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ABSTRACT

u(1,n)Alkanediyl compounds are binuclear metal compounds of general formula

VLXM(CH )nM'L;, (n =22) in which the metal centres are bonded to the

2
terminal carbon atoms of an alkyl chain. These compounds could serve as models
for surface intermediates in metol-catalysed reactions such as the Fischer-

Tropsch reaction aond as such their structure, stability ond reactivity are

of interest.

The new (1,n)alkanediyl compounds [Cp(CO)zFejz{u-(CHz)n} (n=8-12),
[CP(CO)3W]2{U'(CH2)n} (n=13-15), [CP(CO)3W{U'(CH2)3}FG(CO)ZCP]
ond [ (CO)5Mn]2{u—(CH2)4} have been synthesised. A detailed discussion

of the mass spectra of [Cp(CO)zFe]Z{p-(CHz)n} (n=8 - 12) oand the known
[Cp(CO)zFejz{u—(CHz)n} (hn =3 -7) is presented and comparisons are made
with the mass spectra of [Cp(CO)3W]2{u-(CH2)n} (n=3-15) and
[Cp(CO)3W{U—(CH2)3}Fe(CO)ZCp]. The thermal analysis of
[Cp(CO)zFejz{p—(CHz)n} (n =3 - 12) by Differentiol Scanning Calorimetry
is reported. Conformational polymorphism is proposed for the compounds
[Cp(CO)zFejz{u—(CHz)n} (n = 4,8) on the basis of the DSC results.
Different low-energy conformations of [Cp(CO)zFejz{p—(CH2)4} have been
identified by computer simulation of the effects of rotation on the potential

energy of the molecule.

The thermal decomposition reactions of [Cp(CO)zFe]?_{p—(CHz)n} (hn=13-8)
and [Cp(CO)3W]2{U—(CH2)n} (n = 3 - 5) have been investigated and
mechanisms for these reactions are discussed with reference to the observed

organic products.



The reactions of some u(1,n)alkanediyl diiron and ditungsten compounds
with ter iary phosphines have been studied. The main product of these

reactions is the diacyl species [Cp(CO)x(L)M{CO(CH )nCO}M(L)(CO)XCp]

2
(M=Fe,x=1, M=W, x=2; L= tertiary phosphine). Attempts to prepare

phosphine substituted y(1,n)alkanediyl compounds by photochemical
decarbonylation of [Cp(CO) (L)Fe{CO(CH2 ) CO}Fe (L)(CO)Cp] and

with PPh

are

photo~induced reaction of [Cp(CO)zFe]z{u-(CH2)4} 3

reported. The thermal decarbonylation of [Cp(CO)2(L)W{CO(CHZ)nCO}—

W(L)(CO)ZCp] (L = PPh,Me, n = 4,5; L = PPh n = 4) has also been

2 3
investigated. The reactions of [Cp(CO)ZFe]Z{u-(CHZ)n} (n=3,4)

with halogen (I2 and Brz) are reported. The paramagnetic cationic species
[Cp(CO)

Fe (CH Fe(CO)ZCp]_"P[XZ]7 were isolated from the reactions of

2 2)4
[Cp(CO)ZFejz{p-(CH2)4} with X2 in addtion to the expected cleavage

products. A mechanism involving a one-electron transfer from electrophile

to the substrate is proposed to account for the formation of these species.
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ABBREVIATIONS

The following abbreviations are used in this project :

Co (n®-CsHs )

THF : tetrahydrofuran
DME : 1,2~-dimethoxyethane
hexane : n—hexane

pentane : n-pentane

ether : diethyl ether
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SECTION 1



1. INTRODUCTICN

1.1 Definition of u(l,n)alkanediyl compounds and general motivation

for study

u(1,n)Alkanediyl compounds are binuclear metal compounds of general formula
LXM-(Cﬂiz)n—L4'L; (n>=2) in which the metal centres are bonded to the

two terminal carbons of an alkyl chain. Two types of p(1,n)alkanediyl

compounds are known, (1) without a metal-metal bond and (II) with o metal-

metal bond (Fig. 1.1). Compounds of type (II) are dimetallocycloalkanes.

M/‘CHz)n\M /(CHz)n\

M—— M
(1) (11)

Fig. 1 Two types of pu(1,n)alkanediyl compounds

The —(CHZ)Iw— bridge is the formal extension of a methylene bridge, aond
u(1,n)alkonediyl species, like methylene bridged species [1], are of
interest as possible models for surface intermediates in various metal-
catalysed reactions. 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

dimerisation of surface methylene groups [2a] or by reduction of a

CHZCC) bridge on the metal surface [2b] (Scheme 1.1).
i
CH, CH, CH,——CH, |, CH,—C
VAN N | <] |

Scheme 1.1



Alkanediyl intermediotes could be postulated for other metal-cotolysed
reactions involving the formotion or rearrongement of hydrocarbons, such
as the Ziegler-Notta polymerisation of ethylene [3] and plotinum-cotalysed
hydrocaorbon rearrangement [4]. Cimetallocycloalkanes have been implicoted
in several catalytic reactions such as olefin metathesis [5] aond alkene
dimerisation [6]. An example is the proposed formation of a ditungsten-
cyclopentane intermediate 2 in the photo induced metathesis of c{s- and

thans-RCH=CHMe caotalysed by W(CO)é/CCI4 (5].

/
\\C'///f:C/
v / -~
W——\—Ci
Cl
2

Discrete 1(1,n)olkanediyl bridged complexes could serve os useful models
for such intermediates and as such their structure, stability ond reoctivity are

of interest.

1.2 Review of known tronsition metol y(1,n)olkanediyl compounds

The preparative routes to, and properties of, tronsition metal j(1,n)olkanediyl
compounds of both types are reviewed in this section according to the transition

metal groups in the periodic table.

1.2.1 Titanium group

Kaminsky ond Sinn [7] have isolated the type (I) u(l,2)ethanediyl di-zirconium
compound 4 from the reaction of [(:pZZI{ZIZ] and triethylalaone. The initiol

product is [szCLIZrEt] 3 which combines by intermolecular g-hydrogen



transfer and elimination of ethane to form 4 ([8].

Cp /AIEta

Cl—2Zr—CH,— CH, c!

-C.H I
C' + Cp 28 5 Cp,Zr—CH,—CH,—ZrCp,
P | EtgAl,
CH,—CH,— Zr—Cl| cl
: A
t
3 P 4 Ety

The similar compound [EtzAl-(p—Cl)z—ZGCz]Z{U-(CHZ)Z} 5 is
formed, in a parallel reaction, from 3 , while o third ethanediyl

bridged species [szZrCljz{p-(CHz) é is obtained from 4 by

2}
treatment with THF. 3 also reacts with triethylalane to form a mixed

metal compound [CpZCer(CHZCH A]EtZ] 7 the acidic g-hydrogen

5)

cleaving an Al-Et bond to eliminate ethane [7].

The (1,2)ethanediyl bridged species are observed intermediates in a side
reaction during homogeneous Ziegler-Natta polymerisation of g-olefins
catalysed by bis (cyclopentadienyl) zirconium(IV) compounds and are
themselves of interest as potential homogeneous catalysts for this reaction
[3]. Compound 4 reacts with g-olefins and 1,3-dienes on addition of
excess trimethyl- or triethylolane, especially in the presence of water.

Dechlorination occurs, presumably with the formation of aluminoxanes to

give an extremely active halogen-free homogeneous catalyst for polymerisation

of g-olefins particularly ethylene [9].

The structural study of compound 4 [9] confirms that there is a
-(CH2)2- bridge between non-bonded zirconium atoms. The C-C bond
distance in the bridge is close to that in ethane (1.532\). An anomolous

feature of this structure is the small Zr-C-C bond angle (76°). Other

(1)



structurally characterised (1,n)alkanediyl bridged compounds show much
laorger M-C-C bond angles For example, the Re-C-C angle in
[(CO)5Re]2{p-(CH2)2} is 121° [20]. The Zr-p-carbon distance in 4
is only slightly greater than the Zr-g-carbon bond distance. This suggests
that the bonding of the -(CHZ)Z— bridge is intermediate between a ¢ and
a nz-(C2H4) type interaction (Fig. 1.2).

Bl Et
/AI\Et
Cl H,

Cp\\ - "INZr/Cp
1.55
Cp/ \C" 2.49A I\Cp

Cl
Et\A|
/ \\
Et

Fig. 1.2 Molecular structure of [Et3Al(u-Cl)ZrCp]z{Lr-(CHZ)Z}

Despite predictions of inherent instability for a (1,2)ethanediyl bridged
species [10], the dizirconium compounds 4-6 are thermally stable, up to
96°, 110° and 180°C respectively [7]. This is in contrast to the ethyl
compound [CpClZrEt] which decomposes above 0°C via g-hydrogen elimination
[11]. Considering the observed proximity of the B-carbons to the metal atoms
in 4 , the resistonce to decomposition via B-elimination is surprising.
This could be accounted for, in part, by steric factors; steric crowding

in the transition state for R-elimination 8 would disfavour decomposition

by this route:



This steric effect has been observed for certain zirconium alkyl compounds;

for example the bulky [ZGCzBun{Cﬂi(SiMe3)2}:]is reluctant to undergo
R-elimination, yielding n-butane on thermolysis at 150°C whereas [ZGCzBun2 ]
decomposes at room temperature with loss of l-butene [12]. These —(CHZ)Z-
bridged compounds decompose on addition of HC1l with elimination of the

dimethylene bridge as ethane [7].

The analogous titanium ethanediyl bridged compounds [Et3Al(Lr4:l)TiCp2]2—

{u—-(CH 9 and [szClTi(CHz)zAlEt3] have been detected spectro-

202}
scopically during the reaction of [(HDZTiC12:] with AlEt3 [3]. However
these titanium (IV) compounds could not be isolated due to the ease of

reduction of titanium (IV) to the trivalent state:

AIEt,
Cl
szTli—CHz—CHz—Tisz —>  2Cp,TiCl + C,H, + 2 AlIEt, (2)
Cl
/

Et,Al

9

1.2.2 Chromium Group

Beck and Olgemodller [13.14] have prepared (1,2)ethanediyl bridged complexes
of molybdenum and tungsten 11-13 by nucleophilic addition of the metal anion
to the ethylene complex cation 10:

[Cp(CO)M(C,H, )T &+ [Cp(CO)4M' ]"—— [Cp(CO)

3 24 3 2)2
10 11 M=M'= Mo

M(CH,),M'(CO)Cp]  (3)

12 M=M'=W

13 M=Mo , M'=W



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 decomposes
to the (1,2)ethanediyl tungsten compound 12 and [CpMo(CO)3]2 with
evolution of ethylene. Compound 11 is unstable even in the solid state

abcve -20°C while 12 is stable ot 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)3M(CH CH,)Re (CO) (M = Mo,W) [14].

2CH, 5]

[Cp(CO) Mo (CH,CH Re(CO)5] decomposes above -15°C while

22)
)JRe (CO)

3

[Cp(CO),W(CH,CH is stable at 20°C. The rhenium-carbon

3WICHCR, 5]
og-bond is known to be particularly strong [16]; the difference in the
stability of these compounds can thus be attributed to the differing strengths

of the Mo-C ond W-C bonds.

The triphenyl phosphine substituted tungsten compound [CpW(CO)z(PPh3) P
{p—(CHZ)z} is produced in the reaction of [CpW(CO)z)PPh3)] with
[CPW(CO), (PPh,) (C,H,) 1" [13]. The infrored ond 'H NMR dato for this
compound indicate a frans orrangement of CO groups in the tetragonal
pyramidal configuration of ligands around the metal atom (Cp at the apicol

position) (Fig. 1.3) [17]. This compound is extremely light sensitive and

decomposes raopidly with evolution of ethylene in solution ot room temperature.

c

|

P
PhP— N~

/N

ocC 610)

Fig. 1.3 Configuration of ligonds ot the metal centres in
[Cp(CO), (PPh, W], (u-(CH,) )



Longer chain (1,n)alkanediyl bridged molybdenum and tungsten compounds are

also known. The stable compound [Cp(CO)BMo]Z{p-(CH2)4} 14 (decomposition
above 150°C) is obtained from the reaction of [Cp(CO)BMo]' with I(CH2)4I
[(18]. The crystallogrophic study of this compound [19] shows that it has

a structure similar to thot of the butanediyl bridged diiron compound (see

Section 1.4) having a trans conformation with approximate inversion symmetry.

The reaction of [Cp(CO)BMo]— with I(CH2)3I does not give the corres-
ponding propanediyl bridged compound. Only one halide atom is replaced
giving [Cp(CO)BMo{(CHz)BI}] which reacts further, on heating, to give

the 2-oxacyclopentylidene complex 15 [18].

Cp
\ oc GO 79
N ’I CO O
OC"‘/MQ\/\/\R"O/ Q——/M\O\
NI
oC¢ to C\p o¢ co
14 15

The reactions of [Cp(CO)BMo 1™ with Br(CHz)nBr (n = 3,4) also produce
the monohaloalkyl compounds [Cp(CO)BMo{(CHz)nBr}] (n=3,4) [21].
[Cp(CO)BMo{(CHZ)BBr}] does not give the bromo analogue of 15 on
heating but reaction with I™ yields 15 [18]. A 2-oxacyclopentylidene

is also produced on reaction of [Cp(CO)BMo{(CHZ)BBr}] with the anions

CN™ and SPH™ or PPh3 [20].

Winter ¢t af. have recently reported the isolation of a second product of the
reaction of [Cp(CO)3Mo]' with Br(CH2)3Br, the unstable dimolybdenum

carbene species 16 [19]1. The reaction of [Cp(CO)3Mo{(CH2)3Br}] with



[Cp(CO)3W]' produces the analogous mixed metal compound

Cp(CO) _MoW
[Cp( )3 oW(COCH,CH,CH,) (CO),Cp ]

King and Bisnette [22] have isolated the perfluoro (1,3)propanediyl bridged
species [Cp(CO)3Mo]2{u—(CF2)3} by thermolysis of [Cp(CO)3Mo{CO(CF2)3CO}-
Mo(CO)3Cp]. This diacyl compound is formed in the reaction of [CpMo(CO)3]'

with ClCO(CFZ) CoCl1.

3
[CpMo(CO)3]2{p-(CH2)]O} has been reported [23], as the product of the

reaction of [CpMo(CO) with [CpMo(CO)3{ (CHZ)]OX}] (X =halogen).

31
The mixed metal compound [Cp(CO)3Mo{ u-(CH2)3}Fe(CO)2Cp] is formed on

addition of [CpMo(CO) to [CpFe(CO)Z{(CH2)3Br}} [24], However

31
in the reaction of [CpMo(CO)3{(CH2)nBr}] (n=3,4) with [CpFe(CO)Z]
both the bromine atom and the CpMo(CO)3 group are replaced by [CpFe(CO)Z]

to give [CpFe(CO)Z}Z{u-(CHZ)n} (n=3,4) [21],

No polymethylene bridged chromium compounds have been prepared although
compounds with unsaturoted hydrocarbon bridges between chromium atoms are

known, e.g. [(CpCr)z(u—CBHB)] 17 [25]7.

17



1.2.3 Manganese Group

The reaction of [Mn(CO).]" with 1,3-dibromopropane or ClCO(CHZ) Cl

5 3
yields a yellow crystalline compound which was originally thought [26]

to be the y(1,3)-propanediyl species, [Mn(CO)5]2{u-(CH2)3}. To
explain the ]H NMR spectrum of this compound which shows three CH2
proton signals, the unusual structure 18 with mangonese-hydrogen bonding
was proposed [26]. Casey [27] subsequently showed by means of deuterium

labelling and exchange experiments that this compound is in fact the cyclic

carbene species 19

|
(0C);Mn—C—H
N (0C), Mn—Mn (CO),
| Ch, |
| ; ko
H_(I:_Mn(CO)S
H
18 19

From observations made by King [26] it appears that the reaction of
[Mn(CO)sj' with 1,4-dibromobutane yields the analogous six membered cyclic
carbene species, and possibly some of the -(CH2)4- bridged compound.
These products could not be separated from MnZ(CO) 10 also produced in

the reaction.

The only olkanediyl bridged manganese compound isolated is the perfluoro
propanediyl bridged derivative [(CO)SMn]Z{p—(CF2)3} [267. This is readily

obtained by thermol decarbonylotion of the perfluoroacyl compound



10

[(CO)5Mn{CO(CF2)3OC}Mn(CO)5] which is produced in the reaction of
[Mn(CO)5]' with perfluoroglutaryl dichloride. The !°®F NMR spectrum of

this compound exhibits two resonances in a 2:1 ratio, as expected, for the

perfluoroalkyl bridge.

The attempt [21] to prepare a mixed metal manganese compound by addition of

[Mn(CO) to [CpMo(CO)3{(CH2)3Br}] leads only to the cyclic carbene

51

compound 19

The only other alkanediyl bridged metal compound of this group known is
the 1(1,2)-ethanediyl rhenium species [(CO)5Re(CH2CH2)Re(CO)5] 21
[(13] . This has been prepared by two routes: (i) addition of two
equivalents of [Re(CO)5]' to [Cp(CO)3M(C2H4)]+ (M=Mo or W) [13],

Re(C,H,) 1% [28] (Scheme 1.2).

with [(CO) oHy

and (ii) reaction of [Re(CO)

51 5

i) [Cp(CO)4M(C,H,) 1%, [Re(CO) 5] —— [Cp(CO)4M(CH,CH,)Re(CO) ;]

M = Mo 20b M =W
[Re(CO) 41"
ii) [(CO)gRe(CyH,) 1%y [Re(CO) 1™ —> [(CO)gRe ], {u=(CH,),)

21

Scheme 1.2

The mixed metal intermediates 20a and 20b have been isolated at low

temperature.

[(CO)SRe]Z{p—(CHZ)Z} 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 state decomposes with elimination



of ethylene at 138°C [14]. This is reasonable since rhenium alkyls are

known to be particularly stable [16].

In compound 21 , the Re(CO)5 groups are trans with respect to the C-C

bond of the - (CH bridge with Re -C-C angles of 121°. The three

202"
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.1.4) [14].

Fig. 1.4 Structure of [(CO)5Re]2{p-(CH2)2}

1.2.4 Iron Group

The compounds [Cp(CO)ZFeJZ{p-(CHZ)n} (n=3-6), prepared by King [28]

from [Cp(CO)ZFe]' and Br(CH r‘Br, were the first alkanediyl bridged

)
species of type (I) known. These compounds have also been synthesised by
other routes. For example the addition of [Cp(CO)ZFe]' to the monochalo-
alkyl compounds [Cp(CO)3M{(CH2)nBr}] (M=Mo or W; n=3,4) [21] or
[CP(CO)ZFe{(CHZ)nBr}] (n =3-5) [24] and photochemical decarbonylation
of the diacyl species [Cp(CO)ZFe{CO(CH

[Cp(CO) ,Fel, {u=(CH,) 4} [30].

2 )4CO}Fe (CO)ZCp] to give

The structural study of the propanediyl and butanediyl bridged compounds
[31] confirms that the Fe atoms are linked by a —(CHZ)n- chain with the

carbons of the g-methylene groups o-bonded to the iron atoms (Fe-—CH2 2.08

11

R)



as postulated by King [29].

12

A constant C-C bond distance of 1.55 2\ and

C-C-C bond angle of 111° are observed in the alkanediyl bridges (Fig. 1.5).

Cp CO
Fe ——é-——(!——- é—-—\F
o’ ron

CO

)

Cp
co ’ co
/ ocC Fe \C/ \C/ /
/ N N Nee—co
VAR />
o Cco A

Fig. 1.5 Structures of [Cp(CO)ZFe]Z{p—(CH2)3} (left) and [Cp(CO)ZFe]Z-
{U-(CH2)4} (right)

'H NMR (270 MHz) ond *3C{'H} NMR

spectra are consistent with the

crystallographic results each showing two resonances for the methylene

groups in the alkanediyl bridges [31].

Attempts to prepare the ethanediyl bridged compound have failed

[21,30].

The only known two-carbon bridged iron compounds is the perfluoro-ethanediyl

bridged species 22

2

, isolated from the photo-induced reaction of

C F4 with [(CO)3Fe]2{(u—SCH3)2} [32].

gHa gHa
hv S\
(CO)F§¢—Fe(CO), + GC,F, ——> (00)31:3\/&} Fe(CO),
S
S F,c—cCF,

3

In this compound the iron atoms are held in a ¢4{3 arrangement with respect

to the C-C bond in the C2F4

The C2F4

bridge by the bridging methylthiolato groups.

group bridges the non-bonded iron atoms through two ¢ C-Fe bonds



(2.02 X\) with the C-C bond parallel to the Fe-Fe axis. The trimethyl-

phosphine substituted compound [(CO)Z(PMe3)Fe]Z{U(CFZ)Z}{(U-SCH3)2}

has also been isolated by addition of PMe3 to 21 in solution. These

C2F4 bridged compounds are stable in solid form but rearrange readily in

solution to the >CFCF3 carbene bridged species [33].

The alkanediyl bridged iron compounds, [Cp(CO)ZFejz{p—(CHZ)n}
(n =3-12) undergo various reactions, wellknown for mononuclear alkyl
compounds. The thermally-induced reaction with CO leads to effective

CO insertion into the Fe-C bonds to form the diacyl species 23; [30]

CO 0 0
1 I}
[Cp(CO),Fel, {n=(CHy) } 32%5,3% [Cp(CO),FeC(CH,) CFe(CO),Cp]
(n=3,4) 23

The CO insertion is reversible; photolysis of the diacyl species
[Cp(CO)zFe{CO(CHZ)4CO}Fe(CO)2Cp] for example produces

[Cp(CO)ZFejz{u-(CH2)4} in 40 % yield [30].

As observed with mononuclear iron alkyl compounds [34], R-hydride

13

abstraction from the hydrocarbon chain in [Cp(CO) oFe] 2{“_(CH2)n} (n=4-¢)

leads to formation of a cationic olefin species [35]. These cationic species

are assigned structure 24 in which one iron atom is n-bonded and the other

o-bonded to the alkenyl chain, on the basis of 'H NMR data:

[Cp(CO),Fe],{p-(CH,)n} + Ph,C*PF,"

N

Cp(CO)zFe\/\ /Fe(CO)2Cp
(CH,)

n-2

24

(6)
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The analogous reaction of [Cp(CO)zFelz{u-(CH2)3] produces a symmetrical
cationic complex [Cp(CO)ZFe(CHZCHCHZ)Fe(CO)ZCp]+ [21,36]. This was
first thought [21] to be a carbonium iron complex 26 which exists in

dynamic equilibrium with the stable olefinic complexes 25 and 27

(Scheme 1.3).

Fot + Fo — +F

AN T NN T NN
25 26 27

(Fp = Cp(CO),Fe)
Scheme 1.3

Subsequent dynamic !H NMR studies have revealed that the compound is
fluxional rather than in dynamic equilibrium [37]. The crystallographic study
of the cation [36] suggests that the positive charge is isolated on the
R-carbon and is stabilised by weak Fe-CH interactions. The cation is
approximately symmetric with Fe-CH separations of 2.59 and 2.72 /0\, and

Fe-CH,-CH bond angles of 91° and 98° respectively (Fig. 1.6). The

2

fluxional behaviour is attributed to the restricted rotation about the

CHZ-CH bonds in solution [36,38].

Fig. 1.6 Molecular structure of the cation [Cp(CO)ZFe(CHZCHCHZ)Fe(CO)ZCp:[+
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Several workers have studied the thermal and photochemical decomposition

of [Cp(CO)ZFejz{u-(CHz)n} (n =3-5) in solution and in the solid state
[30,39,40,41]. The decomposition gives [Cp(CO)ZFe]2 with loss of the
alkanediyl bridge as Cn alkane or alkene. For example, thermolysis and
photolysis of [Cp(CO)ZFeJZ{u—(CHZ)B} yields cyclopropane and propane
[30,40,41] and [Cp(CO)ZFeJZ{u—(CH2)4} evolves mainly butenes on
decomposition [41]. A mechanism involving B-hydride elimination or reductive
elimination from a dimetallocyclic intermediate 28 has been proposed to
account for the decomposition products of [Cp(CO)ZFe]Z{p—(CHZ)n}

(n=3,4) [30,41].

Cp(CO)Fe Fe(CO)Cp

CO

28

Knox et af.[40,41] have also studied the thermal decomposition of the
analogous ruthenium compounds [Cp(CO)ZRu]Z{p—(CHZ)n} (n=3,4)

and the mixed metal compound [Cp(CO).,Fe(CH Ru(CO)ZCp] . These

2 2)3
compounds are prepared by addition of [CpRu(CO)Z]' to

(X=1, Br) [40,41,42 ] and [Cp(CO)ZFe{(CH2)3I}] respectively.
Comparison of the decompositions of the propanediyl bridge iron and ruthenium
compounds reveals that the nature of the metal offects the ratio of the
organic decomposition products, propene and cyclopropane. The mixed metal
compound shows a product ratio intermediate between those of [Cp(CO)ZFejz-
{p—(CHZ)B} and [Cp(CO)ZRu]Z{U-(CH2)3} as would be expected. Wreford

et al. [42] have observed the production of Cp(CO).,RuH and

2

Cp(CO)ZRu(nZ—C H5) in equimolar ratio in photolysis of

3
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[Cp(CO)ZRu]Z{U-(CHZ) }. This clearly provides evidence for the role
of g-hydride elimination in the decomposition of this u(1,3) propanediyl

species.

Wreford et af. have also synthesised the (1,2)ethanediyl bridged ruthenium
compound from 1,2-dichloroethane and [Cp(CO)ZRu]'. Thermolysis and

photolysis of [Cp(CO)ZRu]Z{U—(CHZ)Z} produces ethylene [42].

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)3Fe]2(u—CO)2(U-CH2) and

[Cp(CO)Fe]z(u-CO)(U-CH with ethylene [33]. (Scheme 1.4).

2)

/CQ C,H m '/\\/H /\

[Fé Fe 2235 [Fe Fe] —> [Fe Fe] ——>

[Fe

Fe] = [Cp(CO)Fe]z(u-CO) or [(CO)aFe]z(p~CO)2

Scheme 1.4

The reaction of [Fez(CO)SJZ' with 1,3-diiodopropane also produces propane
presumably via formation of a diferra-cyclopentane intermediate. The recent
isolation [43] of the diosmacyclopentane 29 from the analogous reactions
of [(CO)4Os 1o {u- (CH2 )} and [Os, (CO)S]Z'provides direct evidence in
support of this mechanism.
CH,
(C0O),0s

0s(CO), + C,H, )

w

0°C
Na,[Os,(CO),] + I(CH,),I 29 (8)

(C0O),0s

Os(CO),
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Reaction (7) is reversible; heating 29 in toluene solution to 130°C

produces 30 and a mixture of organic products.

130 € (C0),08 0s(CO), + GC,H,(56%)
toluene 30 (9)

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

(C0O),0s

Os(CO),

29

The diosmacyclobutane 31 was also prepared from the reaction of

[OsZ(CO)B]z' and TsO(CHz)ZOTs
[05,(CO),)* + TsO(CH,),0Ts %.H—Fa (C0),05 0s(co), (10)
C

31

The crystallographic study of 31 reveals that the cyclobutane ring is

bent and the 0s-C-C angles slightly compressed (105°) so that the
OS(CK))4 units are twisted out of the unfavourable eclipsed arrangement

(by 27°). The —(CHZ)Z- bridge is g-bonded to the Os atoms (0Os-C 2.22 /0\)

and the C-C bond in the bridge is the length of a normal single bond (Fig.1.7)

Fig.1.7. Molecular structure of compound 31 showing the bent
diosmacyclobutane ring. [43]
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The substituted diosmacyclobutane 32 has also been reported recently
[44] as a product of the photochemical reaction of 053(CK))]2 with

methylacrylate.

0s,(CO),, + CH,CHCO,CH, - 5  (C0),0s(CH,CHCO,CH,)

+

(11)

H,C—CHCO,CH,
(C0),0% 0s(CO),

32

The structure of 32 closely resembles that of 31 . The four membered
ring is also puckered and the twist angle about the Os-Os bond is similar

to that in 31 (21°).

1.2.5 Cobal t Group

The first type (II) (1,n)alkanediyl bridged compound (with a metal-metal

bond) reported was the five-membered ring metallocycle containing two cobalt

atoms 33 , which is obtained by dialkylation of [(CpCo)Z(u-CO)Z]' with
1,3-diiodopropane [45].
co )
NQ'CpCo<::>Con + I[(CH,),I 25°C CpCo<;;7700p (12)
co oc” ¢co
33

It is not possible to isolate 33 from the reaction of the methylene bridged

dimer [Cp(CO)Co]Z(u-CHZ) with C2H4 although a coordinatively.
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unsaturated dimetallocyclopentone intermediote 34 has been implicated to

explain the formation of propene in this reaction [46] .

/CQ C,H. K\|

CpCo CoCp —~—6+> Cp(COICo CoCp —> CH,CH=CH, (13)

34

Compound 33 1is considerably more stable than acylic dialkyl cobalt species;
the dimethyl compound [CpCoMe]z(p-CO)2 for example, decomposes in solution
at room temperature, whereas 33 only undergoes slow thermolysis in benzene
at 100°C. Such resistance to decomposition by p-elimination has also been
observed for mononuclear five-membered metallocycles [33]. The decomposition
of 33 1in solution produces propene (73%), cyclopropane (18%) and propane (1%)
with CpCo(CO)2 and Cp4Co4(CO)2 as the main organometallic products [46].
Labelling experiments indicate that the decomposition process is predominantly
intramolecular. 1In the presence of 12, reductive elimination of cyclopropane
is favoured and decomposition produces mainly cyclopropane (71%), propene (9%)

and the diiodide [Cp(CO)CoIZ] [(45] (Scheme 1.5).

CpC\c>\\/90Cp _100¢, A + CH,=CHCH, + CH,CH,CH,
oc” ~co

33 I,
.
A + CH,=CHCH, + Cp(CO)Col,

Scheme 1.5
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Theopold and Bergman [48] have investigated the reactionsof the metallocycle

33 with CO and tertiary phosphines. At high concentrations of ligand, the
reaction occurs rapidly at 56°C producing the mononuclear metallocycle 35
and Cp(CO)ColL. Lowering the ligand concentration causes a decrease in the
reaction rate and increasing amounts of cyclopropane and propane are produced

(Scheme 1.6)

CpC0$>//7on —gg;——+> Cp(L)Co + Cp(CO)ColL
oc” ~co
33 low [L] 39
56°c
A + CH,CH=CH,
L= CO, PPh,, PMe,
Scheme 1.6

To explain these observations, a mechanism was postulated [48] in which
a ligand independent route to cyclopropane competes with ligand attack on

a metallocyclobutane intermediate 36 to form cobalt cyclopentanone 35

(Scheme 1.7)

CpCo—>CoCp === CpCo Co(cO)Cp L  cplL)Co Co(CO)Cp
</
oc o co co

33

Cp(COICo(L) <*% CpColCO) A

‘k\\\\
S

Cp(L)Co

Cp(CO)Co

36

35
Scheme 1.7
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Parallel reactions involving 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 [(CpCohke)z{p—(CO)z}] via a mononuclear dimethyl cobalt
intermediate [49]. Reactions of both systems lead to the formation of new
carbon-carbon bonds. The structure of 33 has been reported recently

(Fig. 1.8) [48]. The two Co-C bond lengths and Co-Co-C bond angles for
the propanediyl bridge are the same (Co-C 2.04 /g, Co-Co-C 94.5°).
However the bridge is not symmetrical; the C]--C2 bond is longer than the
C,-C, bond and the Co-C —C2 angle greater than the Co-C:,)-C2 angle.

2 73 1

The dihedral ongle for the five membered ring Co-C]-4:2—C3 is 32.9°.

The CO ligands are bent slightly towards the propanediyl bridge.

C._1.494
153§/ii5C:
C,)ize
Oct g0
Co \C
/ p
Cp

Fig. 1.8 Moleculor structure of compound 33

Theopold aond Bergman also report [48] the synthesis of the six-membered

metallocycle 37 by reaction of I(CH I with [(CpCo)., (u-CO)

24 ) )1

This compound is considerably less stable than 33 , decomposing ropidly

at room temperature in solution. In the solid state 37 decomposes above

100°C whereas 33 is stable up to 170°C. Treatment of [(CpCo)z(Ly—CO)ZJ-

with 1,2-diiodoethane does not yield the four-membered metallocycle 38
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Cco
Na® CpCo/ \Con —Mﬂ—a CpCo CoCp
4 \></
I(CH,),1 oc ¢co
\\ 37
CpCo CoCp
>/
oC CO
38

The only type (I) (1,n)alkanediyl bridged cobalt compounds known are the
perfluoroalkyl derivatives [(CO)4C0(CF2)nCo(CO)4] (n=2,3) [49,51]
and Ké[(NC)SCo(CFZ)ZCo(CN)5] [527. [(CO)4C0(CF2)2C0(CO)4]
[50] and [(NC)5C0(CF2)2C0(CN)5]6' [52 ] are produced by reaction of
C,F, with Co

2 4 2
is formed by addition of [(CO)4C0]' to ClCO(CF2)4COCl [51].

(CO)8 and [(CN)5C0]3' respectively. [(CO)4C0]2{U—(CF2)4}

No polymethylene bridged rhodium or iridium compounds are known.

1.2.6 Nickel Group

Monaghan and Puddephatt have recently reported the synthesis of alkanediyl
bridged platinum complexes 4la-d by oxidative addition of I(CHZ)nI

(n=2-5) to dimethyl (1,10-phenanthroline) platinum(II) 39 [53].

(CH,),I
( i +  HCHYT — ( Pt 40 a n=2
N Me N~ | ™~ Me b n=3
39 I C n=4
d n=5
/-\ _ . e n:o
(N N = 1,10- phenanthroline)
~~
\ ) )
39 + 40 ——> [ —Pt— (CH,);—Pt—1 41 a n=2
/ \ / \ b n=3
Me Me Me Me cC n=4
d n=5

(14)

(15)

(16)
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The reactions of 39 with I(CH I (n=3-5) produce mixtures of compounds

Z)n
40 and 41 but with a large excess of I(CHZ),ql' 40 is the only product
(reaction (15)) and this can be isolated and reacted with 39 to give the
bridged compound 41 in high yield (reaction (16)). The reaction with
I(CHZ)ZI produces a mixture of 4la , ethylene, and 40e (rather than 40a
The 'H NMRand !3C{!H}NMR spectra of 41d show three resonances, two

with %3Pt coupling for the hydrogen and carbon nuclei in the —(CHZ)S—

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 (15) and (14) reveals that the
rates of these reactions follow the order n 2 >> 3 > 4 = 5. A small
neighbouring atom effect by the metal atom on the C-X bond in M((:Hz)nX
is 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 39
with 40c is three times greater than that for the reaction of 39 with

I(CH I. This may be attributed to the lowering of the energy of the

2)3 )

transition state of the reaction by contribution of the resonance terms :

S o o

X X

which would facilitate halide displacement.

Palladium (1,n)alkanediyl bridged species have been implicated as intermediates

in the catalytic dimerisation of ethylene by bis-(n-arene)di-polladium 42
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but have not been isolated [54] (Scheme 1.8).

Arene Arene Arene
o i
X— Pd—Pd—X === X—Pd——Pd—X == X—Pg---- d— X

P

/ HZC/ HZC/ ;S

4ene I | Hz? |CH2

40 H,C H,C H,C———CH,

H
(X:A|Cl4,AIZC|7; Tcz ‘ l
Arene=benzene, Arene Arene
toluene, p-xylene) /
X—Pd Pd—X €&— X—Pd----Pd—X

+ e nc

2 ~od 2 \'
SHO | H

CH,CH=CHCH,

Scheme 1.8

These Pd(II) complexes also catalyse the dimerisation of propene.

1.3 Scope of this work

In this study we have prepared and characterised new alkanediyl bridge
compounds of iron, tungsten and manganese. A detailed investigation of the
mass spectra of 1(1,n)alkanediyl iron and tungsten compounds has been
carried out. The series of diiron compounds [Cp(CO)ZFeJZ{u—(CHZ)n}
(n=13-12) were analysed by Differential Scanning Calorimetry aond the
polymorphism of [Cp(CO)ZFe]Z{u—(CHZ)n} (n=4,8) investigated. The
thermal decomposition of [Cp(CO)zFe]z{u—(CHz)n} (n=3-8) and
[Cp(CO)3W]2{p—(CH2)n} (n=3-5) was also studied using gas
chromatography to analyse the gaseous organic products. The reactions

of some p(1,n)alkanediyl diiron and ditungsten compounds with tertiary

phosphines and halogens were investigated.



SECTION 2
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2. SYNTHESIS AND CHARACTERISATION OF ;(1,n)ALKANEDIYL COMPOUNDS

OF TRON, TUNGSTEN AND MANGANESE

2.1  General synthetic routes to yu(1,n)alkanediyl compounds

A general preparative route to mononuclear metal alkyl compounds is by

reaction of a metal complex anion with an alkyl halide [55] .
LnM' + R-X —— RMLn + X~ (17)

The analogous reaction of a metal anion with a dihaloalkane (in 2:1 molar
ratio) can lead to either the mononuclear haloalkyl compound LnM(CH2)nX
or the alkanediyl bridged species 43 (equation (18)).

2L M™ + X(CH,) X —> L M-(CH -ML + 2 X~ (18)
n 2'n n n

2)n

43
The product of the reaction is found to depend on the nucleophilicity of the

metal anion and on the reactivity of the dihaloalkane. For example the

highly nucleophilic anion T [Cp(CO)zFe]'reocts with Br (CH SBr (n =3-46)

2)
to produce the u(1,n)alkanediyl species [Cp(CO)zFe]Z{U—(CHZ)n} (n = 3-6)
[29] while the reaction of the molybdenum anion [Cp(CO)3Mo]', which is
considerably less nucleophilic [56], with Br(CHz)nBr (n = 3,4) gives

only [Cp(CO)3Mo{(CH2)nBr}] [21]. However the y(1,n)alkanediyl compound
[Cp(CO)3Mo T {u=-(CH;) 4} is obtained from the reaction of (Cp(CO)4Mo]™ with

the more reactive diiodoalkane, I(CH2)4I (187 .

Reaction (18) can also be carried out as a two-step synthesis with

T This refers to the doto of King et af. [56] on the relative nucleophilicity
of various metal anions, established on the basis of their rates of reaction

with an alkyl halide.
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intermediate isolation of the mononuclear haloalkyl species which is then
reacted with further anion to give the bridged product. This is a route
to mixed metal compounds. For example [41] :

[Cp(CO),Fel” + I(CHy)y1 ——>[Cp(CO),Fe{(CH,),T}]

2)3
| ep(co) R (19)

[Cp(CO) ,Fe{n-(CH,)4}Ru(CO),Cp]

Another route to alkanediyl bridged compounds is by decarbonylation of the

diacyl species [LnM{CO(CH nCO}MLn] which can be obtained from the

2)

reaction of the metal anion with a diacyl halide (equation (20)).

2LnM' + C1CO(CH nCOCl —_— LnM{CO(CH nCO}MLn+ 2C1° (20)

2) 2)

The perfluoroalkyl compounds [Cp(CO)zFejz{u-(CF2)3} and [Cp(CO)3Mo]2~
{U-(CF2)3} have, for example, been synthesised by photochemical and thermal

decarbonylation of the corresponding diacyl species respectively. [22]

In this work these routes have been applied to the synthesis of new

1(1,n)alkanediyl compounds of iron, tungsten and manganese.

2.2 Results and Ciscussion

2.2.1 Synthesis of iron compounds

The new p(1,n)alkanediyl diiron compounds [Cp(CO)zFe]Z{U-(CHZ)n}

(n = 8-12) (VIII) - (XII) have been synthesised by reaction of the



27

metal anion [Cp(CO)ZFe]' with Br(CHz)nBr (n = 8-12) in 2:1 molar
ratio, following the method of King [29] (equation (21)) :

2Na[Cp(CO) ,Fe] + Br(CHz)nBr—%'%—»[Cp(CO)zFe]z{p-(CHz)n} + 2NaBr (21)

12hrs

All compounds were obtained in good yield (47 - 64%) and the iron dimer

[Cp(CO)ZFe]2 was the only other product of the reactions. Compounds
(VIII) - (XII) are yellow crystalline solids with well defined melting
points. They are stable in solid form but decompose rapidly in solution
on exposure to air to a brown non-carbonyl product, at ambient temperatures.
Under nitrogen, solutions of these compounds are stable even at elevated
temperatures. (VIII) - (XII) have been characterised fully by IR, 'H NMR and
mass spectrometry and elemental analysis. A detailed study of the mass
spectra of these compounds and those of the known [Cp((x))zFe]z-
{“_(CHZ)rq} (n = 3-7) [29,57] (IV) - (VII) has been made and is reported
in Section 3.1. The IR and !H NMR spectra of these compounds closely

resemble those reported for the shorter chain compounds [Cp(CX))ZFe]Z-

(u=(CHy) 1} (n = 3-7).

The compounds [Cp(CO)zFe]z{p—(CHz)n} (n = 3-7) were prepared for
the mass spectral study by an adaptation [58] of the method of King [29].

The reaction between [Cp(CO)ZFe]' and Br(CH,) Br (n = 3-7) was

Z)n
carried out at room temperature for 1-2 hrs. and the product extracted with

n-pentane. This gives the required products in é0-70% yield compared with

the yields of 15-47% reported by King [29].

The series of compounds (IV) = (XII) has been analysed by Differential

Scanning Calorimetry and a study of their thermal decomposition carried out.
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The results of this thermal analysis are presented in Section 4.

The synthesis of y(1,n)alkanediyl diiron compounds by decarbonylation of
the corresponding diacyl species has also been investigoted. The diacyl
compounds [Cp(CO)ZFe{CO(CHZ)nCO}Fe(CO)sz] (n = 3,4) (1), (11)
are, like mononuclear iron acyl species, resistant to thermcl decarbonylation
[59]. The photolysis of (II) has been found [30] to give the decarbonylated
product (IV) in low yield but (I} decomposes, on irradiation, to

[Cp(CO)ZFe]2 . In this work, the decarbonylation was effected under
mild conditions by reaction of (I) and (II) with RhCl(PPh3)3 (equation (22)).
This method of chemical decarbonylation has previously been used success-
fully for the conversion of several Cp(CO)ZFeCOR compounds to the

corresponding alkyl compounds [60].

[Cp(CO)ZFe{CO(CHZ)nCO}Fe(CO)ZCp] (n = 3,4) were synthesised by

reaction of [Cp(CO)ZFe]' with ClCO(CHZ)nCOCl.

0] O
i 1§
[Cp(CO),FeC(CH,) CFe(CO),Cp] + 2RhCL(PPhy),
(I) n =3 benzene, 20°C, 6 hrs. (22)
(I1) n =4
[Cp(CO)zFe]z{p-(CHz)n} + 2RhCl(CO)(PPh3)2
(II1) n = 3 + 2PPh,
(IV) n = 4

The decarbonylated products (III) and (IV) were obtained in fairly good
yield from these reactions (45 and 58% respectively). Some of the starting

diacyl compound was recovered from the reaction of (II) with RhCl(PPh3)3

while o small amount of the monoaccyl species[Cp(CO)zFe{CO(CHz)3}Fe(CO)ZCp]
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was isolated from the analogous reaction of (I). The formation of this
species indicates that the decarbonylation of the diacyl species (I) proceeds
in a stepwise fashion. This process could involve conversion of all the
starting diacyl to the monoacyl species as the first step. However reaction
of (I) with RhCl(PPh3)3 in equimolar ratio produced the 1(1,3)propanediyl
species in ca. 30% yield ond no monoacyl species; the diacyl storting
material was recovered in 50% yield. Thus it appears that although the
monoacyl species is formed as an intermediate in the decarbonylation of (I),
the formation of the alkanediyl bridged product is favoured. This suggests
that decarbonylation of the monoacyl intermediate occurs more readily than

the initial CO dbstroction from the diacyl substraote.

The infrared and 'H NMR spectra of the product mixtures from reaction (22)
also showed the presence of a PPh3 substituted product. The reaction of
RhCl(PPh3)3 with some mononuclear iron alkyl species, Cp(CO)ZFeCOR

(R = alkyl), has been found [60] to produce significant amounts of the
PPh3 substituted product Cp(CK))(PPh3)

decarbonylation reaction involves the abstraction of a terminal CO group

FeCOR. It is thought that the

by RhCl(PPh3)3 to give o coordinatively unsaturated intermediate [44].
Attack by PPh3 at the vacant coordination site in this intermediate would
account for the formation of a PPh3 substituted product. The alkyl product
could be formed from such an intermediate by alkyl migration to the vacant

site (Scheme 2.1).
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Fe—C—R +  RhCI(PPh,),

Cp
oo !
I
Fe —C +  RhCI(COXPPh,), + PPh,
/ R
OoC 44 )
alkyl PPh,
migration
Cp QC
\ Fe—&—r
Fe —CO V; e\—— -
/' \ oc PPh,
oC R

(Scheme 2.1)

In this work, several attempts have been made to isolate the p(1,2)ethanediyl
diiron compound [Cp(CO)ZFejz{p—(CHZ)Z] . In contrast to the compounds
[Cp(CO)ZFeJZ{u-(CHZ)n} (n = 3) the ethanediyl bridged species is not
obtained from the reaction of [Cp(CO)zFe]' with the appropriate
dihaloalkane. King has reported [29] that the reaction of the iron anion
with dibromo- or diiodo-ethane produced only [Cp(CO)ZFe]2 ond the desired
product cannot be detected even at low temperature. Another route to this
compound could be via reaction of the cationic ethylene complex
[Cp(CO)ZFe(C2H4) ]+PFg with [Cp(CO),Fe]”, the analogous method to
that used in the synthesis of the compounds [Cp(CO)3M}2{U—(CH2)2}

(M = Mo,W) [14]. A rapid reaction between [Cp(CO) Fe(C2H4)]+PF’

2 6
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and [CpFe(CO)Z]' was observed, indicoted by a sudden colour change in
the reaction mixture, even at low temperature (O°C). However the only
detectable reaction products were [Cp(CO)zFe]2 and [szFe]. The
formation of ferrocene, under the mild reaction conditions used, could be
attributed to the decomposition of an unstable reaction product, possibly

the ethanediyl bridged species.

Evidence for the formation of the y(1,2) ethanediyl compound was provided,

in this study, by the observation that ethylene is produced on reaction of

[Cp(CO) ,Fe{CO(CH,),CO}Fe(CO),Cp] with RhCL(PPh The

3)3'
organometallic product is again [Cp(CO)zFe]2 (equation (23)).

0 0
1 1l
FeC(CH,),CFe(CO),Cp] + 2RhCL(PPh;),

\benzene,20°C (23)

[Cp(CO)ZFe ]2 + C2H4+ 2 RhC1(CO) (PPh3)2

[Cp(CO),

These results suggest that [Cp(CO)zFejz{p-(CHz)z} is formed on
decarbonylation of the diacyl species but under the reaction conditions
decomposes to [Cp(CO)zFe]2 and ethylene. This has precedent among known
ethanediyl bridged species; the analogous compounds [Cp(CO)3M]2{p-—(CH)2)2}
(M = Mo,W) decompose with evolution of ethylene to the corresponding

dimer [13]. Pettit et af. [30] have recently reported similar results on

photolysis of [Cp(CO) ,Fe {CO(CH2 ) 2CO}Fe (Co) ,CpJ.

2.2.2 Synthesis of tungsten compounds

The new compounds [Cp(CO)3W]2{p-(CH2)n} (n = 3-5) (XIII) - (XV),

[Cp(CO),TW(COCH,CH,CH, ) T (XVI), [Cp(CO)4W{(CH,) 137 (n = 4,5)
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(XVII), (XVIII) aond [Cp(CO)3W{p-(CH2)3}Fe(CO)2Cp] (XIX) have been
synthesised. Since the completion of this work, Winter et af. [19] have
reported the preparation of compounds (XIII), (XIV) and (XVI) by methods
entirely analogous to those used in this study.

The tungsten anion [Cp(CO),W]~ was found to be considerably less reactive

3
than the iron anion, in agreement with the report of King [56]. [Cp(CO)3W]'
does react with Br(CH2)3Br to yield the 1(1,3)propanediyl compound,

contrary to previous observations [21], but only in low yield of ter

prolonged heating (equation (24)).

2 [Cp(CO)4W]™ + Br(CHy)3Br —hEes [Cp(CO) W1, (= (CH,) 5} +
11% (24)
[Cp(CO)WBr] + [Cp(CO),W1,

35% 28%

(XIII) is obtained in good yield (61%) from the reaction of [Cp(CO)3W]'

with I (CH2 )31 . The 2-oxocyclopentylidene compound [Cp(CO) 2 IW(COCH2CH2&H2) ]

(XVII) was also isolated from this reaction (equation (25)).

2[Cp(CO) W)™ + T(CH))5l %%%%Tﬂﬁé [Cp(CO)3WI,{u-(CH,) 3} + [Cp(CO)3WI]
(XIII)
(25)
+ [Cp(CO),IW(COCH,CH,CH,) ]

(XVIT)

The reaction of [Cp(CO)3W]' with excess I(CH2)3I gives exclusively the
2-oxacyclopentylidene product. (XVII) was also obtained in good yield from the

reaction of [Cp(CO)3W{(CH2)3Br}] with LiI-3H,0 (equation (26)).

2
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(XIII) n =
(XIV) n =
(XV) n =
W W—
\\\1 o~ (CH,) 1
co ocC co
(XVI) (XVII) n= 4
(XVI