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A, INTRODUCTION

p{a,w)-Alkanediyl complexes are binuclear metal complexes of general
formula L M—(CH,),-M'L’, (n > 2) in which the metal centres are bonded
to the two terminal ca.rbons of an alkyl chain. Two types of p(a,w)-al-
kanediyl compiexes are known, (I) without a metal-metal bond and (II) with
a metal-metal bond (Fig. 1). Compounds of type (I} are called dimetallo-
cycloatkanes and those of type (I} have been termed polymethylene bridged
compounds.

The (CH,),— bridge is the formal extension of a methylene bridge, and
p{ o, w)-alkanediyl species, like methylene bridged species [1], are of interest
as possible models for surface intermediates in various metal-catalysed
reaclions. In the Fischer-Tropsch reaction, for example, an ethanediyl
bridged intermediate 1 has been implicated to account for the formation of
ethylene [2]. Such an intermediate could be formed by dimerization of

~

CH,I,

N
(1) (1)

Fig. 1. Two types of p{a,w)alkanediyl complexes.
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surface methylene groups [2b] or by reduction of a CH,CO bridge on the
metal surface [2a] (Scheme 1).

Alkanediyl intermediates could be postulated for other metal-catalysed
reactions involving the formation or rearrangement of hydrocarbons, such as
the Ziegler—Natta polymerization of ethylene [3] and platinum-catalysed
hydrocarbon rearrangement [4]. Dimetailocycloalkanes have been implicated
in several catalytic reactions such as olefin metathests [5] and alkene dimeni-
zation [6]). Ap example is ithe proposed formation of a ditungsten—cyclopen-
tane intermediate 2 in the photoinduced metathesis of cis- and trans-
RCH=CHMe catalysed by W(CO},/CCl, [5].

Discrete p( a,w)-alkanediyl bridged complexes could serve as useful mod-
els for such intermediates and as such their structure, stability and reactivity
are of interest. This paper reviews Lhe preparative routes to, and properties
of, transition metal p{a,w)-alkanediyl complexes of both types, according to
the transition metal groups in the periodic table.

B. TITANIUM GROUP

Kaminsky and Sinn [7] have isolated the type-(I) u(1,2}-ethanediyl di-
zirconium compound 4 from the reaction of [(7°-CsH;),ZrCl,] and triethyl-
alane. The initial product is [(#°-C,H,),CIZrEt], compound 3 which com-
bines by intermolecular 8-hydrogen transfer and elimination of ethane to
form 4 [8].

/AlEt,
Cp |
Cl—Zr—CH “CaHe '
r—CH,—CH, _EW* Cp,Zr-—-CHz—CH;,-—‘Zr‘sz
o * Cp P (1)
| CH—CH,— zlr——a Etpal
Cp

(Cp = *-C,H,)
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The similar compound [Et, Al-(p-Cl),-Zt{w’-C;H,),1,{ p-(CH,), }, 5, is
formed in a parallel reaction from compound 3, while a third dimethylene
bridged species [(7°-CsHs),ZrCl),{ p(CH,),}. 6, is obtained from com-
pound 4 by treatment with THF. Compound 3 also reacts with triethylalane
to form a mixed metal compound [(7’-CsH;),CIZr(CH,CH,)AIEt,], 7, the
acidic S-hydrogen cleaving an Al-Et bond to eliminate ethane [7].

These 1,2-ethanediyl bridged species are observed intermediates in a side
reaction which occurs during homogeneous Ziegler—Natta polymenzation of

“a-olefins catalysed by bis-(cyclopentadienyl}-zirconium(I1V} compounds, and
are themselves of interest as potential homogeneous catalysis for this reac-
tion [3). Compound 4 reacts with a-olefins and 1,3-dienes on addition of
excess trimethyl- or triethylalane, especially in the presence of water. De-
chlorination occurs, presumably with the formation of aluminoxanes, to give
an extremely active halogen-free homogeneous catalyst for polymerization of
a-olefins, particularly ethylene [9).

The structural study of compound 4 [9] confirms that there is a -(CH,),-
bridge between non-bonded zirconium atoms. The C-C bond distance in the
bridge is close to that in ethane {1.53 ;\). An anomalous feature of this
structure is the small Zr-C-C bond angle (76°). Other structurally
characterized {a«,w)-alkanediyl bridged compounds show much larger
M-C-C bond angles. For example, the Re-C-C angle in [{CO)s;Re],{ p-
(CH,),} is 121° [20). The Zr-j-carbon distance in compound 4 is only
slightly greater than the Zr—a-carbon bond distance. This suggests that the
bonding of the —(CH,),~ bridge is intermediate between a o and an
n%(C,H, )-type interaction (Fig. 2).

Despite predictions of inherent instability for a (1,2)-ethanediyl bridged
species [10}, the dizirconinm compounds 4-6 are thermally stable, up to 96,
110 and 180°C, respectively [7]. This is in contrast to the ethyl compound
[(n’-C,H)CIZrEt] which decomposes above 0°C via B-hydrogen elimina-
tion [11]. Considering the observed proximity of the 8-carbons to the metal
atoms in compound 4, the resistance to decomposition via f-elimination is
surprising. This resistance could be accounted for, in part, by steric factors;
steric crowding in the transition state for S-elimination (compound 8} would

Et E
=
1
CD\f _('_" 23648 /Cp
i A f r‘

2
ce” r\c uo.&

E“'nl

-
€ et

Fig. 2. Molecular structure of [Et AN p-CZr(7*-CsH )l p(CH, ). 3.
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disfavour decomposition by this route
A
P =
Zr‘.\__\ . / \Zr

"CH,

8

This steric effect has been observed for certain zirconium alkyl compounds;
e.g., the bulky [Zr(n*-C,H;),Bu?{CH(SiMe,),}] is reluctant to undergo
B-elimination, yielding n-butane on thermolysis at 150°C, whereas [Z1{%’-
C;H;),Bu%] decomposes at room temperature with the loss of 1-butene [12].

These -(CH, ),— bridged compounds decompose on addition of HCl with
elimination of the dimethylene bridge as ethane [7].

The analogous titanium ethanediyl bridged compounds [Et Al(p-
CHTi(’-CsH,),1,{ p-(CH,),}, compound 9, and [(#°-C;Hj),
CiTi(CH,}, AlEt,], have been detected spectroscopically during the reaction
of [(7°-C;H,),TiCl,] with AlEt, [3]. However, these itanium(IV) com-
pounds could not be isolated owing to the ease of reduction of titanium{IV)
to the trivalent state
NE (2)

cl
CD;Ti_—CHz—-CHZ——TriCpé —=  20p,TICl + CH, + 2AIEY

Cl

/

£t Al

9

C. CHROMIUM GROUP

Beck and Olgemaoller [13,14] have prepared (1,2)-ethanediyl bridged com-
plexes of molybdenum and tungsten, 11-13, e.g. by nucleophilic addition of
the metal anion to the ethylene complex cation 10

[CP{CO)M(C,H,)] " +{Cp(COLM] " = [Cp(CO)M(CH,),M'(CO):Cp]
10 11M=M"=Mo
RZM=M=W
BM=Mo, M =W
(3}
These compounds have low solubility and are readily isolated from solution

at low temperatures. They are, however, unstable in solution, decomposing
spontaneously at ambient temperatures. The mixed metal compound 13
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decomposes to the (1,2)-ethanediyl tungsten compound 12 and
[CpMo(CO},], with evolution of ethylene. Compound 11 is unstable even in
the solid state above —20°C, while compound 12 is stable at 20°C [14]. The
higher stability of the tungsten compound is attributed [14] to the greater
strength of the tungsten—carbon bond than the Mo-C bond [15]. This trend
is also observed in the mixed metal compounds [Cp(CO},
M(CH,CH,)Re(CO);] (M = Mo, W) [14]. [Cp(CO);Mo(CH,CH,)Re(CO);]
decomposes above —15°C, while [Cp{CO),W(CH,CH,)Re{CO);] is stable
at 20°C. The rhenium-carbon o-bond is known to be particularly strong
[16]; the difference in the stability of these compounds can thus be attri-
buted to the differing strengths of the Mo-C and W-C bonds.

The triphenylphosphine-substituted tungsten compound [CpW{(CO},
{PPh,)},{ p-(CH,),} is produced in the reaction of [CpW{(CQ),{PPh;)]”
with {CpW(CO),{(PPh,)}(C,H,}]* [13). The IR and "H-NMR data for this
compound indicate a trans arrangement of CO groups in the tetragonal
pyramidal configuration of ligands around the metal atom (Cp at the apical
position) {Fig. 3) [17]. This compound is extremely sensitive to light and
decomposes rapidly with evolution of ethylene in solution at room tempera-
ture,

Longer chain (a,w)-alkanediyl bridged molybdenum and tungsten com-
pounds are aiso known. The stable compound [CpMo(CO),],{ p-(CH,),},
14, (decomposition above 150°C} is obtained from the reaction of
[CpMo(CO),]~ with I(CH,),1 [18]. The analogous reaction of the metal
anion with I{CH,)},I resuits in the substitution of only one halide atom,
giving [CpMo(CO),;{(CH,),I}], which will react further on heating to give
the 2-oxacyclopentylidene complex, 13 [18].

Co
1. OC‘\ {:CO o ’
Mo~ Loy
A O
Cp oC Co
14 15

Reactions of [CpMo(CO),]™ with B{CH, ) _Br (n = 3,4} also produce the
monohaloalkyl compounds [CpMo(CO),{{CH,)},Br}] (n = 34) [19]
[CpMo(CO);{{(CH,},Br}] does not give the bromo analogue of compound
15 on heating but on reaction with lithium iodide does yield 15 [19]. King

Cp

PhyP —-'_}ﬁ’\a.h_
o

Fig, 3. Configuration of ligands at the metal centres in [CpW{CO),(PPh; )], { p-(CH;}, }.
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and Bisnette [20] have isolated the perfluoro ¢1,3)-propanediyi bridged
species  [Cp(CO),;Mo],{ p(CF,},} by thermolysis of [Cp{CO);Mo
{CO(CF,},;COIMo(CO),Cp]. This diacyl compound is formed in the reac-
tion of [CpMo(CO),1~ with CICO(CE,),COCL

ICpMo(CO},],{ p-(CH,) o} has been reported [21], as the product of the
reaction of {[CpMo(CO),]~ with [CpPMo(CO);{{CH,)};, X}] (X = halogen).

The mixed metal compound [Cp{CO);Mo{u-(CH,);}Fe(CO},Cp] is
formed on addition of [CpMo(CO),]” to [CpFe(CO),{(CH,),Br}] [22].
However, in the reaction of [CpMo{CO},{(CH,),Br}] (»n=34} with
{CpFe(CO),]” both the bromine atom and the CpMo(CQO), group are
replaced by [CPF(CO), 1™ to give [CPFe(CO),1,{ u-(CH,),} (n = 3,4) [19].

Contrary to previous observations [19], the reaction of [CpW(COQ),]” with
Br{CH,}, Br does produce the propanediyl bridged species [CpW(CO),],{ g-
{CH,),}, though only in small yield, after prolonged heating (J.R. Moss and
L.G. Scott, unpublished resuits, 1983). This compound is thermally stable,
decomposing above 160°C. The fact that the reaction of Bi{CH, },Br with
[CpW(CO),]™ produces some of the p(1,3)-propanediyl species, whilst that
with [CpMo(CQ),]™ gives only the monohaloalkyl compound, is accounted
for by the greater nucleophilicity of the tungsten anion [23].

No polymethylene bridged chromium compounds have been prepared,
although compounds with unsaturated hydrocarbon bridges between chro-
mium atoms are known, e.g. [{CpCr),{p-C;Hg)] 16 [24).

D. MANGANESE GROUP

The reaction of [Mn{CO).|~ with 1,3-dibromopropane or CICO{CH,},Cl
yields a yellow crystalline compound which was originally thought [25] to be
the u(1,3)-propanediyl species, [Mn{CO);],{ #-(CH,),}. To explain the *H-
NMR spectrum of this compound, which shows three CH, proton signals,
the unuswat structure 17 with manganese-hydrogen bonding was proposed
[25]. Casey [26] subsequently showed, by means of deuterium labelling and
exchange experiments, that this compound is in fact the cyclic carbene
species 18,

From observations made by King [25] it appears that the reaction of
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[Mn{CO});]~ with 1,4-dibromobutane yields the analogous six-membered
cyclic carbene species, and possibly some of the -(CH,),— bridged com-
pound. These products could not be separated from Mn,{CO},, also pro-
duced in the reaction.

The only bridged manganese compound isolated is the perfluoro propane-
diyl biidged derivative [{CO);Mn],{ u-(CF,},} [25]. This is readily obtained
by thermal decarbonylation of the perfluoroacyl compound [(CO);Mn
{ CO(CF,);0C}Mn{CO),] which is produced in the reaction of [Mn{CO),]~
with perfluoroglutaryl dichloride. The P F-NMR spectrum of this compound
exhibits two resonances in a 2:1 ratio, as expected, for the perfluoroalkyl
bridge.

The attempt [19] to prepare a mixed metal manganese compound by
addition of [Mn{CQO);]” to [CpMo{CO),{(CH,);Br}] leads only to the
cyclic carbene compound 18.

©OCHMp—C—H {OC), MA—Mn(COY,
)

13
; Hy o

H— C—niCOl,

N — O —T

H

17 18

The only other atkanediyl bridged metal compound of this group known
is the p(1,2)-ethanediyl rhenium species {{(CO);Re(CH,CH,)}Re(CO);], 20
[13). This has been prepared by two routes: (i) addition of two equivalents
of [Re(CO);]1™ to {Cp(CO),;M(C,H,1* (M = Mo or W) [13), and (ii) reac-
tion of [Re{CO)]™ with {CO);Re(C,H,)1* [27] (Scheme 2).
@) [Cp(CO)M(CH )Y +[Re(CO)5]™ —[Cp(CO); M(CH,CH ;}Re(CO),]

192 M = Mo 9bM=W
L[ReACOY51”
(i) [(CO)sRe(CH,)" +[Re(CO)s]” = [(CO)sRe]y{p-(CH,), )
20

Scheme 2

The mixed metal intermediates 19a and 19b have been isolated ai low
temperature.

[(CO)sRe],{ p(CH,),} is considerably more stable than the p(1,2)-
ethanediyl molybdenum and tungsten compounds discussed previously; it is
stable in solution at 20°C and in the solid form decomposes with elimina-
fion of ethylene at 138°C [14). This is reasonable since rhenium alkyls are
known to be particularly stable [16].

In compound 20, the Re(CO) groups are trans with respect to the C-C
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bond of the —(CH,),~ bridge with Re—-C-C angles of 121°. The three
equatorial carbonyl ligands on each Re atom are approximately in the plane
of the bridge carbons. The C-C bond of the bridge is considerably shorter
than that in ethane (1.53 A) (Fig. 4) [14]. In the mass spectrum of 20, peaks
of equal intensity for the ions [{CO)yRe,{C,H,)]" and [Re,(CO) 1" are
observed, indicating competitive loss of CO and C,H,.

E. IRON GROUP

The compounds [Cp(CO),Fe],{ p-{CH,},} (n = 3-6), prepared by King
[28) from [Cp(CO},Fe]™ and Br{CH, ), Br, were the first alkanediyl bridged
species of type {I) known. These compounds have also been synthesised by
other routes, e.g. the addition of [Cp(CO},Fe]” to the monochaloalkyl
compounds [Cp(CO),M{(CH,),Br}] (M=Mo or W; n=34) [19] or
[Cp(CO},Fe{(CH,),Br}] {n = 3-5) [22] and photochemical decarbonylation
of the diacyl species [Cp{COQO),Fe{CO(CH,),CO}Fe(CO),Cp] to give
[Cp{CO),Fel,{ p1-{CH,},} 129]. The perfluoroalkyt compound {Cp(CO),
Fel,{p-(CF,),} has similarly been prepared by photolysis of
{Cp(CO),Fe{ CO(CFE,) ,CO}Fe(CO),Cp] [20].

The structural study of the propanediyl and butanediyl bridged com-
pounds [30] confirms that the Fe atoms are linked by a -(CH,),,— chain with
the carbons of the a-methylene groups o-bonded to the iron atoms {Fe—-CH,
=2.08 A) as postulated by King [28]. A constant C-C bond distance of 1.55
A and C-C-C bond angle of 111° are observed in the alkanediyl bridges
(Fig. 5). 'H-NMR (270 MHz) and C{'H} NMR spectra are consistent with
the crystallographic results, each showing two resonances for the methylene
groups in the bridges [30].

Recently, the compounds [Cp(CO), Fe],{ p-(CH,),} {n = 7-12) have been
synthesised from [Cp(CO),Fe]” and Br{CH,),Br to extend the existing
series {(J.R. Moss and L.G. Scott, unpublished results, 1983). The compounds

\ ! \/ \"
121" ‘43; Fie
o\
Fig. 4. Structure of [{CO),Re],{ p-(CH;), ).

o cp
Fe—-é-—-c—-é—-le Oc—-F’e\ >C< ;C:\ 7
oc/\ I T Y | =S fe—co
co Co co cp

Fig. 5. Structures of {Cp(CO), Fe],{ u-{CH,},} (ieft) and [Cp{COQ),Fe),{ p<(CH,) )} (right).
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[CCO},Fel,{ p-(CH,),} (n=3-12) are all thermally stable in the solid
state; decomposition points as determined by differential scanning calorime-
try (DSC) (J.R. Moss, L.G. Scott, M.E. Brown and K. Hindson, unpublished
results, 1984) are in the range 179-190°C for n = 4-12 and 158°C for n = 3.
However, these compounds are light sensitive and decompose rapidly in
solution at room temperature. Attempts to prepare the ethanediyl bridged
compound have failed. The reaction of [Cp(CO},Fe]”™ with 1,2-dibromo or
diiodo-ethane produces only the dimer [Cp{CO},Fe], {19, and the desired
product cannot be detected even at low temperature (J.R. Moss and L.G.
Scott, unpublished results, 1983). Similarly, reaction of [CpFe(CO},]™ with
[CpFe{CO),(C,H,)]* gave only [CpFe{CO},];. Pettit and co-workers [29]
have attempted to isolate [Cp(CO),Fe],{ p-(CH,),} by photochemical de-
carbonylation of [Cp(CQ),Fe{ CO(CH,},CO}Fe{CQO},Cp]. The organome-
tallic product is again [Cp(CQ),Fe], but the production of ethylene during
the reaction suggests that the (1,2)-ethanediyl bridged species is formed and
under the reaction conditions decomposes with elimination of ethylene to
[Cp(CO},Fel, as follows

? 9

[Cp(CO),FeC(CH, ), CFe(CO),Cp] e [Cp(CO}gFe(CHZCHz)Fe(CO)ZCp]

3
[Cp(CO)zFe] .+ CH,
{4)

This reaction has a precedent among known dimethylene bridged species.
The analogous compounds {Cp{CO),M],{ p-(CH,),} (M = Mo, W) decom-
pose with evolution of ethylene to the corresponding dimer [13].

The only known two-carbon bridged iron compound is the perfluoro-
ethanediyl bridged species 21, isolated from the photoinduced reaction of
C,F, with [(CO},Fe],{(p-SCH,)}, } (31].

CH, CH,

' {

S

T hv 4SA
(co;,:-‘g\je(cog rCof, ———= (CO},F{ I H l;etCOl,

‘f FC CF;

CHy .
21 (5)

In this compound the iron atoms are held in a cis arrangement with respect
to the C-C bond in the C,F, bridge by the bridging methylthiolato groups.
The C,F, group bridges the non-bonded iron atoms through two o-C-Fe
bonds (2.02 A) with the C-C bond parallel to the Fe—Fe axis. The trimethyl
phosphine-substituted compound [(CO),(PMe,)Fe],{p-(CF,),}
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{{u#-SCH,)}, } has also been isolated by addition of PMe, to compound 21 in
solution. These C,F, bridged compounds are stable in the solid form but
rearrange readily in solution to the >CFCF, carbene bridged species [31].
The alkanediyl bridged iron compounds, [Cp(CO),Fe),{ p-(CH,),} (n=
3--12) undergo various reactions which are well known for mononuclear
alkyl compounds. The photo- or thermally-induced reaction with CO or
phosphine leads to CO insertion into the Fe-C bonds to form the diacyl
species, 22 [21,29 and J.R. Moss and L.G. Scott, unpublished resuits, 1983

0 O
[CPICORFel,{e(CH,), ) 5 | Cp(CO)LIFeC (CH, ), C FelCONLICP

22 (n=347)

(6)
L = CO, PPh,
For n=3 and 4 the reaction with excess PPh; produces a mixture of the
mono- and diacyl compounds in the ratio 3:1 and 1:3, respectively. This
could be aitributed to steric crowding in the diphosphine-substituted prod-
ucts, particularly for the propanediyl bridged species (J.R. Moss and L.G.
Scott, unpublished results),

The CO insertion is reversible; e.g., photolysis of the diacyl species
[Cp(CO},Fe{CO{CH,),CO}Fe(CO),Cp] produces [Cp(CO),Fel,{pu-
(CH,},} in 40% yield [29].

As observed with mononuclear iron alkyl compounds {32}, 8-hydnde
abstraction from the alkanediyl bridge in [Cp(CO},Fe],{ p-(CH,),} (n=
4-6) leads to formation of a cationic olefin species (J.W. Johnson and J.R.
Moss, unpublished results, 1983). These cationic species are assigned strug-
ture 23, in which one iron atom is #-bonded and the other o-bonded to the
alkenyl chain, on the basis of 'H-NMR data

CpFe(CO -CH, 1} + PhCiPRT ——e  CplcOl,Fel FelCOLC)
I Ll o {r-CH,) } EAAr pLLG), \/\ / CoRCe (7)
(n-456) CHho-2

23

The analogous reaction of [Cp(CO),Fel,{ 1-(CH,),} produces a symmetri-
cal cationic complex [Cp(CO),Fe(CH,CHCH,)Fe(CO),Cpl* [19,33]. This
was first thought [19] to be a carbonium ion complex 28 which exists in
dynamic equilibrium with the stable olefinic complexes 24 and 26 (Scheme

3

F"*\\/\/F" == AT T oA
249 25 26
Scheme 3
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Subsequent dynamic 'H-NMR studies have revealed that the compound is
fluxional rather than in dynamic equilibrium [34]. The crystallographic study
of the cation [33] suggests that the positive charge is isolaied on the 8-carbon
and is stabilized by weak Fe—CH interactions. The cation is approximately
symmetric, with Fe-CH separations of 2.59 and 2.72 A, and Fe-CH,-CH
bond angles of 91° and 98°, respectively (Fig. 6). The fluxional behaviour is
attributed to the restricted rotation about the CH,—~CH bonds in solution
[33,35].

Several workers have studied the thermal and photochemical decomposi-
tion of the compounds [Cp(CO),Fe],{ p-(CH,),} {n=3-6), both in solu-
tion and in the solid state [29,36,37 and J.R. Moss, L.G. Scott, M.E. Brown
and K.E. Hindson, unpublished results, 1983]). The decomposition gives
ICp(CO),Fe], with loss of the alkanediyl bridge as alkane, alk-1-ene or cis-
or trans-alk-2-ene. There is a general trend of an increasing proportion of
alkane produced with increasing length of the alkanediyl chain {J.R. Moss,
L.G. Scott, M.E. Brown and K.E. Hindson, unpublished results). For
example, thermolysis and photolysis of [Cp(CO),Fel,{p-(CH,},} yields
cyclopropane and propene but no propane {29,37] and [Cp(CO),Fe],{ -
{CH,),} evolves mainly butenes on decomposition, with a trace of butane
[29,37]. However, a substantial proportion of pentane is produced on decom-
position of the pentanediyl bridged compound [37]. The ratio of products is
also dependent on the conditions under which the compound is decomposed,
¢.g. in solution or solid state.

Pettit and co-workers [29] and Knox and co-workers [37) have proposed a
mechanism involving 8-hydride elimination or reductive elimination from a
dimetallocycle 27 to account for the decomposition products of
[CP(CO), Fel,{ p-(CH,), } (n = 34) (Scheme 4).

Fig. 6. Molecular structure of the cation {{Cp(CO), Fe(CH,CHCH, YFe(CO},Cpi}*.
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iCH,),

=00 =3
[cotcon Fel, (p-(CH,)E —  ColCOwe Fe(COICp — o A

{n=34)

Scheme 4

In this mechanism, the alkenes are formed by $-hydride abstraction followed
by hydride migration and reductive elimination from the dimetallocycloal-
kane. The reductive elimination of but-l-ene or cis- or trans-but-2-ene is
clearly more favourable than a second fS-hydride elimination step as no
1,4-butadiene is observed. With increasing length of the alkanediyi chain,
decomposition via a dimetaliocyclic intermediate may be expected to become
less favourable, owing to the lower stability of the larger ring dimetallocyclic
intermediates. This could account for the observed trend of increasing alkane
to alkene ratio with increasing n in [CpFe(CO},],{ p-{CH,),}. The forma-
tion of alkane from these compounds is attributed to decomposition via a
radical mechanism involving Fe-C bond fission followed by hydrogen
abstraction.

Knox and co-workers [37] have also studied the thermal decomposition of
the analogous ruthenium compounds [Cp{CO),Rul,{g-{CH,},} (n=13,9)
and the mixed metal compound [Cp(CO),Fe(CH,),Ru{CO),Cp}. These
compounds are prepared by addition of [CpRwW(CO),|” to X(CH,),X
{X =1, Br) [37,38] and [Cp(CO),Fe{{CH,),I}], respectively. A comparison
of the decompositions of the propanediyl bridged iron and ruthenium
compounds reveals that the nature of the metal affects the ratio of the
organic decomposition products, propene and cyclopropane. The mixed
metal compound shows a product ratio intermediate between those of
{Cp(CO), Fel,{ p-(CH;),} and [Cp(CO),Ru],{ p-(CH;),}, as would be ex-
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pected. Wreford and co-workers [38] have observed the production of
Cp(CO),RuH and Cp{CO),Ru{5-C;H.) in equimolar ratio on photolysis of
ICp(CO),;Rul,{ p-(CH,),}. This clearly provides evidence for the role of
#-hydride elimination in the decomposition of this x(1,3}-propanediyl species.

Wreford and co-workers [38] have also synthesised the (1,2)-ethanediyl
bridged ruthenium compound from 1,2-dichloroethane and [Cp{CO),Ru] ™.
Thermolysis and photolysis of [Cp{CO),Rul],{ y-(CH, ), } produces ethyiene.

A mechanism involving 8-hydride elimination from a dimetallocycle has
also been postulated to account for the formation of propene in the reaction
of the methylene bridged iron compounds [(CO),Fe],(u-CO),(x-CH,) and
[Cp{CO)Fe],{ u-CO) -CH, ) with ethylene [39] (Scheme 5). ' '

CH, S H

N/
[Fe Fe] L [Fe—Fe — w [Fe—Fe] —= AN
{[Fe-Fe] » [Cp{COIFe],(u-COY or [COWFe,(x-COY,}
Scheme 5

The reaction of {Fe,(C0),]*>~ with 1,3-diiodopropane also produces pro-
pane, presumably via formation of a diferracyclopentane intermediate. The
recent isolation [40] of the diosmacyclopentane 28 from the analogous
reactions of [(CO},0s],{p-(CH,)}} and [Os,(CO)4]?~ provides direct evi-
dence in support of this mechanism.

ch,

VRN
0C,0s Cs{COl,

29 s

{0C),05 — OsiCOY, ( 8)

28 9)
oc
TLCH, ),

Na, [05,(C0) ]

Reaction (8) is reversible; heating compound 28 in toluene solution to
130°C produces compound 29 and a mixture of organic products

_BOY . o Os/.—\-\Os(COl + CH, (56%)
(OC),0s —OslCoy, toluene “ hd 2. (10)

+ CHyCH, =CH, (21} + CH, (32%)

The formation of propene on decomposition of compound 28 provides
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j‘Cis—*c’?s__

Fig. 7. Molecular structure of compound M showing the bent diosmacycicbutane ring,

further support for the mechanism of Pettit and Knox (see Scheme 4).
The diosmacyclobutane 30 was also- prepared from the reaction of
[05,(CO)s}*~ and TsO{CH,),0Ts

: 2- TsC{CH, 1,QTs
(0= c0%] ——Tm__%,c—a- (oC,os

Cslco),
30 {11)

(OTs = p-toluenesulphonyt group)

The crystallographic study of compound 30 reveals that the cyclobutane ring
is bent and the Os—C-C angles are slighily compressed (105°) so that the
Os{CO), units are twisted out of the unfavourable eclipsed arrangement {by
27°). The ~(CH,),~ bridge is a-bonded to the Os atoms (Os-C =2.22 A)
and the C-C bond in the bridge is the length of a normal single bond (Fig.
7).

The substituted diosmacyclobutane 31 has also been reported recently [41)
as a product of the photochemical reaction of Os,{CO),, with methylacrylate

. HyC —— CHCO,CH,
05,(CO),, + CH,CHCO,CH,  — " {CO)OS{CHCHOO,CH,) + (12)

OCLOs

©Os(CO},

31

The structure of compound 31 closely resembles that of compound 30. The
four-membered ring is also puckered and the twist angle about the Os-Os
bond is similar to that in 30 (21°).

F. COBALT GROUP

The first type-(1I) { a,w)-alkanediyl bridged compound {with a metal-metal
bond} reporied was the five-membered ring metallocycle containing two
cobalt atoms, 33, which is obtained by dialkylation of [{CpCo),{p-CO),|
32, with 1,3-diiodopropane [42)

co
o . 25°C
[CoCo——Colhl” + LiCHat == CpCo Catp
[

32 33



185

It is not possible to isolate compound 33 from the reaction of the methylene
bridged dimer [Cp{(CO)Co],{g-CH,} with C,H, although a coordinatively
unsaturated dimetallocyclopentane intermediate, 34, has been implicated to
explain the formation of propene in this reaction [43]

CH,
A2
CRICOICE —CalCOKCD c,:; 4 CpICONCo — CoCp
34 {14)
CH,CH=CH,

Compound 33 is considerably more stable than acyclic dialkyl cobalt species;
€.g., the dimethyl compound [CpCoMe],{p-CO), decomposes in solution at
room temperature, whereas compound 33 only undergoes slow thermolysis
in benzene at 100 °C. Such resistance to decomposition by B-elimination has
also been observed for moncnuclear five-membered metallocycles [44]. The
decomposition of compound 33 in solution produces propene (73%),
cyclopropane {18%) and propane (1%} with CpCO(CO), and Cp,Co,(CO},
as the main organometallic producis [43]. Labelling experiments indicate
that the decomposition process is predominantly intramolecular. In the
presence of I,, reductive elimination of cyclopropane is favoured and
decomposition produces mainly cyclopropane (71%) propene (9%) and the
diiodide [Cp(CO)Col,] [42] (Scheme 6)

CoCo——talp 2 ta [\t CHCHCH, ¢ CHyC,CHy
— .

t
25°C3

A + CHy=CHCH, + ColCiCol,
Scheme &

Theopold and Bergman [45) have investigated the reaction of the metallo-
cycle 33 with CO and phosphines. At high concentrations of ligand, the
reaction occurs rapidly at 56 °C, producing the mononuclear metallocycle 35
and Cp(CO)CoL. Lowering the ligand concentration causes a decrease in the
reaction rate and increasing amounts of cyclopropane and propane are
produced {Scheme 7)

o
high[L)
CDCWDC 4] —5'6?-- CpiL}Co + CplCCioL
o
Sow (L] 35
56°C

A + CHaCH=CH, + 2(p(COICOL
L = CO, PPhy , PMe,

Scheme 7
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To explain these observations, a mechanism was postulated [45] in which a
ligand-independent route to cyclopropane competes with ligand attack on a
metallocyclobutane intermediate 36 to form cobalt cyclopentanone, 35
(Scheme 8)

N +L
Cng\—/Con p— CpCo\ /Cot(:o)(_‘p —_— CD(L)CD\ /Co{CO}CD

S rwe) eh
co .
-CpCoiL }Co)
CpColCONL] =-— Cploicoy + A \
CplCOICS
"
cmum{j

35

Parallel reactions invoiving the migration of an alkyl group from one metal
to the other are known for dialkyl dicobalt systems, e.g. the generation of
acetone from [(CpCoMe),{ p-(CO},}] via a mononuclear dimethyl cobalt
intermediate [46]. Reactions of both systems lead to the formation of new
carbon—carbon bonds. The stiucture of compound 33 has been reported
recently (Fig. 8) [45]. The two Co—C bond lengths and Co-Co-C bond
angles for the propanediyl bridge are the same (Co-C = 2.04 A, Co-Co-C
= 94.5°). However, the bridge is not symmetrical; the C,-C, bond is longer
than the C,~C,; bond and the Co-C,-C, angle greater than the Co-C,-C,
angle. The dihedral angle for the five-membered rning Co-C,-C,-C; is
32.9¢. The CO ligands are bent slightly towards the propanediyl bridge.
Theopold and Bergman also report [45] the synthesis of the six-membered
metallocycle 37 by reaction of I{CH,),I with [{CpCo),{u-CO},]”. This
compound is considerably less stable than 33, decomposing rapidly at room
temperature in solution. In the solid state compound 37 decomposes above
100°C whereas compound 33 is stable up to 170°C. Treatment of
[(CpCo},(p-CO),)” with 1,2-diiodoethane does not yield the four-membered

149 A

153.&/5‘:(‘3

Ci 134"

oc—J|Z

Co—CO
\ Co{)(

=]

Cp

Fig. 8. Molecular structure of compound 33.
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metallocycle 38

AL
CpCo—— Colr)™
Erce =

co 0
HCH,,I 37
\\\ {(15)

/N

CpCo CaC
[ ~ P
o)

o

38

HCHAE e ——Cocp

The only type (I) {«,w)-alkanediyl bridged cobalt compounds known are
the perfluoroalkyl derivatives [(CO),Co(CE,),Co(CQ) ] (n=273) [46,48]
and K [(NC);Co(CF,),Co(CN);] [49). [{CO),Co(CF,},Co(CO),] [47] and
[(NC) ;Co(CF, },Co{CN);]°~ [49] are produced by reaction of C,F, with
Co,{CO), and [(CN);Co}*~, respectively. [(CO),Col,{ p#-(CF,),} is formed
by addition of [(CO},Co]l” to CICO(CE,},COCI [48]).

No alkanediyl bridged rhodium or iridium compounds are known.

G. NICKEL GROUFP

Monaghan and Puddephatt-have recently reported the synthesis of the
alkanediyl bridged platinum complexes 4la-d by oxidative addition of
I{CH,),I {n = 2-5} to dimethyl{1,10-phenanthroline)platinum(II), 39 [50].

{(iHa),,I
N .
(onCtt e - (A
N ¥l [l e =
¢ ! 403 573 (16)
-4
39 ™) TN :cj ::-5
\ / N/ =t
30+ ——= | Pt—{CHy);—Pt—1 .2
40 AN AN B 4% (17)
e Me Mg e ¢ np=4
d n=5
T
(M N =1,90-phenanthroline}
Scheme 9

The reactions of compound 39 with I[{CH,) I (n = 3-5) produce mixtures of
compounds 40 and 41, but with a large excess of I(CH,),I compound 40 is
the only product (reaction {16)) and this can be isolated and reacted with
compound 39 to give the bridged compound 41 in high yield (reaction (17)).
The reaction with {CH,},1 produces a mixture of 41a, cthylene, and 40¢
(rather than 40a). The 'H-NMR and “C{'H}NMR spectra of 41d show



188

three resonances, two with '°’Pt coupling for the hydrogen and carbon nuclei
in the —(CH,),— chain, respectively, as expected for a (1,5)-pentanediyl
bridge between two Pt atoms. The low solubility of the compounds with
n = 2-4 prevents NMR study.

Investigation of the kinetics of reactions (16) and (17) reveals that the
rates of these reactions follow the order =22 3>4=5 A smail
neighbouring atom effect by the metal atom on the C-X bond in M{(CH,) X
1s observed for n= 3-5; the C-X bond is activated to further oxidative
addition. For example, the second-order rate constant for reaction of com-
pound 3% with compound 40c is three times greater than that for the reaction
of compound 39 with KCH, ;1. This may be attributed to a lowering of the
energy of the transition state of the reaction, by combinations of the
resonance terms

R ) _ (18)

X X~

which would facilitate halide displacement.

Palladium { a,w)-alkanediyl bridged species have been implicated as inter-
mediates in the catalytic dimerization of ethylene by bis(n-arene)dipal-
ladium, 42, but have not been isolated {51] {(Scheme %}

/Arer;e c Arene Arene
x—pa—ei—x Lo X-Pd—Pa—X X—pa----Pa—x
Arene ?%/ all/ HC CH,
HyC H,C ] |
HaC——CHj
(X = AIC1,, ALCH, on
Arene = benzene, toluens, 24
p-Xylene )
/Aren7 /Aren;,
A—Pd—Pg—X <— X—Pd----—-fd—X
+ / 1 / 1
HCOo HC
CHCH=CHCH, RN

SH

These Pd(iI} compiexes also catalyse the dimerization of propene.
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