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Metallacycloalkanes As Catalytic Intermediates 

INTRODUCTION 

Early developments in organotransition metal chemistry included the 
synthesis and reactions of hydrido and alkyl derivatives. The insertion 
of unsaturated reagents into M-C or M-H bonds was shown to be facile 
in many cases [Eqs. (1) and (2)1, and the reaction mechanisms were 
determined : 

[MnMe(C0)5 ]  + CO + [Mn(COMe)(CO),] (1  1 

- t r a n s - [ P t H C l  ( P E t 3 ) 2 ]  + C2H4 =-[Pt(C2H5)C1 ( P E t 3 l 2 ]  ( 2 )  

These insertion reactions were shown to be significant in several 
catalytic reactions and it was natural to interpret other, less clearly 
understood catalytic reactions in terms of similar mechanisms. Some 
proposed mechanisms for hydrogenation, dimerization and polymeri- 
zation of alkenes are shown in simplified form in Eqs. (3)-(5)? 

HZ 
[ R h C l  L2S] [ R h C l  H2L2S] 

-RCH2CH3 RCH=CHz .-S ( 3 )  1 
[RhC;H(CH2CH2R)LzS] A [RhC1H2L2(RCH=CH2)]  

Comments Inorg. Chern. 
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(4)  
-EtCH=CH2 

C2H4 -s 

[BuRh' I'C1 
I 

[RhTC12(EtCH=CH2)S]- 4-HtC1-a-S 

H 

c1 

Ti  

/ 
'c1 ' 1' c1 

I 
c1- c1- 

.1 
c1 ( c / 2 5 C q ;  

'Ti ' 
c1 ' I ' c1 

c1 c1 

The hydrogenation reaction of Eq. (3) involves insertion of alkene 
into a metal-hydrogen bond. This is well established to be a facile 
process in many model systems as well as in the catalytic systems 
themselves .4,7 However, the dimerization and polymerization of alkenes 
[Eqs. (4) and (5 ) ]  require rapid insertion of alkenes into metal-alkyl 
bonds. These reactions are well established for alkenes and alkynes 
bearing electronegative substituents or for other particularly activated 
alkenes,' but they do not usually occur with the simple alkenes that are 
of interest in the catalytic reactions. In the chemistry of the d-block 
elements the best evidence for insertion of simple alkenes into M-C 
bonds is still indirect and is based on the labeling studies of Eiq. (6).9 
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However, direct evidence for insertion into metal-carbon bonds is known 
for the.f-block elements [Eq. (7), M = Yb, LU] '~ :  

(C5Me5)2M(Me)(OEt2)  + CH2=CHMe + (C5Me5)2M(CH2CHMe2) (7 )  

One of the problems in finding good examples for this type of reaction 
is that the insertion of ethylene, for example, into a methylmetdl bond 
gives a propylmetal group, which will certainly be more reactive than 
the starting compound since it can undergo p elimination to propene 
and since the M-Pr bond will almost certainly be weaker than the 
M-Me bond and hence perhaps more receptive to further insertion 
reactions. Nevertheless, it is certainly true that insertion of alkenes into 
M X  bonds is much more difficult in model systems than insertion into 
M-H bonds, and the chain growth in polymerization or oligomerization 
of alkenes by the insertion mechanism has therefore been questioned." 

Meanwhile, it has been shown that metallacycloalkanes are often 
easily formed from alkenes and that C< bond formation and cleavage 
can occur particularly easily in many such compounds. Metallacyclo- 
butanes have been known for several years to be intermediates in alkene 
metathesis reactions,'* and there has been a great deal of speculative 
discussion about the possible role of metallacyclobutanes and metal- 
lacyclopentanes in many other catalytic reactions. This article will bring 
together much of the data on model reactions of metallacycloalkanes 
related to catalysis, and the ensuing debate on catalytic mechanisms 
will also be summarized. 

TYPES OF METALLACYCLOALKANES 

The general types of metallacycloalkanes are shown in Table I. The 
metallacyclopropane and metallacyclopropene derivatives (I) and (IV) 
are just alkene and alkyne complexes in disguise and, although argu- 
ments can be presented that there is a resemblance between the chemistry 
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TABLE I 
Types of metallacycloalkanes 

of (I) and metallacyclobutanes (11) and that in some cases the bonding 
is better described by the canonical forms (I) and (IV), these complexes 
have been thoroughly studied and reviewed elsewhere and will not be 
treated here. 

Extensions to the simplest metallacyclobutanes and metallacyclopen- 
tanes (11) and (111) can be obtained by placing functional groups such 
as alkyl, halogen or ester groups as substituents on the ring, or of course 
by changing the metal M, its oxidation state or the other ligands on it. 
More fundamental changes can be made by introducing unsaturation in 
the ring as illustrated by the metallacyclobutene, metallacyclopentene 
and metallacyclopentadiene structures (V)-(VII). In principle, unsat- 
uration could include M-C multiple bonding though known examples 
are few: of course, the possible number of derivatives increases with 
increasing ring size. 

Finally, it is possible to introduce more than one metal atom in the 
ring. Examples include the dimetallacyclopropane (VIII), dimetalla- 
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cyclobutanes (IX and X), and dimetallacyclopentane (XI). Given the 
possibilities of M-M, M-C and C-C multiple bonding it will be clear 
that a great number of additional ring types can be built from these, 
and several examples of such compounds are already known. In ring 
systems with two or more metal atoms, it is more difficult to separate 
out alkene and alkyne complexes from other derivatives; for example, 
(IX) may be considered as an ethylene complex but this is not a par- 
ticularly useful description. 

METALLACYCLOBUTANE INTERMEDIATES 

Best established are the metallacyclobutane intermediates in alkene me- 
tathesis, where the interconversion into alkene+arbene complex inter- 
mediates is involved in the propagation steps: 

11 
CHR* 1 

1 / CHR 

M*CHR1 
1 -CHR=CHR M=CHR ~ 

Evidence for this mechanism has been summarized elsewhere," and 
only some evidence arising from model reactions involving metalla- 
cyclobutanes will be given here. The best model is that based on titan- 
ocene derivatives, where the interconversion of carbeneiike species with 
metallacyclobutanes has been demonstrated directly13: 

?pr 

C p p T i  

2- Ph 
C p 2 T i  

Ph 

+ t ~ u ~ ~ = ~ ~ 2  

(9 )  

t ' B U C H = C H ~  
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Another important early demonstration of the involvement of carbene 
intermediates comes from exchange reactions and cyclopropanation re- 
actions of isolated metal carbene complexesi4: 

Jt (10) 

(CO),W=CR, + Ph2C=CH2 

More recent work indicates that metallacyciobutanes may not be in- 
volved in these reactions however. Instead a dipolar intermediate is 
preferred and so the relationship to alkene metathesis is now doubtful.'4 
Reactions of tantalum carbene complexes with alkenes give new al- 
kenes, which are probably formed via shortlived tantallacyclobutane 
 intermediate^'^: 

CpCl 2Ta=CHtBu + PhCH=CD2 4 CpCl 2Ta$D 
D 

LBU 

1 (11 1 
PhCH=CDCHDtBu 

Here the alkene is formed from the proposed metallacyclobutane by p 
elimination, but examples are known where metathesis-related reactions 
occur: 

(tBuO)2C1 (Me3P)Ta=CHtBu + PhCH=CH2 

+ tBuCH=CH2(69%) + trans-PhCH=CHtBu(6%) (12) 

These reactions are therefore closely related to those proposed for alkene 
metathesis, and the compounds are indeed shortlived metathesis cat- 
lysts. l 5  An oxo(alky1idene)tungsten complex [W(0)CH-t-Bu)C1,(PEt3)] 
similarly acts as an efficient metathesis catalyst, although the presumed 
tungstacyclobutane intermediate was not detected directly. l6 

Complementing the above examples, in which the carbene complexes 
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are the best characterized species, are models in which the metallacy- 
clobutanes are characterized but proposed carbene-alkene intermediates 
are not. Thus either thermolysis or photolysis of isolated metallacy- 
clobutanes can lead to C-C bond cleavage as illustrated in Eqs. ( 1  3)- 
( 15) l7-I9: 

c p 2 W 3  hu, C2H4(60%) + CH3CH=CH2(30%) + CH4(6%) (13) 

[ ( P t ~ ~ P ) ~ \ i x ]  4 C2H4 + Me2C=CH2 + Me2CHCH=CH2 + Me2CCH2CH2 n 
(15) 

In addition, skeletal isomerization of platinacyclobutanes can occur 
easily, as predicted by the methathesis 

These reactions occur in a stereospecific manner [Eq. (17)J and it is 
not certain that carbene-alkene intermediates are involved.”.” The evi- 
dence concerning this mechanism has been discussed extensively22: 

An interesting problem, as yet unanswered, is whether the more stable 
species in alkene metathesis systems is the carbene-alkene complex or 
the metallacyclobutane. The model systems described above suggest 
that either could be the case, depending on the particular metal complex 
involved. Recent theoretical studies suggest that in some cases, a non- 
classical species intermediate between a metallacyclobutane and car- 
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bene-alkene complex might be preferred in some cases2,: 

- M' .-'< M 3  (18) 
A\ 

5'. - - M 

y- 

Nonclassical structures were predicted but not observed in the titana- 
c yclobutanes 

and many platinacyclobutanes also have almost regular structures with 
nearly planar PtC, However, there is evidence for nonclassical 
structures in titanacyclobutene complexes such as 

SiMe3 

[Cp,Ti>SiMe.$ 

in which bond lengths are interpreted in terms of the resonance forms 
shown in Eq. (19)*,: 

Calculations also give some support to the proposal that ancillary 
ligands can have a dominant influence on the reactions of metallacy- 
clobutanes. ",'' Thus the 0x0 ligand appears to stabilize metallacyclo- 
butanes with respect to carbene complexes in the model systems, based 
on calculations on the compounds 

[C12(0)W=CH2] and [ C l , ( O ) W 3 ]  

by its ability to IT bond with the metal and thus act as an electron donor 
when required. In the related case with [C1,W=CH2], calculations in- 
dicate that the carbene complex is more stable than the metallacyclo- 
butane.26 The practical importance of these findings to alkene metathesis 
reactivity and selectivity are not yet defined. 

The stereochemistry and selectivity in alkene metathesis has often 
been interpreted in terms of the thermodynamic stability of intermediate 
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metallacyclobutanes which were assumed to be puckered. However, 
recent structures show that puckering may be very small even when 
bulky substituents are for example in 

[Cp2Ti>tBu] or [C12py2Pt>CMe20H] 

and hence these interpretations must be considered doubtful. The barrier 
to puckering of the metallacyclobutane ring appears to be very low. 

The role of metallacyclobutanes in dimerization and polymerization 
of alkenes is much more speculative. The mechanism first proposed is 
shown in Eq. (20), where P = polymer and other ligands on Ti are 
omitted' ' : 

P 

pk&Me 'CHMe 
I 

,CH2 
T i  - C  H - Ti  

/ \  H Me H 

(20) 

The first step is based on the very easy (Y elimination from a methyl- 
tungsten group in [Cp,WMe] + to give [Cp2W(CH2)H]+, while the re- 
maining parts are clearly related to the mechanism of alkene meta- 
thesis.27 The insertion of an alkene into a metal-carbon (T bond is avoided 
in this mechanism. 

A similar proposal is shown in Eq. (21); P = polymer chain2': 

P 
A 

M> _3 M=CHCH2CH2P 

1 'ZH4 =i= 
C- M=CHCH2CH2P 

(21 1 

In this case, the model was the observed decomposition of platinacy- 
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clobutanes by (Y elimination to give carbene complex intermediates, 
then trapped by reaction with pyridine derivatives [Eq. ( 2 2 ) ] ;  L = 

2-methylpyridineZx: 

c1 c1 

1 -L 

c1 c1 
I I 

I I 
L - P t  -CH(L)CH2CHMe2 & L-Pt=CHCH2CHMe2 

c1 c1 

In polymerization it would be necessary for the carbene intermediate 
to be trapped by the alkene to regenerate the higher metallacyclobutane. 
It is clear that dimerization or oligomerization of alkenes could occur 
by this type of mechanism but in no case is there direct evidence for 
metallacyclobutane intermediates. 

Another apparently related reaction is the homologation of alkenes 
and alkanes on metal surfaces as illustrated by Eqs. (23) and (24): 

(23) 
C2H4 1700c+ Fe CH3CH=CH2(70%) + CH4(6%) f butenes(20%) 

W/H2 
CH4 f C2H6(48%) f C3H8(20%) 

+ n-C4H10(24%) + n-C6H,4(5%) (24) 

Here the reactions are suggested to occur by dissociative chemisorption 
of the alkene followed by formation of a metallacy~lobutane~~: 

n-C5H1 2 150oC ’ 

C2H4(ads) -% 2 Fe=CH2 - C2H4 F e 3  

l 2  ( 2 5 )  I 
CH3CH=CH2 CH4 

In order for homologation to occur the metallacyclobutane must de- 
compose by a hydrogen shift to give propene rather than by C-C bond 
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cleavage, but this is a common mode of decomposition of isolated 
metallacyclobutanes.22~2X Higher alkenes are formed by reaction of the 
propene formed initially with a second Fe=CH2 group, and alkanes are 
formed by hydrogenolysis of similar intermediates if hydrogen is pres- 
ent. It is suggested that similar reactions occur during the Fischer- 
Tropsch synthesis. 

The isomerization of hydrocarbons on platinum catalysts by the bond- 
shift process has been suggested to occur via metallacyclobutanes ac- 
cording to Eq. (26) ,  * = I3C labeled carbon atom2'.22.3"'3'" 

11 
6/ 
Equation (26) shows how I3C labeling studies on the isomerization of 
isopentane can be explained using this mechanism, but the details of 
the mechanism on a molecular basis are shown more simply in Figure 
1. This shows the proposed mechanism of the neopentane to isopentane 
isomerization on a platinum catalyst. 

H2 

F H 2 \  CH3-C 
H3C CH(CH,),-H HzC\ ,C(CH,), 

Pt uPtwPt I Pt' 

FIGURE 1 Isornerization of isopentane. 
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There are now good organometallic precedents for all of the necessary 
steps in this catalytic cycle. The first steps involve a,y dimetallation 
of the alkane, which presumably occurs in a stepwise manner. Good 
precedents are found in both platinum and iridium chemistry, as illus- 
trated in Eqs. (27)-(29)32-34: 

[(Me3P)41r]+ + LiCH2CMe3 - [(Me3P)31rCH2CMe3]f 
H 

PMe3 

The next step in the catalysis involves skeletal isomerization of the 
platinacyclobutane, a process known to occur readily in model systems, 
as illustrated in Eqs. (16), (17) and (22) .  This is the key step at which 
the bond shift occurs. Finally the alkane is released by hydrogenolysis 
of the platinacyclobutane, and again the precedent is a good 

Since it is already established that metallacyclobutanes can decom- 
pose by C-C bond cleavage [Eqs. (13)-(15)], the same platinacyclo- 
butane intermediates of Eq. (26) may be invoked to explain the cracking 
of alkanes according to Eq. (30), taking only one of the proposed 
platinacyclobutanes as an example: 
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4 H  l4 
CHq + n-C4H,0 ‘ZH6 + C3H8 ‘ZH6 ’ C3H8 

These isomerization and cracking reactions have not been accomplished 
using homogeneous catalysts although all of the individual steps are 
known, as described above. This is explicable, since no single metal 
site could have enough vacant sites to allow all of the steps to occur. 
On a metal surface, the hydrogen atoms involved in the metallation 
steps can migrate away from the platinum atom at which the Pt-H bond 
is initially formed and thus leave a coordination site needed for the next 
step. 

The rearrangement of strained cycloalkanes catalyzed by transition 
metal complexes is thought to involve metallacyclobutanes in many 
cases, although the evidence is usually indirect.36 Perhaps the best ex- 
ample is the rearrangement of quadricyclene to norbornadiene, when a 
proposed intermediate rhodiacyclobutane was trapped by CO insertion3’: 

8 Ca’! ‘Co 
I OC- Rh-C F? 

I \\ 
c1 0 
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In bicycloalkanes, the intermediate metallacyclobutanes appear to 
break down by C-C bond cleavage as in the alkene metathesis mech- 
anism, and the carbene intermediates can sometimes be trapped by added 
alkene {M = [RhCl(n~rbornadiene)],)"~: 

In other cases the alkene may react directly with the metallacyelobutane 
to give the [u2 + 7r2] cycloaddition product of the alkene with cyclo- 
propane [Pd = Pd(o) complex].3y 

Pd 
__* 

R 

There are many other examples of similar reactions, and the area has 
been investigated systematically by organic c h e r n i d '  

The best model for insertion of a metal into strained C-C bonds of 
a cyclopropane is in the synthesis of stable platinacyclobutanes by this 
method (S = s ~ l v e n t ) ~ ~ . ~ " :  
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Ph 

METALLACYCLOPENTANE INTERMEDIATES 

The mechanism proposed for dimerization of ethylene to 1 -butene using 
rhodium complex catalysts was shown in Eq. (4) and involves insertion 
of ethylene into a metakarbon bond. Because such reactions are rare 
and because such a mechanism might be expected to be less selective 
(further insertion of ethylene into Bu-Rh bonds would be expected to 
some extent), it has been suggested that metallacyclopentane interme- 
diates might be involved instead. A typical mechanism is shown in Eq. 
(36)4': 

In this case, the catalyst is a hydridometal complex and the butylmetal 
derivative is formed in a reductive elimination step. It is also possible 
that protonation of a metallacyclopentane intermediate could give the 
butylmetal species.42 In other cases 1-butene appears to be formed by 
intramolecular rearrangement of the metallacyclopentane intermediate, 
without a butylmetal intermediate42: 
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L i 

li lL 
Bu - Ta 

L ‘ ‘I1 

(37) 

What are the organometallic precedents for these proposed mecha- 
nisms? The coupling of two alkenes to give a metallacyclopentane was 
discovered over 20 years There is now a very large number of 
examples of such reactions, involving metals from zirconium to plati- 
num and simple alkenes, alkenes with electronegative substituents, dienes, 
acetylenes and many other unsaturated derivatives. A few examples are 
shown in Eqs. (38)-(42), but it is not possible to discuss in this review 
even a minority of the elegant examples 

2 (bipy)Ni(COD) + -COD, bipy Ni 

C02Me 

Labeling studies have shown that the reaction is easily reversible? 

84 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
3
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1



11 

D 

(43) 

The next stage in the proposed catalytic dimerization of ethylene may 
involve decomposition of the metallacyclopentane to give 1 -butene. 
Again there are several good models for this reaction as shown in Eqs. 
(45)-(49): 

( M e 2 P h P ) 2 1 2 P t 3  + (Me2PhP)212Pt + v\\ (44) 

Cp2Ti=) - Cp2Ti + v\\ 

In addition, several of the systems which catalytically dimerize ethylene 
(and other alkenes) also yield isolable metallacyclopentanes. The 
evidence is thus very powerful for these systems, but it is obviously 
possible that some dimerization reactions do occur by the original in- 
sertion mechanism of Cramer.’ 

Metallacyclopentanes can give not only 1-butene on decomposition, 
but may also give ethylene or cyclobutane. One catalytic system for 
dimerization of ethylene to cyclobutane has been developed from this 
observation.44 In developing catalysts it is clearly advantageous to be 
able to predict the mode of decomposition of a metallacyclopentane but 
this is not always possible. 1s44.4824y In one case, for example, a metal- 
lacyclopentane decomposed by ring contraction to a metallacyclobutane 
and then by P-elimination-reductive elimination [M = (C5Mes)C12Ta] ”: 
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In an interesting extension of this metallacyclopentane mechanism for 
alkene dimerization, it has been suggested that alkene polymerization 
may proceed in an analogous fashion? 

In this case the metallacyclopentane forms as before, but now decom- 
poses by reductive elimination of the growing alkyl chain [Me in Eq. 
(48)] with one of the M X  bonds of the ring to form the higher alkyl- 
titanium(l1) complex. Again there are good organometallic models, 
though not in titanium ~hern i s t ry .~~ ,~ ’  For example, the reaction of Eq. 
(49) occurs with 97% selectivity and none of the alternative reductive 
elimination of cyclobutane was observed.48 
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r pr2ph- I Br-prH + w  
L PMe2Ph- 

There have been a great number of studies of metallacyclopentanes 
with unsaturated substituents, of metallacyclopentenes and metallacy- 
clopentddienes. Such compounds are involved in dimerization and tri- 
merization of 1,2- and 1,3-dienes, of cooligomerization of alkenes and 
alkynes, and of dimerization and trimerization of alkynes respectively ." 
This chemistry is well established and will not be reviewed in detail 
here. Some examples of the formation of such compounds are shown 
in Eqs. (50)-(52)52-54: 

(50) 

=R= 
( C O O ) P t ( y  f-- [ (COD)2Pt ]  

( C O D ) P t ( a  

C p ( C 0 ) 2 1 r  + CF3CzCCF3 C p ( C 0 ) I r  (52) 

cF3 

DIMETALLACYCLOALKANE INTERMEDIATES 

Dimetallacyclopropane intermediates are now considered to be impor- 
tant intermediates in the Fischer-Tropsch synthesis. Dissociative chem- 
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isorption of carbon monoxide followed by hydrogenation gives the 
M2(p-CH2) fragments on a metal surface. Dimerization or chain growth 
steps can then occur as shown in Eqs. (53) or (54), where the solid line 
represents the metal surface5’: 

CH2=CH2 
(53) 

Evidence for the reduction of carbide is found in the oxidation of 
[Fe,(C)(CO) 1212-in the presence of hydrogen to give [ HFe,(q2-CH)(CO) 
with a sideways bound methylidyne ligand.56 Evidence for the reduction 
of a p-methylene group to methyl is best seen in the triosmium com- 
plexes of Eq. (55)57: 

The reaction of Eq. (55) is rapid and reversible, and the unsymmetrical 
p-methyl group is now well established. Similar reactions have been 
found in other c~mplexes .~’ -~~ 

Another possible route to the p-methylene or dimetallacyclopropane 
complexes in the Fischer-Tropsch synthesis is by reduction of coordi- 
nated CO. This has been achieved in the reduction of [Os,(CO),,] to 
[Os3(CO),,(p-CH2)] in a stepwise manner.59 

The migration of methyl groups to methylene groups gives the next 
stage in the proposed mechanism. There are good models in both mono- 
nuclear compounds with terminal methylene groups and in binuclear 

~~ 

compounds with dimetallacyclopropane rings as shown in Eqs. (56) and 
(57)? 
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Me 
Br, I ,L BrCH20Me 

L ’ :rl CH20Me 
+ 

L 

Me 
Br, I Ir ,L 
L ’ I ‘ CH2 

L 

I 

Me Me 
heat, CH4(30%) + C2H4(20%) 

“‘2’ + CH3CH=CH2(30%) + CzH6(2%) 

( 5 7 )  

The formation of propene in Eq. (57) is considered to occur as in Eq. 
(58): 

e 
CH4 + CH3CH=CH2 

However, in cases where the methyl and methylene groups are mutually 
fruns it seems that coupling cannot occur easily6’: 

Another propagation mode could involve coupling of pmethylene 
groups with ethylene, and again there are good models to demonstrate 
the feasibility of this mechanism62: 
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CH 

cp(co)co - 
I 

h 
CH3CH=CH2 CP(CO)CO-CCOCP 

In both cases dimetallacyclopentane intermediates are thought to be 
involved, and the mechanisms are probably more complex than shown.” 
The ethylene needed for this reaction would probably be formed by 
coupling of methylene fragments in the Fischer-Tropsch synthesis. Such 
reactions are known to occur and intermediate dimetallacyclobutanes 
may be involved: 

The nature of the reactions involved on surfaces may be analogous 
to the coupling of diphenylacetylene with a p-methylene group in 
[Os,(CO),(C,Ph,)(CH,)] (CO groups omitted)63: 
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d 

os- l/q 
\ /  

H 

The insertion of alkynes into p-methylene groups gives a possible mech- 
anism for polymerization of alkynes (M = Fe, R u ) ~ :  

Me H R 
I 

I I 

'c' / \  R C 
Cp(CO)M-M(CO)Cp R C ~ C R ,  \ c ~  \ /Me 

C - H  

C p ( C 0 ) M  - 
0 

Me R 

R 

C p ( C 0 ) M  - 
C 
0 

The proposed polymerization mechanism is then given by Eq. (65): 

A 

Polymerization of alkynes can actually be carried out using a similar 
binuclear tungsten 

It should also be apparent that the reaction of alkenes with p-meth- 
ylene complexes could give a basis for alkene metathesis'? 

R2 

(66) -CR2=CH2 A ' M- 

CH R2C=CR2 R2 
/ 2-, 

M-M ' M- M 
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So far the precedents for this sequence are less promising. For example, 
an isolated dimetallacyclopentane gave propene and cyclopropane on 
thermoly~is~~: 

Dimetallacyclopropanes and dimetallacyclobutanes may be invoked 
to explain the cleavage of C-C bonds of alkanes over metal surfaces 
such as platinum3': 

H2 " CH CH4 - I / 2, 
P t - P t - P L P t  

As in Figure 1, activation of C-H bonds of the alkane gives the me- 
tallacycle and then the C-C bond cleavage occurs within the metalla- 
cycle. 

CONCLUSIONS 

As can be seen from the above discussion, it is very fashionable to 
propose metallacycloalkanes as intermediates in catalysis. In some cases, 
as in alkene metathesis or in some alkene dimerization reactions, the 
evidence is very strong. In other cases, the proposals are based largely 
on model systems which can only indicate that the mechanism is chem- 
ically reasonable. The mechanistic proposals are then best regarded as 
constructive speculation, and as such they have already sparked the 
rapid development of this area of organometallic chemistry. Whether 
the present view that metallacycles may be key intermediates in a very 
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wide range of catalytic reactions is a valid one will be the subject of 
intense research over the next few years. It should be an interesting 
period. 

R .  J.  PUDDEPHATT 
Department of Chemistry. 

University of Western Ontario. 
London, Ontario, 
Canada N6A 587 
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