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Palladacycles are discussed as the key intermediates of some 
important preparative ring forming reactions; their reactivity 
depends strongly on the ring size. The existence of 5-mem- 
bered palladacycles, and even 4-membered palladacyles, is 

now firmly established, whereas the knowledge of 6-mem- 
bered and larger palladacycles is based mainly on mechanis- 
tic considerations. The role of 5-membered palladacycles as 
catalysts is described briefly. 

Introduction 

Methods for the construction of ring systems are of fun- 
damental importance for organic syntheses. Very often a 
ring closure reaction is the crucial step in a multistep syn- 
thesis. In the last twenty years transition metal-mediated 
and -catalyzed reactions have emerged as powerful tools for 
the construction of carbo- and heterocyclic compounds, 
and in this respect palladium complexes prove to be the 
most versatile catalysts. Considering the multitude of differ- 
ent types of palladium-catalyzed reactions known it is 
amazing that a remarkable selectivity is regularly achieved 
by the correct choice of ligands and reaction conditions[']. 

The subject of this review is the class of catalytic reac- 
tions that are assumed to involve palladacycles as reactive 
intermediates. The basic features of this type of reaction are 
best understood by comparison with the Heck reaction, the 
most renowned palladium-catalyzed process[*J. In a typical 
intramolecular Heck reaction palladacycles do not occur: 
the formation of the spirocyclic lactam 2 reported by Grigg 
and co-~orkers[~"1 is explained mechanistically by three 
fundamental reaction steps (Scheme 1, additional ligands 
have been omitted for clarity; the term "Pd"' symbolizes 

that a Pd" complex, which is generated in situ from a Pd" 
complex, is assumed to be the active catalyst). Oxidative 
addition of the Pdo catalyst to the carbon-halogen bond 
affords the Pd" intermediate 3. The ring closing car- 
bon-carbon bond formation is achieved by the carbopal- 
ladation of the appropriate CC double bond. The inter- 
mediate 4 is rapidly transformed to the final product 2 via a 
syn-0-hydrogen elimination. The hydrido-palladium halide 
undergoes a reductive elimination, mediated by a suitable 
base, regenerating the active Pd" catalyst. For the similar 
substrate 5 (Scheme 2)[3b] the first two reaction steps, oxi- 
dative addition and carbopalladation, proceed as for sub- 
strate 1, but the third reaction step, the fbhydrogen elimi- 
nation, is not possible, simply because the intermediate 7 
lacks a suitable p-hydrogen. These are favourable conditions 
for a cyclopalladation to occur and they open up an 
alternative reaction pathway. In this case the 7-membered 
palladacycle 8 is a reasonable intermediate. The final ring 
closure proceeds, via reductive elimination, to give the poly- 
cyclic ring system 6 .  

Palladacycles are assumed to be intermediates in Heck- 
type cyclization reactions when the crucial reaction step, the 
0-hydrogen elimination, is inhibited or, as it was pointed 
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out in a recent review[2a] "when Heck verrction,r don't know 
how to go on". In fact, this is more often the case than one 
might anticipate. Moreover palladacycles are key intermedi- 
ates in other types of palladium-catalyzed reactions, such 
as coupling reactions via CH activation and the intramol- 
ecular Stille reaction. Finally, palladacycles with enhanced 
stability turned out to be valuable catalysts with unique 
properties. 

This review provides a brief overview of palladacycles as 
reactive intermediates, beginning with 6-membered and 
larger palladacycles that are clearly distinguished from 5- 
membered and smaller palladacycles in terms of their reac- 
tivity. In the third and final section examples of pallada- 
cycles as catalysts are discussed. 

Palladacycles: 6-Membered and Larger 

The typical reaction that 6-membered and larger pallada- 
cycles with two carbon-palladium cr bondsL41 undergo is 
reductive elimination. This is a facile process, thus ex- 
plaining why it is difficult to detect these reactive intermedi- 
a t e ~ [ ~ ] .  For some palladium-catalyzed reactions their role as 

key intermediates is based on compelling mechanistic con- 
siderations (e.g. for the intramolecular Stille coupling reac- 
tion). For some other reactions the presence of 6-membered 
and larger palladacycles as intermediates has to be regarded 
as a working hypothesis, that is challenged by alternative 
mechanistic explanations. 

Ames and co-workers were the first to report on reactions 
supposed to proceed via intermediary 6- and 7-membered 
palladacycles[61. Their intramolecular aryl-aryl coupling re- 
action under dehydrohalogenation turned out to be a very 
useful synthetic process. Thus, the biaryl ether 9 is ef- 
ficiently cyclized using palladium catalysis to give dibenzo- 
furan (10, Scheme 3) [6b1[71. A cyclopalladation/reductive 
elimination sequence is the mechanistic pathway usually 
proposed for this type of aryl-aryl coupling reaction. Prc- 
sumably, the formation of a q2-bound arene-palladium 
complex, 11, preceeds the CH activation. The &membered 
palladacycle 12 rapidly undergoes a reductive elimination 
of Pd', closing the catalytic cycle and resulting in the for- 
mation of the final product 10, with the central 5-meni- 
bered ring. 

Scheme 3 
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However, several alternative mechanistic pathways havc 
to be co~isidered[~][~]. The general mechanistic Scheme 4 
presents the pathways A and B proceeding via palladacycles 
19 (in analogy to Scheme 3) and introduces the pathways C 
and D, both proceeding via an intramolecular carbopallad- 
ation of the aromatic system. In any case q'-bound arene 
palladium complexes 13 and 14 have to be considered as 
intermediatesliO]. According to the pathway A the cyclopal- 
ladation is achieved by an intramolecular attack of the Pd" 
center, in the sense of an electrophilic aromatic substitution. 
According to path B an oxidative addition, via the Pd'" 
complex 16, leads to palladacycles 19. For the pathways C 
and D, the rc-ally1 palladium complexes 20 and 21. rather 
than the palladacyles 19, are the key intermediates. In par- 
ticular the pathway D with the spirocyclic system 21. and 
the rearrangement step to the intermediate 23, appears to 
be a bit strange at first sight. Nevertheless, this type of pro- 
cess is very well precedented. Pfeffer et al. isolated the spiro- 
cyclic n-ally1 palladium complex 26 from the stoichiometric 
reaction of the palladium complex 24 with diphcnyl acety- 
lene (25a, Scheme 5)[8h1[8c1. The results reported by Rhein- 
gold and Heck suggest that an additional complexing 
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group, such as the pyridyl ligand of 24, is not required for 
the spirocyclization step to in addition spirocyclic 
x-ally1 palladium complexes have to be taken into account 
as reactive intermediates for the formation of the hexacycle 
28 from 4-iodoanisole (27) and 3-hexyne (25b). 
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Clearly, for several of the palladium-catalyzed processes 
that involve CC-bond formation at aromatic systems, the 
experimental data obtained so far is insufficient to dis- 
tinguish between the mechanistic pathways outlined in 
Scheme 4. Arguments and experimental hints for all four 
pathways can be found; therefore it is indeed likely that sev- 
cral pathways can occur, depending on the reaction con- 
ditions, the ligands at the palladium catalyst, and on the 
electronic properties of the substrates. 

Despite the mechanistic uncertainties the intramolecu- 
lar["] aryl-aryl coupling reaction first reported by Ames et 
al. L6] found numerous applications, ranging from polycyclic 
hydrocarbons to natural product synthesis. Some represen- 
tative examples are given in the following schemes. Appli- 
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cations of this type of aryl-aryl coupling r e a c t i ~ n [ ~ ~ J [ ~ ~ ]  are 
highlighted by the facile synthesis of precursors for atrop- 
c h i d  naphthyl isoquinoline alkaloids by Bringmann et al. 
(Scheme 6)[141. The biaryl axis of 30 is introduced via the 
palladium-catalyzed reaction step. A closely related ex- 
ample is the ring closure reaction of 31, representing the 
key step in the synthesis of gilvocarcin by Suzuki et al.[lS1. 

Scheme 6 
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Rice et al. developed an efficient entry to substituted and 
annelated fluoranthenes such as 34 (Scheme 7)[161. The aryl 
triflate 33 is a suitable substrate for the formation of the 6- 
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membered palladacycle 35 as a reactive intermediate. The 
cyclopalladationlreductive elimination sequence explains 
the facile introduction of such considerable ring strain; 
therefore the alternative pathway C (Scheme 4), via a direct 
carbopalladation of the naphthalene moiety, seems to be 
less likely in this case. 

Scheme 7 
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The annelated pentalene system 38 is a valuable building 
block for the construction, via various cycloaddition reac- 
tions at the strained central double bond, of propellanes 
(Scheme 8)[171. We found that it can be synthesized in a 
single preparative step by the coupling reaction of acenaph- 
thylene (37) with 1.8-diiodonaphthalene (36)[13b1[181. In this 
case a 6-membered palladacycle 40 is also assumed to be 
the key intermediate, although the coupling reaction takes 
place at an olefinic double bond. A Heck-type ring closure 
for the intermediate 39 is not feasible; the intramolecular 
carbopalladation of the olefinic double bond in a qm man- 
ner would result in a extremely stained truns-fused ring sys- 
tem. Instead, the cyclometallation under CH-activation to 
give the 6-membered palladacycle 40 represents a reason- 
able reaction pathway. 

The fullerene fragment 42 is another strained polycyclic 
hydrocarbon, presumably formed via a 7-membered pallad- 
acycle (Scheme 9)[13c1. Starting from the dichlorosubstituted 
bifluorenylidene 41, the ring closure is achieved with a low 
yield (6% absolute, 50% based o n  recovered starting mate- 
rial). Nevertheless, compared to the pyrolytic methods nor- 
mally used for the synthesis of this type of compound, the 
palladium-catalyzed method proves competitive. The 
double cyclization at the substituted fluorene 43, reported 
by Echavarren and co-worker~r~~l, leading to the spirocyclic 
product 44, is of both preparative and mechanistic import- 
ance. The facile cyclization at the electron-poor nitroarene 
strongly suggests that in this case the reaction does not pro- 
ceed via an electrophilic aromatic substitution (path A of 
Scheme 4). In contrast, a recent publication by Rawal and 
co-workers confirms the electrophilic character of the inter- 
mediary arylpalladium halide (Scheme 10)[20]. According to 
their results the reactivity of the aryl moiety is significantly 
enhanced by the attached hydroxyl group. The aryl-aryl 
bond formation takes place regioselectively at the particu- 
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larly electron rich 2-position of the phenolate, giving rise 
to the substituted dibenzopyran 46. The differing results of 
Echavarren and Rawdl are best reconciled by the assump- 
tion that this type of palladium-catalyzed aryl-aryl coupling 
reaction can proceed via more than one mechanistic path- 
way. 

Scheme 9 

CI 

' \  I '  % \ / 

cat. "Pd'" 
__t 

' \  I '  3 - --- 

41 42 (5.6 9.) 

43 44 (53 lo) 

The ring closure reaction of the vinylogous substrate 47 
is a mechanistically interesting case. Considering the stereo- 
chemical requirements of the carbopalladation step and the 
p-H-elimination step, both proceed stereospecifically in a 
syn manner, and the standard mechanism of the Heck reac- 
tion cannot account for the formation or the heterocyclic 
product 48[211. Instead, a 7-membered palladacycler22] could 
be formed from substrate 47 by an intramolecular electro- 
philic attack of a Pd" species at the electron rich double 
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Scheme 10 
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bond. Other mechanisms have been suggested to explain an 
apparant trans-P-H-elimination step: radical intermedi- 
atesL2'I, "stereomutation" of benzylic palladium com- 
plexes[26b], and trans-P-H-elimination via a conformation 
with a dihedral angle of ca. 60" between Pd and hydro- 
gen[231L241. However, despite a considerable amount of ex- 
perimental data, the mechanism of the coupling reaction 
of aryl halides with olefins under an apparant trans-P-H- 
elimination remains an unsolved problem of palladium 
chemistry. 

Closely related to the cyclization reaction of phenol 45 
are transformations of substrates with an internal nucleo- 
phile (Scheme 11); the enamine moiety of 49[251[261 rep- 
resents the electron rich center, that presumably takes part 
in a cyclopalladation step. In the case of the fl-diketone 51 
reported by Ciufolini et al.["]. the corresponding enolate 
gives rise to the formation of the spirocyclic product 52, 
presumably via a 6-membered palladacycle. 

The synthesis of the indanone 54 from the functionalized 
aryl iodide 53 under carbonylation requires, according to 
Negishi et al., the intrdmolecular trapping of the acyl pal- 
ladium intermediate 55 by the malonate moiety as the car- 
bon nucleophile[281[29]. 55 was isolated under stoichiometric 
conditions in the absence of a suitable base. The nature of 
the ring closure reaction remains unclear in this case; as an 
alternative to the cyclopalladation step the direct nucleo- 
philic attack of the malonate at the carbonyl group has to 
be considered. 

A fascinating bis-cyclization was reported by Balme and 
Bouyssi as part of their synthesis of capnellene (Scheme 
12)L301. All three functional groups of the cyclopentene 56 
are involved in this single step process. The electrophilic vi- 
nylpalladium halide of the intermediate 58 polarizes the 
neighbouring olefinic double bond by complexation, thus 
initiating the nucleophilic attack of the malonate. The tri- 
cyclic system 59, with the annelated 6-membered palladacy- 
cle, is the result, being suitable for reductivc elimination. 
These mechanistic considerations are in accord with the ob- 
served stereochemistry of the final product 57. 

Intramolecular palladium-catalyzed processes that in- 
volve a sequence of oxidative addition at aryl or vinyl hal- 
ides, followed by a transmetallation step, generally proceed 
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via palladacycles. These type of processes have found wide- 
spread application in the synthesis of naturally occuring 
macrocycles. An intramolecular Stille coupling reaction was 
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the key step in the synthesis of zearalenone, a macrocyclic 
lactone (Scheme 13)[111''21r371. The starting material 60 un- 
dergoes a sequence of oxidative addition of the polymer 
bound Pdo catalyst to the aryl iodide bond, and transmet- 
allation with the vinylstannane, to give the 15-membered 
palladacycle 62. The terminating reductive elimination un- 
der CC-bond formation closes the catalytic cycle. A similar 
strategy was also carried out successfully by N i c o l a o ~ [ ~ ~ ]  
for the synthesis of rapamycin. In this case a twofold Stille 
coupling reaction was the final step of the total synthesis, 
involving an impressive 30-membered palladacycle. 

Scheme 13 
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According to Schinzer and Kabbara the cyclic enediyne 
system 64 is accessible through an intramolecular Sonoga- 
shira coupling reaction (Scheme 14)[351. This, and other ex- 
a m p l e ~ [ ~ * ~ ] [ ~ ~ ] ,  underline the fact that palladacycles as inter- 
mediates offer opportunities for the construction, under 
mild reaction conditions, of highly unsaturated medium 
sized ring systems. 

The selection of examples for CC-bond formation pre- 
sented in this section demonstrates the diversity of products 
that are accessible via palladacycles as reactive intermedi- 
ates. In comparison, the analogous carbon- hetero atom 
bond formation is clearly ~nderutilized[~']. 

Palladacycles: 5-Membered and Smaller 
No matter how 6-membered and larger palladacycles are 

formed, they generally undergo a facile reductive elimi- 
nation. 5-Membered palladacycles behave ditfercntly; the 
formation of 4-membered rings via reductive elimination is 
unfavourable and restricted to special cases. Instead, 5- 
membered palladacycles can react with a second equivalent 
starting material, or with added reagents resulting in dom- 
ino processes[3X]. We have studied a variety of model com- 
pounds that fulfil the structural requirements for a cyclome- 
tallation to 5-membered palladacycles via an oxidative ad- 
ditiodCH-activation sequence. A typical example is the 

Scheme 14 
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coupling reaction of the vinylic bromide 66 to give the an- 
nelated fulvene 67 with an excellent yield (Scheme 15)r39]. 
The reductive elimination of Pdo from the palladacycle 68 
is inhibited in this case; the result would be a highly 
strained and antiaromatic benzocyclobutadiene. Instead, 
another equivalent starting material 66 is added, presum- 
ably to give the Pd" intermediate 69. The final ring closure 
proceeds in the sense of an intramolecular Heck reaction. 
Tricyclic derivatives of 66, with a bridge between the phenyl 
substituents, undergo the same palladium-catalyzed domino 
coupling process. Thus, polycyclic hydrocarbons, such as 70 
and 71, are accessible from simple starting materials in a 
single eficient preparative step. 

Surprisingly, the cyclopalladation turned out to be a fac- 
ile process, even at sp3-centered CH-groups that are re- 
garded as unactivated. A fascinating domino coupling pro- 
cess condenses three equivalents of ortho-iodoanisole (72), 
selectively forming the substituted dibenzopyran 73 
(Scheme 1 6)L4O]. The mechanistic interpretation of this pro- 
cess involves several palladacycles: the 5-membered oxapal- 
ladacycle 74 is formed by an initial oxidative addition/cyclo- 
metallation sequence[41]. The direct addition of a second 
equivalent of the starting material 72 to give the PdIV com- 
plex 76, and the subsequent reductive elimination, is a 
straightforward explanation for the formation of the biaryl 
linkage of intermediate 77. A second cyclometallation to 
give 78 followed by the addition of the third equivalent of 
the starting material 72 would lead to the symmetrical inter- 
mediate 75. Presumably, the final ring closure proceeds via 
one of the mechanistic pathways outlined in Scheme 4. 

Evidence for the formation of PdTV intermediates by oxi- 
dative addition of alkyl halides to Pd" complexes and sub- 
sequent reductive elimination, has been documented in de- 

Therefore catalytic cycles. that include oxidation 
states ranging from Pdo to PdIV, seem to be reasonable. 
Nevertheless, aryl halides are less reactive than alkyl halide5 
where the oxidative addition to Pd" c o m p l e x e ~ [ ~ ~ J [ ~ I  is con- 
cerned. and for that reason ligand exchange reac- 
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Scheme 15 Scheme 16 
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tions r40bJ [451 between palladacycle 74 and intermediary aryl- 
palladium iodide complexes have to be considered as a 
slightly modified mechanistic pathway. Since the reaction 
conditions applied in this case (a catalytic amount of pal- 
ladium acetate, potassium carbonate and tetraalkylam- 
monium salts in diniethylformamide) [46a1 are suitable for 
the formation of stabilized colloidal p a l l a d i ~ m [ ~ ~ ~ ] [ ~ ~ ~ ] ,  this 
type of reaction might actually take place at the surface of 
palladium clusters, a hypothesis that is currently under 
investigation. 

In the case of l-iodo-2,3-dimethoxybenzene (79) the ad- 
ditional methoxy group is blocking the crucial position for 
the second cyclopalladation, thus abbreviating the domino 
process (Scheme 1 7)L4'1. The additional benzene ring of sub- 
strate 81 enables the favourable terminating ring closure, 
presumably via a 6-membered palladacyle, to give the naph- 
thofuran 82. 

This type of domino coupling process, involving an intra- 
molecular CH-activation at sp3-hybridized centers, is not 
restricted to methoxy groups (Scheme 18). The reaction of 
the substrate 83[471 with the ovtho-benzyloxy group takes 
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the same regiochemical course as is observed with ortha- 
iodoanisol (72. Scheme 16). Obviously, the formation of a 
5-membered palladacycle under CH-activation at a benzylic 
position is prefered in comparison to the competing aryl- 
aryl coupling reaction (in analogy to the cyclization of 45 
in Scheme 10). Surprisingly, the heteroatom does not have 
a marked influence on the C-H activation. Even a tert-butyl 
group can participate in this type of process. With l-teut- 
butyl-2-iodobenzene (85) as the starting material the 9,10- 
dihydrophenanthrene derivative 87, which corresponds to 
73 and 84, is a minor byproduct. Instead, the benzocyclobu- 
tene 86 is isolated as the main product (Scheme 18)[4x1, The 
formation of the 4-membercd carbocycle by reductive elimi- 
nation at the intermediary 5-membered palladacycle 89 
might, in this case, be favoured by the steric interaction of 
the aryl substituent with the dimethylmethylene group, and 
by the slightly increased temperature, which is required for 
the C-H activation at the tert-butyl group ( l l 0 T  instead 
of 100°C at methoxy groups). 

Scheme 18 
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The preparative value of this type of CH-activation is 
further enhanced by cross-coupling reactions with vinylic 
bromides, like 90, as added reagents. The tert-butyl substi- 
tuted substrate 85 leads to the isomeric indene derivatives 

93 and 94[481, whereas starting from the methoxy substi- 
tuted substrate 79, the corresponding benzofurans 91 and 
92 are obtained (Scheme 19)[491. 

Scheme 19 
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The substrates discussed so far are well suited for a direct 
cyclopalladation. In the following examples a suitable struc- 
tural unit has to be asseinbled first; a carbopalladation of 
an alkene or an alkyne precedes the cyclopalladation step. 
The extensively investigated palladium-catalyzed annelation 
reaction of norbornene (95) with iodobenzene (96) illus- 
trates this type of reaction (Scheme 20)L5O]. The intermedi- 
ary Pd" complexes 97 and 98 can be isolated in the presence 
of stabilizing ligands [421r441. The 5-membered palladacyclc 
98 finally leads to four different types of products, de- 
pending on the reaction conditions: the 1:2 product 99[s0d1, 
the 1:3-product JOO[50b]'50cl and the benzocyclobutene de- 
rivatives 101 and 102~s00d~ as 1:l and 2:2 products formed by 
reductive elimination from 5-membered palladacycles. 

The 5-membered palladacycle 98 is also the key inter- 
mediate in a fascinating multicomponent reaction recently 
reported by Catellani et al. (Scheme 21)L4]. Surprisingly 
norbornene (95) is not incorporated into the final product 
105, revealing that retro-carbopalladation is possible under 
moderate conditions. 

In analogy to norbornene (95) the pentalene system 38 is 
suitable for palladium-catalyzed annelation reactions with 
iodobenzene (96) and its derivatives (Scheme 22)L5'1; pro- 
pellanes with a hexaarylethane moiety are the result. Iodo- 
benzene (96) leads to the [4.3.3]propellane 106, presumably 
via an intermediary palladapropellane. The reaction with 
iodoprehnitene (107) took a surprising course; as the only 
isolated product we obtained the [3.3.2]propellane 108. Be- 
cause of steric hindrance the addition of a second equiva- 
lent of aryl iodide 107 to the intermediary palladapropel- 
lane is inhibited, and therefore the reductive elimination to 
the 4-membered ring is able to compete. 

According to our own results tolan derivatives 109 un- 
dergo similar annelation reactions, via 5-membered and 
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Scheme 20 Scheme 22 
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eventually 7-membered palladacycles, to give rise to the for- 
mation of a phenanthrene moiety (Scheme 23)[s2]. The 
scrambling of the substituents, as revealed by the isolated 
products 110 and 111, is explained through a cis-trans iso- 
merization of vinylpalladium intermediates, a process fa- 
voured when electron-donating groups are present. 

Palladacycles smaller than 5-membered are still a rarity. 
4-membered palladacycles such as 115 are the key inter- 
mediates of the unusual stoichiometric reaction of n-allyl- 
palladium complexes with the sterically demanding ester 
enolates, resulting in a cyclopropanation (Scheme 24)Ls3]. 
With the proper choice of the reaction conditions and the 
ligands, the usually favoured allylic a lky la t i~n [~~]  is sup- 

38 

96 

/- cat. "Pdo" 

106 (72%) 

108 (22%) 

Scheme 23 

Ra--+=J-R + 

109 96 

cat. "Pdo" 

R 

J 
R R 

/ \  rci \ /  
R 

110 a: R = C02CH3 (52 %, 93: 7) 111 

b: R = OCH3 (89 7'0: 60:40) 

pressed. Recently, Hoffmann and co-workers[51e] succeeded 
in isolating a palladacyclobutane, thus determining its ge- 
ometry and observing the facile reductive elimination in the 
presence of carbon monoxide. 

Palladacycles as Catalysts 

Thermodynamic, as well as kinetic stability is necessary 
for palladacycles to be applicable as catalysts. 5-Membered 
palladacycles that fulfil these requirements are the TCPC- 
catalysts 116rs51 trakis(alkoxycarbony1)palladacyclopentadi- 
ene], and the chiral THC-catalysts 117[56] (palladatricy- 
cloheptane, Scheme 25). Reductive elimination is unfavour- 
able in both cases. 
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Scheme 24 

112 

c 

Scheme 25 

116a (R = CH3) 
116b (R = CHzCF3) 

cat. T C P C ~  
116b 

___) 

+ 116b I 
n 

120 

114 (70 IC) 

I -Pdo 

117 

119 (86 %) 

- 116b t 

121 

The reactivity of the TCPC catalysts 116 is strongly influ- 
enced by the electronic effects of the substituents. The 
TCPC complex 116a, with R = CH3, is known to catalyze 
the intramolecular Alder-ene reaction of enyne~[~~"] .  In con- 
trast, with the TCPC catalyst 116b (TCPCTFE), with R = 
CH2CF3, an intramolecular enyne metathesis is achiee- 
ed[55bJ[55c1[55dJ. The transformation of the cyclooctene 118 
to give the bicyclic diene 119 is a representative ex- 
ample["""~. Spirocyclic palladium complexes, such as 120, 

1516 

are assumed to be key intermediates that undergo a re- 
ductive elimination to cyclobutene-palladium complexes 
121. Under certain conditions the free annclated cyclobut- 
enes can be isolated in good y i e l d ~ [ ~ ~ J .  

Other reactions catalyzed by TCPC complexes 116 are 
cyclotrimerizations[ss], cycloaddition reactions with inter- 
mediary palladadien~s[~~J,  and the dimerization of allenyl 
ketones leading to functionalized furans[601. 

Conclusion 

The studies presented here shed some light on the reactiv- 
ity of palladacycles. The ring size of the palladacycles is of 
special importance: Whereas 6-membered and larger palla- 
dacycles rapidly undergo reductive elimination, the corre- 
sponding cyclobutane formation from 5-membered pallada- 
cycles is limited to special cases. Instead, 5-membered palla- 
dacycles as reactive intermediates offer opportunities to de- 
velop domino processes that lead from simple starting 
materials to complex ring systems. Their increased stability, 
when compared with that of the larger palladacycles, allows 
an extensive characterizdtion or some derivatives, and in a 
few cases even application as catalysts. 
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