
Ter,a/dron Vol. 40, No. 13, pp. 2415 to 2434, 1984 orl&4o20/84 s5.00 + .@I 

Printed in Great Britain. Pcrgamon Press Ltd. 

TETRAHEDRON REPORT NUMBER 166 

PALLADIUM(II)-ASSISTED REACTIONS OF 
MONOOLEFINS 

LOUIS S. HEGEDUS 
Colorado State University, Department of Chemistry, Fort Collins, CO 80523, U.S.A. 

(Received in the USA 6 June 1983) 

CONTENTS 

Nucleophilic Attack on Mono-olefinpalladium(I1) Complexes . . . . . . 
Reaction of Oxygen Nucleophiles with x-Olefinpalladium(I1) Complexes . . 
Reactions of Nitrogen Nuclkophiles with n-Oleflnpalladium(I1) Complexes. . 
Reactions of Carbon Nucleonhiles with x-Olefinualladium(I1) Comolexes . . 
Insertion Reactions of Olefini with a-Alkylpalladium(II) Complex& .... 
Insertion Processes Involving Oxidative Addition .......... 
Insertion Processes Involving Transmetallation ........... 
Insertion Processes Involving “Ortho-Palladation” .......... 

. . 

. . 

. . 

. . 

2415 
2416 
2419 
2423 
2421 
2427 
2429 
2432 

Among the transition metals, palladium is one of the most extensively used for the synthesis of 
both industrial and fine chemicals. The reasons are partly historical (the Wacker process for the 
palladium-catalyzed oxidation of ethylene to acetaldehyde was developed twenty five years ago) 
and partly due to the versatility, availibility, and utility of organopalladium complex chemistry. 
Particularly useful are the reactions of olefins catalyzed by palladium(I1) complexes. These 
comprise two major reaction types, nucleophilic attack on palladium(I1) complexed olefins, and 
insertions of olefins into a-alkylpalladium(I1) species. Both processes will be discussed in this 
review. 

Nucleophilic attack on mono -olejinpalladium (II) complexes 
The most common commercially available palladium(I1) salt is palladium chloride which, 

unfortunately, is virtually insoluble in most organic solvents. However, palladium chloride is 
readily converted to a number of soluble palladium(I1) species including Na2PdC&,’ 
PdC12(PhCN)2,2 and PdC12(MeCN)2.3 These, along with palladium acetate, which is soluble in 
benzene and alcohols, are the most commonly used palladium(I1) salts for the chemistry discussed 
below. 

In organic solvents, palladium(I1) salts rapidly coordinate mono-olefins to form 
a-olefinpalladium(I1) halide dimers. Ethylene and terminal mono-olefins coordinate most 
effectively, followed by cis and trans-disubstituted olefins. Under normal circumstances geminally 
disubstituted, trisubstituted, and tetrasubstituted olefins do not coordinate sulhciently well to 
permit further chemistry, nor do electrophilic olefins. Once coordinated to palladium, the olefin 
is generally subject to nucleophilic attack, which occurs rapidly, and predominantly at the more 
substituted position of the olefin, forming a carbon-nucleophile bond and a carbon-palladium 
bond. In most instances this attack occurs from the face opposite the metal, and without prior 
coordination of the nucleophile, although this is dependent on the nature of the nucleophile. The 
thus-formed a-alkylpalladium species is quite unstable and undergoes a rapid, spontaneous 
B-hydride elimination to form the substitution product and “PdHCl”, which decomposes to 
palladium(O) and HCl. In the presence of suitable reoxidants (CuCl,, benzoquinone, K2&08, 
FeCl,) the palladium(O) is reoxidized to palladium(II), and can reenter the catalytic cyclic (Scheme 
1). Since olefin complexation, nucleophilic attack, /?-elimination, and reoxidation all occur rapidly, 
palladium(I1) salts are effective catalysts for a number of important nucleophilic substitution 
processes with olefins. 
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Reaction of oxygen nucleophiles wirh n -olefinpalladium (Ii) complexes 

Among the earliest-developed palladium(Il) catalyzed reacttons of olcfins was the Wackcr 

process for the “oxrdation” of ethylene to aataldehydc (qn I). Although after twenty five years 
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the mechamsm of this process is still controverstal,’ It is clear that the key step involves nucleophilic 

attack of water on the palladrum-bond olefin. Alcohols’.’ and acetate’.’ nact similarly to product 

enol ethers and vinyl acetate respectively (qns 2 and 3). In virtually all cases au and copper(I1) 

CH2eCH2 + ROH + P.j” _ l He l Pd(O) 12) 

Cti2’042 l *co’ l Pa” - ““\, l Ii + WOl (3) 

salts are used to carry the palladium redox chemistry, and many of these processes have been 

commcrciahzed. 
With longer chain mono-olcfins, attack occurs exclusively at the mote substituted position. 

producing ketones when water is the nuclcophilc (qn 4). The rtactron IS quite specific and readily 

distmguishes between terminal and internal olcfins. and, in addttron. tolerates a variety of remote 
functtonal groups. This reaction is particularly useful for the further furtctionalization of butadicnt 
telomcn (qns 5 and 6),*.’ and has been used in the synthesis of polycychc matcnals (qn 7).’ Ally1 

ethers undergo a similar reactton (qn 8)’ 
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Intramolecular versions of these processes have proven particularly useful for the synthesis of 

oxygen hetcrocycks. 2-Allylphcnol itself cyclists to 2-methylbcnzofuran in fair yield. and IS likely 

to proceed as shown in cqn (9).” In contrast phenols with methyl-substituted ally1 groups cycliztd 
to a variety of five and six membered ring products, the composition of which depends on the 

palladlum(ll) salt (PdCI? or Pd(OAc),) and the amount of added chloride or acetate (qn IO).“.‘* 

Most remarkably. use of a chiral n-allylpalladium compkx as a catalyst for this rcacoon with 
rra-2_(2-butenyl)phenoI as substrate produces l,3dihydro-2-vmylbcnzofuran in up to 18% 
optlcal punty (eqn I I).” Thus requires that the palladium remain coordmatcd to the n-ally1 group 
rhrough&r rhr cutafyric cycle. and thus the expected B-hydride elimination. and loss of HCl IO form 
palladium(0) must not occur in this c8se. Instead. a mechanism involvmg dirtct oxidation of a 
bimetallic palladlum(ll) hydridecopper species by oxygen is proposad (qn 12). a funda- 
mentally new oxidativc process for palladium(II~talyzed reactions. 
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A vaticty of other okfinic alcohols cychu in the presence of palladium(ll) catalysts IO form 
mlemtmg oxygen hctcrocycks (cqns 13-l 5). Particularly mtercstmg is the ekganr synthcsls of 
brevicomm by this method (cqn 15; which may, however, involve oxidation of the olcfin IO a ketone 

followed by ketal formation rather than direct hydroxylation of the olcfin) 
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R2*H*WCf.mt 
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Intramolecular reactions in which the nuckophile IS a carboxylate ion are also quite effiacnt, 

and produce unsaiuratcd lactoncs (cqns 1618). Although most of these particular reactions were 

carried out usmg stolchlometnc amounts of palladium, a few have been carned out catalytically. 
and catalylic processes should be feasible for all of them. 
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Reuctrons of nitrogen nucleophiles wrh n -olefinpolladium (II) complexes 

The overwhelming success of the Wackcr and related processes involving oxygen nucleophiks 
led to the mistaken belief that most classes of nuclcophiks would react effcct~vely wrth pal- 

Iadium(lltbound olcfins. However, only very recently have mtrogen and urrbon nuckophiles ban 

successfully used to aminate and alkylate palladium(I1) okfin compkxcs. Oxygen nuclcophilu arc 
somewhat unusual in that they coordinate only weakly to palladium(l1) compounds. and. in 

general. do not compete with olcfins for a coordination SIIC on the metal. In contrast, ammcs and 

most other nitrogen nuckophiks are excellent hgands for palladium(l1) and readily displace (rather 

than attack) olcfins from the metal. Thus the mtermolecular amination of olcfins was difficult to 
achieve. and, bazaux both starting amine and product enammc are potent hgands for palladium, 

the mterrnolccular amination of olcfins has not yet been achieved catalytically. 

The stoichiometnc ammation of okfins (qn 19) has several mtcnsting features.x’ The reaction 
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must bc carncd out at low temperatures (s - 50 ‘) with slow addition of amine to the preformed 
olefinpalladium(ll) compkx. to prevent displacement from the metal of okfin by amme. Three 

equivalents of amine are rquired to achieve reasonable yields of amination. No carbon-nitrogen 
bond formation IS observed after the addition of one equivaknt of amme. and less than 30”,; 

amination IS observed after addition of two quivalents of amine. Addition of the third equivalent 
of ammc rcsults in amination in greater than 90% yield. This suggests that nuckophil~c attack IS 

occurnng on a prlladium-olefin-amine complex rather than on the olefin-palladium dimcr itself. 

although the exact natum of this intermediate has not yet been determined. After addition of the 

third equivalent of amine. the relatively unstable /l-ammoalkylpalladium complex (isolated and 
charactcrizrd by NMR)I’ IS the sole organopalladium species present. reduction of which by 
hydrogen or hydride produces amme in excellent yield. 

lhs ammation reaction proceeds best with nonhindered secondary ammcs and terminal okfins. 
Primary amines and mtemal olcfins reacl somewhat less efficiently (4 Wd yield). while tri- 
substituted okfms react in very low yield. as does ammonia. The stereochemistry of amination IS 

cleanly trunr with attack occumng from the face opposite the olefin. without pnor coordination 
IO the metal.” Rcgioxkctivc attack at the most substituted position of the olefin. also consistent 
with external nuclcophilic attack. IS also observed. 
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In principle. the above chemistry offers an cffiaent route for the dmct amination of unactivatcd 
okfins. a transformation not accessibk IO conventional organic chemistry. However. because II 

requires stoichiometnc amounts of palladium, its practical utility is limited to the synthesis of 

compounds simply not available by other routes. More useful. perhaps, are further transfonnalions 
of the unstable j?-aminoalkylpalladium(l1) mteimediate from the amination reaction. In common 

with most o-alkylpalladium(l1) complexes. the /?-aminoalkylpalladium mtennediatc undergoes a 

+ P~CI~IRCN)~ + SR’2NH - 
Y 

7 co 

NW\ 
NH+ Cl 

(20) 

vancty of useful insertion and oxidativc cleavage reactions. Exposure of this complex (formed VI 
SIIU and not isolated) IO an atmosphere of carbon monoxide produces a very stable five-membered 

chclate /?-aminoacyl palladium complex” which undergoes oxidative cleavage to produce 

fl-ammoacid derivatives in good yield (qn 20)” Oxidation of the jl-aminoalkyl complex in the 
presence of other nuclcophiks results m the overall diamination or examination of the original 

olcfin (qn 21).” The process is stereospecific. proceeding with overall cis stereochemistry resulting 
from a rronr-amination of the olefin followed by nucleophihc displacement of the (oxidized) 

palladium with inversion Bromine. lead tetraaatatc. and N-bromosuccirumide are all efficient 

oxidants for this process. Aryl ethers oxaminate under these conditions to gtve fair yields of highly 

functional&d products (qn 22).& By using a choral tertiary amine as a hgand. and a chiral 

secondary amine as the nucleophilc olcfins are oxammated in modest yield In up to 60”; cc (eqn 
23)” If an achiral secondary amine IS used as the nucleophile. only 3-l I”/, cc IS observed. Applying 

this process IO aryl ally1 ethers leads to modest optical induction (I 1% cc) (cqn 24)..1 Use of a 

primary amine as nucleophile. followed by an intramolecular oxidativc cleavage, produces 

anndines in modest yield (qn 25)” 
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R r R 
+ PdC12VKN)2 + YINH2 - , A 

R 

L 

(261 

(27) 

l 042’042 + ~Cl2(CM3CNl2 - 

co uam 
. 

n 

Other. miscellaneous. palladium-assisted aminatlons of olefins are shown in qn (26).“’ and 

(27).” 
In contrast to the dtfficultics encountered with intermolecular ammation of olefins. ultra- 

molecular processes are considerably more facile and a number of useful catalytic nitrogen 
hetcrocychzatlon reacttons have been developed. Indoles form readily from 2-allylanilinc using a 

palladium(lI) catalyst and bcnzoquinone as the reoxidant for palladium (qn 28).‘* (Since both 

anilmcs and indoks are relatively easily oxidtzed. the usual coppcr(ll) oxidizing systems resulted 

in destructlon of the product.) With alkylatcd side chams. amination occurs at the most substituted 
tcnninus (qn 29). These reactions also proceed through an unstable a-alkyl palladtum complex. 

which readily inserts carbon monoxide to give the corresponding ester. Conjugated enones also 
Insert (qn 30).” When a conjugated enonc is built in to the ally1 aniline system. tricyclic material 



(29) 

results m cxcelknl yteld (cqn 31). The change in regmchemtstry of the insertion step (z-alkylatton 

rather than the normal /I-alkylation) is likely due to sttric constramts as a consequence of the 
mtramolccular nature of the recrction. 

Extension of this hcterocychzation reactton to ahphatic ammo-olefins proved IO be rather 

difficult. Aliphattc ammcs are 5 lo” more basic than aromatrc ammcs. and they coordmatc more 
strongly to palladlum(l1) compkxa than do their aromatlc counterparts. Thus treatment of the 

ammo-olefin in qn (32) with palladium(l1) salts results in the for-matron of stable 

olefin-amine-palladrum(Il) complexes. Since the amine nitrogen IS strongly coordmatcd IO the 
metal. II cannot attack the coordinated olefin. Thus problem can bc overcome by conversion of the 

free amine IO IIS tosamtde These crystallmc substrates readtly cycl17c in the presence of catalytic 
amounts of palladium(l1). and with bcnzoquinonc as the rcoxidant. IO form unusual CYCIIC 

tosylated enamrnes (qns 33-35)” Reductron followed by photolytrc detosylatron grves the free 

cychc amine In good yield. 

Htr4 0% \ 
NT1 G (35) 
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A number of other okfimc amincs and arnldcs cycliu m the presence of palladrum(lI) 
complexes. Although. as reported. most of these systems arc 1101 catalytic. it ctrtamly should be 
possible to make them so 
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The use of carbanions as nuckophlks poses yet another set of problems. Carbanions are eastiy 
oxidized hnd palladiumfll) is a reasonably strong oxidizing agent. Thus the major metion of 
carbanions with n-olefinpallad~um(I1) compkxcs is reduction of the palladlum(Il) to metallic 
palladium with concommltant oxidative coupling of the carbanion. The facihty of this undcsind 
prw is a function of the tax of reduction of the palladium(It) spcics. which, In turn depends 
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on the particular hgands atiated with the metal. This phenomenon is seen in the reactions of 

methyllithium with styrene in the presence of palladium(l1) salts. With palladium(ll) chloride, only 

a 3“; yield of fi-methylstyrene is obtained, whereas with palladium(Il) aatate. a 75% yield results. 
and with palladium(ll) aatylaatonatc a 90% yield results0 This increase in yield paralkls an 

mcrcax in the rcsistena of the palladium(l1) salt lo reduction. This alkylation proaais by initial 

alkylation of the metal followed by a cti insertion of the olefin into the metalcarbon bond, followed 

by a cu jl-hydnde elimination (qn 43). The regiochemistry of this alkylation, attack at the fess 
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substituted carbon. IS also consistent wtth this mechanism. Thus alkylation is mlriclcd to 

mcthyllithium as the carbanion. Neither this process, nor the ones discussed below arc cataly~c 

proasscs. bccausc of the inability of finding an oxididng agent suitable to carry the rquisile 

palladium(O) IO palladurm(ll) redox chemistry and at the same time compatible with the 

carbanions used. 
A considerably more general alkylation of olefins by carbanions has been developed based on 

ohscrvations of the related ammation of olefins discussed above. In that reaction nuckophilic 

attack (ammanon) occurred on an olefinpalladium(ll) umine compkx. not on the cormponding 

chloride complex, sug&ting that the reaction was quite sensitive IO the ligands bound IO the 
olcfinpalladium(ll) spcc~es. Similarly. rraction of olctinpalladium(ll) ch/ori& complexes with 

stabihycd carbanions results in no alkylation of the olcfin. However addition of IWO equivalents 

of tnethylaminc to the olefinpalladium(J1) complex prior IO addition of the carbamon leads IO high 

yields of alkylation. with a range of stabilized carbanions and olefins (qn 44)” Terminal 

x R’ 
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mono-okTins are alkylatcd in almost quantitative yteld. with alkylation at the most substituted 
terminus predominating. (This regiochcmistry is consistent with external, franr nuckophrlic attack.) 

Electron-nch olefins such as enamidcs react in high ylcld. but electron-poor okfins such as acrylates 
do not alkylate at all. Internal olefins alkylatc in only 3M/, yield, while isobutcne and 
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cyclohexenc do not react under these conditions. As expected, exposure of the unstable 
o-alkylpalladium intcm-ediatc to carbon monoxide results in an overall “carboacylatlon” of the 
imtial okfin.” 

With a-a~~midomalo~c esters as nucleophiks. a -aminoactd derivatives can be prepared (eqn 
45):’ By using internal okfins and chid teniary amines as ligands modest yields of alkylation 
product with up to 32% a can be obtained (cqn 46).” Dihydrofunn alkylatcs ckanly z to the 
oxygen to give fair to good yields of a-alkylatcd dihydrofurans (qn 47): 

(-1 “I 
// l POCl2boCNl2 + ElsN + AcNH-CKO2L~l2 - - 

‘9 -<’ ** f#’ x 
+ PdC12hWN)2 + 2R;R - -f - 
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R 

0 \O “;( 

(47) 
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Thrs naction is restricted to the use of stabilizd carbanions (pK, l&18) as nuckophiks Wtth 
less-stabilized carbanions reduction of the complexes without alkylatlon results. However. addrtion 
of HMPA [(Mc,N)JQ] to the olefinpalladium(ll) complex prior to addluon of the tnethylamme 
and the carbanion permits the use of much kss stabilized carbanions ” (another indication of the 
xnsittvity of this reaction to the ligand environment). Under these conditions ketone and ester 
enolatcs. oxazolinc anions (carboxylic acid anion equivalents). protected cyanohydnn anions (acyl 
anion cquivaknts) and even benzylmagnuium chloride, alkylate olcfins In fair to excellent yields. 
Although somewhat dependent on the nature of the olefm and the anion, alkylation occurs 
predominately at the Ierr-substituted position of the olefin, suggesting a change m mechanism from 
external nuckophilic attack (aqn 44) to attack at the metal followed by Insertion (cqn 43). (With 
very reactive (PhCHILi) carbanions alkylation occurs rxc/usn~/~ at the less substituted posmon 
of the okfin.) 

The source of palladium(II) in the above reaction is PdCI,(CH,CN):. When phenylllthium is 
used as the clrbanion. the major product obtained is that from attack of -CH,CN on the okfin. 
rather than phenyllithium. Apparently. rapid proton transfer betwan the nitrile and the phtnyl- 
l&rum occurs, generating the nitnle anion. which then alkylatcs the okfin (eqn Ir(l).” Externally 
generated nitrik anions react in a similar fashion. In a11 cases alkylatron occurs at the less 
substituti terminus of the okfin to produce linear nitriks in fair to excelknt yield. 

l tLt?)N + R’CnCN - L byCN 146) 

R’ 
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Two rntramolccular alkylation reactions, both requiring stoichiomctnc amounts of palladium 
and both havtng unartain mechantsms have recently been developed. The first involves the reactron 
of the rndole-2-position with pendant olcfins in the prtxna of palladium(l1) chloride and silver(I) 
tetrafluoroborate.” T%e reaction IS qmte sensitive to the position of the olefin and may involve 
“elcstrophilic aromatic substitution” of the complexed olefin (highly clectrophilic because of its 
formal cationic nature) on the indole-2.posi~on. These results are summarized m cqns (49HS2). 
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The second mvolvcs the cyclization of olefinic ketone t~mcthylsilyl~nol ethers tn the pmcna 
of stoichiomctric amounts of ~lladium(ll) acetate (cqn 53)“ Originally thus reaction was 
thought to proceed via a n-oxyllaIpalladium species, but it seems more likely that it involves 
nuclcophilic attack of the cnol ether on an olefinpalladium(II) complex. This is a rather general 
process and numerous examples have been reported.* TINS chemistry has been used to synthcsirt 
quadrone (qn 54).% 

& 
(54) 

0 0 O 
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Insertron reactions o/ olefins wrrh u -alkylpalladiwn(II) comple.xes 
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In the above discussion, n was seen that a-alkylpalladium(l1) compkxes (from nuckophilic 

attack on n -olefinpalladium( II) complexes) “inscrtcd” okfins IO form new carboncarbon bonds. 

l7us mxrtion reactton IS general for a-alkylpalladium(11) species. regardless of their genesis. and 

IS the second synthetically important class of rcactrons involving mono-olcfin complexes of 

palladium(ll) to be dealt wtth in this review. 
A considcrabk amount IS known about this insertion process. It IS thought to involve; (I) 

coordination of the olefin to the alkylpalladium(I1) species in a position CLT lo the alkyl group; (2) 

a CLI insertion (migration of the alkyl group from the metal to the olefin) of the okfin into the 
mctalcarbon u -bond; (3) rotation about the former olefimc bond; (4) a cis /?-hydride elimination 

IO regenerate the olefin double bond: (5) loss of HX to produce a palladium(O) spmcs. These steps 

are summanlcd in qn (55). 

I’ n. R. Ar. CW. C+R. COR. OR. NtiAc 

Most types of olcfins undergo this inxrtion process. and regardless of the electronic nature of 

the olefin. insertion occurs to plaoc the R group on the kss-substituted terminus of the okfin. 

implying stcric rather than electronic control of regiochemtstry. (When the insertion is an 
intramokcular process, the rcgiochcmistry is less predictable because of difficulty In assessing the 

various strains resulting from nng formation). A mayor limitation of insertion chemistry IS that, 

almost invanably. the R group mwr nor have /l-hydrogen% since p-hydride elimination IS usually 
easier than insertion. Thus, in practice. this insertion chemistry IS limited to a-aryl and 

a-vmylpalladium(ll) species. The requisite a-alkylpalladium(11) species arc available from both 

oxidative addition of organic halides to palladium(O) complexes and by transmetallatton processes. 

Roth of thcsc approaches are discussed below. In addition “ortho-palladation” processes will be 

bncfly mentioned. 

Inscrlion processes imolung oxrdclrfce addition 

Aryl and vinyl halides react with palladium(O) complexes in an “oxidative addition” process. 

forming aryl- or vinylpalladium(l1) complexes. When this reaction is carried out in the presence 

of an olchn. inxrtton occurs to form new unsaturated products and to regenerate the palladium(O) 
spcc~cs. making the entire process catalytic (qn 56). This is a very well established and extensively 
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studied process. and is the subject of several recent reviews.” Hence. only scent. synthetically 

intercstmg. examples of this chemistry will be presented. (To prevent confusion. note that although 

this chemistry clearly mvolvcs palladium(O) spcc~cs as catalysts, most reactions sfart with 
palladium(l1) salts as the catalyst precursor. In siru reduction IO palladium(O) is assumed and must 

occur.) 
With 3-bromopyridmc as the aryl halide and N-3-butenylphthalimidt as the olcfin, nornicotine 

was synthesized (qn 57).‘: A wldc variety of o-aryl ally1 ammcs is available using aryl halides and 

N-allylphthalimide (qn 58). ” Very similar chemistry was used to synthesize amino- 

Y ’ C'. Er. U2N. Ne. OH, 

CM*. UrS. NH2. 

CO-+. CN 

alkylphencychdincs (qn 59).” With ally1 alcohols as the olefin component. ketones arc produced 

(qn 60).” 2-Quinolones result from iodoanilines and makate esters (qn 61).“ 



Palld~um(ll~rsuncd fucuons of monoolclh 

[)r 
WolC~ (62) 
MO. tc4~) 

Intramolecular versions of this process arc particularly useful for making hctcrocyclic com- 
pounds. lndoks result from *halo-N-allylanilines (qn 62).” Note that the regiochemistry of this 

cyclization IS different from most intermolecular reactions. Dcpcndmg on substitution, however, 

SIX membered nng formation may also be observed (qn 63). lndokacetlc acid is formed in a similar 
manner (qn 64).” Lactams are formed In modest yield by the cyclization of olefimc a-haloamldcs 

(qns 65 and 66).* All of these reactions require only catalytic amounts of palladium. In contrast 

cycliution to form the macrocyclic lactonc shown m qn (67) rquires stoichiometric amounts of 

palladlum(ll) halide under reducmg conditlons.W 

(6 3) 

+- ,A5 + oq ‘6o) 

LP, m 

(67) 

Instrrion processes vaotoing rranrmeraliarion 
A number of covaknt, main-group organomeulhc spaciu react with palladu.un(ll) halides to 

transfer the organic group from the main group metal to the palladium (transmetallation) 
generating a a-alkylpalladium(Il) species. The most commonly used main group metals arc 
mercury and tin. although aluminum, boron, thallium. zinc and zirconium arc used. although to 
a lesser extent. Again, because of the facility of the b-hydride elimination process for or- 
ganopalladium species. the organic group u.& must lack /?-hydrogen% thus, in practice. limiting 
transmetallation reactions to aryl or vinyl groups. When transmetallation IO palladium IS camcd 

out In the presence of an olefin. insertion occurs. forming a new carbowbon bond (qn 68). 

n-rvc4aYoI~ B 
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In transmetallation processes palladium(ll) species are rquircd for the initial step, but pall- 

adium(0) species are produced in the final step. Thus an oxidizing agent is required to make thest 

transmctallation-insertion processes catalytic in palladium. 

Arylmercuric halides are extensively used in transmctallation processes. primarily because many 

of them are available by direct mercuratlon of the aromatic compound. One of the earliest 
manifcstatlons of the “Heck” arylation of olefins involved phcnylmcrcunc chlonde and actlvatcd 

olcfins (qn 69).b1 Isoflavoncs can be prepared by the arylation of appropriate enol ethers (qn 70).U 

Y 

PhH6X . d l MC’2 - 

Y 

t+gXU l W(O) l %I 69 

OAc OAc 

Isoqumoloncs undergo direct mcrcuration at the 4posltion. permitting facile mtroduction of 
okfinic side chains at that position (qn 71)” By using mercurated thlophenes and norbornencs. 

bicyclic prostaglandin derivatives are available (qn 72) ” None of thex reactIons has been carried 

out catalytically. although in principle this should be possible. 
Thus rcactlon has found extensive application in nuckoslde chemistry bazausc direct mercu- 

ration of pyrimldincs is qultc asy.*’ and transmetallation-mxnion processes proceed well. This 

chemistry is summarilrd In qn (73). 

Y ’ co MI. m, p-cm. p-OPh 
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Blcyclic matcnal can be made this way (eqn 74).N and mercurated purines undergo analogous 

reactions.* At least some of these reactions have been run In a catalytic fashion, and again, in 

prinaple. they all should be. 
Organotm complexes also readily transmctallate to palladium(l1) compounds. makmg these 

mam group organomctallics versatile sources of organic groups for use in organopalladium(I1) 

chcmlstry To date httlc use of organotin compounds in olefin insertion chemistry has been made. 

A very mce intramolecular reactlon of thrs type is seen in eqns (75) and (76). m which a vmyl sulfide 

h” (74) 
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is the mxrting olefin.” This system is catalyttc m palladtum only when mercury( II) salts are added 

to scavangc the thtol released upon eltmination. In the absence of added mercury. the sulfur 

compounds rapidly potson the palladmm catalyst. 

Aromatic compounds contatnmg nitrogen in a benzylic position react wrth ~lladlum(~l) 

compounds to undergo a ligand directed “ortho-palladation”, mtroducing the palladium ortho to 

the hgand in an ekctrophthc aromatic substnution reaction.” The chcmtcal nature of the nitrogen 

is of minor Importance. as long as II has a lone pair of electrons with which IO coordinate the metal 

(qn 77). This ortho-palladatton generates a u -arylpalladium(i t) complex, which should and does 

?6” 

- a : 1 ;N-2 
1771 

YNZ l c+W2. CU.NR. CI(ZN*CR2. NHN.CHR, CU-NOU. CWWR2 
2-91 

insert okfins. For example the palladium complex from a substituted dlmethylberuylamine inserts 

a variety of okfins in fan IO good yteld (qn 78).” Acetamides also “onho-palladatc”. somewhat 

of a surprise smce in this case oxygen IS the coordinatrng hgand and a SIX (not a five) membered 
ring is formed. Noncthekss, these complexes also readily tnsen okfins tn quote good yield (qn 79).” 

R2 

R’s n. Mt. Our. ‘-3, CO$t. COU4 (79) 

R2 * M. MO. Out. Ct. COP* 

0 

Y l Ar. CN. CM(oCll2, CO-. CO2W. 

Oh. H 

The major problem with this chemtstry, from a synthetic point of VICW. IS that nobody has 
managed to devise a catalytic system. and it is not at all ckar how IO do this. The di~culty is that 
the conditions required for insertion (addition of Et,N and heatmg) are incompatible with the 
condttions for ortho-palladation. Thus the two steps must be carried out mdividually and 
Kquentially. A solution to this problem would be a major advance In thts area. and IS an area of 
research that warrants substanoal effort. 
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