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Abstract

This article summarizes some surprising palladoreactmewirring in a transition metal
environment, discovered by otieam, and the proposed corresponding mechanisms
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t o my first observati aml ef of hemancrunreactive
pall adar elaltits onnexpected observatienhatsi anb
accident

These studies wergeadaheresteaome bar gelryyfocus
chemistry. The i nitufadr ttwrpatce lwa s wahso sneont, aawsa r
Hoj abr i who only obserr-atl yhpatk e dppp enge noeif ounn do
UV irradiation in EtOH, without di meéfrAcZtaua lolny,
we observed, under an oxygen atmosphere, t he
carbonyl *®mp®andel.0EX OH

The above role of a remote ethylenic bond
environment, which we observed over the years

H® wSY2(iS 9dGKetftSyaAO .2YyR
Hom ! Ef@f LI fflF RAdzZY LA2YSNRTIGAZY

Using the prepar anciho no rmba)ldbldysldud iep aolf | amBii3um c o
tre®dBbfarnesylMm ciwi bhi daebs¢t oi ¢ch iodggat il c kmenmaiert e
room temperature. Surpahndinallyy! malll: dadHnd md wo raj
Hovas | sol at*d&u 6 pegtuiraegl)he possible rolmenof ¢
the formation ofo)t henemiyhndp) e ora@els wWere tr
same conditionslanéiavih:sl ormitatoared dvih Krhie & “%h s
selectivel ypRVMNMdautcedli ¢ s oonf t he oaxmreesso wdr ead | ayt
e

nd of t heoweedactthiaotn st hsehy wer e not i someri zed
Stirring trhwei tslolaitliaorngeofamount ( = :0e)t0Oh yRlgmwety . )
l ed only to very poor isomerizati omamddova®s om

i sol ated fropwithi dib@&lggLlni ocnheofpr esenceedvhylbBbOt
2-ene.

CA3IdANB yM i ¢ chl or i dyeasl laynldp aclolrardeisupno ncda nmpgl e

! For the meaning of symand antirﬁ-allylpalladium complexes, see [14, 15].
% Mistake in[4]: the 8a/8b value is > 9 instead of 0.9. In the present reviéwand 7b correspond to8a and 8b of the
original paper.
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According to the ha&bdwe maxpemi médnttdhe syn and

t he -iomtriant er mol ecul ar participation of an 1 s
formation of the dimeric compl &*nfeq usiulsipbercituen
monemi c all yl pal I*alddiawm nign taenr red chiydteens ¢ bond as

R.
o f
\

l

RN = ~ A == R
cl-Pd R- Cl—Pd~1 C"';d
PdCI <
ZRN
R' PdCl
/2
CA I dINBgnknPequi | i bri um.

Subseqgdhe&rtmprkeam rediscovered trial Ifyl paltli @a
complex mixture from *gkT awmhyi8l+ea nRlo vniesr ya n dc hJl oohr ni
overview of olefins influenrdi9nrg t he outcome o

H®H hEARIFIGAZ2Y LYKAOGAUGAZY

Il n 1995, we disclosedsthg oatdbhytono afmadwuan tcs
Adog46f4 n -dli,c2h|l oroet hane (DCE) co6 20 eni ngs cslod
palladium diwihlhorainimeo nrieuanc tssal t t o vyi elfd* 2tlhte s
which further oxidizes the alcohol. T8k besdl
of DCE. Subsequent el i mination 02 0e.tUR2rrgn et hre
procedure for thendatodmrsr,paiessmugby abdain the
hdzf r oSy R2-3i s( hydr oxy met hySle)nhai jizy all 0 ®Ba#@B13+ he p
bi s(hydroxymet hyl ) Yia c ypcrloov*i 2d. e2sh n1d+ Faieg bréte®? 8 3.)( 2 4 +
Furthededgrmwaes, alumosdtanged wunder the same exper

productminadn wioéreas the | atter whgeu ef hegc tpiywd ldy
di chromaGdeFii gqu ol ,dBrR2 6bty t he Swer i 2&Mirdeatviean mait
procedure |l ed to themehtectheecoxir®apbobodi og |

*Adogenad4bdgistered trademark of AsiClld)d mdoerriuamalc hCm.r i f
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OH
7
. OH . OH o
u OH S \—OH

PdCl, (0.1 equiv.) . PdCl, (0.1 equiv.) PdCl, (0.1 equiv.)
Adogen 464 (0-_2 equiv.) Adogen 464 (0.2 equiv.) Adogen 464 (0.2 equiv.)
Na,CO3 (2 equiv.) Na,COs3 (2 equiv.) Na,COs3 (2 equiv.)
DCE, reflux, 72 h DCE, reflux, 32 h DCE, reflux, 18 h
65% yiel 68% conversion 93% conversion 1(())0% conversion
; 69% yield 70% yield
O
O ¢}
10u 10s
9uexo oH o o 12
PDC PdCl, (0.1 equiv.)
CH,Cly, rt Adogen 464 (0.2 equiv.)
. O Na,COj; (2 equiv.) 0o
83% yield Me(CHa)s—X Me(CHy)s
13 H DCE, reflux, 19 h O(CH,),ClI
. . 14

26% conversion, 21% vyield

CA I dENGS doa ty g A da ) nd o

The above results clearly de memidataqmanedde+t hPadt
conditions was attributable to the C=C bond.
the plausi bl e i nter medthaabserce ahfuxtapdsed u prrsdettee ass ( F
suffix to compound numbers of Figure 4 and corresponding text means that these numbers
correspond indifferently to either the unsaturated or the saturated substjate. Hy dr oxy al d
| ' fnay be in equil dehandpra wdt may actaléfst owigtihv e *
al koxypall atdl.BmThd dlediwdee aaatai vddry toHe arl eledityide
(Figure 3) is not in favb®r om*Rturet hfeorrmoarte ,0 nu nos
| 1 Gdg expected to spontva2® pywshBigcrhg, e nier aftaec tl,a cw ao
from tchaet aPg¢ zed yrde aTh e oipnatl@lfrandedbdziza h ddgyrimay be
produc agka hdtpsap &) htolrRp d} h Su blsk qeuleinhi nat i mm wou
but thisfoml|l yhecdévwowasnat i on of

/,;r [PdCI4]2

+/or

8 HO™
8u, =i = HC=CH enclo
8s, 75 = H,C-CH, [PdCI4]2 (@) [F’dCI4]2
Vg HC
OPdCI3]2
HAc (a)
OPdCI3]2 = ¥~
ClPdO™
OPdCI3% “1Ck

Pgexo Pgendo

[PdCI,I* — [HPdCI* j\_ Vi

base.HCI base
+CH,=CH, +DCE

+/or

Hw

CA JdONG dna tyidgondAao | ausi bl e intermediate

* Formation of estefl4 from 13involves the acid as intermediate2 8 + .
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The analysis of the | iteratuaned lteod pursoptos er
pal |l adat Rpral) ofi s preferred ower amaéat (ioif) |takte o
reacttilodhccodfrs through the stereoselective appr
face of the atlgike hwhent d haf fl artdyea th-hbe eolbit naii maeetdi
easi | yt oocccealnidviem ctojedzg @mtsdi, negdznfderngpoes a | i gan
| eadi ng t ot /pfaHilgaudraec y5c)l.e The syRd rabidab€owashi wh
woul d abHowl ittnienati on | ead* hlg, itsH2ptrreet e/ade dhoart ynl
favors al koxydeydeac ahdyge diwiet h adit erpdewloil vlesi $ o
more stabBB5+ somer

OH = 2
8u
OH  Z[Cl;PdO™ cl- Pd 7
Pguendo CI PCU

CAJdRWN ep of the C=C bondddazn t he for mat

The apparenthdzeelvonduad oaf under t-baet alf pyzednene
conditions i s a *3n6o,wltB7arht iiloinRdidvi@ @ oz aBboohol ysi
equilibration regenerating the starting subst

o® hEARIGA2Y +SNEdzA 9UGKSNATFAOFGAZY

The achbaotvael yti c Pd procedur e -i rsd aipd lii aiftnemhah o noer
mg* 2.0v¢ obtained a similar result usingzatnhde s o
y-B uN C | i nstead Adbger ed &4 b sgsuor ceilr)ad2ilopsaldpr i si ng
solublPdfpiROMucedddny imy oaxti dae h(i gh yi el d, even
base (Fi @ur388+6, path

PdCl, (0.1 equiv.) + Adogen 464 (0.2 equiv.):
86% conversion, 81% yield
(n-BuyN),PdCI, 0.5 H,O (0.1 equiv.): 94% conversion, 92% yield

OH
Na,CO3 (2 equiv.)

©i§DCE, Ar,80°C,6h
“ o O
17

(MeCN),PdCl, (0.1 equiv.): 100% conversion, 98% yield®
(PhCN),PdCI, (0.1 equiv.): 100% conversion, 99% yield
(t-BuCN),PdCl, (0.1 equiv.): 100% conversion, 97% yield
899% yield in the absence of Na,CO;.

CAIdeN&f lcuence of the Pd environmeéanolon t he

® See discussion and references[#4].
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We rational i ze dicatntdet hfroorungaht i tomo odompeti ti ve ¢
LPdIL "er CRCN) , i.fand WPRIEN) r*ePsdpCelcitg vi2® %7 )cont r a
to the anion) ¢ theahgsatr 8L eceatChlF $B2TFh(eL e=x cRhGN)¢
of | iganegPddrnmdymfendiLd 3 he eViodeupends odfn t he el ec
LPdLIlI Transition metals having Lewis acid pro
al co*hso3 sCatsreq U efmotrinye,d from the ani onvoci @ at aé )
ketonizatir@m,wRi?hearyme d( R@GNoiinder goes heteroly
of thH bCond | eading "toThiee |l iad hve o $ @ ia avitTs swalit eéerr
and the starting catalyst.

4 P \

H,C=CH, + HCI Ly HPdCIL

E\ /CIHi«©5> @é

L,PdCl,

“ 5 @@ [LPACI( OH)]
(L=RcN) H2°

CAIJdENa hrways | eading to eithiemdanxoldati on

ne { BfSRAUW SR tFHGKglea

nom | FfARS 9EOKFY3IS +SNEdza !'fl1efldAazy
As pointed out in the introduction ofmn the
chl omba)lbliysp(k | | adi um complex in deoxygenated M

t hkecarvone mypmopV emdf{erdi gur el) 83 Fhpeant,h we | ooked f
phot or eadchd winrsg observed t he mhanc,&ZHnf tfhteo tadbrsean
additive, this solvent was firstly chosen for
exchanged Howenpd exess i sol a)ed ChEprgting BMFpat |
reaction with benzwlurber conii dae llydd ct ocalak yll @al i noinx
andg respectivelDy (Thieguer er eS,ulpast showed that
coordinate to pall adiavm, regoahred NMo@GicomnidME
i rmaadion conditions. I n fact, we obtained the
in,OQdWMas carrizad wintfmdEPh i Qe (TFhieg uarnea |8y,s ipsa tohf |
EPR (electron par*asmagdaetCi NDPegachamecernl |y ind
pol ar i*AS&®tpieen y oscopi es demonstrated their radi

® For the multiroles of DMF in chemistry, s&e450 + .
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39% conversion, 37% yield

&/PdX/2
2
RX (10-100 equiv.) 0
o

RX = (EtO,C),CHBr: X = Br, 30% conversion, 28% yield
RX = Phl: X =1, 37% conversion, 36% yield
PhCH,Br\ RX=PhCH,Br: X = Br, 80% conversion, 79% yield

(25-26 equiv.)
/Q)th + 19 + 20(X=Br)
21

MeCN

K/Pdcy2
hv (A = 366nm)
argon
18 9

(o]

o}
DMF: 42% 36% <5%
CH,Cl, + PPh; (4 equiv.):  47% 43%

CAJdD&pegndence of thepaphypt prehatdywmttyhemp | e
environment .

n oM+t SNRBdzA f et LI £ f | RA dzY

Our synt hesi s of enanti oplaeaet aviyzeldmodipahotl &
di subst i#lu-tdi ao-bé xk guinhewi ¢ h chiral a mi :i®r gael dc ounso |t
examine the isomeriz&gdidnngfstheamubsitetlte re
Hwi th cataghiyni BhiRd@PPhoomO9tle-tdipac @b ok eindpg 5.6 ¢ (
At 77200 C i n THF, we oOthdaanidn-éld,aZa8-bmikxgthier e(The t w

compounds were also produced i nHDNMR Mesiut beE
unexpected obsHem wvhiveoas pr wbduted i nHODMBt BD, at k
|l atter varied with time in THFdéErgased9) o Af
HOHmEequilibrium, i ndivaat mag nt ly a trooadtnhcedrdl Ftid lwaonm f |
Subsequent wBaeatwnd mt gudenfPAMHF showed an equil ik

According to these rHesawdurss ashedaedpiditeerd ziamn i Foing

100 - 100 ; THE

% DMF %

75 - 75

50 50

25 - 25 -

min min
o T T 1 0 . . \
0 20 40 60 0 20 40 60

CAJddzNBormper i zatd aornk olfiote gdi hHaleb)l uend i ne) us
Pd(m&mPB. 05 equiv.) at 70 72°C in DMF or THF.
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AcO o

THE —~ 23 \_oac

aco— ,, \—oac 2MF lPdO (cat)

+ Pdo (Cat.) \\_onc
24 OAc

CAJdzRBr matH@mdmdcording to monitoring a

Al lypall adi um i ntrdnq-nienteicahtaensiesvei t fir otptoes#9 f or
i someri zat i-tomarmsnmo gihtei adn*39.dhal pybposadetateti
HHWwas based on the demonstration given by Ama:
on the species for medard gmPrlalilny IT HiFG e tt ehtee ,a cRed (¢
pall adium(ll) complex (ion pair)’’ whil e "1/
catinmdily !l pal | adibum(Ible)+r eaHtivée tom” tolie cat al yst |
Nnal |l yagiam i nterhmediiast ein eqnf-al i pri pml Wd'dhumt
(Figure 11). The r®(taltliyln) P othardd tdhigyv edsbdOyCr d €
nucl eophilic addition of the acetate an4 on t
allylpall a'¥i uMheom@altéexr mayHodlIbs®i e opaimpli di
THF, the close proximity mbi eathye faxwdrad et e i @I
| eadiHmWh ¢ oeas in DMF, the separation %% (The t
|l atter eviedweds toward

PdL, 2L )
_ LZ, . ACO@PdL
2 o 2 11
AcO™ 11p AcO 11 C “—OAc
L DMF

CAddzBNEpemmdence on the solvent of i somer

Pd( PRt alyzed | Sesfiboui yadi one #af bk 2bluy lecred)and
1-dbut yl di phdageRbiuylemey) edes 6 5% mif kaent i nt er
have been pr oposteal yfzoerd tihsegm@dnidn atainadn tcfe r ol
environment of palladium due to THF &66.0BMF on
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n®o {StSOUAOQAGER

While onlyinmhdyh!| Biweakd hoebrt ai ned in the pres
(- ONOIfrom theacetlo#Sy pme oy | H@r oipre nMe GH under bas
t he addiOt ipaomvofdedd a Wwéadnd OO0t mexwmloisrs g Y pFriegdulr2
patllasi@ respe6Thusl yat er malyr epsytpenott ea at i-emj un
free conditionsiywaThestsgelnedtyi viintcyr@tateyl o ati agluyrt
amounts of Podg@lhtdi{( eMelCINghl y hly@Fiogatikkatt 3wd gmrnayv i
usedCtatral yzed al l yl i ¢ 6dReeepteocaxtyilnagt itohnes riena cw a toer
water dramatically deciTeastedatbdaectyi &wl tdh of he't
compounds obtained-firreMeOmdindeoemsméFalgsy ewd
promotes the Pd lc@ltt@Gdltyzed addition of

OH OMe
MeOH
100% - g PhMPh * Ph/\)\Ph
o conversion 25 66% 26 13%
MeOH/H,O (1:1) H(COMe), Qe
e :
/\)O\AC 100% con\zlersion ] Ph/\)\Ph * Ph/V\Ph
(]
Ph Ph KCOs /| /ib) 28 40% 26 55%

27
+ (MeCN),PdCl, (0.05 equiv.)
o0 Ly (0.05 equiv.)
50 °C, 24 h\ \(¢c) H ' CH(COMe), OMe
M MeOH/H,O (1:1)
H . oSS Apn 4 Sy
acac 100% conversion 28 92 26 t
(2 equiv.) ° race
(MeCN),PdCl, (0.05 equiv.)
Ly (0.05 equiv.) CH(COMe), OH OMe
MeOH X
- . ‘ Ph/\)\Ph +Ph/\)\Ph +Ph/\)\Ph
91% conversion 28 26% 25 26% 26 24%
CAJddzNBprmadence of selectivity on the
o o
Lo HO\/\N)J\ /U\N/\/OH
" H N N H
H H
HO OH
o] o
CA3dzNBwssboelrubl e | i gand.
ESMS (el ectrospray ionization mass spectromet
the possibility of in situ formhbhdonhefghaéha

allylpall adium i ntéexsmeal i rad £l t(,Fi igtgr wahsl £phr owpoousl
a more effective annudc | MeoPK,i | ree a chast ivardaheKt heu watt
efficient recycolirmpgveaf tthempmaxPal gstruly i mmob
l ed to assume th-eoprddoatednpaflfl awghisemngd ge anieas
of the catalytic cycle.
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O O d
MeCN),PdCl, + MeOH/H,O v N
( )2PdCl, M O O

+ Ly + Ky,COg4
29
acacH, K,CO4

CA3JdzNBr mat Tewfdfsta pr odadtl ywiptaHduwatdi um i nt et

p® /2y Of dzaAizy

The above examples highlight the unexpected
on the effect of the palladium environment on
roles of the palladium envi rtohrementt eraavteural.s ol f

on the reactivity have attracted tremendous a
reactions and mechanisms are often serendipit
they are the pbuéesbmgatobnsdgdeapdiref!| edt+ti ons r a

1 O1ly2sf SRAIYSYyGa

I am grateful to coll eaguesBamadelsdmua,en®isr dmra
Lill e, Lodz, Marseill e, Ol denburg, Prague, Re
for their i nvol vement in the above reactions.
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