyls j @ E60 o Rixrae

fdedHdd) oL sd d&se s d&zd ¢ OdzH O, H S ts dzdg"
B34 Is O dzdzts(\td CiAtpRAOPRI].
s sd3f dzj £3EL353 H | s s tedteks s h desSdj, dz

fsdshr { Bdhmdd M BOCHdBzBOBd fted 500, S5C
L dzOyj dzd" SoOdzssoscts & 7 & WH DARILY 66HABIHY jSd WA «
Ht3538 ModHjlsjd Mlsabksls & L dOudE Pdsj s dls p e
fJtcOL tsdz' dgsdy WteOG dBjdzlsj 2@ WislssWdL dyuj MSc
YoM dtsmisd, ftdmkismlsodj ktedW¥lsttedsjlsdd dzs?
fkh jiise j dedgs i ko j dzd yj[@id]* Co Odzssotsets o' Ot

1.3.4. 5 dzO M IsGutgl)

| Odztse j dzd " MmdfisHgBE@L s 9 Ols! ¢ dzOMmlisj todz |
WsteBdtetso OdzdW G Odese jdzdHdzr 7 BsMisdSse  &j
MlsOBddzdL Oydd ¢ zOflsjtedzsets WHiO ¢ SBUBH d dzC

10detdjj ROLOSCI]todr &) H v W & @& dafs dzf 5 0 dzek i 6
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Wistedzd tots o Odzd j Is j Is tc O Y[ 1B jtot®dz" tsrb t&y &2l (OvirHdgq el fipls | to
G Odzts ¢ j dzd H) ts off) o tsfigfi( o dzts o T teRi O ddzf{LGEO)jdisiPAS( e 3¢ € IS j
sjlsteOWYH jtedzr | Stdifdzj SMr §SHEOLUH jsdEW € IsthPM Is iz
CBOdsy sHESBhGE2, SO Htd U] MS 26 Qe jddgdimis
WHisO (112 daets €

s o )
. | %] \ ----- g “/ 8 / X\
| X| ----- Cu\ )éu vl '. A %X \X—Cu\ /Cu
cu X L / \/.// / X/
/ X L L

t Ik dzt622 w5 j BOIs d ydzts j d CusXe te®OH Gifatfj ¢ Mo
CkzBOdtsf sHtsBdz" o3, SISOl Htedyj MSdds d dzj Mlsdzd

[ & i3 dzj My 4 Gets @& 5 J € qAPEGGHHED ) Mddz! &OCL Bds
dzd e OdzH dzse 5 ¢ B8l jsdf Sde@ i ® Istc dft28161,152,184,214
216], ffSs dz' € Iz ftoedtotsH O dzs d3d dzd My 4d dzyd d 3
C dzOMmis j oy dzls to ¢C€ tsfip tOhbstzs Wisfip®,28¢218] d Mtsls sw dgd W
fjtoj desmsdy L @OUWSE j lgd 3geB & 5 W Htc O jddOtc Al*dHGj Qi
C zOMIkj ) (f] SkBOdets SHSB dzgts?2 d dzd WHCHISEDE YH stecf s
Hozrnff sdzsydzlz®  dz¥ R fap M deygs ¢ v My s Oded
fjtej oHABPS @Y ] S OLOCIs] todzs fds sl jondt) dalEs ® tis
dz¢ o3d dzj MNLR&IAGH21L23] o " L or Cogdffla d3j dzj dzg ©d3d BSdEGfls | to
fcdosuwhda € dMEOyJdedt cjtRBJIBEId oLBEZY!

1341 vtejnrnl WHJjtodzr j COAARY dzj € M
sOC EkyJ EEfsd@dazOdzffgy c®OHASj , Istcj 1 W HJ todz
ftcj HMMIsOo dzj dz@ tSetOded yJj dets, yYbsts ftsLotsdzv jIs |
MistczClskzte H dzw G Qdztsc J dz H g H jdRifmlsdo( d J gasH dH

(HAW J ded dzW sMW d dets) 1 Isd dgb 2 o dzis gzt g s B dzts '€ p dzd (
ftcdosHdls € tBtcOLtso Odzdy 1.858¢ ¢ i AR s € B¢
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1.354

tdmMzad28s -~ j BOIduydzsy dL sBteOY J dzd.354Mistelz € Is

oSG dzOMdets HOdzdz' d3 toj dzlsc j desistczC Iskztedzs G s
1354 twOMfsdsy jd o HAds2 f§oshmishisd, Wstd
BsMisd € so ~dnts dgots HdgfOHR SH W Isfpw o7 M j  d ded 4 + Ists?2
dsHdH dzZs5C OdzdL 59 Odz H dets 2 ff disltS stB)de' yte j t ¢ s oz
fls OB d dzd L d te Iz sPN-dgtsHsts SusjotizjsL € tststoH d dzOydes § 5 |
MeMjHdddB MHsctttdzOd8dbtcj resd dzd$ O Cu

l bkojtHtsds MsmMisswdzdd tod ¢ SHREOF tzis? o &2y 4
dz¢ 3 dzd Myd dzyds fm BOS Md B3z B3s 3§ A2, fri %)+ . d3fIfipdny
AdLdzd dzf Bfded Myd deydd dzO~BHWISMW o di3d ¢ tetsf
Isted § dzj Is delz ¥ f tod 4182 frifgd iy Qdede" J Ldzj tecd Isd
CteOdzdydz' o tteBdlsOdzj 2 O&Odse d yda() 4 ¢ dzdzy
shdzso desd3 Msftej H S IsdsQEysEz] H W@ TR 3] s O dzdgz® f - [N
CjbjtocOt®RPs@aBnEddnr. vOSdd BLOLE®R d
nOtOCHjldcigw  f j W@jiLn s Rtz@Tr d MIUSCB kY Hj dzd
iy ts ) s S[¥8akd 2

1 jwor 2 ftddjtc kZddSC Od dets? BwslsdC st ¢
fs ISR kBedz toj OdzdL 59 Odz 0 € o dHB8HLBDBIIH- 7 €
133, fddzs j L Jtetseo Ocdzdz’ = oL ©d Biste j 2 dzo PdIs j
fdtedHddz) { sdadz] WsMWddzO® (L) f Istej dfvu A jL400 o Oc
[224].
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X = Cl (1.355), Br (1.356), | (1.357)

o] GBDuddzlsj L ¢ =SlBFSAz35Y Mtso

[ Odzdz | t oo f5C OL Odzd , 1.35615357 (sCB sz ¢
fMmMjoHtsmMd®Bd) sted ydets?2 S ttotsdetstse 3OaXie Stclfftelk §
Csdzr yjoetsj WwWHEt, o Ctobttotsdz (tsdz 3d Hd e
CtssteH d &zOYyd sdzdzOw Ml j 6O  H 5§ Sdzizy dgzlshv ¥ ©G gL
sHdzdd3 sty RCtststcHddzgdtetso Odzde' 53 Ol S-Bs BsWsif§ S8
CssteHd dzZOydes . 1 O0dzdydy SsteslsCdn oy WH| tode
5 dOddydd oKjlsOddksl dd' d' " oL Od &sH j AHg4. 0 d 2

s s fZjl.8551.357 f tctsW o dzv ¥ Is ddzlsj dzglmd o dezs M d dz®
BOSC Md Bz BOR] § sdztsfy  i3d &S]  dzd3, H O OQ Sslsigj te
o' MCdd3d CoOdzlstso di3d o mntsH OB, HIUIBASER['CRF h «
tsB dzOtclz ) J dzr 9" tcOXJ dadipf J O distsj-tdcdsEzdz" J§ Mo ts2 Mise
dL d3d dzd ded s M j ClstcOdz! detse s § tsdztsy § dedw f sdztsfy?
qdzd &Rj mOdedujMStsets oL Hj2Mlsady, Mmtlse jlsfl

lted oL OdBsHj2MIsadd €-OdaCHtRARgR|ClIEM daff & HOZH t$
®iHd (1) o Oyjbtddltdd B0l GLE Il tc@® dits!
ficj HMisOo dzj dz24@2B]. tcd M) lz dzl j
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[CeHa(CH,PPys)] 2 =Y
1.358
it dmzdea -~ § 3OIsdydzets] dL tsBtOY j dzdj MlISE8EZC Ist

t jdzlsG j deslstez C sz todzr 2 1.36BIOSEJQL O Szts a3 witg € ) @
C 53 dzififsinQ 6§ Ol d tsdzdzlz ¥ HY(OHEPY)2]?* [dC O dzd ts dzdzlz &
[CeHa(CH2PPYCusls)]2, O sOCy | dsdzj Skdzr Mmsdz 9 OO,
Myy Is MdzOB '™ 7 ) Y Wisdzj § Iz dzv tc dEN, GHEO d dfEHECQ. 2 My ls
utso S dzsfls! SOC R oL Od d&3gsH j 2 frdsddeftsddzj ¥ tiztelzts di
OrdlsjSbiztlz. R COlsdtsdz, d Oddtsdz 5B &ZzOH
St Hfdv]d &3d yYj dstesds ddeo j efpdd, ©6OMY sdzts»
COddzdzts?2 Y Ofls PP tctddfs jdslplaizsts s oCHEz" ) f oslsd o
Slsdetsmdls j dz dets | thedztzfztsifsdts W C tsdzr yO. s Sz s to
WtcOGd3j dels O 2O s dzOj Is OMd 33 sted ydelz ff o5 |
Ctsdzr yo LOStkzyjdr o0 BHfREbsEBYstsREUsy Akl ls! |

ltod CiRAZOIsdets? Isj B j Olskztej €.358thtg thoH asdlyr ji
Isted f dzj Isdelz®  dz¢ o3 dzj ftefodggas®? d&B OB MY jCls
fsdzsmr + BIMmMdd §td 680 dzdz. ) tod fShdzOY H | o7
fd3d M J dzadd ¢ dtsmr <+ B fishide] 1 HBs MENHA dpds.slsmQtis®
sdf® (M+X)LCT, ®BLEfjdtss dzj dzdz’ o Ofiziizts §f epids s ¢3
fdtedHdd dzr dgd ¢ GR26]P O 3

1 O fdetse § Isj Istc OH s tz§-@ i &zt eiad datdsdn® ditaB Y j dzd
i BT dz ftsdzzyjdz Istcjni 1369 htzd 2 o C @Rty § Hmlse d
Wi dzd &zOyJ Isq ddf H Bd3 MdgisHsch(§ Isfilse ze M j &3 Mmisj = d 5d3d
( & n j1449[180].
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i,
Cu
/N
Ph,P PPh, 2
P 3(CuCyPh),  Ph,P—Clu—\—C ~
O: ‘\\\\Pphz
PPh,

1.359

4N jBAuddidsjL € &3 dj S MO

s B &ZiBIMsH jeydls foylsd tOs dsfls tets dadzj
MsOBddzd L d tets o Odzdats Bsmisd S sor d3d W J dzd dz
UjlstcOH j dzlsOIsdz” 2 WeshW ddeser 2 @ ddecOdzH $ ststeH
fitcd¥W jted2de &3 ObsBORd YshMYstd, Wit dgdstdzw
[180].

s 53y dAJ3soff esW o dz¥ jIs dz¥ d3d dzd Myd deyd® f d3OC
dzdzs d CoOdzlssor dz or nsHBAd 5 %. 1 0 GMmdese j 1
ftoj H Sdztsy j dzts, ylsts 1 d3d fadys( O dixsL iAfpd@iaddr j dgd® ¢,
Zistsd "dd& o S-LOKO&HHEIOT j sflso ks h j s § j toj dat

"*(ClICPh). lted §wdedyjdedd Isj B jteOlskzte’ H
mddzj ded 4 ddalsj demdo desmisd  gdMmMmdd d Wotedds
fmds 1) , Yysts ESOL" 90jls dzO L Od3j Isdats g B yom

Wstedddtetso Oded d G teOdad yde' ~ [H§8ldz] CZdzW tede’ = StEB C
1.342. vy jlsrtejnrnl WHjtedz Cu(l sd3tf dzj € fyr

GjlOWHjtedy j StdfdiCh &®iHd(!l) ftjH
MtsjHddsj ded2, ROLOSIkjtedLEshd2amw hdsSdd Ml
tslssWdLdujMSddid Mos2Mmlseo Ok, o6& d¥ yov It
[jsaddrsdrndr j S &Ofmsjter, Mmsmisswhdj dr wj
fcOdzH s (cOdsej ddHse, WesmWddsse d Hi.)
Gl stedud MEdJ Codat d ¢ ls®Owm'dL , SEOHHOEY |
L dzj Stetsdadyr & MsMlsswdd?2 d Wil tsyapi6] 168,896 ts
238l |  dOMmlsswh jj owjdv eorHjdvsls Iktd fd
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CBOdSY SH A ,?2 &CUs O H Q) M Xd 2 dzj (fls dafuiydz’ 2
ftoj HMls Qo ddguizdpab 28463 229,232,23941),

I dzdlsjtwObkzte] fdmoOdsts L dzOydlsxCul(ds j= 2d i
4) , tsB d&zOH O h A Ho zn ff t5dzts dets 2 dzs d3d dzj My J
TOwOSCkjtedL sy dOddudj B3 yj ZsttOd desets O
OtsBOBd &BjH], WosttdRkdtekzs h ddd MstekzClskztek, dz
M Hddy dz ) IstejLd3Wd3tHijdsAfcC oy Xi Q yifejviLtafd Cusxs 3 Iz
Cu MsmMlsOosdzv jIs BStsdzs 90A. stststeH d dz0yd ts dzdzOv
Yilsr te! dgw Bsdets H j dzls Ols dz &3d dzd ¢ O dzn O B .
CkzBOdtst tsH tsB dzf R stz Clskzts, Hj Bsdeisted telz ®
f teijfnls Oo dzj dzts 18D tod filz dz §

R =H (1.360), CH; (1.361), 1.367 |
CH;0 (1.362), CF; (1.363)
ll’h
OH Fh
Ph/P\/\S_/ |

i—OH - |
| Ph P
[¢] Ph’
| o o
Ph Si—OH
AN O S

OH 1.370
Ph 1.369 0
n=2;5 1.371

P,
Ph/ o)
O0—R R= CH,1-0 =N (1.372
o _é Zt O O ( )

O—R

tdmMz 2% - j 30Isdyud M sy dLBSBLOY jdedy S kB OdzsY

[hY o tOdedzd” dMMdzj Hiso Odzd™W & BT dets kMl Od
Ctsdf dzj SMse  fesWodvsls HokRnfsdkshdzs Wl
fjtojrtsHOR dL otsLBEZ)YHjdedzer » MsMmistsw dzd 2 : )
fjtojnts®a@esifl) LCT, Istsc H O] K£dngj P § f5 to glzg@®@OH O d3¢
[165217,234240]. v j &3 j cOlskztedzOY L Oo dMmd RBsMmis s O aflz

11
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C O ldfjiddstsvon dzw j Isfgw o § jtoj eOMY e Hj dzj ded d . d dazls
vj B jwOkicdOY L Oosdfddshls! Ml dsdjxzly o
shdse] ftddydfO ©Ossl’' ©Oldsd]lstdyi S
Sdtse Odgdzr 7 g0 dL &3j toj dzgd d tlsdesmdlsj d dzs?2 ¢

I tsdz hddziylseots § kB Odats ff tXu(tsipddzr e figOdgtsR) to 1§ ds I
EMmils Odzts o dzj dz" Is j tc Bs - to s d3dz' s dzts B o dofidn izl sty ldndy j ez
fMddzs j L dtetseo Odzr ) M sdz L 5o Odzd j &5 Istej Isd ydz
ftetsdL o tsiPdz( T SRIL.BBHICIBY [161,242] PhP R ( & Hifjte R 19368 (
[243-245], O dzB$@IA236], H d d&3j Is d WBBP2(RBEY (2H)eSI(OCH.CHs)s

(1.36§ d J et "YrltSePL (A6 Hide j ded dzd3j BXTGetsdd (J ¢ & ff to
LW B (1.371 1.372 [232,247,248). | dzv B Bdz' " JdeMmlsa © dL ¢
nOOCIsjtodz® MRty OW HobknfsdksmdOw dz¢ did dzj i)
ftsojHjdBPS e O dMsC 5t dzj e jIsdyj MSOW ( HE)
fsdzsfr + B Midd dzOB dz¥ H O Isfyw fyts As500) Isdgds o ¢ dz
630 dzds. I sMStsdz! S dedL Cts4 dgj tecg jiIsdyj igCoOw
stei Bz hdds L dzOydlsj dz' dzts@ O datsjd Hesitis@siaHs i f O, d3j i Ha
Isj B jteOkzter ftedotsHdl ¢ Mmdedyj ded® L Ofpj dzvy dac
mMdedy jdedd Isj B3 j teOlskter ddalsj dzgihdoe detsfils:  tsdzts
COC ddalsj deld o detsmils! fsdzsm' HE otsL eOMlsOj Is.

RMMdzj Hse Olsj dz MG Ow Gtolz f SO fPteH r utckhCarse
mMkh jMlse jdadz" 2 9 C dzOH 9o tcOL tcOBUXENEZ His A SR dinS
L Bd ) fijld,226,232,24250] 1 ' s § 5C OL Odats, ylbsts + dzj S I
ZdceOdzi s o' L " 90 jls fdadyjdedd dzgjteedd dzjlL
C sz dzjl1E36PD.363 Yls ts, 9 Mmotse syjteJH! , -odkzdwj
ded L C 54 dzj e jIsdud MSdn f tsdzB6lic) [24BK iy fipcfialz y J( deod'
L 3 Md s dedz | nOtcOCIsjtedMmisdS d LIsdnA fmMtsj H
tcOlsdtsdzj stedyd MSd2 HHAtsH R0AdQGY OLtfstalzyj syl
f sdzsfyr fts d3gj dz' h § 2 a3 tc 4 Yyofmlsdydzts, dzO e
LOWdSMdtcso Odets 1365H.867 [2831 (8B G4RATH s
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C-OCHg A em=415nm  2,=320nm C-CF3 C hem=440nm & =360 nm
-o 8K — 8K 2. — 8K
150K — 25K

— 25K
Agm= 520 Nm —50K
....... 75K
w— 100K
e 126K
150K
175K
— 200K
— 225K
— 250K
— 285K

30 400 500 600 700 50 600 700
Wavelength (nm) Wavelength (nm) Wavelength (nm)

t Mk aas% § j C s g Mdpd=l B k3 & § diff dz jL.866(8),4.361 (b), 1.362
(©oH d Of Os jtsigsfjj BLB5H to

Al — 50K
Aem™ 560 nm 75K

150K

—— 100K
....... ik

150K
—— 175K
—— 200K
—— 225K
\ —— 250K
N, 285K

Normalized intensity (a.u.)

l tOBBIIsZhAng B'" dz 5§ kB dtgflB&Ele O%As 1§ BAO'MIs | ficte
Holznff Sdzsfpdez® + @3dmmds M HBOSHd BzBOB] §d
dz¢ di3d dzj Myd deydd o N detsC tsd3 B30 jde O(sfly dd.zm)id ft
[161] wfjSbter  BdMMdd o -3U®YOL HHE] Ois QY IO
o jdduydddj ddsj dhdedshmisd seBjdn { BdMindsc
dmS dzs yjdedj dL tBh jets ftso jH  daskK¥ €z Hs@sdztsitfjts |
BdzdL S5 Mtstslsdetsh § dzd J wefldeldzPdzin )p sl O F O s dzff i
fsLotsdzw jIs d mifladatz?2 L 58 RY dzj K& @) ) COyd Mlso §
dzt B dzj My deElsdese s Isj tedZgsd3j Istc O.

T T e T T T T -
b —20 K C

A_,=680nm —20K

A_=300nm [—50K A_ =580 nm =00

« —70K L —70 K

—180 K
—290 K
—290 K

OO0
AXX

rmrrrrroT { . ‘ .
400 425 450 475 500 525 550 575 600 300 400 500 600 700 300 400 500 600 700
Wavelength (nm) Wavelength (nm) Wavelength (nm)

b a2 s § j S Is tgt fdpd=l B b 3 & § diaff dz 1864 5368 1 .93 6 9
f Os jtsdgfjj BOPBOKLe

Il—i-
0, 0
O=)

[ ckze dd ftod d3j totsd3 44l d2OdndgY jsl®mw C uClSEBY dzj !
Mddzlsj L diese Odzdz" 2 ) MY HAH)SECERAEY)F &3 Mdzd o) drk
99 jJHY dzgdetse s HdzW ftsfdzj Hize h j2 WEkdS ydtsdzOdzd L
OdzS sCMdMmd dzOd2#6). 1 - seclfittds MsMmissw dzdd H Odzde

SHdS] sdzsmdzz e + 3 BN S d M 5 A0 ¢ fiRFo) dzi Mtz lsizts Cd L
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Isjtedztykzo Miso dlisj dz' dets, olsstcOW | B MMd sdedzOW
HtS 80 s d BBXOHOJjJI dadL S82 ddelsy dzd o datsmls! ¢
qLdzizyd ddd M BOCMdBzdsd {§dovs 953t d Ms sictHS
ftoed Isj s jtcOlskzteyj 120 s. 1.368MdKHisicDfiflsBE§ i
ftcdosHdlIs ¢ sBtcOL ts0 Odzd ff 1369 L o figts Clzis @ dzv &
OdzO dzts ¢  ydzts § dzt d3d dzd MyJ delsdztsy 127 Jsp i H jdE]dEC
Hj Bsdzfistedtelze M j ¢t dedisdrjdgi d @ tefigE 24 + B3 md d,
Mdzd y jded j &5 BjL " L dzkyOlsjdzt dz" = fBslsjte! .

s s 3 dzjL.87 sB dzOH O h (2 Ho ts2 dzts 2 L dzd M d
Cjdzj sBteOL dzgsj Msmisswddj §klsy dR4f.d i{ js izt o i tze
BOljtedOdzj ftod $BRROEHBLISRHY BY BEBREE] ) dBO ¢
dzdf3. lted BrdkzOYHJjddd HB 8 s {1 d&BdMimdtsdadz 2
MEnteOd jlsMv kd' ¢ o MSC L dgj ec jsd yj MS Ow
(tedmiza@sr. 1tod ftosdiiyklssyds? Isj Bf jcOkztc]
dlej deifd o desfils! B jdr f Sdztsf.

Ay, = 280 NM

-150 °C

120°C ([

alized intensity (a.u.)

Intensity (a.u.)

Norm

1 - Wi 1 1 - — —
300 400 500 600 700 800 300 400 500 600 700
Wavelength (nm) Wavelength (nm)

[ dizdee8Ca) ¢ f § S b Mha gL B 2 & (5 dgtf dzj1B37) 1 8.372¢ o
tcOL dzd ydz' = Isj B j tOskztcOnR

s &zOfmlsj ter dzj Misdzd ydese s Isdf © MsH ey Ols .
SBtOL s Odzdj 3 Misky j dzyOlss2 Cinstck S HifpH d dz¢ dz] |
fsmtcj HiMlsoasds3 dBsMisdS s A GOdztsG § dzd H dz" - dz:
dMmMmdzj His9 Odzdz’ w CzB Odzats §f tsS4uts,B dz' Issj to @ sZDWISdgde S
fMlskzf j dzyOls' 7 CoBfdzj SMse dLEzyjdz L dzOydls, dz
Yuan M o dsGuc@dsf, Ylsts dzj mislged yda 2 ts 1€ ddaod
C Bz SH @D ESCE 59 dzd Hy Bsdemistedtelz j Is or
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ftsojH]jddY df dfdey i) QindzydidsJ dz' dzts, HOdzdz" § 5
fedzdCOyd2, o Stlstsern §tjHil@o Y diyjycififs
COC ddded B ds, Hobkn IsjkfjtObkicdy 7 IssyS OF
Oddudd GHds2 §(odsh’ dJLdazyjddy, &GOS md:c
gy " Ol Mw, d&jdvis: MW 6 ddalsj dzemdo desmisd dadz
[151,226227,251257. | &3j Mlsj M Ikjd, o Glujd d =& df
Okdudd Hot2dts2 1 dddMmmdd o dzj Misded ydzr 5= Mlst
dMisd Lo Odd™ o OkdsdjlstdujMSdn Isjtsdsyt

l BBl S. Perruchas dd mMsOQolststetso B
1.373 sBd&ZOH OB h 2 L jdzy dagts? dz¥ 3ddzj My dzeydj 2,
CtcOMmdzz B &ZOMIs! My i Skt (tod f X28ah)y[d26kd d
lted &3f WOIsj dz¥ dets, ubts §tod 6&JdLOggddz j dniadeidgdze s 1
CsdBf dzj €M ftojlsjtef joOjls MistezCIlskztodzzs f j toj Ml
C ZzOMEL B sMdzj H dzd 2 Hi 3sdzmistcdtclzjls or tcOy J d
fpzh j Mise j dzdz" a3 § j tej tcOMY tiefs fylp gzd dzd {f telzdzts B dzls ff tdaf)
Isj B j cOIskzter, Ykt HJ&OjI jets §jtemtfjClsdo dz
BBj stsHOR .

c A, =570nm 2 =350 nm
e YK ——TTK
—""1e 100K
A,,=430nm —— 125K

150 K

N / S o F¥ Y He 175K
- '

| e : : 200 K

Cu e / > g ] ——225K

/ |—Cu § & : ——250K

I g H —— 290K
VAR gl

Cu PPh3 i

300 400 500 600 300 400 300 500
Wavelength (nm) Wavelength (nm)

t dfk a29%) 4 Is o z CIstizdgOdi37FED j to v W Gy dEme sy dj3gdn O
Hitb)d f Hd)fizjted sdteOded W

[C0OL Hted UJ NS daXs § Rz Dfis O’z B s MisB 52 s
kjlSwOWHjtdy & CokfdjShmss &wiHd(l), o Sl
S5ClOL HisdUj MC ks CodWdekzeOoyds, MsOsdddL dt
e-d € ssteHddOydd.BgdMmiEg zavwer kOSdR ¢ &zOfis] t
ftoj dqaszh jflse j dedets © MmdMmlsj BOR, § thisddd dbz N
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ZzdeOdzH s, o Clstste’ 7 H datstcdslf b dztapy dakde” = te(Off

1.30) . 1 Odetsdz! M jj 9 dzd 30O dzd 4 9 d mmddg,H 50
MY stcdzdtctso Odzdzr A3 dzO@ tMmdese j T dtedH d dz¥ sMW d dats«

PPh,

DWVV"Cu CUWD b
\\X/// Q
X =-Cl (1.374), - R'=H; 4-Me

[aVaVaVy) C [WaVaVVaVaN
D CU U Br(1.375), -1 1.377,1.378
(1.376)

X =-Cl, -Br, - PPh,
D =P or N donor atoms of ligands P/\P/ i-Pr N/
L/ \
-Pr PPh,

Ph\</\ /(j

< "

Ph\( 1.381
Ph

t Mz dzBOCu stz C Iskzter CIRWI.ARIM Mislo¢ O1 H ted Y Fup& d d3
WHtO

vjtedw sCIsOL Hied YWd MSE daXa(6-MePyJzO frfll8j4td 8749, C
Mddzsj L Jictseo OdzdzOW  B253]ehs jeds Spzirisa@otddzty tdsO dgdO tc O € Is
L mMmde : or MsS st dzgj ey Isduyud MEOWw ( HEH 0 § sdas|
SseHO C0OC dzdL € st digd %66 jSB dz@ R ® W6 dz@ L E .3d).M &z dat
l sdztsy JRRATGM Bz diisse §f sdzsfy L Qo dMmdls ls §tedtot
fsdzsy Jdedd. 1td fssdedyjdedd Isj 3f jtcOlskzter tslis
tetsls d dals § dzi s dfsdzddelsHE o &z o3 toj dfdasdrs iz 9 | da
Mtk jlsMisokzjls Isdf dydetsdzz ts§ s @ts i e b d3fzg W3tk » t5¢
HOdzdzse s Isd i O.
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t gk dBISu tf j C b t3d M & &Y dzjlB8M &y 1.375(b), 1.376 () o f to(
sj &3 j OkzwOR. 5l 10 HB 2905
{ S5Ol HisdUg dgtfe df il "M § dted H d dz¥ ts it tiHACEcdEicpH" Gl
(1.377.1.379 s O C oy ji GBts dzf Is 6 ¥ B If & izts fpgekzfy dg® S ) o d3if ds@atsdi
f to d o3 tfetelFO0 d 615 dzdft d i)z AARC[147,149] | tlsdzdydj s O
Zdc OdzH-DIeEFY 6 © LIsdm MmMsjHddzjdzedwvin fted 77
dedL Cts4 dgj ted jIsdyjmMeés?2 (LE) f sdztsfyr . vd i3 d
sj &3 j 6OztGr cjedmbtedtelzjlsmv twMmls ddalsj dzi
ud B J Ols ztopd®v Myojtsdertc © + BYIHpd dH O ) & jHOts |
+125 Aw 13pa)miipaCtietso Sy HOjIsfw Isjtedduyj MS d d3
fitjteOmMftejHjdjddjd ddisj dmdeditsimlsj2 HE d
ftesweodwjlsmw o dL d3j dzd ded d Y oijldstOs tsfr) o4 iy Jakols
dmf sdz' L s Odz CtstoH d dzOIs T Rt dBBOIsd ydzs s d
COyjMmlse j dadzze Isj B3 j eObktodzz® tsyj deSlz: dzOH t
CotstcHddzOls™ CI E ftfMmdzj Hise Olsj dz' dzts LL7dBj davas s
(0. 4603, O+ U2 6Aun A @M ) . I tsdzjj Ilstsydz 2k
Bsded ssteddze t6j OdzdL 2 jlsfw yjtejL ©Oddlsted
ddzls j demdo dztsflsj 2 fsdzsf (LI R) tsls Isj 5 j eOlskzt
d ntesh s OfftestMddBdtelz] IsmWRt  Mig$age)] . dzyt@igay v
Slsdzsmdlisd dz' dzOW Isj tedgtftielfo BIODHJ Is] dy tsgsshplsl byl Fats ¢
3d ), vyt HjdkOjls OCd] CdkOMmlsjter §jtemtfj Sisc
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t gz aa@u  j S kst M) dgY dzl. 377 & -475125% (ex = 355nm);

b) s ssteH d Okt Gd sy dz).87M & d O¢ tc Qagdsls dzGIls d
evolutionof ¢) Mistsisdatsh jdadj BldatsMmdlsj dz' dets?2  chnidld)j dzafm«
skdtsmdlsj dz' &zOW Isj &3 j Ok tedzOw yKBHIso dlsj dz'

sO0Cdds BBHEOL 5, 56 IsOL Hted YJ@uXe I £ fisiny odz
Hj Bsdemstcdtetso Ols! IsjtoedisntosdBdets s jHJ dad §
slsCazdCO: 1) tjLSt] kojddujddj ddsj dzidoe
ftod ROy Hjddd d dajL d&2Oydlsy dz dzr 2 tsfils d d
fsdzsfmr ; 2 Pdedic] § dzbizd ez e diassiyls  e@ S HE2 . [ B C
fsojHjddwy Brdzd LOWdSEMdese Oder sO¢CxJ HdAw
1.3799 1.380f0 dzd ¢ OdzH Odsd P CP d [RMN2B3] i) te s I€ ds jddgfdg £ jinc
] Pot®Pc OdzH GARTIH S )7 7 s z@®szS WOHESIO s 9 Ists
ftod C tsd3dzOIs dzts 20 dsfj T3lzsj tpalis jfdis jddmtsin CL E [ dzW.379ftp d3f d
PCRdzd ¢ Od288itsted  tsdzady j dedd Isj &3 j eOkzter tslsdsj
d dzls § dzfnd o eptisfigdssdn ™ H E

1 etsd Mn 5 HEjdfdg dzsmdab@md d o ¢ Supfs dyifitlsipo Hls iy
SCBdzyOlsj dz' des dzj EflsOdetso dzj dede’ 3. 1 tWH] fo
Hoj s seEMmdsedjdr Jtoj n tsHENDOET 3GC o ¢t
[253]8 5 OdOzsedd ) CkzBOdestf sHBSB A B € 5ABY
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sjtosntosdBdzatsy ftso jHjdd] dzj S slstsEXBz0H 6 B}

ftsojH]dd J CzBOdgtso ' n Odz0 dzts G s 9 SHdOC S ¢
SHso toj d3j dzdz" 2 tetsfmils d disd] iaEigr o~dztffrdsddts fits BYfjtafd 9
dzj sdtf dydes HEPEC . MshHbsBapd s MSCdj tOmyy s, ;

C sk dZjlBTEH378[253, S OL Odd, vyt B, {dsh:
A X+M)LCT, ftod {Iltsd dzd XQUantdaB | o tQ tskpRj dAd:
dmy " s 90jIs tOLddyde § cdtdBBibtedud MEdy dm&

RMsdz L so Odzad | € sdzW tstc 309 JLiSeedzly ( B Y TEESE § @ &
(f dtceRief fIBH d GCENAGs MW Oy j C dzBcff €dNOdg@ dzls j L | sCls0O
Csdi3f dzj SMO § L odzd dzs dL tsdzd tetssCQls (1.380 P&Y]. d L ©
17 dzs EMmisOdzts e dzj dzts, Yylsts sHddz dqLd3j tetso  tots
COC HBEEBOMdEs . uwtc dOfdts ©OMYY IsOd TDDF-
Mstslse jIsMmise 28 B XM ld € Tdediy ddc OL dzd ydets2 fyls-j f j ¢
GGl j dzH f dete ©Ots Yls s HSH isldzalzf ts f qeizdzstcOdzj j  toj H
[147]. rRLEBj 6 M CtOMmdetso tsdzdets &f tex W adzzwdidlsiz] gy jo dit
HERf 5efdArnds M f s o dg igzobiaiscAHE

14. wlstlkChbkter d YekssWdLdujmSdj fio s mlso
WishW Jdese r dsd dzd ¢ O dzH O Az

1 sdzh)lststgls detsd sy ¢ BWeEeCdd OCyjtflststeds o3
Codstf dzj Ciyr ) WM ddetse ™ &3d dzd ¢ OdeH Ok o j d o
sted ¢ 5dzOdz' s 25B DL tas?2 3K jwd3j Isted j 2  dzd ¢ OdzH dz
tej dzvisdo dmismC da + WiNdj CtdsjChazsiiesizIf d HsdzsGWddf i)
steB d Is(Odzfj iP.8BEE54-256. 1 dH j dzlsOlsde j WshWddser j
L sdzZBISO(C O¢ JteOo ddzts, Wistoddtoclzs Is LARIKY [hpugtlz |
d ddcpAuX2( G K jj6 Odzts ¢ JPAN-Bazg Is j tetsdzd ¢ OdeH , [2pTkd Oy J
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AU RUIRY.

Au P CI,? Br, 1, S, alkyneé

i ML dfr mMistbkSlskt S$@® ] i HHeds o & dgtls @&J ¢
] Oy dzts2 51 ts i€ jOdBfteshigt® ¥ L wdattQi(ls v o 5L dBts ¥ dats )k
Okt dd dF o o L[2AB4{253288] 2 fjleachd o O datsEH j 2 Miso g
Brls! t©jOddLsoO0dr o ©OKSOR GHAs2 &Sk
fsdzdwhHjtedsr 7 CtdfdjShmse d &Bjy Bdsdzj S kdv tsdat

N =4

t dMz dzBE | sL BsSQdzPvOyajv d o dglp g tigtfdzj € 2 dzw todz" =
9LOdhsH j 2Mise d?2.

[ e d3ddzj My dzelsdz”" | Mots2Mmilseo © Mmtsl) H ) dzf tzif @  Bzts
Zd e OdzH Oz dBsclkzls B Is! tBkMmMdtseo dzj dz@ o dzzlstc d «
fjtejaBHOB], O kOS] {]te]dgslso 26363 H O lasts
sftejHjdvwjlshhy MitkzSClikztes?2 CdiRf dzj MO, dOdzd-
COlsddzsd® Lds dasdBjO{ Istetsdzdz” d3d - Ot OCIsj ted Misd & O
rdzv Hdd3j tedz’" » 3y SOz BOC tetsydIf dzéiuB Mg EMT o
dcOdzH Oz ~OtOCIsj todets f totsW o dzj dzd 4 d3d Is O dzdzy
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GtlcOdzd ydz' | BB dlsOdzd dzsC OdzdL 59 Odzr dzO Ho Iz n
Wislstsdzte d3d dzj Myj deydd HIBj tedesects dzj Is O dkazmdz0 €
dppm2]** (dppm - B d M( Hd W § ded dzW MW  dzts) dsj sOdz) B 0z
Fackler[266] {Che[267]. 1 dMmfMmdzj Htse Odzgdw " B'" dzs f 5C OL C
fteswodzw jls ddzlsj dzid o dzlz Yomatk BN B stlzfzsM g ez its O 5
ptoj d3i 2O = Q if L digh )zt 3§ &Py deyd» 8" ZO fod(
B3 s Odzdzy j dzls te d to ts 9 O dzdzts d3lz o SL Blz)YHJ dadets B3Iz s
OkztesW d dz' dz" j oLOdBsHj2Mise dw. [ J sOdzdzy j dzls
B s Ozt BOS tesyd ¢ dzd yj M< dn Csli3f dzj S Mtso B dz
BB OMmMY j CtesMS s dd St ddOydsddtsets teOfM
MYy j Cltea@pBeyPldded ! Istsd B dets Y tcj HJ dzj des, Yl
fjtjrartsH] dL dzjoBLBEZYHjddsces o oftsLBEZ)H] &
COMMmisswddw BjyHE € OledfEas®dRd Hust diisestOQL 5o O
oL OdksH j2Mlsead2. Clsdd tBI wWhdzw j s  fosW o
M jSClteOn Codfdjsmtse, ftcj Hf SdZOEOs h jj L
otsLBEYH] dzdzsets MsMmistsw dzd v .

] Y4 dzts o3, dzé da3d dzj My J dals dz' | fno sRfffdstweddz &
1 dzj Cltotsdzdets? Mistelz € Is Iz to tSIP[128, 27127 2] d 1 ©O@ lesdf sizje@ , L t
MowiLd 1 dzjSltetsdesOC yjtilststedsr 7 ctelzff o d3tsdat
Au(l) dBckls - f*csfvjotefvAs8 Y ddzd § jtej RsHT - ) o
steBdlsOdzf gadzO CDIs d 1 dzj SlstetsdesOC yj f ststeder o3
MtsL HOo Ols! ddztsy 4 Miso § dedz” § tft Efldndz HBEEL B Iz Y H @ fodd d
fesyj MM §jtjdsmMd LOBYHO f) &jlsOdkded d&0 dd
feOeddzs, L OadMmdls s O jfedjdEdseos] {§dydes) det @ Ofk
steedlsOdzj 2 Os®RO Au(l) d dJcOdHtss. I td
dz¢ di3d dzj Myd deydw S oifdzj CMse oW e dz¥ jdiy fiphO dadO
zd e OdzH ( MMLCT) , orLrea0Owv Mz hjdedj Hdelazsm
5B ZOMEMEZEASS. stksdj bkscts, OktsWdd d j oL
ftedeotsHWIs § B tsddgs ji3dcbEpSniydeinieyeddfts 2 1 fdzj Hfisoe dj
Cif dzj S sl MmydasEB( L Oo dmdls COC I  odls
¢ j sd3jdsticftiddzj € MO, 1OC d sl odzj " dzj ¢ 5 o dzd W dzd
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(@) (®) (- 50

Aufl :
ul‘\} @ aurophilic (Au-Au) — —*
P interaction -
r - .
P: (Au) Pz (Au} Pz (Au)
w (L) g o (L) T e (L)
& | i . & Metal-Metal to Ligand
[ o 1 Metal to Ligand o Charge Transfer * AL
= o E i Charge Transfer w (MMLCT) transition '.’4*_‘{? WAU-A)
] i (MLCT) transition # |
=) - z(L) il ] s (L)
07 (Au) —H-— 7 (Au) “—— 42 (AU)
| d. (Au-Al)

t d mlz da8s. dnd B30 (silsjdeyd Odz' dg' n 1 dzj § Is te ts dzdz

LB Ctdf @ SMse L sdslsO
143.f sdesWH jtedz | Au(BY dzj S fyr

sOlddy IL cozsBOG( dj ¢ MOR dde & dHnd ddzsde® g &
fesWodvsl SCosttHddOydsddss ydmds 2 ddzd
Wjbbrtoj oSttt ddzdtetso Odzdd) j MS B stz@b gtz b 6 datls
dcOdzH O] .  § j Is Odzdzts Clis d3Yf dizgzl Jnte j ndzts dztsds 19 dzf H
Azt B dats¥ tster , M wsdndevslslz | M jfdetstedy j 0 Mot Mlse
©OL dzdydz j] odajh dedj WOSkser, d ¢C0OC Isjtof
sfkoitsdjorn Cdjlksss. I IsjSkhj2 cdkOsj BRHE
C s dzj € Mrl) Lfts ciistishy  dztso ¥ B dzd ¢ OdzH O Bd .

s Ols ( tsdzgdz' 2€ M6 LY diAg [S,BCHPYRIBFG PLIB8) B OL k2 Is
jLbkd 5Ok Auth)Ql @Btidsd) SO dHslsdsY jd) M He
22( (HdW j dzd dzW MW J dets) o3 Isd dz) § d ted H efedzCH dpr df tictefdR)ilz
(&0 jLdgp273].
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AN +
Au(C4HgS)CI thP\/[Nj BF4_

. . NaBF, |

H,Cl
2 PhyP CHoCly

1.382
4N BRuddidsjL C&IBFdzj S MO

sted fls Odzdzr E£3IB2BY i fip@ e ON j dzr HW W EL JJ2
LY dte® o tcOflsHiSk Jstydsfejctdim@@ s zteOdzj . | Ofmd
Bsdzj CIBEB2 dets tsded tslsdzd yOs smw Issdz ¢ 5 ff Sdzsy
LsdzslsO (1) MowiL Odz i) Hobkdw WehmWddesy qtedH d
| J i3 btedY dzdecOdzH dzetse s t5C tolzy j Bad AuiiLPeldzasss. 06 A A
Psi Aui P41 75. 97A] ) wORmmbowday Gdsdejy [368 2. 29

5 HJd2j382d j Iso j toH s d3 {f fiptsfyle 82W dedsd | ffzd{ dgnd © B
My 4 & Isde<B 6fry [2d3i3

ldlbjtetsdzi fisduj i AdRCLFS)BREPWEI(EIBIY [ B dz { tsdzt
toj OCydj 2 5B & MOCClEY(htd dghtitse I j st O JHtesIsd s
Hq’WJdzddetsanddztst]’o[tscfHcfdztso314e$)[2|?{4(]{”dztstsd3;IsOdZJ (

F
Cl

F /O _CHClp F
2 +

2 ph,P

S th

1.383

4n BB uddzlsjL S B2WF dzj S MO

1 s H Odzdz" d3 t & o 1.388 iy ddzj ¢ g dzts Is © w
Hokr S tststcH Jdzd totso Odzdz" o3 M dzd dzpRTdEZ dig OB teliz 41j7d4
t OMMisswida j IsAfid ydzets Hdzv € Sis@tsddz0d) d & s i s @ dz
{ OfMmisswidd jicAUsOo dzv jIs 2.28 |, ylkts SO0wOCI)
s UBB3H | BsdemMistedtelzj s + BBIMMds M 303 DBy
ClssEOY Mdjh Ojlsfmw His 425 dak §td 4§ sdedy g
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CoOddEHad yi M¢ dds ttOMmyd Is Ods, 1368 fisfg dz ') dzts © g
o dzzlsted dzd ¢ OcdzH dz (@] § j t6j 2 5H Od3q

JLOde 3 Sedf dzj S MO Aut)@d H B¢ L lisjdasEsq
fMtsH j oy O ddsd WisMW ddztse ™ of3d ded & @ dize Gzlsds MW & @6
2H W j ded dzW sMW ddest sddzf JiedHdde ddzd HA§dtedHd
Meslsdsh jdedd fedosudls € s3841G86tes@GdEdyj Is B s o
(&7 JLER275].

T T
[Au(tht)CI] + F|>Ph e PhFl’—Au—CI
R' R'
R = Ph, R' = Py (1.384)
R =Ph, R'= CH,CH,Py  (1.385)
R=R'=Py (1.386)

40 G@huddzls L OstEB§4dz386 fn

dlstczCIsztc O 1KB8RYT dzZPC PBDIsOdzs o dzj dzO0 d3j K38k 5 o3
dzj 2IstcQdz! dp 2 C Slststesd3 dtsdz L sdzisls O CtststeH (
Hdf JtedH ddzW j dad dzW sy d dztso tsG t5 Zd e OdzH © d Ol
Gjtsd3jlsteds MAUERR dais@p d2'ld3 17 8. 40 UP (-G dzd a3y o |
L dzOy g ded v , tcOQodzr | 2. 23 d 2. 2Rj,Is sy ldca0jl
C s dzj.88#H1.386dz; dzt dzgd dzj mMyd ez Is, stse H Q3PS
1386 ctswodzw e Is + d3dMmMmde ted 499 dzdr7fltcd o 5L B

vO0Cdds BBtOLBA, BFr Attt fsCOL Odts, Ykt ftd
BdHj dzsBd-filps R j o OF dr ddc OdzH s M) {f tdstdxfdz! oCttH o
WM stcO0 CottcHdddkzjls dd d3j IsOdzdzO, IstscHO
L Istsd3, dz¢ dz3ddaj MyJ sz gzv Mlsfis? Miss @ s Hdzw C ts5¢
BdzdL Cddz tcOmMf sdzsy j dAdfd s jrtdatsudpfsiW dedfouggsipliss ¢ 5 W
34 Is O dzdzO.

ltcd oL OddisHJ 2Mlse d W send wf paizle ® IS dzf -6 digh s
HOted dzWW sMW d detse J dzL sdzse M  H d d&3])Is d alandz bz W td dzts
mMetsilsdztsh § dzd d sBtOL zj Isfmw Ho O GEIAYYH j tc &z
Stcj ~ S BiStcH d dzd tcts 9 Odzdz’ j 1.88B1d3§9df SBfigfrw Hj tediAs I O € (i
1.3901.391( & n j1d8P[276]. 1 "¢ d Oolbtttss 1387 1B Is
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d1.3901.391d dzd MmH o flallg MigOew Misttotsdzz tSBtOL 58 O
ftocsHEZCISO t5COLOdzdfm! BjLEMY Jjh der osd.

i : :Rg 2 /\\/ :R
P R R
P—
AU Aul—c
+ MegSAuCI ——— STl | o
Z R —
? P! P/Au R
Q\ Q\R i : :RG

1.387-1.389 1.390, 1.391
R = Me (1.387, 1.390), Et
R= Pri\ K (1.388,1.391), i-Pr (1.389)

1.392

4nj GBBuddzlsj L S BIW/FIBRI O

ltcd 1 lssd3 sCOLOdzs!, yYlsts dzOdzdyd,j Bl |
ts te Isftsts dzts ) § dzd d Oted dz! dzsG 5 L O3 Misd Isj dzw f tcd
sBteOL so Odzd®¥ BdWHJtedzr » 1B8elzf dzj © s g dzj dz 6 s
d M ~tstesh dd3 or antsH s ( B RZYLEI8LAL §3isK 1O 1©jdaz p Hz(
LOR) dzz R dzstcdH dzse 5 dzd ¢ OdzH O  dzO Kiffis HE[BHIED L2t aff G
Coi3f dZi.PA{@ -~ J4BgO [ J dzlsc j desMistczC Iskztedzr 2 O dzO dzc
1.38801.392tsB dzOH O Is Md dz' dzts dsfipd @ s da2aks VzstR dzts f Gstslz4
Pedzse otsCtokze dtdtseo Au (1) M hB3d @892 Is 3
mMetslse j IsMmise j dzdats . r o © Ols s 3O WV sh&7 H(
dzi { CodoOdzj dzlsdz" : A dzO( & &I d2P fpde® L W 2P Otc d dz!
Csdif dzj SMtse Au (1 ). 4o HtokzdAU flEAstSsd 7, )H ek
Bsdz' hj MEzddyr CsSo0dzj dzlsdzg’ = tOHdEZMBSe - Ate P
9 00dz! Msear 7 wWOHEAEZBSE46 (AU Clkts etsatstedlsw 5 |
Gtz BB B dzdL S O € dzd dzj 2 dzts 2 Hozm C BiStoH d dzq
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sBtOLtsd3, HdzW dqdO0 Au (1) ftjHftsylsdlsj d' da
dzd dzj 2 dz' a3 tc O § AnicRts yd ja2feXjPdg XP = Ols tsdf278]0 dzts ¢ j dzd

ltod Ctd@3dzOlsdets? Isj Bz Pk HchHefBaEdPd ¢C
1392 f tetswW o dzW ¥ o j dpjjdltss s ted3d yd MS d OCIsdo dtct
Wz tstej Myd dzyd h BOSCHdBEZBORd HAzdd o tsdzdz
Mtstsilse j Isf@16lo j dzdzts

I LOddi3tsH 2B @G i di | &d iz sMW d datss) € dmoslsfa) |
ZdcOdzH O ftocdotsHddzts ¢ LOMRBjhJjdds dsdatsH | dzlsO
n) ZOl WM dideseor 2 d GBtoOL t59-0fzdf® Is dkOds| ts Uz
1.393 [ BtcOBBISC A3WGHGRY dzlp S H@ Mtstslso jlsmisokzs h j2
LO®Rj dzj ftslsdoll@lsjz0yj ot tog L dzdz' § .8981EPUB7 € ¢
162( & R [.48P[277,278]

Ph, Ph, R Phy, Ph, +
PPh N NP
2 Au(PPh;)CI N/ _
—_ > U cl L /Au\ A
/ N\
P P P P
PPh, Ph, Ph, Ph, Ph,
1.393 1.394-1.399

M =K, Na,
A = Cl (1.393), BF, (1.394), Br (1.395), | (1.396),
NO; (1.397), PFg (1.398), B(4-F(CgH,)), (1.399)

40 G®uddzls L OSEBF3EIN

Clsd Std@3fdzj SMr HjdwilsmMw dzO He O IkdfO o
MistckzCIskzter . 1898UAPULISELI6DT) dzj Btsdz hdd3d fHteslsd ot
ftecOCIsduj MSd SHdOS so ks -Hsigk § eksz 3 dzde
M d3d3j Isted ydets ~ j dzOIsd tolz M djd§dmICERBfIA.329fy dzts B © | d3biz"
Odzd sdzOdzd, 1 BOEHMBUY jz 8 d d3j sOdetsdz! dzm = OHHIE
1.397EtOHJ1.397MeOHH 9 © HdW MW ddetseor 7 dzde OdzH © Ofd
dgsdz Au (1), ® tjLikd Ol vyYyjcets tjoOodL zj
Gitsdikj btedw Ctsdifdzj CSMO. 1 ORBjIsde’ j teOL dzd ydw ¢
1.3931.39t5 st OL  dzd f)! 2@ d o dz¢ a3 dzj My j dzlskBIF e
1.397H | i3 dzmistedtelz¥ Is ddzlsj dzimd o dzlz® Mmddzr v W shW
4781 494 deliMeSC ddsd o RtsH Odsd U dB8.88G dz9 B )y j dzg BdxY
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1.398 1.399d 1.397EtOH d 1.397MeOH f tetsW o dzW 5 Is  H s ils Ols ts Y dzts
SteOdey jolz¥ WMl ste] Myd dyds M BSOS 6§ Gz dgakzd
CoOdzlstsor dzd 0O er0ODADH Cbdsd. s tsdgW 5 tc dzO Wd'ts dadz" § tc ddin Ix
or L o Odzdzr j§ dL d3j dzd ded § O3 ftotslsd o 5 0Odzd ts5dz0 d d
tcOMmlse stcd Isj dzw , ejLSCts dLdzjdavels Silsduyd mMSdJ
LsdzslsO (1) o Is42yn2idk ets dnds@nfiipdats Qisfpuf] iy dadizy J dzd J
Mmd B33 sted d, orf b f Bdedztjtets B thelzts Odzd s dzOd3d & s A3
Hy MIisOBddzdL Oydd bktwtsedzj 2 J11f{, ylsts sftcdo tSH

lted dMfsdz L tse Oded d -PORY dodztsSo@gjtsh Isdadj ¢ Oadzf1i
[AuSMez) 1 CI 26, CH f§fmdzjHkzeh j2 tj OCydgBR:, dt
sBtOL EZjIsMMA4B B zp&igsds, COC d o MmHMNPJ ¢C
ssdz! $5 BHddz dzZdec OdzgH POP 9 jHjl MmjBw C0O¢C -
zdceOdzH POP CttstHddzdtelzj Isfigy s dadfiZls @dzdzdizi ddn &
tcjLEdz sOIsj ydcets dtsdz L sdzslsO dd&3j ¥ ls Isted Gt
(&~ 143D

u—-|

A
) NaBF, CH,CIl,/H,0
/ P Ph
PPh, \Ph
P

1.400

Ph—
oPh, P/Q
h\
Ph
1) [Au(SMe,)ICl, CH,Cl, p< @
:/< P

4n BT uddzlsj L S B4BG dzj S MO

[eZe 2 Ols s BPONMfEGBED oMY sdtsy j dz2  dzO
tcOfMmMmisswdadd Bl ij sOdzdzd yj MS¢tsets yj dzlstc® ( Au
fteddzd BOjIs bttdetdOd dzs CtteHddkzOydsddzz®
P-M-P, BddL Sqddd € 1201001 dotscktpaiz)yqfiy it aigef lsixd
BOSC M Bz B + d3dMMmdd §ted 529 deds, [1788 & fdzts o dz,

JHdzdd3 dL fSHRBHB ¢ MRS lzdz s disty ditf
L sdz@)le@d W s ddetso " dsd dzd ¢ OdzH Oz, dd3j ¥ " d d3d E
HisB Oo dzj dzd | MEAIE O s Pls Kz h j sz B d W H j WdigfsdzlS 1§
1.4041.406 &z0 tME@Pgd Jjcets ydSddyujimMSdr OdOdse
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oLOdBsHj2fMsoadj s Meslse jIsho LX40E 203 d 8 b § o k€ 1
BdMisMY ddz0 o ftdmklsMmisodd 6 ek BeE@Do d o Odzj dzls &

7N N
VRN 3 Ph,P PPh, 7N
Ph,P PPh Ph;P, PPh
2 |2 2 NaSbF N 2 -
Au Au > AU SbFg
| | -2 NaCl 7
Cl Cl PhP’  PPhy
N4
1.401-1.403 1.404-1.406
Ph,P PPh, =
o
PPh PPha PPh, PPh,
! :o: !
Ph,P PPh,

(1.403, 1.406)
4N BB uddzlsj L OStEBEE406 M

LiB®ilstedY dzd ¢ O dzHidfisjcetsH tHESE jtddAeiCit dadte'd AN S O W
9 HdOT OL 8145 1DBA57vcdz LOR9OIO dzd G OdzH S0
d 109.56A. |1 yjoasdk, nmHswekzllikzted j -~ 0O0wLOCIs
ftejlsjtef joOjls S 'Oxgpjdaitgdzioh tiejj L dz! O] €t
Yils' tj RS tststeH  dzed tetso O HzARA1j406 & FRBEdNS BTz E Is
ko jtoHslj dzr dzzs + BB MMds ftod € tsddzOlkdets? Isj st
o B XZOMON 4&8 fted oL EXIH[PaE] ftcd 300

144.0dwHjtedy j € AWKl dzj Cfyr

I dHjdZsOdy j WM ddser | d&deOdHr ftod ¢
L sdkd)sOo (LOosdMddsmisd ks Msjrdsdistdyj M s
SBEOLEY BdWHjted j €& dAid HajRls clod ©
¢ Ols d t5 ddgds QoABP& (L =PP-BsMisd S S0 21 foiskd © ez ) X

sshfdzjCf Gfjtcoscts kdfO BN dod dzj €t ¢
©COL dzdydzr & Stk tyj MEEMNY deds 2§ ide ~H o B df !
[Au(thd]Cle H d 5 dztsto dsj 4.GBEI79]( 4 & j &3O
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YN Ph,P PPh,
Ph,P PPh, * 2 Au(tht)Cl ———— '?u A:u
Cl Cl
1.401-1.403
/\ _
Ph,P PPh, ~
o @
PPh, PPh, PPh, ZPPh
1.401 1.402
QA
Ph,P PPh,

1.403

40 B®uddzlsj L OstEBELz408 fi

sted Mis Odzdzd Yj MS OW fls @REL I AM® ML sHBPdzj Uss
ftedizlsmisolkzjls Oktets¥ ddz datsj oL O BsHj2Mise dj,
fMsMisQo v jIs ©Cdks 3i. 1 E&OEBSHOLY 1 stk
slsC dztsdzj dzd j tsls  dzdidzjc2oBesR Cl g5 gl stz e ls  f tod d3j -
C s dz).f0hgzd e Odzn 6 OCIdyj MSd MtsoteOdw jIs fe
ydSdzduj MSd2 dczdc @ddro o tc Luskiplfiddy @lnjj S tststeH d dzC
mMCtezyde Odzdj d MSC d&zOHT" 9 Odedj yJj dzlsteOdz! datsc s ¢

sted MisOdzdzd yj ¢ OV MiALI3E ¢ Pd a0z tizfd O J |
flstez ¢ k4D1af1.402 | 90 Y QEHR OO sAv-§ f5ekzsy | ddiak.d
ftedotsHdls L dzOydlsj dz' dgsBz ko jdzdyj dzd® teOMmMmlis
[ ddzj 220" G jtsdijlstedw otStekze o) Is O dzaztsAuiCli tc O
179.2420A1 7S dW stedgOYdY” dZdcOdzn O ) § dztsm S
WteOd B desscl § 6OSIsdyui MSd daj dLagjdgw jlsw §ts

uf jClster Iso jtoHTtslsj dz dzts 2.401 fYIADRR decf] < tisctfdzBjis
sj &k jteOlkte] Moty d Htkze @ HiEz@c BdEd dgj f a1z
Hj Bsdzistedtelzs s hdesCks §sdshmkz + BdmMhdd 1t
Yyj dzelstcdtotso Odade” i3 f jtej s sHOBR], d fdzj yss B¢ tsc
fjtejdtsmtsds LOBWHO. 1tod 77s 14011 diydgdff
L &Bj dzv j Isfw , Istsc H@024 Ot DsCdejdiladjl€dnjj S Ow
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fMlsOdzso d lsw B tsdzj[279]. d dflsdscfficevdzts BABIRY k) § dl©j dz!
slsdzd YO  Is v 1.406d 140Rd Mg ks dzlstedelzjls ¢ OC o Is:
d o dhIwOdj fMtekSkkiediso Od&GD 0 kit ifHzsg da
Cltstes? ko jddude Ojlmw ftod dedL S22 Isj &y j toc

] COoyjdePdR®, HEeMseOdoOsh jds SEEEHJ
Bsckls fdzydls! d bktd ¢t 7 dtdsfeddidis t dd
HE dzsteW j dzd dz dzr 2 dzd G OdzH . Au(@eGlFa)@ht) O d Bl H j2Hd
L Codo Odzjmizsfpid 2], dad dzWitd O jfcdmsdels o s dzdf dz@ BT dz ff 15 ¢
1.407( & 0 jLEGP274]

_CHuCly _ ;_N N_z
2 PPh2

—N N=—=

Ph,P PPh,
Cl

1.407

4R GDuddzlsjL S B4BT dzj S MO

) C s 3 dzj. 40T jd ts der L Sdixtsls Of tec d(dzd d3O & Is dzc
Hozn CBSteH d dz] tc 5 9 O-degdgitssicauic) tHipligifrjdsteforsdzw j Is 17 4. 8
Aui C d TPAuMmMtsmisOo dzv & Is 2.05 d 2. 28 i 1g]

HgWsMWY Jdzteatsets dzde OdzH O f teOC Isd yJdtSt?2 dfj dztsdn
WidOdlstetsdzd detso 52 f d&zOlsWtstedsy, © Mmewird f 1 Isi
HOdzj €8 Httkze sIs HtkcO d o dbklsted @3tsdzj ¢ 2 dzw te
tej OdzdL 28 Isfyw . s OC Y J dzd dzOB dzt H O j Isfw d
oL OddBsH J 2AMEs oL g6 tdfziywj joddy dz! dz' [274]dzd ¢ OdzH 5 9
dotsBBHA 2 dzdecOdzH HJj BBsdemistedteclzjls h JtotsC |
ftcd 472 dzed3, SCtbtstcOW Md3jh OjlsfmMy HB 530 dad
1.407dz0B dz¥ HOj Isqw h JesC O d MbikzSskztedtctso O dad
l jteswisdzats, + d3d MEPPrdztsdn dIsts dtflalz jsGefq dzd c[EvdiH dzr 2 -
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I slsdzd yd jW sl d deWn dz0dds tetsdzd dz0, GHJ Ho
CoststcHdddtekze hdj doodzO L BE&ifsO)stsg@y] B &y ) d&d:
Yybsts dzj sLeotsdvjls tjO0OdzdL tse Ols: mMv OkztesW d dz
Cod3f dzj CMststeB OL 59 Oded d) i doff tsdg® iz @ s ZEHQ
cOMY sdztsy j dz¥ 20 dzj L dzOydlsj dz! detsy tc OMfyls sW dzd
o' MBS tsdzs B dzj My j dzldd0871.409ts dtftsoitztf LHPEHM 409 B r dzd
f tsdzkz u j dz' oLOddisHj2MIse dj df 2 ds, jdbtg GSASDHBUSESI4cS
Btotsd3Y j202G.68 ) Stc O Istste ¥ j Itmopdf My 5 dft I§ @zd (2% s MW d dzts)
1,2 d M( Hd W j dzd dzW¥ ts filg  dzetER)smiz) dzidAsdiss Mstsis dztsh §j ded d
(& 7 jLE41[280].

+ R(PPhy),
-2 tht

Ph,P. PPh
2 \R/ 2

R = CH, (1.408), CgH,
(1.409)

40 GELuddzls L Osted4g8dzy. 409

I CtedMmlsOdzddyj MS 52 HHBAME BT b § s &§ dzjc &g ©
AUEAU, Mo dH jIsjdzt Mlsaks hdj B OkztesWddz datsds o
fow LPEPE S BEd cdjtcnO % jddd dscs ddc OdH (
P 50 HWEMY ddse SEs  dd@OMEPER] ) H & dzd dz0 &d
i, d ®BINHE 2. 27mistp jAzdB0 [, S tefipsiglsizdjjls o sdats o
BlsC dztsdzj dad § tsls  dzd dzj 2 daB Aui Réej tsHiF]j Gstfte@(L] 10 9 Z187G3A
o j oW sdz®, daPuzd ydw o dzklstedBsd Sk dy &0 O
Csltster B MY sMtse Mise kj IsCbluPRpRS sfls! dzd ¢ OdzH O 1
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I wgL WOLj CUBeBfHdpA®R] Gsdhsttdiekzs s dd
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