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ABBREVIATIONS 

'lhe following abbreviations are used in this VJOrk 

* Cp = 1/~5H5 

* cp . - 1/~srres 

THF . - tetrahhdrofuran 

Ph = phenyl 

Me = irethyl 

Et = ethyl 

dppn = bis diphenylphosphinanethane 

dppe = bis diphenylphosphinoethane 

n-Bu = n-butyl 

* 'lhe IUPAC convention for.maximum hapticity of unsaturated 

hydrocarbon rings will be used throughout this work. 



ABSTRACT 

The extensive series of cyclopentadienyl transition 

metal complexes known, has made of interest the 

corresponding chemistry of pentamethylcyclopentadienyl 

transition metal derivatives, and other substituted 

cyclopentdienyl species. Such compounds are of 

interest, since the substitution of all five hydrogens 

in a cyclopentadienyl ring bonded to a transition 

metal would be expected to have a profound effect on 

the reactivity and structure of the resulting metal 

complex, resulting from both steric and electronic 

effects. 

Monosubstituted methyl transition metal complexes of the 

type LnMCH 2X,(Ln =other ligands and X =functional 

group) , have been suggested as possible precursors for 

a number of compounds such as hydroxymethyl complexes, 

carbene complexes and bridging methylene complexes, all 

of which are models for intermediates which have been 

proposed in the mechanism of the Fischer-Tropsch 

synthesis reaction. 

Two synthetic routes are described for the synthesis of 

new halomethyl complexes of molybdenum and tungsten. 

Thus the reaction of [(~-C 5Me 5 )M(C0) 3 ) - and.CH 2XY gives 

(M = Mo, W; X, Y = halogen). 



((11-c
5

Me 5 )M(CO) 3cH2ocH3 )] M = Mo, W gives on reaction 

with dry HX gas (X = Cl, Br, I) the halomethyl complexes 

~71-C 5Me 5 )M(C03 )CH2x) , (M =Mo, W; X =Cl, Br I). The 

new complexes were characterised by usual methods. 

The reactions of ~71-c 5Me 5 )W(C0) 3 J- with CH 2Br 2 and 

CH 2I 2 unexpectedly gave the known complex 

~71-c 5Me 5 )W(C0) 3cH3 ), possible reasons for this are 

discussed. Also, reaction of U11-c5Me5 )Fe(Co) 2r with 

ClCH2ocH 3 gave ~17-c 5Me 5 )Fe{C0) 2cH3] instead of the 

expected methoxymethyl product. The chloromethyl 

complex u11-c5Me 5 )Fe(C0) 2cH2c1] was prepared from the 

reaction of ~71-c5Me5 ) (Fe(C0) 2]- with CH2c1 2 . 

The reactions of some halomethyl transition metal complexes 

with PPh3 were investigated. Thus [(17-c5Me 5)Mo(C0) 3cH2c1] 

gave on reaction with PPh 3 in methanol under reflux, 

or in acetonitrile at room temperature, the product 

((17-c5Me 5)Mo(C0) 2 (PPh 3)cl]. Reaction of ~71-c 5Me5 )W 
(C0) 3cH2IJ with PPh3 in methanol under reflux or in 

acetonitrile at room temperature gave the phosphorous 

ylide complex ~17-c 5Me 5 )W(C0) 3cH2PPh3 ]+I-. The ir?n 

chloromethyl complex, 811-c5Me 5)Fe(C0) 2cH2c1] gave on 

reaction with PPh 3 in CH3cN, the product 

[(17-c5Me 5 )Fe(C0) 2cH2PPh 3J+c1-_, isolated as the BPh4 · 

salt, whereas the analogous reaction in methanol 

under reflux yielded only the methoxymethyl product, 

CT71-c5Me 5)Fe(C0) 2cH2ocHJ. 



The X-ray crystal structure of ( (1]-C5Me 5 )W (CO) 3cH2PPh 3 J +I"" 

was investigated, the complex crystallised in the space 

group P21/n .. with unit cell parameters as follows: 

0 

a = 16.616 (8) A 
0 

b = 11 • 7 38 (6) A 
0 

c = 18.126 (9) A 
0 

B = 101.74 ( 1) 

z = 4 

The final R for 3310 reflections was 0.076. Each ion 

pair was found to occupy a general position in the 

unit cell. The solvent of crystallisation, CH2c1 2 , was 

found to be slightly disordered, and to occupy a 

general positions in the unit cell at S.O.F. = 0.5. 

Th~ pentamethylcyclopentadienyl ring is bonded to the 

tungsten atom in an ~ 5 manner, the average metal to 

ring carbon distance is w-c = 2.35 (2) A. The tungsten 

atom is bonded to a methylene carbon which is in turn 

bonded tc triphenylphosphine,giving rise to a 

phosphoroTis ylide complex. This structure is compared 

with the structures of other phosphorous ylide transition 

metal complexes. 

Attempts have also been made to synthesise hydroxymethyl 

and carbene transition metal complexes. 
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1 • INTRODUCTION 

1. 1 'Ihe significance of the pentamethylcyclopentadienyl ligand. 

Since the discovery of ferrocene in 1951,
1 the chemistry of cyclopentadienyl 

transition metal canplexes has developed into one of the most important areas 

of transition metal organanetallic chemistry. 2 

'Ihe replacerrent of sare or all five hydrog-ens bonded to the cyclopentadienyl 

ring with methyl groups would at first glance appear to he a relatively minor 

alteration. Instead, this alteration has a profound effect on the chemistry of 

the resulting transition metal complexes, owing to both steric and electronic 

effects. 'Ihus the pentamethylcyclopentadienyl transition metal canplexes tend 

to exhibit altered crystallisation characteristics, are in general more soluble, 

have greater tendencies to form stable metal-metal bonds, exhibit different 

kinetic and thennodynamic stabilities and have different reactivity patterns 

towards attacking reagents, as ccmpared with their unsubstituted cyclopentadienyl 

analogues. 3 'Ihe bonding between a transition metal atom or ion with partially 

.filled d- orbitals, and a syrraretrically planar c5H5 ring is described in fig 

4 1.1.1 . 

'Ihus the cyclopentadienyl ring is bonded to the transition metal in an ·175 manner, 

the 17 5 bond being comp::ised of : 

(a) A a bond resulting from the donation of an electron pair frorn the filled A­

orbital of the cyclopentadienyl ring, to the empty d- orbitals of the transition 

metal. 



Fig 1. 1. 1 
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The components of the bonding between a transition metal and a 

cyclopentadienyl ring. 

(b) 'lWo orthogonal TT - bonds resulting from the donation of an electron pair 

fran each of the two degenerate E1 bonding orbitals of the cyclopentadienyl ring, 

into empty transition metal d- orbitals of appropriate syrrmetry. 

(c) 'IWo orthogonal reverse 8- bonds arising from the back donation of electron 

density from the filled transition metal d- orbitals of appropriate symmetry, 

into the two degenerate E2 anti-bonding orbitals of the cyclopentadienyl ring. 

The substitution of all five hydrogens on the cyclopentadienyl ring with methyl 

groups would be expected to strengthen the bonds between the ring and a transition 

rnetal as a result of the increased electron density in the filled A and E1 orbitals 

of the ring. Thus it would be expected that the pentarnethylcyclopentadienyl 

transition metal bond would be more stable than the bond between an unsubstituted 

cyclopentadienyl ring and a transition metal. As a result of the electron 
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releasing effects of the methyl substituents on the pentarnethylcyclopentadienyl 

ring, there would be more electron density on the transition metal, than in the 

case of an unsubstituted cyclopentadienyl ring bonded to a transition metal, 

and thus the bonds between t...1-ie transition rnetal and other ligands would be 

expected to be inore stable, in most cases, and thus a more extensive range of 

2 3 complexes could be prepared. ' 

Thus CaJabro et al 3 investigated the gas phase photo-electron spectra for 

( M =Mn, Re; n = 0,1,5). 

The influence of the methyl substituents on the cyclopentadienyl ring was 

monitored by shifts in both the valence and core ionisation energies. The 

valence ionisation energies were found to decrease with increasing methylation 

of the cyclopentadienyl ring. This phencmenon was interpreted in tenns of an 

electron releasing or inductive effect, of the methyl groups on the cyclopenta-

dienyl ring, which tends to increase the electron charge on the ring, thereby 

increasing the effective basicity of the cyclopentadienyl ring. 

Bordwell et al 5 investigated the methyl substitution effects of various un-

saturated hydrocarbons on their equilibrium acidities in dimethyl sulphoxide 

at 25°C. Thus the substitution of 5 hydrogens on cyclopentadiene with methyl 

groups to give 1,2,3,4,5 pentamethylcyclopentadiene was found to result in an 
{ 1 

acid weakening effect of 7.8 pKa units relative to the pKa of cyclopentadiene. 

These authors attributed this to the large hyperconjugative effects of the 

methyl groups which tended to stabilise the undisscx:iated acid c5M..e5H, and also 

to the steric inhibition of salvation of the anion formed, viz (C5Me5)-. 

5 'I'hese authors propose this large hyperconjugative effects of the rnethyl 

substituents on the pentarnethylcyclopentadienyl ring, to be present in 
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pentamethylcyclopentadienyl transition metal cornplexes, and this hyperconjugative 

effect is the source of the increased electron density on the transition metal, 

as ccrnpared with the unsubstituted cyclopentadienyl analogue. For example, 

decamethyl ferrocene,q;2Fe has a lower oxidation J?Otential than does ferrocene, 

resulting in a greater tendency towards SJ?Ontaneous oxidation in air. Thus, 

although the electron releasing effects of the methyl substituents on the 

pentamethylcyclopentadienyl ring tend to increase the strength of the transition 

metal-ring bond, and also the bonds between the transition metal and other 

ligands, the oxidation J?Otential of the cornplexes would be expected to be lower 

than those of the unsubstituted cyclopentadienyl analogues. 

1.2 A review of pentamethylcyclopentadienyl transition metal complexes, and 

a ccmparison with their unsubstituted cyclopentadienyl analogues~ 

1.2.1 Pentamethylcyclopentadienyl cornplexes of titanium and zirconium. 

The first pentamethylcyclopentadienyl transition metal cornplex, q5TiC13 , was 

reJ?Orted to result from the reactions of TiC14 with various simple hydrocarbons 

6 such as but-1-ene, but-2-ene, pent-1-ene etc. This methcx:l used the transition 

metal , Ti, to fonn the pentamethylcyclopentadienyl ring system. The cornplex 

was later prepared in a more conventional manner from the reaction of TiC14 with 

( ' 

Titanium cornplexes such as ep2Ti(C0) 2 and CpTiC12 have been shown to catalytically 

hydrogenate alkenes and alkynes in the presence of various Grignard reagents. 

Various workers J?OStulated mechanisms for these reactions, and proposed highly 

reactive intenrediates such as "Cp2TiH" and "Cp2Ti", their existence however 

was not verified. Bercaw et al 7 demonstrated that the prqx>sed interrrediate 
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"Cp2 Ti" was in fact a titanium hydride species of formula U1J-C5H5) ( 1J4-c5H 4) TiH] 2• 

These authors proposed that if, in fact the intermediate "Cp2Ti" were to exist, 

it would exhibit a tendency to re-arrange via an ex-hydrogen shift from the 

cyclopen.tadienyl ring to titanium. In order to eliminate the possibility of 

such a re-arrangement, Bercaw et al 
7 undertook the synthesis of cp2Ti. 

Fig 1.2.1 The preparation of cp2Ti. 

The analogous unsubstituted cyclopentadienyl canplex, "Cp2Ti" , however, could 

not be synthesised by this route, instead a dirneric species K:P2Ti] 2 was isolated. 

The canplexes cp2Ti and (Cp2Ti] 2 display a very high reactivity towards dinitrogen 

and dihydrogen. 

The canplex cp2Ti(CH3) 2 was shown to display a very low. reactivity towards 

dihydrogen, as compared with that observed for the analogous cyclopentadienyl 

canplex, ep2Ti(CH3) 2• This was thought to be related to the greater the:rrra.l 

stability of the cp complex which could be stored for days at roan temperature 

without decomposition, whereas the Cp complex decomposed at roan temperature 

within minutes. 
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The analog-ous zirconium canplex , viz cp2zr was prepared in the following manner8 

Fig 1.2.2 

[c5Me5J~i] 
ZrCl4 ------1•~ Cp;zrCl2 

lNa/Hg amalgam 
toluene , 2 days 
N2 (1 Atm.) 

[ Cp2Zr]/N2)
3 

Preparation of cp
2
zr. 

N JrRT, solution 2 vacuum 

cp;zr 

Bercaw et al 
9 have prepared a number of dinitrog-en complexes of Ti and Zr having 

either cp or Cp ligands and have determined their X-ray crystal structures. 

These authors report the cp complexes to be generally more stable than their 

Cp analogues, and thus more amenable to study. The Cp canplexes are less soluble 

and more difficult to obtain in crystalline fonn. 

Bercaw et al 1 O reported that the canplex [{ cPZr (CO) } 2N2] catalyses the reduction 

of CO in moderate yields on treatment with HCl according to the following scheme : 

The reaction was proposed to go via an intennediate involving the oxidative 



addition of H2 to qs2zr (C0)2 , generating the intenrediate [tp2zr (H) 
2 

(CO)). 

This complex was prepared via an alternate route 

Fig 1.2.3 

[<11-C5Mes>2ZrH2] 
(I) 

co 
toluene 

-so·c 

Preparation of [cp
2
zr (H) 

2 
(CO)] 

7 

The complex (I) was found to be stable, and soluble in hydrocarbon and ether 

solvents, in contrast to the polyrreric unsubstituted cyclpentadienyl analogue, 

Ketene complexes of Zr have been synthesised, and reduced to enolate hydrides 

using hydrogen gas, according to the following scherre 11 

( 

Fig 1.2.4 Preparation of a zirconium enolate hydride. 
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The reaction of (I) + (II) - (IV) was proposed to go via (III) , which was then 

hydrogenated to give (IV) . The cis gearetry of (IV) was proposed to result 

from : 

(a) The cis structure of (III) in which bulky q5?.r0 moieties are sterically 

constrained to a cis arrangement. 

(b) The stereospecif ic hydrogenation of (III) to (IV) • 

Stable monaneric Lewis base adducts of [qs2zr (C,O-rf-R2c=co)J ; (R = H, alkyl) 

were prepared, [qs2zr(py) (C,O-rf-~C=CO)] ; where py = pyridine. 11 

These canplexes are monaneric, in contrast to the unsubstituted cyclopentadienyl 

canplexes which are dirreric and only sparingly soluble in organic solvents. 

Thus the bulky cp ligand appears to prevent dirrerisation, as well as confer 

solubility on these complexes. 

1.2.2 Pentarnethylcyclopentadienyl complexes of.niobium and tantalum. 

The syntheses of the cyclopentadienyl Ta and Nb complexes [Cf:M:l4)n , (n >1; 

M =Nb, Ta) have been reported. The products were, however, extremely difficult 

to characterise, owing to their insolubility in orga'1ic solvents, and their 

high melting and sublima.tion points, which made mass spectra difficult to obtain.
12 

( 1 
Sanner et al 13 synthesised the canplex q5TaC14 as a monomeric crystalline 

material. The canplex was prepared frc:m the treatment of a dichloranethane 

solution of Tac14 with cpsn-(n-Bu) 3. The product was soluble in cat1ITOn organic 

solvents, thus making 1H nmr spectra accessible, mass spectra could also be 

obtained. Other cpra canplexes, viz cpracl
4
L ; (L = Pr~3 , P(OMe) 3, dppe) ; 

Cf>TaMe4 and cpra(CH2Ph) 2 (CHPh) were also prepared. 
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Bercaw et ai 14 investigated the X-ray crystal structure of [q5Ta(P11e3) 2H4] • 

The 115-c
5

.r.1e
5 

ligand was found to be planar, the caroon atoms of the methyl groups 

attatched to the cyclopentadienyl ring being displaced from the mean plane of 

the ring away from the Ta atom. The Ta-P oond distances were found to be similar 

to those reported for other Ta (PI1e
3

) structures. The geometry about the P atom 

was not quite tetrahedral, all the CH
3
-P-ctt

3 
oond angles, 99° (mean), were less 

than the tetrahedral value. 

Fig 1.2.5 

The structure displayed slight asymmetry since the midpoir1t between the P atoms 

was not directly opposite the midpoint of the q5 ring. 

These authors also investigated the 1H nmr spectra of hydride canplexes of the 

type [q5ML
2
H

3
X] , ( M =Ta, Nb; L = PMe3, P(Ol-1e) 3 ; L2 = dppe ; X =Cl, H). 

The metal atoms in these complexes are all 8 or 9 coordinate (considering the 

q5 ring as occupying 3 coordination sites on the rretal). They were found to 

be highly fluxional at room temperature, the spectra were thus.run at low 

temperatures in order to assign coordination geometries to these canplexes. 



1.2.3 Pentarrethylcyclopentadienyl cc:rnplexes of chranium, rrolybdenurn 

and tungsten. 

10 

Simple thennal reactions of the metal carbonyls M(C0) 6 (M =Mo, W) with 

pentarrethylcyclopentadiene; or with acetylpentarrethylcyclopentadiene in the case 

of M = Cr, Mo ; gave the complexes 05M (CO) 
2
] 

2 
, (M = Cr, Mo, W) , each containing 

a formal metal-metal triple J:.ond. 16 

[CJ?M(CO) ~ 2 
M = Cr (V) 

M = Mo (VI) 

M = W (VII) 

These complexes were of considerable interest, firstly, since they \!Jere diffe~ent 

from the complexes formed with cyclopentadiene under similar conditions, viz 

[epM(CO) 
3
] 

2 
( M = Cr, Mo, W) (VIII) and secondly, because these were the first 

complexes containing a cyclopentadienyl ring to have been shown to possess a 

metal-metal multiple bond. The analogous unsubstituted cyclopentadienyl complexes, 

viz [Q.>M(CO) 
2
] 

2 
(M = Cr, Mo, W) were prepared frorn (VIII) above.

17 

Direct experimental evidence for the metal-rretal triple bonds in (V) and (VI) 

. ed 18,19 was obtain by X-ray crystallography. 
; 

Fig 1.2.6 X-ray crystal structure of [c{:cr (CO) 2] 2 
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Fig 1.2.7 X-Ray crystal structure of [CJ?Mo (CO) 2] 2 

The X-ray crystal structure of (V) 18 (see fig 1.2.6) revealed the canplex as 

having a metal-metal triple oond, as evidenced by the fact that the Cr-Cr oond 
0 

distance is 2.276 A , which is much shorter than thc.t found in metallic Cr 
0 

(2.50 A ) • The methyl groups of the q5 ligands are bo....nt away from the mean plane 

of the ring, and are exo with respect to Cr. These authors reported that 

attempts to saturate the metal-metal triple oond with a or TI donors such as PPh3 

or Ph2c2 were uncucessful. Thus the large, bulky cp rings made penetration by 

large molecules impossible~ however, penetration by small molecules e.g. NO was 

possible to give t..~e product CfCr(C0) 2No . 

• 
King and Efrarty16 investigated the reactivity of the Cr-Cr triple oond in (V), 

however none of the reactions could be interpreted in tenns of being an addition 

to the metal-metal triple oond. 

The reactivity of t..~e complex (Cf:t'10(CO)) 2 (IX) towards small molecules was 

investigated, 17 and the results canpared with those obtained for (VI). For 

example, on reaction with r
2

, (IX) gave as product 8?Mo(CO) 
2
r]

2 
; whereas the 

only identifiable product obtained from the reaction of (VI) with iodine under 
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similar conditions was (cpMo(CO) 3r]. Thus the unsubstituted cyclopentadienyl 

canplex (IX) appeared to be more reactive towards additions to the molybdenum-

molybdenum triple bond than did (VI) • This was attributed mainly to steric 

effects, i.e. ten methyl groups on the cyclopentadienyl rings of ccmplex (VI) 

may hinder access of attacking reagents to the metal-metal triple bond. 

19 Dahl and Huang compared the crystal and molecular structures of the triple M-M 

bonded metal dimers (Cf5M(C0) 2] 2 and ~(C0) 2 ] 2 , (M =Cr, Mo). (CJ?Mo(C0) 2]2 

consists of two identical q5Mo(CO) moieties linked by two carbonyl bridges and 
0 

direct metal-metal bonding. The Mo-Mo bond distance of 2. 488 A was found to 
0 

be 0.04 A shorter than that obtained for the corresponding Cp complex, and Imlch 

shorter that that obtained for the carplex (CpMo(C0) 3] 2 which contains a fonnal 

single metal-metal bond. 

This trend in bond lengths on going from [CfSM::> (CO) ~ 2 to (epMo (CO) 2] 2 is paralled 

in the corresponding Cr dimers, viz ~r (CO) ) 2 and [epcr(CO) 2] 2 • 

Marked differences in the geanetries of (VI) and (IX) were observed. Thus in 

(IX) the Cp rings are ori~ntated to give a linear Cp(c)-Mo-M6-Cp(c) axis, 

(c,c =centroid of ring), and all four carbonyl ligands are equivalently bent 

back over the Mo-Mo bond to form linear type asymrretric bridges. In (VI) , 

however, the two centrosymrretrically related cp rings are non-linear with the 

Mo-Mo axis, and the degree of seffii-bridging is markedly different for the two 

pairs of carbonyl ligands in (VI) and (IX) respectively. These differences were 

attributed to steric effects, which gave rise to different geometries. 

These authors thus concluded that the differences in reactivity patterns associated 

with the dimers [CJ?M(C0) 2] 2 and ~(C0) 2) 2 ,, (M =Cr, Mo), could not be attributed 
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only to the methyl groups on the pentamethylcyclopentadienyl ring blocking access 

to the metal-metal triple bond, but also to the energies associated with the 

different gec:rnetries observed for these species. 

The metallocenes, G5i1o and [epl1o] n were found to display markedly different 

physical and chemical properties. 20 Thus cp2Mo is monomeric , soluble in 

organic solvents and reacts readily with CO and H2; whereas the insoluble, poly­

meric unsubstituted cyclopentadienyl analogue, [ep2!-b] is relatively inert to 
n 

Photolysis of the hydride complexes [ q5M (CO) 
3
H] (M = Cr, ~1o, W) and (CpM (CO) 

3
H J 

(M =Cr, W) showed marked differences for the corresponding q5 and Cp species. 21 

(see table 1 . 1) 

Table 1.1 

A SUMMARY OF THE PRODUCTS OBTAINED FROM THE PHaIOLYSIS OF THE HYDRIDE COMPLEXES 

[{11--c
5

P
5

t1 (CO) 
3

H J (R = H, ~ ; M = Cr, r-b, W) 

HYDRIDE COMPLEX PRODOCTS OBT.Z:\INED REACTION Til!E 

M =Cr R = H [epcr (CO) 2 )2 20 minutes 

(CO and H evolved) 

M = tvb R = H (ep.Mo (CO) 3] 2 3 hours 

h:Mo<co)~J~ (trace) 

M=W R = H [epW(CO) 2H] 2 
(major) + (epW(CO) 212 5 hours 

[epw(co) dJ:~ (trace) (80% conversion) 
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Table 1.1 (cont.) 

HYDRIDE COMPLEX PRODUCTS OBTAINED REACTION TIME 

M'=Cr R=Me [CfX:r(CO) 
2

] 2 
20 minutes 

M=W R=.Me 5 hours 

The cc:mplexes &w (CO) 
2
H] 

2 
and [ Cp-W (CO) 

2
H] 

2 
contain a metal -metal double bond. 

Irradiation of (cpMo(C0)
2
]

2 
in the presence of hydrogen gas produced the hydride 

complex [Cf5Mo(C0) 2HJ 2 • 

The pentamethylcyclopentadienyl tungsten complex (VII) has been shown to react 

with diazo cc:mplexes, yielding µ-alkylidene cc:mplexes. 22 The reaction was shown 

to go via an 172 intennediate with the diazo ligand bridging the metal-metal bond. 

The final product obtained contains a W-W double bond. 

Fig 1.2.8 Reactions of (ep-W(CO) 2] 2 with diazo canpounds. 
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'Ihe pre.ducts obtained from the reactions of the Mo dimer (VI) with diazo canpounds 

could not be considered as resulting from an addition to the Mo-Mo triple bond. 

Instead pre.ducts of the fo:r.m described in fig 1.2.9 were isolated. 

Fig 1.2.9 Pre.ducts derived from the reactions of [CJ?Mo(C0) 2] 2 

with diazo canpounds. 

Petrigani and Alper23 investigated the reactions of a-haloketones with the 

complexes [CYJ-RC
5
H4)Mo(C0) 2] 2 (R = H, Me ) and [Cf5Mo(C0) 2] 2 ; all of which contain a 

~lo-Mo triple bond. 

'Ihus the reaction of [(1J-RC
5
H

4
)Mo(C0))

2 
with a-haloketones gave [(1J-RC5H4)1\1o(C0) 3x] 

(X = Cl, Br, I), according to the scheme described below. 

Fig 1.2. 10 

(COJ2 R 

R-@-~o==~o~ + 
(C0)2 

1 I PhCH3 

+ 1o't 

R 

@--Mo(COJ,x + 

'Ihe yields of R' CCCH
3 

and ( ('q-Rc5H 4) Mo (CO) 3x] were very similar, ranging from 



25% to 40%. No reaction occurred when the complex [(17-Rc5H4)Mo(CO) 3] 2 

containing a single Mo-Mo bond was used. 

16 

In order to detennine the source of hydrogen for the prcx:iuct R 1 CCXll3 , and also 

why the tricarbonyl Mo canplex [r17-Rc
5
H

4
).Mo(CO) 3x] was prcx:iuced, similar reactions 

were perfonued using the perrnethylated analogue, (cpMo(C0) 2] 2 • These results 

clearly indicated that the hydrogen in R 1CCXll
3 

arises from a second molecule 

of the a-haloketone, and not from the cyclopentadienyl ring. These reactions 

were proposed to involve as intenuediates, complexes which involved additions 

to the Mo-Mo triple bond, such as : 

(These were however, not isolated.) -, 

Dimetallacyclopropenes, viz (C11-RC
5
H

4
)Mo

2 
(CO) 

4 
(µ-c13H18)) (R == H, Me) were 

isolated fran the reaction of [(17-RC
5
H4)Mo(CO) 2) 2 with 9-diazoflourene 

accoriins- to the sc.heme described in fiq 1.2. 11. 

I 
R = C5H5 , C5H4-CH3 

Fig 1.2.11 Reaction of l(1J-RC
5
H

4
)}1!.o(CO) 2] 2 with 9-diazoflourene. 

The prcx:iuct contains two coordinated phenyl groups "tied back" in order to prevent 
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canplexation of the phenyl groups. 24 The structure was confirmed X-ray 

crystallographically for the product where R = CH3• No evidence fo:t an inter­

mediate diazo complex was obtained. 

1.2.4 Pentarrethylcyclopentadienyl canplexes of manganese and rhenium. 

The canplexes (cpM(C0)
3
) (M =Mn, Re) were prepared fran the reactions of the 

appropriate metal carbonyl ~(co) 10 (M =Mn, Re) with c5Me5H; or using acetyl­

pentarrethylcyclopentadiene as starting material. The products were found to be 

canpletely analogous with their unsubstituted cyclopentadienyl analogues.
15116 

Gladysz et al reported the synthesis and X-ray crystal structure of 

[CJ?Re(NO) (=CH2)L]+ PF6- (L = PPhy P(OPh) 3). 25 

The canplex was prepared in the following manner 

~ NO+B!f ~ c6H51-o- ~ L ~ .. + 
,....Re, ON/,e'co 

CH3CN ,..Re, L=PPh3 /Re_. 
oc I co ON I NCCH3 

L= P(OPh)J ON I 'L 
co co co co 

BF4- BF4 
- Bf, -

4 l Lilt::zHs}3BH/BH3 

or NaBH4 

~ + - ~ Ph 3C PF5 

/Re+ ,,Re 
ON U 'l ON I 'L 

c, c~ 
H/ H -

Fig 1.2.12 Preparation of (CJ?Re(NO)L(=CH2)]+ PF6 

These authors found this canplex to be more stable than the cyclopentadienyl 

analogue, vjz [epRe(NO) (PPh
3

) (=CH2l]+ PF6-, which rapidly self-coupled to give 

the ethylene canplex, [ CpRe (NO) (PPh3) (CH2=CH2)] + PF 6 at roan temperature. 

The cp canplex was found to be stable to~ 100°C, and could thus be studied. 
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These authors25 attributed the stability of this complex to the following factors 

(a) 'Ihird rCM transition metals generally fo:rm stronger metal-ligand bonds than 

do first and second rCM transition metals. 

(b) 'Ihe complexes (cpRe(NO)L(=CH2)]+ PF6- (L = PPh
3

, P(OPh)
3 

) contain two good 

donor ligands that are also bulky, viz c5.Me5 and PPh3 or P!OPh) 3• 'Ihese 

ligands tend to enhance the basicity of rhenium, and hence strengthen 

the Re to CH2 bond. 

(c) 'Ihe cp ligand sterically inhibits the facile decornpJsition pathway observed 

for the Cp complex, i.e. (epRe(NO) (PPh
3

) (=CH2)] + decanposes to the ethylene 

complex. 

Graham and Sweet26 found similar trends in the Re formyl complexes. For example, 

(cpRe (CO) (NO) (CHO)] is a stable solid to 70°C, whereas the Cp hOIDOlogue is only 

stable to -10°C. 'Ihus the cp ligand dramatically enhances the stabilities of 

these Re complexes. 

1.2.5 Pentamethylcyclopentadienyl complexes of iron, ruthenium and osmium. 

[cpFe (CO) 2] ~ (X) was prepared from the reaction of c5Me5H with Fe (CO) 5 , or 

from the reaction of Fe2 (C0) 9 with acetylpentamethylcyclopentadiene in a high 

boiling point hydrocarbon solvent. 15116 

(X) was found to be completely analogous in structure to the unsubstituted 

cyclopentadienyl anaogue, (epFe (CO) ) 2 . However, reduction of [epFe(CO) 2] 2 with 

Na/Hg amalgam proceeds readily at room temperature, whereas the reduction of 

(X) under the sarre conditions requires a much longer tirne, and the product forrred 

- ----------------------------------' 
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[cpFe (CO~]- is ver:y susceptible to air oxidation. 

Astruc and Catheline27 report that the reduction is more easily carried out using 

a potassium mirror. However, these authors state that the reduction.cannot be 

done using a Na/Hg amalgam as (X) has a ver:y negative reduction potential 

(E~ = -1.80 V/SCE in dimethoxyethane and Bu4N+ Br-). This value is 0.36 V more 

negative than that for [epFe (CO) 2] 2 . However, this reduction has been perfonned 

by King et al 
28 who report no difficulty. (see chapter 2.3) 

[epFe(COJ
2
] 2 and [cpFe(C0) 2] 2 have been used as catalysts for reactions involving 

the replacement of ligands such as CO in transition metal canplexes by group V 

donor ligands. 29130 Thus the reaction of Mn2 (co) 10 with PPh3 requires 7 hours 

for canpletion, or photochemical conditions, in the absence of a catalyst, to 

give the product ~(CO) 4 (PPh3)) 2 . In the presence of (epFe (CO) 2] 2 however, 

the reaction proceeds to 80% completion in 90 minutes, and in 180 minutes when the 

catalyst is (X) • 

Teller and Williams31 investigated the cr:ystal and molecular structure of 

[cpFe (CO) 
2
) 

2 
, and canpared it with that of the non-methylated analogue, [epFe(CO)) 2• 

Fig 1.2.13 

J,} 
cr121 /l?Fe 

Cl11 oc11 Oc21 

The canplex (X) was found to be isostructural with the non-methylated.analogue 



20 

[epFe(CD) 2] 2 (XI) . (X) was found to have a slightly longer Fe-Fe bond distance, 

this was, however, not significant, as the two studies were conducted at different 

temperatures. One iffiFortant difference between the two structures, was that in 

(X), the terminal carbonyl ligand C1--01 is eclipsed with respect to C11 of the 

cyclopentadienyl ring, whereas in (XI), the tenninal carbonyl ligand is staggered 

with respect to C11 of the ring. (These structures are further discussed in chap-

ter 4.3) 

Bailey et al 32 canpared the X-ray crystal structures and reactivity patterns 

of the complexes [ftJ-C
5

Me
4
Et)Ru(C0)

2
Br] (XII) and [epRu(C0) 2Br] (XIII). 

Q 
~Ru~ 

Br 

Fig 1.2.14 X-ray crystal structures of [ CpRu (CD) 2Br] and [ (1]-C5Me 
4 
Et) Ru (CO) 2Br J . 

Complexes (XII) and (XIII) shON markedly different behaviour on reaction with 

bromine. Thus (XII) is oxidised by bromine to [(17..:C5~1e4Et)Ru(CO)Br31, fonnally 
• J ( 

a Ru(IV)' complex, whereas (XIII) is unaffected by bromine under similar conditions. 

The kL1etics of the reactions of (XII) and (XIII) with P(0Me) 3 in digl:yrne were 

investigated, (XII) was found to react eighteen times faster than (XIII) under 

the same conditions. 

The X-ray crystal structures of (XII) and (XIII) revealed the Ru(C0) 2Br fragrrents 

to be very similar, and having conventional georretries, the Ru-C (carlxmyl) bond 

distances were very similar, despite the differences observed in the carbonyl 
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IR stretching frequencies. Compound (XIII) possesses a planar Cp ring, the 

substituted cyclopentadienyl ring in (XII), however, exhibits significant deviations 

from planarity. Despite the fact that the substituted cyclopentadienyl ring 

in (XII) would be expected to be more electron donating than the Cp ring in (XIII), 

little, if any, evidence was seen in this X-ray crystallographic comparison. 

Reduction of ~Ru(C0) 3]+ BF4- with excess NaBH3CN in methanol gave the hydroxy­

rrethyl complex [Cf5Ru(C0) 2CH2oH] 33 as the major product isolated, the reaction 

went via a fonnyl complex, [Cf5Ru (CO) 2 (CHO)] according to the scheme described in 

fig 1.2.15. 

* I + 

Fig 1.2.15 The reduction of [Cf5Ru(C0) 3]+ BF4-. 

~Ru(C0) 2CH2oH] is the first hydroxyrnethyl complex of Ru to be isolated and 

characterised. This is of.great interest, since the hydrogenation of caroon monoxide 

has been shown to be effected by Ru compounds. 

Graham et ai 34 prepared the osmium hydride complexes [Cf:Os(C0) 2H)(XIV) and 

[Cf:Os (CO) 2H] (XV) according to the following scheme : 



decane (reflux) 

(4o!C5) 

decane (reflux) 

(s1%) 

heptane , 220 't 
(autoclave) 

(30 9)) 

heptane , 200 °C 

(autoclave) 

(ss Z) 

~ 
I 

_..~Os"-..._ 

co I Br 
CO (XIV) 

~ 
)j< 

.Os 
.. ~·· I 'Br co I 

CO (XV) 

~ 
J 

•. Os......_ 
c.c; I '-H 

co 
(XVI) 

* I ... os, ..... · I "H co 
CO (XVII) 

Fig 1. 2. 16 Preparation of (ct=Ds (CO) 2H ]and [cpos (CO) 2H) 
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these authors prepared a range of new osmium complexes, [(17-c
5
R

5
)os (co)

2
x], 

(R = H, Me; x = halogen) I and [ (1J-C5R5) Os (CO) l·r (L = CHf:N, 'lliF I H20' CO). 

For the complexes ~s (CO) 2r] and ~s (CO) 2r] the cp compound was less reactive 

tOYJar~s nucleophilic attack than the Cp analogue, probably as a result of the 

increased electron density on Os in the case of the cp complex; for example, 

the reactions of these complexes with the organolithil,'Il'l rec>_gents, RLi, R = alYyl 

or aryl proceed faster for the Cp canplex. 



R 

R 

Fig 1.2.17 

R 

R Tropylium R 

tetraf louroborate 

os-H 

/I co co 

(xvi) R=H 

R 

R 

R R 

os-0-.;:: 
/I --co co 

(xvm)R =H 

{XIX) R = CH3 

Reactions of [CfDs (00) 2H] and CfOs (00) 2H with 

tropylium tetraflouro}:x)rate. 
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+ 

For complex (XVI) (R = H), the reaction requires six days to go to completion, 

whereas for (XVII) (R = Me) , the reaction goes to completion in only 5 hours. 

These authors attribute t~is phenanenon to the increased electron density on 

Os in (XVII), thus making the hydride ligand more "hydridic" in nature. 

Complete deprotonation of (XVI:'."I) is effected by by excess triethylamine, whereas 

(XIX) requires the more basic diethylaminefor 'complete deprotonation to occur. 

The relative acidities of the 17~7H8 ligands in (XVIII) and (XIX) accords with the 

view that the q5 ligand is more electron donating than the Cp ligand. 

1.2.6 Pentamethylcyclopentadienyl complexes of cobalt, rhodium and iridium. 

(epco(00) 2] was prepared from the reaction of eo2 (C0) 8 and acetylpentamethylcyclo­

pentadiene, 17 the X-ray structure of this complex was later reported by Byers 

and Dahl. 35 



24 

The first methylene bridged complex of Co, viz [(cpco )2 (µ-CO) (µ-cH2)) was isolated 

from the reaction of cobaltous chloride with lithium pentamethylcyclopentadienide 

in THF. 36 These authors were, in fact, attempting to prepare bispentamethylcyclo-

pentadienylcobalt from this reaction. Analytical data suggested that the product 

obtained from this reaction was not the desired product, but instead the first 

bi..riuclear µ-methylene cobalt complex. The product was thought to arise frcm the 

lithium enolate of acetaldehyde (Li +CHf'.EIO- , LEA) which was generated frcm the 

reaction of the THF solvent with n-butyllithium. This hypothesis· was tested by 

carrying out the reaction using a stoichiometric amount of n-butyllithium, the 

the product so obtained was tentatively identified as [cpco(µ-Cl)] 2 • In contrast, 

when the reaction was performed using a stoichiometric amount of n-butyllithium 

and one equivalent of pre-formed LEA, the µ-methylene complex was isolated. 

An X-ray crystal structure of ((~o) 
2 

(µ-CO) (µ-CH
2

}) verified the proposed structure, 

and the metal-metal bond distance was found to be that of a Co-CO double bond. 

Robbins et al 38 prepared a number of mixed metal clusters of cobalt from the 

reactions of lCJ?Co(µ-CO)] 
2 

, which contains a metal-metal double bond with various 

species M. and M' , (M = Cr (T]- c
6
H

5
fu, Fe (T]-C

4
H

4
}, Mn (T]-C

5
H

4
Me ; M' = Fe (CO) 3' 

Co(T]-C5H4Me)), as shown in fig 1.2.18. 

Fig 1.2.18 

[..'co2(1]-C5Me5)(C0)2(µ3 -CO}] 

M'= Fe(C0)3 , Co(77-C5H4 Me) 

[MC02 (1]-Cs Me5 )(µ-C0)3 (µ3-CO)] 

M = Cr(77-C6 H5 Me) , Fe(77-C4 H4 ), 

Mn(1J-C5 H4 Me) 

Mixed metal clusters of Co. 
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The species Mand M' were generated photochemically. 

The series ~1:'o2 (TJ-C5Me5) (µ-CO) 3 (µ 3-co)] contain one triply bridging and three 

doubly bridging carbonyl ligands, whilst the series [M'Co2 (1]-C5M~5 ) (µ-C0) 2 (1-13-c0)) 

contain one triply bridging and two doubly bridging carbonyl ligands. These 

electronically equivalent clusters, which were photogenerated under relatively 

mild conditions, were not able to be obtained from the corresponding thermal 

reactions. 

The cluster (eo3 (TJ-C5Me5) (rf-c5H4Me) (µ-CO) 2 (µ 3-CO)] was found to have a solid state 

structure completely analogous to that of the non-rrethylated cyclo:pentadienyl 

analogue, viz ((17-c
5
H5)2eo3 (µ-C0) 2 (1J3-CO)]. 

The only difference between the two structures'is that one of the CO-Co bonds 
0 

in the penrethylated derivative is 0.04 A longer than inthe unsubstituted 

cyclopentadienyl species. This lengthening of the Co-Co bond was attributed to 

greater steric effects in the perrrethylated complex. 

The first pentamethylcyclopentadienyl rhodium complex, [CfSRhC12) 2 was shown 

by Kang and Maitlis39 to result from the reaction of hydrated Rhc13 with hexamethyl­

Dewar benzene (hexamethyl bicycle (2.2.0) hexadiene) in methanol. 

A number of other cp rhodium complexes were also characterised 39 , 4o viz, 

lCJ?RhX.2] 2 (X =Br, I); lCJ?Rh(OCOR) 2.H20](R = CH3, CF3) ; [CJ?Rh(diene)), (diene = 

1,5 cyclo-octadiene, dicyclopentadiene etc.). Several cationic species containing 

bridging ligands such as L(CfSRh) 2 (1J-X) 3]+, (X =Cl, OH) were also characterised. 

Several of the above complexes were sha.vn to have catalytic activity, for example, 
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[Cf5Rh(1,3 cyclohexadiene)] catalysed the dipropJrtionation of 1,3 cyclohexadiene 

to cyclohexane and benzene. The complexes [ cpRhX2} 2 (X = Cl, COf1i3 , co2CF 3) 

catalysed the hydrogenation of ole;fins under ambient conditions of temperature 

and pressure. The cyclopentadienyl analogues of the alx>ve complexes exhibited 

little or no catalytic activity. This is probably due to the fact that whereas 

the complexes [Cf5FhX
2
) 

2 
(X = halogen) were found to be stable crystalline solids 

which survived acidic, basic, oxidising and reducing conditions, the unsubstituted 

cyclopentadienyl analogues, viz [epRhX2)n are amorphous, probably pJlymeric, 

and are insoluble in all but the most powerfully coordinating solvents. The 

Cp-Rh bond is easily cleaved by a number of reagents, including hydrogen, which 

do not affect the cp-Rh bond. 

Various pent.amethyl cyclopentadienyl complexes of Ir have been prepared, [Cf5Ir(C0) 2] 

was found to undergo reaction reaction with Grignard reagents such as CH3I, to· 

to give products of the.type shown in fig 1.2.19 : 

Mel 
C0l1 Atm.l 

Fig 1.2.19 Reaction of , (cpir (CO) 
2

] with MeI. 

The complexes (Cf5M(C0)
2
) (.M =Rh, Ir) were repJrted to be stable crystalline 

solids, in contrast to the oily, unstable Cp analoc;ue. 
40 

Kang and .Maitlis41 repJrted a number·of iridium µ-hydrido cations, viz 
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[(cplr) 
2 

(µ-H) 
3
]+ , [(cplr)

2 
(µ-H) (µ-X) :J +, and [(cplr) 

2 
(µ-H) 

2 
(µ-X)] +, (X = C02CF 

3
, 

co
2

CH
3
). The analCXJOUS Rh complexes, however, could not be isolated. The rhodium 

dimer, [cpRh(µ-CO)] 2 , which contains a Rh-Rh double bond, reacts with diazo 

CarlfX)unds N
2

CRR', to give the µ-alkylidene complexes, [{ q5Rh(CO) }2 (µ-CRR')]. 
42 

The, spectral characteristics of the j.i-allijlidene complexes were in close agree:irent 

42 
with those of the previously characterised Cp analogues. These authors _ 

reported the q5 complexes to be moderately air sensitive and to deccrnpose irrane-

diately on silica gel. This is in contrast to the Cp complexes which are air 

stable and may be chromatCX]raphed. The complex ({cpRh(CO) }2 (µ-cPh2)] decarbon­

ylated readily to give the product [{cpRh}2 (µ-CO) (µ-cPh2)] , in the case of 

the cyclopentadienyl analogue, however, the only product derivecl from the 

decarbonylation was (epRh(µ-cPh2)] 2 • 

Hennann et al 43 prepared a µ-methylene Rh complex [{ q5Rh (CO) } 2 (µ-<:H2)] from the 

reaction of [CJ?Rh(µ-CO)] 
2 

with CH
2
N2 , thereby causing the insertion of methylene 

into a metal-metal bond, a reaction re:i:orted only for ::il2.tinum previously.
44 

previously. 44 The µ-methylene complex was reported to be thermally and photo-

chemically very stable. The complex was trea~d with so2 to yield a co-ordinated 

sulphene complex, thus converting a 3-membered ring to a 4-mernbered ring~5 

See fig 1.2.20. 

Fig 1.2.20 

0. .H 
•• i> ..:' 
,~ ~ 

0_...s-c-H 

0-l \h-8 \'>(! 
11 II 
0 0 

Reaction of U q5Rh (CO)} 
2 

(µ-<:H2)] with so2 to give a co-ordinated 

sulphene product. 
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D. k t ? 
46 ·. t' t d h ic son e a~ inves iga e t e reactions of alkynes with 

~pRh(µ-C0)] 2 , and dete~~ined the X-ray crystal structure of one of 

the products obtained, viz [cp 2Rh 2 (µ-CO) (µ-ry2 ,~2 -C-(O)C2 (cF 3 ) 2 ] . 

The molecule was fluxional with the bridging C(CF 3 ) :C(CF 3) :CO unit 

displaying a different geometry from that observed in related CpRh 

and CpRh complexes. 

47 J Stone et al investigated the reactions of [cpRh(µ-CO) 2 with diazo-

alkanes and various zerovalent platinum complexes. Clusters such 

Fig 1.2.21 

p"' ~OC1J RhC2J CC1 J 
./Cc21 

/
Pt~, 0C2J 

Rh 
[1) 

X-ray crystal structure of lPtRh 2 (µ-CO) 2 (PPh 3 ) Cp~ . 

The X-ray crystal structure of this complex revealed the Cp and PPh 
3 

ligands to be staggered with respect to one another, the methyl subst-

ituents on the Cp rings closest to PPh3 showed the g~eatest deviation 

from the mean plane of the Cp rings. The most dramatic effect of the 

steric interaction between PPh
3 

and the Cp ligands was shown by the 
0 

lengthening of the Pt-R12bond, (2.691 A). 

Stone et al 4B-SO have prepared a number of cp rhodium clusters, 
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including [PtRh2 (u-H) (µ-C0) 2 (CO) (PPh 3 )c~ 2 ]+ BF
4
-, which was prepared 

by protonation of the cluster ~tRh 2 (u-C0). 2 (CO) (PPh
3

)cp
2

) 48 ; 

(_PtRh 4 {u-C0) 4cp4] 
49 

and also [MnRh(µ-C0) 2 {C0)
2

CpCp] 50 which was prep­

ared by heating (cpRh(µ-CO)] 2 with ~pMn(C0) 2 THF]. 

Mai tlis et al 
51 

determined the X-ray crvst2J_ stucture ot the complex 

[(cpRh) 3cl5np 3 r PF 6 . ~C 3H8o , (np 3 = tr--;s ( 2-diphenylphosphinoethylamine). 

Fig 1.2.22 X-ray crystal structure of 

The complex was prepared from the reaction of ~~RhC1 2] 2 with the 

tetradentate ligand np 3 . The complex cation of the above structure 

contains two CpRhC1 2 units, each bonded through Rh to one P atom of the 

np 3 ligand, and a CpRhCl group in which Rh is bound to the third P 

atom and the nitrogen atom of the np3 ligand. The two PRhC1 2 Cffe~units 

are not symmetrically arranged about the plane passing through the 

N, P and Rh atoms of the NCH2cH 2PRhCpCl part of the complex cation. 

This inequivalence was thought to be caused by the buikiness of the 
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CpRh groups. 

Basolo and Rereck 52 investigated the reactions of the species 

CpM(C0) 2 (M =Co, Rh).with phosphines, phosphites and isocyanides. 

For M = Rh, the reaction was found to be first order with respect to 

the metal complex, and first order with respect to the incoming nucleo-

phile. The rate is strongly dependent on the size of the incoming 

nucleophile. For the analogous Cp complex, however, the rate was found 

to be dependent on the concentration of the nucleophile only. The rate 

of reaction of CpRh(C0) 2 with nucleophiles was found to be of the 

2 order of 10 times fas~er than that observed for the reactions with the 

analogous Cp .complex. This was attributed to the extra electron 

density on the metal on the Cp co~?lex, as co~oared with that on t~e 

metal in the Cp complex. In the case of the reaction of [c:PRh(C0) 2) 

with nucleophiles, the dependence of the rate on the size of the in-

coming nucleophi.le was attributed to steric effects, the large bulky, 

Cp ligand prevents access of large molecules to the metal atom. 

Graham et ai 53 reported the activation of methane by [c:Pir(CO~]. 

Thus a solution of this complex in perf lourohexane under 8 atmospheres 

of P.Eth:me was irradiated ·for 16 hours at room temperature, the complex 

~pir(CO) (H) (CH
3

)] was isolated. The unsubstituted cyclopentadienyl 

complex .[_Cpir(C0)
2

] was found to react with methane under similar 

conditions as efficiently as the Cp complex, and the complex 

(cpir (<;:O) (H) (CH
3

)] was isolated. These complexes are the first products 

to be isolated from the oxidative addition reactions of methane. 
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1.2.7 Pentamethylcyclopentadienyl complexes of copper. 

54 Malcomber and Rausch recently reported the first pentamethylcyclo-

pentadienyl complexes of copper. Thus the complexes [cpcuPR3 ] ( R = 

c
6

H
5

, c
2

H
5

) were prepared from the following reaction : 

Fig 1.2.23 . Preparation of (cpCuPR~. 

An ethereal solution of (c
5

Me
5

)-Li+ reacted with CuCl in the presence 

of cRrbon monoxide to produce ~pCu(Co)]. A bis ~2 -(trimethylsilylJ·~ 

acetylene copper complex was prepared : 

ot 

Fig 1.2.24 Preparation of a pentamethylcyclopentadienyl .. i­

copper complex containing an 11 2
-acetylenic ligand. 

The analogous Cp complex ~pCu( ~2 -(cH 3 ) 3 SiC:CSi(CH 3 ) 3 l]was reported 

to be more air and temperature sensitive than the Cp complex, but was 

easier to crystallise. 
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1.3 Pentamethylcyclopentadienyl complexes of the Actinides, 

thorium and uranium. 

The complexes [cp2Mcl 2 ] (M = Th, U) are among the mo~t chemically 

55 reactive and versatile organoactinide compounds prepared to date. 

These complexes exhibit relatively low Th and U co-ordination numbers, 

and provide a direct comparison with the analogous series of Ti and 

Zr transition metal organometallic complexes. 

These bis pentamethylcyclopentadienyl dichloro complexes of thorium 

and uranium may be alkylated in ether solution to yield alkyl complexes 

of the type ~~2M(CH3 ) 2 ] (M = Th, U). The alkyl compounds are air­

sensitive and have been shown to be monomeric in benzene. 56 They 

were shown to 9ossess high thermal stability, in contrast with the 

analogous unstable Cp complexes. 

The uranium complex, [cp2uc1 2] was shown to be monomeric in solution 

as opposed to the extensively associated complexes of uranium contain-

d 1 d . 1 l' d 57 
ing unsubstitute eye openta ieny igan s. 

Recently, 58 stable n-allylic complexes of U were reported, (cpU{allyl) 3] 

3 3 (allyl = YJ -c
3

H5 , T} -c4H7 ). These n-allyl complexes were reported to 

be thermally stable, in contrast with the unsubstituted cyclopentadienyl 

analogues which decomposed above 10°C. The complexes are, however, 

somewhat air -sensitive. An X-ray crystal structure of the complex 

(cpb{Tj3-c4H7)] revealed the molecule as being distorted tetrahedron, 

with the Cp ligand bonded in an ry
5 manner. The methyl substituents 

of the ring are bent away from the U atom, out of the plane of the 
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ring. The methyl substituents on the allyl groups are displaced out 

the allyl plane towards the uranium atom. This phenomenon was not 

explained, it was not known whether it occurred as a result of electr­

onic preferences, or simply packing forces within the crystal lattice. 



CHAPTER TWO 
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2. The synthesis and characterisation of some methoxymethyl and 

monohalomethyl complexes of iron, molybdenum and tungsten. 

2.1 Monohalomethyl and methoxymethyl transition metal complexes. 

Methoxymethyl and monohalomethyl transition metal complexes may be 

versatile intermediates for the synthesis of complexes containing 

various functional groups which have been proposed as intermediates 

in the Fischer-Tropsch reaction, such as hydroxymethyl and carbene 

species. 

The first methoxymethyl and halomethyl transition metal complexes 

59 were reported by Green et al . Thus treatment of a THF solution of 

(cpFe(C0)
2

]-Na+ with an excess of ClCH2ocH3 yielded the methoxymethyl 

complex (cpFe(C0)
2

cH
2

ocH
3

] (XX) as a yellow oil. Treatment of a hexane 

solution of (XX) with HX gas (X = Cl, BrJ gave tne appropriate mono­

halomethyl complexes [cpFe(C0) 2cH 2x] (X = Cl,Br) in good yield. The 

complex X = Br was reported to be less stable than the chloromethyl 

analogue. These workers report that the complexes [cpFe(C0) 2CH2x] 

react readily with nucleophiles. 

The complexes [cpMo(C0) 3cH 20cH 3 ] and (cpW(C0) 3cH2 ocH3 ) were prepared 

by a similar route. These complexes, gave on reaction w~th dry HCl 

gas the chloromethyl complexes ~pM(C0) 3cH2 c1] (M =Mo, W). The complex 

[cpW(C0)
3

cH
2
Br] was prepared by a similar method, and was reported to 

be less stable than the chloromethyl analogue. 

60 
King and Braitsch prepared the halomethyl species directly from the 
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reaction of the appropriate metal carbonyl anion with various dihalo-

methanes. Table 2.1 summarises some of the results obtained. 

Table 2. 1 

Metal carbonyl anion Dihalomethane with Product(s) with 

reaction time in yields in paren-

parentheses. theses. 

CpMo(C0)
3 

ClCH 2I (5 hours) (cpMo (CO) 3CH2c1] 

(60-70%) 

CpW(C0) 3 
ClCH 2 I ( 5 hours) [cpw (co) 3cH 2c1]( 60 % ) 

~pW(CO)~CH~I] (12%) 

CpFe(C0) 2 
ClCH 2I (30 mins.) [cpFe (CO) 2CH2c1] 

( 1 3 % ) 

CpMo(C0) 3 
CH 2Br2 

(5 hours) [cpMo (CO) 3] 2 + 

~pMo(CO)~Br]<trace) 

CpMo(C0) 3 
CH 2I 2 (15 mins.) [cpMo (CO) 3CH2r1 

( 1 7 % ) 

CpW(C0) 3 
CH 2I 2 

( 1 5 mins.) 
( 

~pW(C0) 3cH 2 r]** 

** No yield reported, we have found the yield to vary between 10 

and 15%. 

These workers report that the iodornethyl derivatives [cpM(C0) 3cH 2r] 

(M = Mo, W) are very unstable. ClCH 2 I was used to prepare the chloro­

rnethyl derivatived directly, as the metal carbonyl anions gave no 
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reaction with CH 2c1 2 , attributed to the inertness ot the strong carbon­

chlorine bond. Chloroiodomethane offered a good alternative, due to 

the fact that the C-I bond is weaker than the C-Cl bond, as evidenced 

by the fact that the C-I bond is cleaved, and the C-Cl bond is retained, 

in most cases. (see chapter 2.3) 

61-63 Moss et al reported the synthesis of the chloromethyl complexes 

[_Mn (CO) 5cH 2c1], (Re (CO) 5cH 2Cl J and [cpRu (CO) ?.cH 2c1] ; the methoxymethyl 

complexes [cpRu(C0) 2cH 2ocH 3 ] and [Re(C0) 5cH 2ocH 3] were also isolated. 

Davison et al 64 reported the complexes ~pFe(CO) (PPh 3 )cH 2x] (X = 

OCH
3

, Cl, I). The complex (cpFe(CO) (PPh
3

)cH 2IJ was reported to be 

somewhat more stable than the chloromethyl analogue. 

65 66 
Chloromethyl complexes of Pt and Ir have also been reported. ' 

In view of the relevance of these complexes to the Fischer-Tropsch 

reaction, which will be discussed in the following section, a brief 

overview of the Fischer-Tropsch reaction is now presented. 

2.2 The Fischer-Tropsch reaction. 

A simplistic representation of the Fischer-Tropsch process is given 

by : 

catalyst 
coal + steam -- CO + H2 

(synthesis gas) 

alcohols, hydrocarbons 

and other products. 
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The reaction of CO with H2 takes place on a heterogeneous catalyst 

to give a mixture of alkanes, alkenes, alcohols, esters, acids and 

aromatic compounds in varying amounts. The synthesis is distinguished 

by a lack of selectivity that reflects a myriad of competing reactions. 

The products obtained from this synthesis vary markedly with the 

catalyst used, and with the particular reaction conditions employed, 

67 
namely temperature, pressure, CO/H 2 ratio, flow rate etc. 

A Fischer-Tropsch synthesis reaction may be defined as a carbon 

monoxide hydrogenation reaction that includes at least three steps 

(a) C-H bond formation 

(b) C-C bond formation 

(c) C-0 bond scission 

This definition allows for substansive mechanistic differences among 

Fischer-Tropsch reactions, and delineates the minimal key formal 

reaction steps. (Not necessarily in the order given above.) 

68 

Two main mechanisms have been proposed for the Fischer-Tropsch reaction, 
~ 

a carbide mechanism, and a mechanism involving unstable intermediates 

with C, H and O atoms Londed to metals. 

co co co 
metal 

desorption to 

give hydrocarbons 

.. co co co 
I I I 

further 

polymerisation 

c c c 
I I I .. 

CH-··CH·--CH / 
' 2 ' 2 ' 2 

Fig 2.2.1 · The carbide mechanism of the Fischer-Tropsch reaction. 
69 



0 0 
H-M co If H2 If /H ~ .. H-C-M .. H-C-M .. H-C·····M····H 

Fig 2.2.2 

\H II 

o! ~ [M=CH2]~ H H 
I I H2 ~ - H-C-M ~ H-C-M 

CHflH + M-H-4 I I I 
OH H OH 

iH2 
co 0 

M-CH3 .. II 
CH3C-M 

H H 
!H2 

CH3CH20H 
I I H2 ~ + M-H 4 H C-C-M 4 ~C-~-M 3 
I I 
OH H OH 

i-H20 
H2C=CH2 + M-H ~ CH3CH2-M 

co 
propagation ... 

A mechanism involving unstable intermediates with 

70 C, H and 0 atoms bonded to metals. 
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The catalysts used in the Fischer-Tropsch reaction are heterogeneous 

catalysts, i.e. a solid state catalyst is exposed to the gaseous 

reactants, and the reaction thus occurs in a chemisorbed phase. No 

homogeneous catalyst has as yet been found for the Fischer-Tropsch 

reaction, however, many intermediates which have been proposed in 

this synthesis have been isolated, and studies on these compounds 

have led to a greater understanding of how these organic moieties 
, ( 

beh~ve when bonded to transition metals. The following section 

discusses some complexes which may be thought of as models for various 

intermediates which have been proposed in the Fischer-Tropsch synthesis 

reaction. 

2.3 The synthesis of Fischer-Tropsch intermediates using monohalo-

methyl and methoxymethyl transition metal complexes. 
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Various complexes which serve as models for __ intermediates proposed in 

the Fischer-Trepsch reaction have been synthesised using mono-substi-

tuted methyl transition metal complexes, LnMCH 2X, (Ln = ·other 

ligands, M = transition metal, X = functional group). 

Thus alkoxide abstraction from methoxymethyl iron complexes has been 

reported to yield transient carbene species : 

~ l+ 
Fe=CH2 
I "-co L 

L=CO, PPh3 

Fig 2.3.1 Alkoxide abstraction from a methoxymethyl iron complex. 

These complexes were, however, not fully characterised. 
72 

These authors 

also reported the reaction of [cpFe(C0) 2cH 2ocH3 ] with non co-ordinating 

acids such as HBF 4 . 

~ HBf4 ~ + 
~CH~+ 

• Fe-CH20CH3 
Fe-CH3 /\--41 

/o\co /\ co co CO CO CH2 

(XX) (XXI) (X II) 

Fig 2.3.2 Reaction of a methoxymethyl iron complex with a non 

co-ordinating acid. 

These products were explained in terms ot an intermediate carbene 

species. When the reaction was conducted in the presence of cyclohexene, 

norcarane was produced in 46% yield based on (XX), together with other 
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products, predominately (XXII) and [cpFe(C0) 3]+ . When the chloromethyl 

complex, [cpFe(C0)
2

cH
2
c1j was treated with AgPF 6 , AgCl was precipitated, 

( ; ( ) ]+ . d 72 . and (XXI), XXII) and ~pFe CO 3 were isolate as products. This 

reaction was also performed in the presence of cyclohexene at low 

temperature, norcarane was produced, which tends to imply the interme-

diacy of a carbene species. 

73 Flood et al reported the spectroscopic characterisation of an iron 

... 

I\ = dppe p p 

Fig 2.3.3 Reaction of a methoxymethyl iron complex with HBF 4 . 

carbene species, isolated from the reaction of a rnethoxtmethyl iron com~lex with a 

non co-ordinating acid. '111.e X-ray crystal structure of this complex was investigated 

74 by Pettit et al. 

1 Recently, Cutler et al 
75 reported the preparation of a ligated ketene, 

obtained from the carbonylation of a methylidene ligand, according 

to the following sequence : 



CpFe-CH2 
/\ \ 

QC CO Cl 

rHCI 

CpFe-CH2 ~ 
/\ \ 

OC CO OMe 

+ 
CpFe=CH2 I\. 
QC CO 

co ... + CH 2 
CpFe~\\ 

I\ c~ 
OC CO O 

; .. 
•.· 
1 

Fig 2.3.4 Preparation of a ligated ketene complex. 
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2 Both carbene species and ~ C,C ketene complexes of the type MCH 2coM 

have been postulated in some mechanisms of the Fischer-Tropsch 

synthesis reaction, these complexes thus serve as models for inter-

mediates in the proposed mechar-ism of the. Fischer-Tropsch 

synthesis reaction. 
68 

Various substituted carbene species have been prepared from the 
. 76 

treatment of meth6xymethyl complexes with trityl salts~ 

\fl ·_,/OR 
Fe-'C 
I" 'H 

CO L 

L =CO I PPh3 
R=Me,Et 

Fig 2.3.5 Preparation of substituted carbene complexes. 

The products were isolated at room temperature in high yields as 

stable yellowish solids. The complexes where L = CO hydrolysed slowly 

in air. The alkoxycarbene complexes could be reduced to alkoxy-

methyl and methyl complexes under a variety of conditions. Similar 

sequences of co-ordinated ligand reactions may be involved on metal 

surfaces during the Fischer-Tropsch reaction, in which secondary 
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hydroxy carbene species are further hydrogenated to methanol or 

methane via hydroxymethyl or methyl ligands. See fig 2.2.2 • 

., 73 . 
Brookhart et a& prepared carbene complexes of Mo by treatment of 

the methoxymethyl complex with a non co-ordinating acid : 

Fig 2.3.6 

0 
I 

R=CH3 ,CH 2 Ph,C-C(CH3 ) 3 . 
. - - -· -- - -- - -· ' - ~-

-- . .· -
Preparation of a carbene complex of molybdenum. 

The molybdenum methylene complex (XXIV) was generally contaminated 

with small amounts of the appropriate heteroatom carbene, viz, 

[cpMo(C0)
2

(PPh
3

) (=C~R) )+, and also the methyl complex 

[cpMo(Co)
2

(PPh
3

)cH 3 ] • The carbene complex (XXIV) decomposed above 

-70°C. 

+ 
A carbene complex of tungsten, [w(=CH 2 ) (PMe 3 ) 4c1] CF 3so was 

prepared by Schrock and Holmes. 78 These workers could not isolate 

this complex as a stable solid, and thus treated the complex with 

CO, giving rise to a phosphorous ylide complex, which was a stable 

solid of formula [w(cH 2PMe
3

) (C0) 2 (PMe
3

) 3c1J+ CF 3so3 -. The X-ray crystal 

structure of this complex is discussed in chapter 4.1. 

Carbene complexes of Re have been prepared from methoxymethyl 

25 
complexes, thus Gladysz et ai reported that treatment of 



[cpRe (NO) (PPh 3 ) CH 2ocH 3 J with CH 3so
3

F yielded the complex, 

[cpRe (NO) (PPh3) ( =CH2)] +. 

Fig 2.3.7 Preparation of a rhenium carbene complex. 

43 

25 
Gladysz ~t al recently prepared the analogous pentamethylcyclo-

pentadienyl complex by another route. (See chapter 1.2.4) 

2 The reactions of a dihapto-formaldehyde complex (~ -CHO) of osmium 

~ere investigated, and this complex was found to be a useful 

synthetic precursor for 3table formyl, hydroxymethyl, methoxymethyl 

80-82 .and halomethyl osmium complexes. 

The following diagram illustrates some of the complexes obtained 

from reactions involving this dihapto-formaldehyde complex. 

[ Os(CH20H)H(C0}2(PPh3)2] 

[ Os(CH20CM3)C1(CO}iPPh3}2] 

Li Cl [ Os(CH20H)x(co)2(PPh3)2] 

[Os( CH20CH3)(H2o)(C0)2'PPh3h]+ tH X 
~ 1mole 

CF3S03M~ 

HX(excess) 
X=Cl,Br, I 

[ Os(rf-CH20)(C0)2(PPh3)2] 

. ~3COOH 
[os(CHO)H(Co)iPPtt3)2] - [ Os(CH20HXTJ-OC[O]CF3)(C0)2(PPh3)2] 

Re~ctions of [os(~2 -ca2of(C0) 2 (PPh 3 ) 2 ]. Fig 2.3.8 
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In the above sequence of reactions, ·a hydroxymethyl complex is 

converted to a chloromethyl complex on reaction with HCl. It would 

thus seem plausible that a chloromethyl complex could be converted 

to a hydroxymethyl complex, using a source of OH-, for example, 

NaOH/H
2
o. (see chapter 3) 

A µ-methylene complex [{ CpFe (CO) }2 (µ-CH 2 ) (µ-CO)] was prepared by 

Casey et al 83 from the reaction of CpFe(C0) 2cH 20Y.CH 3 with 
0 

~pFe(C0) 2]- • This reaction yielded a mixture of cis and trans 

isomers of the µ-methylene product. 

Cp 0 
I 11 

Fe-CH20C-CH3 · 
J' '\ co co 

cis trans 

Fig 2.3.9 Preparation of [{ CpFe (CO) }2 (µ-CH 2 ) (µ-CO)] 

µ-methylene complexes may be considered to be models of inter-

mediates which have been proposed to occur during the Fischer-

Tropsch reaction. The above µ-methylene complexes contain another 

bric~ing ligand (CO) and also a metal-metal bond. Many authors 

suggested that these features were necessary in order to stabilise . 
µ-methylene species, 84 however, a stable µ-methylene complex of 

ruthenium was prepared by Lin et al 8 ~ from the reaction of 

[cpRu(C0)
2
j- with 0.5 equivalents of CH 2c1 2 . These authors do not 

mention an intermediate chloromethyl complex, although it seems likely 

that the reaction does go via this route. The µ-methylene complex 

&cpRu(C0) 2} 2 (µ-CH2 ~ was found to react readily with CO affording 

a complex containing a (µ-COCH~) fragment. Photolysis of 
,(.,. 
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UCpRu(C0) 2 }2 (µ-CH 2 )] was found to give a mixture of cis and trans 

isomers of [{cpRu(CO) }2 (µ-CH 2 ) (µ-coij which contains a metal­

metal bond. The µ-methylene complex was reported to be far more 

reactive than the analogous alkyl or metal-metal bonded µ-methylene 

complexes. 

60 This reaction is of great interest since King and Braitsch 

suggested that the carbon-chlorine bond is very strong, and would 

thus not easily be cleaved. However, the reaction of (cpRu(C0) 2]­

with CH 2c1 2 gave the µ-methylene complex under mild conditions, 

thus the mechanism of reaction of metal carbonyl anions with 

dihalomethanes would not appear to be a simple nucleophilic 

substitution reaction, but rather, to involve a more complicated 

mechanism, and may involve radicals. 

A µ-methylene Co complex was prepared from the reaction of 

[cpco(Co)J- with 0.5 equivalents of CH 2r 2 • The product 

8cpco(CO) } 2 (µ-cH2 ~ was isolated as a mixture of cis and trans 

isomers. 86 A mixed metal µ-methylene complex, (cpco(CO) (µcH 2 ) (CO) 

RhCp] was also prepared. 

Thus the syntheses of models of intermediates which are proposed to 

exist in the mechanism of the Fischer-Tropsch reaction are of great 

relevance, since the information about the reactivity of organic 

ligands co-ordinated to transition metals may yield information as 

to the design of homogeneous catalysts for the Fischer~Tropsch 

reaction, which may be used in the future. Methoxymethyl and 

halomethyl transition metal complexes appear to be good precursors 

for a number of complexes which are models for intermediates in the 
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Fischer-Tropsch reaction, and thus a study of these complexes is of 

great interest. 

2.4 The synthesis of some new halomethyl and methoxymethyl 

complexes of iron, molybdenum and tungsten. 

Methoxymethyl and monohalomethyl transition metal complexes are 

u~eful precursors for a number of complexes which are models for 

intermediates in the Fischer-Tropsch synthesis reaction. 

The new monohalomethyl and 

(X = OCH 3 , Cl,Br, I) and 

methoxymethyl complexes [cpM(C0) 3cH 2x] 

(cpFe(C0) 2cH 2c1]were synthesised. The 

reactivity of these complexes with various nucleophiles was 

investigated, and the results compared wit11 those obtained for the known 

59 60 
cyclopentadienyl analogues. ' 

2 • 4 • 1 Preparation of the complexes ~pM(C0) 3cH 2 x] 
(X = OCH3' Cl, Br, I ; M = Mo, W) 

The methoxymethyl complexes ~pM(C0) 3ce 2ocH 3 ] (M =Mo, W) were 

prepared by the reaction of the appropriate metal carbonyl anion, 

~pM(CO)~ ~with ClcB2oce3 . The metal carbonyl anions were prepared 

- + by the reaction of the metal carbonyl M(C0) 6 with (C 5Me 5 ) Li 

according to the method described previously.
87 

A solution of ~pMo(COJ 3 ]- in THF was cooled to 0°C, ClCH2oce3 in 

THF was added slowly over a period of approximately 15 minutes, and 

the solution allowed to warm to room temperature. The product, 

~pMo(coi 3~~2ocH 3 ] wa;·isolated as a yellow microcrystalline solid 
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"" Table 2. 2 v 
Characterisation data for the complexes [cpM(CO) 3cH 2xJ, M = Mo, W; X = Cl, Br, I, OCH 3...:.. 

Complex Carbonyl stretching_ 1 frequencies (in cm ) a 
1 Hnmr 

b 
(in 8 ppm) 

Peak Position Relative Multiplicity Assignment 
Intensity 

~pMo(C0) 3CH2ocHJ 2016 (s) 1937(vs) 1921 (s) 4.29 2 singlet CH 2 
3.24 3 singlet CH 
1 . 6 2 15 singlet C 51.te 5 

~pMo (CO) 3CH2c1) 2024(s) 1946 (s) 1929(s) 3. 91 2 singlet CH 
1 . 54 15 singlet c 511e 5 

[cpMo (CO) 3CH2Br] 2023(s) 1947(vs) 1929(s) 3. 16 c 2 singlet CH 
1 . 3 5 15 singlet c 511e 5 

(cpw (CO) 3CH20CH~ 2014 (s) 1929(vs) 1913 (s) 4.32 2 singlet CH,.. 
3.21 3 singlet CH.:. 
1 . 7 2 15 singlet c5 i-1e 5 

[cpw (CO) 3CH2c11 2023(s) 1937(vs) 1921 (s) 4.06 2 singlet CH 
1.64 15 singlet c51le5 

(cpw (CO) 3CH2Br] 2020(s) 1935(vs) 1922(s) 3.55 2 singlet CH 
1 . 55 1 5 singlet c 511e 5 

lc:ew (CO) 3CH2I] 2019(s) 19J4(vs) 1922(s) 2.84 2 singlet CH 
1 . 56 15 singlet C5 ~e5 

a All IR spectra were recorded using n-hexane as solvent. 
The following abbreviations are used in connection with the IR spectra: 
w = weak, m = medium, s = strong, vs = very strong, sh = shoulder. 

b All nmr spectra were recorded using c 6o6as solvent. 
c The nmr spectrum showed traces of c 5Me 5H. 
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The analogous cyclopentadienyl complex, [epMo(C0) 3o-I2oc::H
3
] is an oi1. 59 

A small amount of [cpMo(CO) 3c1] was also isolated from this reaction, and 

identified by comparison of IR and mp data reported previously for this compound. 

This product was shCMn to be a decanposition product of the chlorcmethyl complex 

[cp.Mo(CO) 3o-r2c1J , which could concievably be a product frcin tf.is reaction. This 

would be in agreement with fellow workers, 88 who found that the reaction of 

Clo-I2oc::H3 with [epMo(C0) 3r yielded both the rnethoxymethyl and the chlorornethyl 

products, the relative proportions being dependent on the reaction conditions 

ernployed, predominately temperature. 

On bubbling dry HCl gas through a hexane solution of (cpMo (CO) 3o-r2ocn3 J (XA'V) , the 

solution darkened slightly, and a small amount of dark purple crystalline 

material was observed. The hexane solution contained (CJ?Mo (CO) 3o-r2c1 J, (XXVI) 

contaminated with a small amount of [cpMo (CO) 3c~. (cpMo (CO) 3c1] was shown to 

be a decomposition product of (XXVI), thus a solution of (XXVI) , on exposure 

to sunlight, darkens, and the chloride product [cpMo(C0) 3c1J, is formed, in 

almost quantitative yield. Exposure of solid (XXVI) to sunlight also results 

in the formation of the chloride product, however, the process is slower than 

when a solution is exposed to sunlight. Exposure of solid (XXVI.) to sunlight 

results in the formation of the chloride product in quantiative yield after 

6-8 hours, whereas this process occurs in 2-3 hours if (XXVI) is in solution. 

The purple insoluble material was not identified, no carbonyl bands were seen 

in the IR spectrum of this compound. 

Treatment of a hexane solution of (X:XV) with dry HBr gas yielded the brornomethyl 

complex [cpMo(CO) 3o-r2Br), together with it's decomposition product, [cpMo(CO) 3sr] 

This bromanethyl product was found to be far less stable than the chlorornethyl 

complex (XXVI) • This is in agree."'.lent with similar observations made by Green 

et al 59 on the analogous cyclopentadienyl complexes [CpMo(C0) 3o-r2Br] 'and 

~Fe(C0) 2o-I2Br). 

~------------------

87 
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The analogous HI reaction resulted in a mixture of [cp.Mo(C0)
3

CH
2
I] and 

[QSMo (CO) 3I] being formed in similar yields. The two products, however, could 

not be separated, and thus a complete characterisation of [cpMo(C0)
3

CH
2
I] could 

not be achieved. The complex was, however, identified s:i:;iectroscopically. The 

iodomethyl cornplex rapidly decomposed to the iodide complex, and was found to 

be much less stable than the brorno and chloro analogues. This is in agreement 

with observations made by other workers on the analogous cyclo:i:;ientadienyl 

59 60 canplexes • ' 

Reaction of [epw(CO) 3]- with ClCH20CH3 gave (epw(CO) 3rn20CH3] (XXVII) in low 

yield, contaminated with approximately 5% ~w(CO) 3c1]. The two products were 

separated by fractional crystallisation from n-hexane, or by chromatography. 

~w(CO) 3c1) was identified by comparison of IR and mp data reported previously 

87 for this compound. A large quantity of W(C0) 6 was obtained frorn this reaction, 

which may account, in part, for the low yield. It is not clear whether W(C0) 6 

results frorn incanplete formation of the anion [cpw(co) 3]-, which is prepared 

- + from W(C0) 6 and (C5Me5) Li , or a disproportionation reaction of the anion. 

A solution of (XXVII) in hexane, gives, on reaction with dry HX gas, (X = 

Cl, Br, I), the ex:i:;iected [cpw(co) 3rn2x] s:i:;iecies, in good yields. The brornornethyl 

and iodomethyl canplexes were found to be remarkably stable to light and heat 

as compared with the molybdenum analogues, and also wit.l-i the cyclo:i:;ientadienyl 

analogues. 60 Thus the complex [epw(CO) 3rn2I] is an unstable oil, isolated in 

very low yield frorn the reaction of [epW(CO) 31- with CH2I;2, whereas the 

:i:;ientarrethylcyclo:i:;ientadienyl analogue [cpw(C0) 3CH2I] (XXVIII) is an air stable 

crystalline compound. No noticeable difference in stability to air, light and 

heat was observed for the series (epw(CO) 3rn2x] (X = Cl, Br, I); whereas for 

the cyclopentadienyl analogues, the iodomethyl complex is far less stable to 

60 heat and light than the chloromethyl canplex. 
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The complexes, lCf5M(C0) 3CH2x], (M =Mo, W; X = OCH3, Cl, Br, I) were 

generally found to have higher melting points than their unsubstituted cyclo­

pentadienyl analogues. For example, [ Cp'W(CO) 3CH20CH3] is a crystalline solid 

mp = 71-76°C, whereas ~W(CO) 3CH20CH3] has a melting point of 44°C. 

Characterisation data for the pentamethylcyclopentadienyl halornethyl and 

rnethoxymethyl complexes of molybdenum and tungsten are given in table 2.2. 

The carbonyl stretching frequencies for these complexes are approximately 

-1 . 58 59 12-15 cm lower than those observed for the cyclopentadienyl analogues. ' 

Reactions of the halanethyl complexes [Cf5M(C0) 3CH2x] (M =Mo, W ; X =Cl, Br, I) 

with methanol, gave as products the methoxymethyl products, (XXV) and (XXVII). 

See fig 2.4.1. The analogous cyclopentadienyl complexes give similar results 

on reaction with methanol. 

HBr 

'MeOH 

M=Mo, W 

~rMeOH 
M =Mo . Cp'Mo(COJ3CH2I + Cp'Mo(COJ

3
I 

M = w cp'w(C0)3CH2 I 
Fig 2.4.1 Preparation of the halanethyl complexes [cpM(CO) 3CH2x]., 

(X = Cl, Br, I ; M = Mo, W) , and their reaction with methanol 

to give the methoxymethyl complexes. 

2.4.2 Reactions of the complexes Cf>M(C0) 3 

dihalornethanes. 

(M = Mo, W) with various 

Reactions of metal carbonyl anions with dihalanethanes have been reported to 
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. 85 86 yield µ-methylene complexes. ' We thus decided to investigate the reactions 

of the complexes [CJ?M(C0) 3]- with various dihalorrethanes, in order to ascertain 

whether we could isolate µ-methylene complexes of Mo and W in this manner • 

.Moreover, King and Bra_itsc~O investigated the reactions of [epM(CO) 
3
r (M = Mo, W) 

with various dihalorrethanes, and found that not all of the reactions yielded the 

expected halanethyl complexes. We were thus interested to see what results 

would re obtained for the.analogous cp complexes. The results obtained by 

King and Braitch 60 are sumnarised in table 2.1. 

The reaction of [CJ?Mo (CO) 
3
]- with ClCH

2
I in THF gave the expected product, 

(XXVI), cornpletely analogous to the product obtained from the reaction of 

[epMo(C0)
3
]- with ClCH

2
r. However, reaction of [Cf5W(C0)

3
]- with ClCH

2
r at 

room temperature gave the iodornethyl product (XXVIII) as the only product. 

This is in marked contrast to the results obtained previously for the cyclopenta­

dienyl complexes. (see table 2. 1 ) • Thus King and Braitsch 60 reported that the 

reaction of [epw(co)
3
]- with ClCH

2
r at room temperature yielded the complexes 

[epw(C0)
3

CH2c1] and CpW(Co)
3

CH2I in yields of 60 and 12% respectively. 

(see fig 2 .4 .2) 
M= W (cp'W(C0)3CH2I J 
M= Mo [cp'Mo(C0)3CH2CI] 

CICH2Br 

M=Mo fcp'Mo(CO~CH2C1] ~......-
M = W ~p'W(C0)3CH2 Br] 

+ 
(Cp'W(C0)3 CH2Ct] 

M=W ~p'W(C0)3CH3J 
M= Mo (CpMo(C0)3CH2Br] 

Fig 2.4.2 The reactions of [Cf>M(C0) 3]- with various dihalcxnethanes. 
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Thus reaction of [cpMo (CO) 3]- with CH2Br2 gave [cpMo (CO) 
3

CH2Br1 whereas the reaction 

of [epw(CO) 3]- with CH2Br2 gave the complex FPw(CO) 
3
rn

3
] as the only prcduct, 

whether the reaction was carried out using 0.5 equivalents of CH2Br2 , or excess 

dibromomethane. This would seem to imply a transient carbene species, probably 

[qsw (CO) 
3 

( =CH
2

)] + , which extracts a hydride ion (probably from the sol vent THF) , 

to give the methyl prcduct. This phenomenon has been noted previously. 72 '
79 

[qsw(co)
3

CH
3

] was characterised by comparison of IR and nmr spectra with those 

reported previously. 16 In contrast, the reaction of [CpMo (CO) J- with CH2Br2 

was reported to give the d.llner, [epMo(C0) 3] 2 , in 95% yield, plus a trace of 

(epMo(CO) 
3
Br]. The reaction of ~W(CO) J- with CH2Br2 was not reported. 

60 

Reaction of lCf5M(CO))- (M =Mo, W) with CH2I 2 , gave for M =Mo, [cpMJ(C0)
3
I] 

as the only prcduct. [qsMo (CO) 3I] was identified by comparison of IR and mp 

87 
data reported previously for this compound. In the case of M = W, the methyl 

complex, [cpw(CO) 3CH) was obtained in good yield, whether 0.5 equivalents or 

excess CH2I 2 were used. The prcduct was identified as described above. 

The reactions of [c.-pM(C0)
3
]- (M =Mo, W) with CH2I 2 were reported to yield the 

complexes [epMo (CO) 
3

CH2I] (l~ yield) , and [epw (CO) 3CH2IJrespectively, 60 no 

yield was reported for the tungsten prcduct, we find that the yield is between 

10 and 15%. 

Neither [cpM(CO) 
3
r , nor [ CpM(CO) )- (M = Mo, W) react with CH2c12 , even on 

heating the solution under reflux overnight. This was explained by King and 

Braitsch 60 as resulting from the great strength of ti'!e C-Cl bond, which tends to 

make this compound relatively inert to nucleophilic substitution, as compared 

with other dihalornethanes, e.g. ClCH2r. However, Lin et al 
85 found that reaction 

of [epRu (CO) 2 l- with CH2c12 at room temperature, gave the )J-rnethylene complex 

[f CpP.u (CO) 2 } 2 (JJ-C..~2 >J. Thus other factors must determine whether CH
2
c1

2 
will 
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react with a metal carbonyl anion. 

( q5M (CO) )- (M = Mo, W) gave on reaction with ClCH2Br, the chloromethyl complex 

(XXVI) for M = t-b; and a mixture of ~--W(CO) 3rn2c1J and [ep~(CO) 3rn2Br) in a 

ratio of 2: 3 in the case of M = W. For the reaction where M = Mo, the chlororrethyl 

product (XXVI) was isolated in higher yield than Vl.Tien the reaction was performed 

'Ihe different products isolated from the reactions of the various d.ihalornethanes 

with either [CJ?!1(CO) 3]- or [epM(CO) 3]- (M = ~b,W), do not appear to have a 

simple explanation. 'Ihe difference in reactivity of the [qsM(C0) 3]- relative to 

the [epM(CO) 3J- anion could possibly be explained in terms of the relative 

nucleophilicity of these anions, for example, [qsMo(C0) 3]- reacted with dibromo­

methane to give the product [qsMo (CO) 3rn2Br] in good yield, whereas in the case of 

theunsubstituted cyclopentadienyl analogue, the anion [epMo(CO) 3r is oxidised to 

the dimer [ep.Mo (CO) )
2

, with only a trace of (epMo (CO) 3Br] being isolated, probably 

resulting from the decomposition of (epMo(C0) 3CH2BrJ. Kinetic studies of these 

reactions would be of great interest, since they would give an indication as to 

the mechanisms of these reactions, and thus the increased nucleophilicity of the 

pentarnethylcyclopentadienyl metal carbonyl anion would be quantified, with respect 

to that of the Cp analogue. 

The reaction of [Ci5Fe (CO) 
2
t witll ClCH2ocH3 gave the product (cpFe (CO) 2rn), 

as major product. 
1 This compound was identified according to IR, H nrnr, mass 

spectrum and solution molecular weight determination, and the results found to 

be 'd t' 1 'th th bta' d . 1 18127 
IT1t-.' lt t d t . 1 l en ica w1 ose o ine previous y. ~uis resu en s o imp y 

the intermediacy of a carbene species, which then abstracts a hydride ion from 
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the solvent, or another molecule of ClCHfX:~H3 , this has been noted previously. 72 ' 79 

A trace of a second product was seen in the 1H nrnr spectrum, this product could 

not be separated from the methyl product, and could thus not be completely 

characterised. 1 The H nrnr spectrum of this product in c6n6 gave peaks at 1.14 

(C5~5 ) and 0. 16 8 , relative . intensities approximately 7: 1. The v (CO) region 

of the IR spectrum inn-hexane gave peaks corresponding to lg5Fe(C0) 2CH
3
], and two 

-1 weak peaks at 1979 and 1964 cm . We would tentatively assign a µ-methylene 

structure to this second product, i.e. [CJ?Fe (CO) 2] 2 (µ-CH2) , however no trace 

of· this was seen in the mass spectrum. No trace of the chloromethy 1 or metho:xy-

methyl products were observed, this is in marked contrast to the cyclopentadienyl 

analogue, which gives on reaction with ClCH20CH
3

, either the rnethoxyrnethyl or the 

chlorornethyl products, the relative proportions of which are dependent on the 

reaction conditions employed. 90 

[CJ?Fe(C0) 2]- reacted with rn2c12 to give the chlorornethyl complex, [cpFe(C0) 2CH2c1] 
~ 1- 59 (XXIX). LCpFe (CO) 2 . does not react with CH2c12• The rnethoxyrnethyl 

cornplex, h°5Fe (CO) 2rn2ocH3] was prepared by dissolving the chloromethyl complex 

(XXIX) in methanol, the product formed in high yield on standing at room temperature 

for 2 hours. This product was identified according to characterisation data 

reported by cutler et al 9 ~ The analogous cyclopentadienyl complex, [epFe(C0) 2CH2c1J 

also gives the methoxyrnethyl product on dissolution in rnethanoi. 90 

2.5 Monohaloalkyl transition metal complexes and their imp?rtance as precursors 

for polymethylene bridged transition rnetal dimers. 

The complexes [epFe(C0) 2 (CH2)nBr] (n = 3, 4, 5) were synthesised from the reaction 

of [epFe(C0) 2)- with the appropriate a,w dihalomethane at -20°C. The complexes 

[ CpFe (CO) 2 ( CH2) n Br] react with [ CpFe (CO) 2] - to give the binuclear pol yrrethy lene 
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bridged complexes (epFe(CO)~ 2 (µ-cH2)n (n = 3, 4, 5) 92 

A mixed metal polyrnethylene bridged complex was also prepared by reacting 

[ CpFe (CO) 2 (CH2) 3Br] with [epMo (CO) 3]-, giving the product (epFe (CO) 2 (µ-cH2) 3Mo (CO) 3ep] 

The complexes (epFe(C0) 2] 2 (µ-cH2)n (n = 3-12) have been prepared directly frorn 

t.1!e reaction of [epFe(C0) 2]- wit1! the appropriate a,w dihaloalkane. 93194 

The X-ray crystal structures of the complexes.where n = 3,4 have been investigated. 

The iron atcms were found to be joined by simple chains of sigma bonded (CH2)n 
93 

ligands, with no metal-metal interaction. 

. 95 96 l 1-Ba1ley et aZ ·' showed that the reaction of CpMo (CO) 3 with I (CH2) 3r led 

to a cyclic carbene complex, (see chapter 3), and the reaction of [epMo (CO) 3]­

with I (CH2) 4r yielded the µ-methylene complex, ~Mo (CO) 3] 2 (µ-cH2) 4• 

The polyrnethylene bridged tungsten complexes, [epw(CO) J 2 (i.1-cH2) n (n = 3, 4) 

were also prepared frorn t1!e reaction of the complexes [epw(CO) 3 (CH2)nx] (n = 3, 

f, 1- 96 4; X =Br, I) with LCpW(CO)JJ • 

Polyrnethylene bridged ruthenium compounds, [epRu(co)) 2 (µ-cH2)n (n = 2, 3, 4) 

were prepared from the reaction of [cpRu(C0) 2]- with the appropriate a,w 

85 . 
dihaloalkane. These authors also prepared the methylene bridged complex, 

[{<;pF.u(CD) 2}2 (µ-G.T2)], containing no metal-metal bond, from the reaction of the 

metal carbonyl anion with dichlororrethane. 85 

Polyrnethylene bridged complexes are of great significance, since they are rnOO.els 

for intermediates proposed in the carbide mechanism of the Fischer-Tropsch 

process. (See fig 2.2.1) 



56 

2.6 The preparation of new monohaloalkyl complexes of molyl:xlenum, tungsten 

and iron. 

The haloalkyl complexes (cpM(C0) 3 (CH2)nBr](M =Mo, W; n = 3, 4) , were isolated 

from the reactions of the appropriate rretal carl::x:myl anions q5.M(OJ) 
3 

with a,w. 

dibromoalkanes, Br(CH2)nBr , n = 3, 4. 

The reactions were perforrred using 0.5 equivalents of the dibromoalkane, and the 

reaction mixtures heated under reflux overnight. However, the only products 

isolated from these reactions were the above haloalkyl complexes. No evidence 

for the formation of polymethylene bridged complexes, or in the case of M = Mo, 

and n = 3, were cyclic carbene CO!TII?lexes observed, as in the case of the unsubstituted 

95 cyclopentadienyl analogues. 

It is not known whether this is due to the bulkiness of the pentarrethylcyclpenta­

dienyl ligand blocking access by another metal carbonyl anion, thus preventing 

attack on the carbon atom adjacent to the bromine atom, or whether this is due 

to a low yield of the metal carbonyl anion in solution. 

The complexes [cpMo(C0) 3 (CH2)nBr] (n = 3, 4) were not able to be isolated in a 

pure state, and were thus only identified spectroscopically. The results, however, 

compare well with those obtained for the analogous cyclopentadienyl complexes, 

and thus the assignments would appear to be correct. 

The complexes are solid at room temperature, the molyl:xlenurn complexes are extremely 

light sensitive, and decompose to lCJ5r'1o(C0) 3Br) on exposure to light, especially 

when in solution. 

In contrast to the unsubstituted cyclopentadienyl canplexes, the iron haloalkyl 



57 

complexes [CfSFe (CO) 2 (CH2) nBr J (n = 3, 4) , prepared from the reaction of [CfSFe (CO) 2)­

with 0.5 equivalents of a,w dibromoalkane, were found to be crystalline solids, 

as opposed to the cyclopentadienyl analogues which are oils at room temperature. 

The complexes display remarkable stability with respect to air, temperature and light, 

even 'When in solution. No evidence for the formation of polymethylene bridged 

iron dimers was seen, the reason for this is not known. 

Most of the reactions of [CfSM(CO) 3r with various dihaloalkanes gave lower yields 

than those reported for the cyclopentadienyl complexes, this may be explained in 

terms of the greater nucleophilicity of the pentarnethylcyclopentadienyl metal 

carbonyl anion in comparison with the unsubstituted cyclopentadienyl analogues. 



CHAPTER THREE 
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3. The reactions of the complexes bPM (CO) 3rn2x J, (M = Mo, W; X = halogen) 

[CJ?Fe (CO) 2rn2c1] and 8?Mo (CO) 3 (CH2 ) 3Br] with tertiary phosphines, and 

some attempts to prepare hydroxymethyl and carbene species. 

3.1 The reactivity of halanethyl transition metal complexes towards 

tertiary phosphines. 

Halanethyl complexes of transition metals have been found to be very susceptible 

to nucleophilic attack. 59 
Thus Moss et al 62163 investigated the reactions of 

cyclopentadienyl halanethyl transition metal complexes with various tertiary 

phosphines. 

Fig 3.1.1 

L = PPh3 , PMePh2, PMe2Ph, 
PEtPh 2 ,PEt2Ph, AsPPh3 

CH3CN,RT,dark 

L L = PPh3 _. ~pFe(C0)2CH2PPh:i( 
PMe2 p h-E:;P Fe(CO}l p Me2 p h)2j+ 
PMe3-(CpFe(CO}(PMe3)2]+ 
PEt2Ph-[Cp Fe(co){PEt2Ph}2]+ 
PEtPh2 -[CpFe(co)(PEt Ph2h1+ 

A surmnary of the prcrlucts obtained from the reactions of 

fcpFe(C0) 2CH2c1] with various tertiary phosphines. 

These authors found that in acetonitrile solution, less nucleophilic 

ligands tended to give the cationic ylide complexes, (epFe(C0) 2CH2L)+, whereas 

more nucleophilic ligands gave the species lCpFe(CO)L2]+, L =tertiary phosphine 

ligand. The reactions of the chlora:nethyl complexes of Ru, Mo and W with triphenyl-

phosphine were also investigated. 



Fig 3.1.2 

Ii ( ) ] CH3CN, RT, dark 
LCpMo CO 3CH2CI 

i MeOH, PPh 3 , L\ 
0 

[ CpMo(C0)2(PPh 3) C-CH20CH3] , [CpMo{C0)2(PPh 3) Cl], 

[ CpMo{co)(PPh3 )p1 J 

[CpRu(co)2CH2CI] 

[ CpW(C0)3CH2C1] 

[ CpRu(C0)2CH20CH3] 

[ CpW(C0hCH2PPh3]+ Cl-

59 

The reactions of the cyclopentadienyl chlorcrnethyl complexes of 

Ru, Mo and W with triphenylphosphine. 

The reactions of chloramethyl complexes of platinum with PPh3 have also been 

investigated, thus the cationic ylide complex cis-[Ft(PPh3)2 (CH2PPh3)cl]+ was 

prepared from the reaction of cis or trans- ~t(PPh3 ) 2 (cH2Cl)I] with PPh3• This 

66 reaction involved the novel migration of Cl from a methylene group to Ft. 

3.2 The reactions of the complexes 9JM0(C0) 3CH2c1), [cpw(C0) 3CH2r] and 

[CJ?Fe (CO) 2CH2Cl J with triphenylphosphine. 

The reactions of the cyclopentadienyl chlorcmethyl complexes of Mo, W and Fe 

are described in the previous section.(3.1) The reactions of the analogous 

pentamethylcyclopentadienyl complexes with PPh3 were investigated in order to 

ascertain what the difference in reactivity would be if the cyclopentadienyl ring 

were to be replaced by a pentarnethylcyclopentadienyl ring. The reaction of 

[cplf.10(C0) 3CH2c1] (XXVI) .with PPh3 in acetonitrile in the dark for 6 days at room 

temperature, gave the product cis-[cpMo(CO) 2 (PPh3)c1) in moderate yield. This 

reaction was found to be completely analogous to that reported for the cyclopenta­

dienyl analogue under similar conditions, 63 however , this reaction was left to 
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stand for 28 days, which may account for the slightly higher yield obtained, 

(71%) as op:i;:osed to 53% for the reaction of (XXVI) with PPh3. 

The reaction of (XXVI) with PPh3 in methanol under reflux for 3 hours, gave the 

prcx1uct cis- [ q5Mo (CO) 
2 

(PPh
3

) Cl] in 5 7% yield. The methoxymethyl cornplex (XXV) 

was also isolated from this reaction in approximately 15% yield. This result was 

very interesting as a similar reaction with the analogous cyclopentadienyl complex 

gave a mixture of prcx1ucts, viz , l CpMo (CO) 2 (PPh3) C ( 0) CH2 OCH3 ] , ~Mo (CO) 2 (PPh3) Cl] 

and [epMo (CO) (PPh
3

) 
2
c1]. The amounts of each complex obtained depended on the 

reaction time, thus a short reaction time gave mainly [epMo(C0) 2 (PPh3)C(O)CH20CH). 

Thus the reaction was pro:i;:osed to go via the methoxymethyl complex, [cpMo(C0) 3cH2COI) 
which then underwent carbonyl insertion, giving rise to a vacant site on the metal, 

at which the PPh
3 

then attacked. 

In the case of the reaction of (XXVI) with PPh3 in methanol, the methoxymethyl 

complex was isolated as a by-prcx1uct, so the reaction could conceivably go via 

this complex, however, carbonyl insertion would probably occur less readily than 

in the case of the cyclopentadienyl complex, due to steric hindrance by the methyl 

groups on the cyclopentadienyl ring, which would prevent access to the metal carbon 

bond. This would explain why a carbonyl insertion prcx1uct into the methylene 

carbon of the methoxymethyl prcx1uct was not observed. 

MeOH,L'.l 
or 

Fig 3.2.1 

~ 
Mo-Cl 

I \''''PPh3 
oc co 

cis 
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The cis-configuration of the product was assigned on the basis of the pattern 

of the caroonyl stretching frequencies in the IR spectrum, the spectrum gave 

bands at 1948(vs) and 1867(m) cm-1, which is the same pattern as that observed for 

cis-[CpMo(C0) 2 (PPh3)cl] , 1971 (s) and 1883(m) cm-1• 63197 

[cpw(C0) 3CH2I] (XXVIII) gave on reaction with PPh3 in acetonitrile at room temperature 

for 18 days, the expected product, (ep--W(C0) 3CH2PPh3J+ I- , identified according to 

IR, 1H nmr and elemental analysis. The product was found to crystallise with one 

molecule of CH2c12 per ion pair of the salt, i.e. [cpw(co) 3CH2PPh3r I-. cH2c12• 

This was verified by 1H nmr and elemental analysis. The X-ray crystal structure 

of this complex was determined, see chapter 4. The X-ray crystal structure revealed 

that there were in fact, only 0.5 molecules of CH2c12 per molecule of the phosphorus 

1 ylide complex, a H nmr spectrum of the crystals showed that the peak corresponding 

to the solvent of crystallisation, had, in fact, decreased by 50%. Thus it was 

concluded, that by leaving the crystals exposed to the atmosphere at room temperature 

for about one week, one half of the solvent of crystallisation had been lost. 

Reaction of (XXVIII) with PPh3 in methanol under reflux for 3 hours gave the 

product lq5W(CO) 3cH2PPh3 r I- in 57% yield, the methoxymethyl product (XXVII) 

was also isolated from this reaction in 12% yield, and (XXVIII) in 5% yield. The 

ionic product was recrystallised from CH2c12/hexane to give fine dark yellow 

needles. 

These results are very similar to those obtained by M::>ss et al 
62 , who investigated 

the reactions of ~W(CO). 3cH2c1] with PPh3 in methanol (reflux) and in acetonitrile 

in the dark at room temperature. (see fig 3.1.2) 

The reaction of (XXVIII) with PPh3 in CH3CN was left for a shorter time than was the 

cyclopentadienyl complex, [epw(C0) 3CH2c1] 62 , a slightly lower yield was obtained 
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for the Cf> complex, and a small arrount of (XXVIII) was isolated. However, a direct 

comparison between the tv..O reactions was not possible, as in the case of the Cf> 

complex, the iodorrethyl complex was used, whereas in the Cp comp ex, reaction 

occurred at a chlororrethyl ligand. 

Graham et al 
34 suggested that nucleophilic attack on the rretal atom occurs less 

readily for the cp complexes as compared with the Cp complexes. Thus for the 

complexes (Cf:Os(m) 2r] and h:Ds(m) 2r], nucleophilic attack occurred rrore readily 

on the rretal atom of the Cp complex, than on the rretal atom of the Cf> complex. See 

Chapter 1 • 2. This mat explain why the reaction of (XXVI) with PPh3 gave only one 

product, viz, ~pMo(m) 2 (PPh3)cl], whereas in the case of the unsubstituted cyclo­

:i;entadienyl analogue, three products were obtained, including ff>tb (m) (PPh3) 2c1J, 

which was not detected for the Cf> analogue. 

The reaction of (XXIX) with PPh3 in rrethanol under reflux, gave the rrethoxyrrethyl 

product [cpFe (CO) 2CH2ocH3J only, in alrrost quantitative yield. This product was 

identified by comparison of the Ir and rnp data with that obtained previously. 9 

The reaction of (XXIX) with PPh3 in acetonitrile in the dark at roan temperature, 

gave mainly starting material, (XXIX), and a small arrount of hexane insoluble material. 

The hexane insoluble material was precipitated as the tetraphenyll:orate salt from 

rrethanol, giving orange needles, which were identified as [CpFe(m) 2CH2PPh3 ]+ 

BPh4 . These results are very different from those obtained by !vbss et al 63 , 

who obtained ~Fe(ro) 2cH2PPh3 f in high yield from the reaction of [cpFe(co) 2CH2c1] 

with PPh3 in CH3rn in the dark at roan temperature, or by heating a rrethanolic 

solution of (cpFe (ill) 2cH2c1J and PPh3 under reflux. Thus the rrethylene carbon of 

the haloTIEthyl ligand 'WOuld app:=ar to be less suscepticle to nucleophilic attack 

in the case of the cp complex, as opposed to the Cp analogue. 
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(XXX) gave on reaction with PPh3 in CHfN, after precipitation with BPh4-, bright 

orange needles as product. The product gave two bands in the v(CO) region of the 

-1 
IR spectrum, of equal intensity , at 1975(s) and 1904(s) cm . The product gave a 

very complicated 1H nrnr spectrum, and was thought to be a mixture of cis and trans 

isomers of the cyclic carbene complex shown in fig 3.3.1. 

Fig 3.3.1 Proposed product from the reaction of (XXX) with PPh3• 

Cotton and Lukehart 98 investigated the reaction of the analogous cyclopentadienyl 

complex, viz, [epMo(C0) 3 (CH
2

)
3
Br] with PPh

3 
• 

Fig 3.3.2 Preparation of a cyclic carbene complex. 

'When the reaction was performed in a coricentrated solution of CHf~N, the cis product 

precipitated out almost immediately, and was filtered off to give the cis cycli~ 

carbene species in high yield, which was isolated as the BPh4- salt. The trans 

product was obtained by using a dilute solution of CH
3
CN, the reaction mixture was 

stirred vigorously for one hour, and the trans product isolated in high yield as the 

BPh4 salt. 
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In the case of the q5 complex, a similar route was not possible, as the product 

is extremely soluble in CH3CN, and changing the amount of solvent did not appear 

to af feet the reaction. Thus when a very concentrated solution of (XXX) in CH
3

CN 

was used, only a small quantity of product precipitated out of solution, and was 

found to be identical with that obtained in previous reactions. The cis and trans 

1 isomers could not be separated, and thus a complete assignment of the H nrnr spectrum 

was not possible. 

Cotton and Lukehart 98 reported trans-[epMo(C0) 2 (PPh3) (1J~(CH2 ) 3d)]+ BPh4- to 

-1 give two bands in the carbonyl region of the IR spectrum at 1985(s) and 1910(vs) cm 

whereas the cis isaner gave peaks at 1990(vs) and 1930(s) cm-1• Thus the relative_ 

intensities of the two bands in the v(CO) region of the IR spectrum change on going 

from the cis to the trans isomer, the wavenurnbers of the bands also shift. 

In the case of the q5 complex, the product exhibited two bands of equal intensity 

in the v(CO) region of the IR spectrum, thus the product appears to be a mixture of 

cis and trans isomers. 

Cotton and Lukehart 98 proposed that the reaction of [CpMo(C0) 3 (CH2) 3Br] with PPh3 

went via a carbonyl insertion mechanism as described in fig 3.3.3. 
IBr(CH.2)

3
Mo(1] -c5H5)(C0)3] + PPh3 

l ~ intramolecular.. @ l+Br-
CH Mo cyclisat1on /CH2'-.. T 

/ 2"-c/ I "--co H c c~Mo 
H2C"'-. Btr II PPh;o 2 '\ .! / ~ 

H"' 2 0 H2C- 0 PPh \ CO .3CO 
Fig 3.3.3 carbonyl insertion mechanism for the preparation of cyclic carbenes. 

In the case of the analogous unsubstituted q5 reaction, some starting material 

was isolated, which would seem to suggest that the reaction was slower than in the 

case of the Cp complex,· this could be explained in terms of the q5 complex(XXX) 
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being less susceptible to carbonyl insertion, as a result of the methyl groups on 

the cp ring blocking access to the metal carbon bond where carbonyl insertion 

occurs. 

Recently, many cyclic carbene complexes of Mo have been prepared. Bailey et al 96 

showed that the reaction of [epMo(C0) 3r with I(CH2)3r in THF, or of 

[epMo (CO) 3 (CH2) 3Br J with LiI in THF resulted in the formation of the neutral cyclic 

carbene complex, lCpMo(CO) 2r (1,-1-c (CH2) 3o)] . This complex was characterised by X-ray 

crystallography. 'lhe complexes, [ep(C0) 3MoMo(C0) 2 (1]~-(CH2 ) 3o)ep) and 

[ep(C0) 3WMo(C0) 2 (171-C(CH2)36)epJ were also prepared. 95 

3.4 Some attempts to prepare Fischer-Tropsch intermediates. 

Hydroxymethyl and carbene species have been proposed as intermediates in the 

Fischer-Tropsch react{on. (see chapter 2.2) The ryrenaration 0£ carrene soecies - - ... 

from methoxymethyl and chlorornethyl transition metal complexes is described in 2.3. 

Hydroxymethyl transition metal complexes have not been prepared from rnethoxymethyl 

81 82 . or halomethyl complexes previously, however, Roper et al ' converted an osmil.IDl 

hydroxymethyl complex to a chloromethyl complex using HCl. (see fig 2.3.8). It 

thus seems possible that halornethyl complexes could be converted to hydroxymethyl 

complexes using NaOH in water. Hydroxymethyl complexes have been prepared by a 

33 . J number of routes, for example Nelson prepared the complex [CI?Ru (CO) 2CH20H from 

the reaction of f::pRu (CO) 3) + with NaBH3CN. 99 Lin et al prepared the analogous 

cyclopentadienyl complexes of iron and ruthenilIDl, viz, [ CpFe (CO) 2rn2oH] and 

[epRu (CO) 2CH2oH] by a. similar route. These authors converted the hydroxymethyl 

complexes to rnethoxymethyl derivatives, the hydroxymethyl derivatives, however, 

could not be regenerated from the methoxymethyl complexes. 
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3. 4. 1 Attempted preparation of [CfSMo (CO) ~20H]. 

A solution of (XXVI) in THF was treated with an aqueous solution of NaOH. The 

solution was stirred vigorously. An IR spectrum of this material showed new 

weak bands at 2010 and 1928 crn-1, as well as strong bands due to starting material. 

The new product was not able to be separated fran the starting material, and was 

therefore not characterised. More vigorous conditions led to the decomposition 

of the starting material, and no carbonyl containing material appeared to be present. 

A similar reaction was performed using KOH.instead of NaOH, the reaction proved to 

be very different fran that described above. A hexane soluble yellow oil was 

isolated, which gave peaks in the v(CO) region of the IR spectrum at 2023(w), 2012 

-1 1 (rn), 1946(w) and 1927(s) cm ; the H nrnr spectrum showed many peaks between 1 and 

3 b, but the product could not be further purified, and was thus not able to be 

characterised. 

3.4.2 Attempted preparation of [epMo(C0)~2oH]. 

A solution of [epMo (CO) 3rn2cl] in THF was treated with a solution of NaOH in 

water. Predaninately starting material was isolated, together with a second product 

which displayed peaks in the carbonyl region of the IR spectrum at 2023 and 1939 

-1 cm The product was partially purified, the nrnr spectrum, however, was very 

complex, exhibiting many peaks between 1 • 3 and 6. 5 8 . The product could not be 

identified. 

The above reaction was repeated using acetone as solvent, the IR spectrum of the 

product appeared to be very similar to that obtained above, as did the 1H nrnr 

spectrum. The product could not be identified. 
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3.4.3 Attempted acid hydrolysis of [Cf>Mo(CO) f1I20CH
3 

J (XXV) with cr
3
cooH. 

A solution of (XXV) in THF was tre~ted,with.a. mixture ()f CF3CXX)H in water. An 
;,; ' • ~ - • ~ • r ' ' < ' • • 

IR spectrum of the hexane soluble material from this reaction showed mainly 

starting material, w~th new v(CO) banps at 2024, 1946, 1936 and 1776 cm-1. 
. . ~- . ' . ,, . 

1 The H nrnr spectrum gave new peaks at 5.15 and 1.47 in the ratio 1:7. This 

product could not be purified, but it was suspected that in fact, esterification 

had occurred, as the band at 1 ?7? ~ - 1 did po"t; d.:i_s.Cl.~ar .on treatin~ the product 

with aqueous dieth~lamine. The reaction ~s re~ted.,using different concentrat.,;­

ions of c_p3CXX)H ~d w~ter, the same peaks appeared each time. 

In order to dete:rmine whether in fact the product was a result of an esterif-
- .. r • .' \ 

ication reaction, a solution of (XXV) .J.:n THF w~s ,treated with CF 3CXX)H (excess).· 
.< ~' • ' .: • ' • < '· • 

After quenching with' aqueous diethylamine, and extraction with with n-hexane, 
• • • - - ' <~ J • • • 

a yellow solid was isolated, which was recrystallised. ~rom n-hexane, and 

identified as (Cf>!:b.(C?) 3CH2~ (O) C; 3,)a~co;m;~· .to. ~R, 1"~ -~,and el~tal 
• • ~, • , '~ •• -~ - • - < • 

analysis. The v(CO) region of the IR spectrum was found to be identical with 
. . . . . "', ·_ ~ " . 

that obtained in previous reactions, and thus no hydrolysis had occurred, but 

rather esterification. Thu~ CT 3<:X;X)H is, not a g9C)d acid to use, as it does tend 
.. 

to give esterification products. 

3. 4 l 4 Attempted preparation of ~ (CO) 3 ( =CH2)] +, (M = !'b, W) • 
. '. . 

A solution of (XXVI) in THF was treated with AgPF 6 . A grey precipitate appeared 

immediately, and the THF solution became very viscous. It appeared that, in 

fact, the THF solvent had polymerised, no product could be extracted from the 

reaction. 

·· The reactions of ·(xxvr) and [CpMo (CO) 3CH2c1]with :A~PF 6 in acetone were .investigated 
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4.1 Introduction 

The tenn ylide traditionally denotes a canpound in which a negatively charged 

carbon is bonded to a heteroatan which bears a formal positive charge. 100 

Ylides in elude as heteroatan S, N, 'As and P. 

Fig 4.1.1 

ylide ylidene 

R, R = atkyl , aryl 

X = heteroatom 

A general representation of an ylide with the ylidene resonance 

fonn. 

Ylides are carrnonly used in organic synthesis for the preparation of alkenes 

fran carbonyl canpounds, thus fonning new C-C bonds. See fig 4.1.2. 

+ 

Fig 4.1.2 Reaction of an organic carbonyl ccmpound with an ylide. 

Ylides have recently been used as ligands in transition metal organanetallic 

chemistry, 100 a variety of cc:mplexation m:xles being kna.vn : see fig 4.1.3. 
,....CH1"-V ,........cH2'-..+/ 

LnM-CH2-~R3 LnM, / '- L,.M~P'-.. 
CH2 ~ 

Fig 4.1.3 

\+I 
/p' r· r 

Canplexation nodes of·ylides bonded to transition metals. 
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Such diversity in cornplexation arises from the wide variety of ylide ligands 

known. Ylide cornplexes of a number of transition metals are known. 100- 102 

Phosphorus atoms in transition metal ylide corrplexes generally retain the 

tetrahedral gearetry of the phosphonium cation, but the P-C oond of the methylene 

:t-~ • h rt ed . di t. . . . :t-~ d d 1 o3 carl.JUn is s o en , m ca ing a increase in l.JUn or er. 

In the present study, the crystal and molecular structure of :the complex 

[<11-c5Me5)W(CO) 
3

CH2PPh
3
r I- .!CH2c12 is investigated. The crystal structures 

of a number of phosphorus ylide cornplexes analogous to this structure have been 

investigated. See fig 4.1.4. 

0 

Pt(2)-C(4) = 2.10-2.12 A 
0 

C(4)-P(5) = 1.84 A 

Ft(2)-C(4)-P(5) = 129° 

(XXXI) 104 

0 

Pt(1)-C(1) = 2.08 A 
0 

C(1)-P(3) = 1.77 A 

pt ( 1 ) -C ( 1 ) -P ( 3) = 118 ° 

___ q 

~\f 
(XXXII) 105 

I 
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0 

Pt(1)-C(3) = 2.12 A 
0 

C(3)-P(3) = 1.80 A 

Ft(1)-C(3)-P(3) = 121.8° 

(XXXIII) 106 

0 

Au(1)-C(1) = 2.15 A 
0 

C(1)-P(1) = 1. 76 A 

Au(1)-C(1)-P(1) = 114.9° 

(XXXIV) 107 

0 

C(4)-P(4) = 1.75 A 
0 

W(1)-C(4) = 2.30 A 
• 0 

W(1)-C(4)-P(4) = 126.4 A 

(XXXV) 108 

Fig 4.1.4 X-ray crystal structures of selected phosphorus ylide transition 

matal canplexes. 
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The X-ray crystal structural detennination of a manganese double ylide ccmplex 

has also been investigated. 109 

The crystal and molecular structures of (XXXI) - (XXXV) all contain a phosphorus 

ylide ligand, and have many structural features in ccmron, they will thus be 

discussed together. 

(XXXI) was synthesised fran the reaction of [H-Ft(µ.:..a.pµn) 2Pt
1
(PPh3)] + PF6-

with excess diazarethane in dichlorarethane, resulting in rrethylene insertion into 

the pt-pt bond, and a pt-p bond. pt-C bond distances for individual rrethylene' 

carbons were not reported, rather the bond distances for.the three Ft4Uethylene 
0 

carbon bonds were reported to be in the range 2.10-2.12 A. 

(XXXII) was isolated fran the reaction of [pt(PEt3) J with rn2r2r (XXXIII) 

could be prepared either directly fran the reaction of [!?t(PPh3)4] with ClCH2I, 

or fran the reaction of [pt (PPh3) 2 (CH2cl) I] with PPh3• The gold phosphorus 

ylide ccmplex (XXXIV) was prepared by reacting ~ph3P)AuMe) with triphenylrrethy1..:·. 

enephosphorane in ether. (XXXV) was produced by transfer of a Pr-E3 ligand to 

the W=CH
2 

system in [w(.=CH2) (PM::!
3

) 4c1] + CF 3so3-, when this ccmplex was treated 

with CO (1 atm. pressure). 

Structures (XXXI) - (XXXIV) crystallise in · monoclinic space groups, while (XXXV) 

crystallises in the primitive space group i?1 • These ccmplexes all exhibit 

tetrahedral gearetries about the P atan of the phosphorus ylide ligand, the C-P 

bond distances (rrethylene carbon to phosphorus) are all very similar, and the 

M-C-P bond angles for the phosphorous ylide ligand are all larger than the 

expected tetrahedral value. None of the above ccmplexes exhibit any tmusual 

intenrolecular interactions. 

<: ·-- • -- ..... -- -~- ...... -- ~-~ ..... -....-- .... ~· -- "" .. ~ ~ 
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Complex (XXXV) is the first reported structure of a tungsten ylide cornplex, the 

W atom is 7 co-ordinate, and the bond distance W(1 )-C(4) (see fig 4.1.4) 
0 

of 2.30 A is reported to be that of a single bond. 

4.2 General experimental and cornputational procedures. 

(epiv(CO) 3CH2PPh3]+ I-. ':CH2Cl2 (XXXVI) was prepared by reacting E:P--W(CO) 3CH2r] 

with PPh3 (excess) in acetonitrile in the dark at roan temperature for 18 days. 

'llle solution was protected fran light using foil, and the orange solution 

gradually darkened to an orange/red colour. The solvent was renoved under reduced 

pressure, and the oily residue recrystallised rpeatedly from mixtures of rn2c1
2 

and n-hexane in order to obtain crystals of suitable quality. Chapter 5.6 gives 

detalis of the characterisation of this complex. 

4.2.2 Preliminary X-ray analysis. 

Single crystals obtained as in 4.2.1. above were selected, checked for reflection 

quality, and then cut to appropriate dimensions in order to minimise absorption 

effects. 

Oscillation and Weissenberg (zero and first layer) photographs were taken using 

a non-integrating Stoe (Heidelberg) goniometer attatched to a carrera of radius 
0 

28.65 nm. Ni-filtered CuK radiation (A.= 1.5418 A) was used. a 

The X-ray generator, model Philips PW1120 was operated at 0.8 kW (20 mA and 40 kV) 

X-ray films (3M) were processed in the usual manner with Kodak X-ray developer 

and fixer solutions. 
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'lhese photographs yielded the unit cell dllrensions and the space group syrmetry. 

(See table 4. 1) 

The density was estimated to be about 1.5 to 1.6 g/cm3 from flotation in 

bromobenzene. 

4.2.3 Detennination of .space group and unit cell pararreters. 

A rronoclinic space group was revealed by oscillation and Weissenberg photography. 

The approximate cell di.rrensions as obtained from the photographs were 
0 

a = 16.93 A 
0 

b = 12.40 A 
0 

c = 18.33 A 

B = 78° 

* z = 4 

* z = total mnnber of rrolecules in the unit cell, this was detennined from the 

relation : 

Z x Mr = N Dn abc sin B .x 10-24 

-1 
Mr = rrolecular mass (g mol ) 

0 

a,b,c = unit cell lenghths (A) 

N = Avogadro's number = 6.023 x 10
23 

""" d 't ed (g cm-3 ) .um = ens1 y measur 

abc sin 8 = voltIITe of unit cell (A 3) 

Fran the Weissenberg photographs, the conditions for non-extinction of reflections 

was detennined as 

oo.e .e = 2n 

hOO h = 2n 

h0£ h+£ = 2n 

Hen the . p 2 110 ce space group is 1/n • 
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Table 4.1 

Crystal data and experimental and refinement parameters for 

U~-C 5Me 5 )W(C0) 3CH2PPh3]+I-.!CH2c1 2 • 

Molecular formula 

Mr (g -1 mol ) 

Space group 
0 

a (A), 
-
b (A> 

c (A> -
f3 ( 0) 

v dt3 > 
Dm -3 (Mgm ) 

De (Mgm -3 for Z 4) 
' = 

F [ooo] 

µ (Mokll') 

Melting point (K) 

Composition 

Data collection: 

Crystal dimensions (mm) 

Scan mode 

Scan width ( 0 

S d ( o s-· 1) can spee 

Range scanned (20°) 

c32H32o
3

PIW.!CH2Cl 2 

848.80 

P21/n 

16.61 (8) 

11.738 ( 6) 

18.126 (9) 

101.74 (2) 

3461 ( 1) 

1.6 

1 . 50 

1664 

40.64 
-1 

cm 

407 - 413 

see characterisation 

data, chapter 5.6.4 

.28 x .18 x .10 

W-20 

1.2 

0.04 

7 - 46 

Stability of standard reflections 4.8 
(%) 

Number of reflections collected 4647 

Number of reflections observed 3310 

with I(rel):>-2aI(rel) 



Refinement 

Number of. variables 

R =1: l1Fol - !Fell 

L IFOI 

/, 

Uiso of hydrogen atoms 

phenyl hydrogens (J\2> 

methyl hydrogens (A2> 

methylene hydrogens (A 2> 

(of ylide ligand) 

76 

207 

0.076 

0.08 (2) 

0.08 ( 2) 

0 .10 (2) 
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Table 4.2 

Fractional atomic co-ordinates (x10
4

) and thermal 

Earameters 
El 2 4 

(A x 10 ) for non hydros en atoms. 

x/A Yj 
B 

X/C u 

* W1 2357(1) 1940(1) -22 ( 1) 482 

* I1 1512(1) 5-0 51 ( 1 ) 7365 ( 1) :720 

* P1 924(3) 1275(5) 8265 (3) 414 

* Cl1 6097(10) 2372(24) 8838(9) 1316 

* Cl2 6072(11) 2222(38) 7375(10) 2238 

02 813 (12) 3224(18) 10159(11) 1003 (61) 

03 2674(12) -679(20) 9698 (12) 1028(65) 

04 1894(13) 802(20) 11365(13) 1157(73) 

C1 1902(11) 1946(19) 8670 (11) 476(49) 

C2 1391 (16) 2640(22) 10043(14) 685(69) 

C3 2515(16) 286(25) 9775(14) 744(75) 

C4 2068 (15) 1221 (23) 10809(15) 715(70) 

cs 5566(29) 1993(46) 7374(27) 687(130) 

c 111 2996(13) 3728(19) 9986(12) 503(53) 

c 121 3105(12) 3280(17) 10769(11) 46rcs1 > 

C131 3630(12) 2287(17) 10769(11) 443(51) 

C141 3778(12) 2132(18) 10055(11) 490(52) 

c 151 3397(11) 3025(19) 9568(11) 453(47) 

c 112 2551(14) 4816(21) 9756(13) 648(66) 

C122 2851 (15) 3811(23) 11401 (13) 703(69) 

C132 4004 (15) 1640(22) 11446(13) 669(68) 

C142 4351 (16) 1282(23) 9854 (15) 775(75) 

c 152 3495(15) 3286(21) 8799(12) 645(65) 
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x~ Y; 
B 

2/C u 

C11 19 (10) 2001 (19) 8443(11) 517(52) 

C12 -712(10) 1468(19) 8432(11) 553(58) 

C13 -1379 (15) 2050(23) 8500(13) 716(68) 

C14 -1360(17) 3240(25) 8585(15) 830(80) 

C15 -665(16) 3806(27) 8561 (15) 862(83) 

C16 54 ( 15) 3202(23) 8487(13) 718(69) 

C21 827(10) 1232(16) 7251 (10) 414(47) 

C22 162(10) 656(16) 6816(10) 549(57) 

C23 49(14) 704(21) 6032(13) 634(64) 

C24 540(14) 1303(20) 5708(14) 629(63) 

C25 1187(15) 1948(24) 6106(14) 717(67) 

C26 1330(13) 1889(21) 6893(12) 594 (57) 

C31 909(10) 201 (15) 8579(10) 363(15) 

C32 1292(10) -999(15) 8179(10) 578(59) 

C33 1307(16) -2122(25) 8448(15) 782 (75) 

C34 1007(15) -2403(24) 9058(14) 755(75) 

C35 661 (15). -1643(22) 9448(14) 726(72) 

C36 621 (13) -493(20) 9201 (12) 557(58) 

* Uequiv = 
1~ { U 11 sin2a +u22 sirf ft +u33 sin2 p +2u23 sin,Bsinp 

cosa +2u 13 sinacos,Bsinp+2u12 sina:sin,Bcosp} 

+ { 1 +2cosacos,Bcosy-cos~ -cos
213 -cos2J;} 

U = 1;3 {trace of the orthogonal Uij matrix} 

Since a= 90° and Y= 90° 

Uequiv reduces to: Uequiv =
1
/3{u 11 +u22sin2,B+U33 +2u1 3cos,BJ 

{ 1 -cos "f3 } 
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4.2.4 Diffractometer data collection. 

Single crystals of suitable quality were mounted on brass pins using glass fibres 

and dental glue. Three crystals vvere sent to Mr J. Alliain at the National 

Physical research Laboratory, CSIR (Pretoria) for a diffractaneter data collection 

The relative intensities of the reflections were measured on a Philips PW1100 

canputer controlled four circle diffractaneter. ·A Philips PW1130 X-ray generator, 

operating at 1kW · (20rnA and 59kV) provided graphite monochrornated MoK radiation. a. 
0 

(A. = 0. 7107 A ) • Accurate cell dimensions were obtained by least squares · 

refinement fran the setting of 25 higher order reflecti~ accurately centered 

on the diffracta:neter. The three dimensional intensity data were then collected 

employing the w-28 scan technique. 

The intensities of three reference reflections were monitored every 68 reflections 

throughout the data collection this ensured instrument stability~ and monitored . 

any crystal deccmposition. The intensities of the reference reflections remained 

constant to within 4.8% of their mean value. (See table 4.1) 

The diffractaneter data set contained 4647 unique reflections within the range 

7<28<46°. Lorentz-polarisation corrections were autornatically applied to all 

reflection data, although no corrections for absorption were made.· 

4.2.5 canputation. 

All canputations were perforned on a Spen:y 1.100/81 canputer at the University 

of cape Tc:Mn. 

The program SHELX 111 was used for crystallographic data reduction, structure 
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solution and refinement. Features of this program which were utilised included 

data reduction, full matrix least squares refinements, geanetric positioning 

and constrained refinement of hydrogen atans, analysis of variance and Fourier 

syntheses with peak search and structure factor listings. 

The agreement factor between observed (Fo) and calculated (Fe) structure factors 

is expressed by the conventional residual index (R) 112 defined as :-

R = 2: I IF01 - Fe 

2: IFOI · 

= 2: 1,6.1 

2: IFOI 

A low value of R ( <10%) is indicative of a correctly refined structure. 

Atcmic radii used were those of Pauling 113 Cc:rrplex neutral atan scattering 

114 factors were taken frcm Craner and Mann · for all non-hydrogen atans, and fran 

Stewart, Davison and Simpson 1·15 for hydrogen, with dispersion corrections 

fran · <;rarer and Libermann. 116 

The program XANADU 117 was used for calculations of bond distances, bond angles 

and least squares planes. 

The program PLUTO 118 was used for the plotting of the final structure~ 

4.2.6 Solution and refinerrent of the structure. 

Of the 4647 reflections collected, 331.0 with Irel < 2o Irel were considered as 

observed. The standard error of 2o I 
1 

in the relative integrated intensity, re 

Irel' was calculated as follows : 

I l = (Npk + Nbg + N·· instr) ! re · 

Npk = gross peak count for a specific reflection 

Nbg = background count as measured on either side of the peak. 
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._ ... 

N instr= (0.02(Npk - Nbg))
2 

A three dimensional Patterson vector map was computed in order to locate the 

tungsten-tungsten peaks, and hence the atanic co-ordinates. A vector grid of 

the general :positions for the space group P21/n was constructed fran which 

"ector co-ord;.,.,,,.tes were deri""ed. 110 Th f t t t 1 ted th v· .u.= v us or a ungs en a an oca at e 

general :positions x,y,z, the W x W vectors are given by : 

Vector positions Multiplicity 

0 , 0 , 0 4 

! + !X, 
' + 2y, ' 

+ !z 2 

! + 2x, !, ! + 2z 2 

1 - 2x, ! - !y, 1 + 2z 2 2 2 

L ! - 2y, ! 2 

2x, 2y, 2z 1 

-2x, -2y, -2z 1 

1 - 2x, 1 + 2y, 1 - 2z 1 

1 + 2x, 1 - 2y, 1 + 2z 1 

Thus the x,. y, z co-ordinates of W were found, and the atan inserted in a 

Fourier synthesis. Subsequent difference syntheses revealed the :positions of 

· all remaining non-hydrogen atans, except for those of the solvent of crystallis-

ation, CH2c12• The final full matrix least squares refinerrent was carried out 

treating W, I, Cl, and P anisotropically, all remaining non-hydrogen atans were 

treated isotropically. The hydrogen atans on the phenyl rings were constrained 
0 

to ride at 1 • 00 A fran their respective carbon atans, their :positions being 

dictated by the geanetry of the sp2 hybridised carbons of the phenyl rings. 
0 

The :rrethylene hydrogens of the phosphorus ylide ligand were placed at 1.00 A 

fran the carbon atom C1, their :positions being dictated by the sp3 hybridisation 
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of the carbon atom. (See 4.3, Structure description and discussion). 

The hydrogen atoms of the rnethyi groups attatched to the cyclopentadienyl ring 

were incorporated, with the methyl groups being treated as rigid tetrahedral 

fragments. The isotropic temperature factors of the phenyl hydrogens and the 

hydrogens of the methylene carbon of the phosphorus ylide ligand were treated 

as a single parameter, as were the temperature factors of the methyl protons. 

In the final cycle, the mean e.s.d .. in the parameters of the non-hydrogen 

atoms was 100 times greater than the average parameter shift, while the 

difference ma.p was smooth, except next to the tungsten and iodine atoms, where 

0 3 
the largest residual peaks were 2. 00 electrons · !Jer A • 

4.2.7 Location of the solvent of crystallisation. 

A difference ma.p obtained after the insertion of the ion pair [ep--W(C0) 3CH2PPh3]+I­

revealed the solvent of crystallisation, CH2c12, to be slightly disordered, with 

the electron density of the Cl2 atom smeared into two peaks. (See fig 4.3.3) 

In addition, the electron density map showed the electron densities of the carbon 

1 
and chlorine atoms to be about half the expected weight. A H nmr spectrum 

obtained of the crystals at this stage (approximately 1 Ironth after they had been 

prepared and characterised by 1H nmr, IR, and elemental analysis) showed that 

the relative intensity of the CH2c12 proton peak had in fact decreased by about 

50%, thus half of the solvent of crystallisation had been lost. 

The solvent Irolecule was subsequently inserted into a difference Fourier in 

the follo.ving manner : 

The disorder was Irodelled by placing the Cl.2 atom at the midpoint of it's 

resultant electron density (see fig 4.3.3), and the entire Irolecule inserted 



Table 4.3 

Uij values for atoms treated anisotropically with 

estimated e.s.d.'s in parentheses. (A2x10 4 ) 

u11 u22 U33 u23 u13 

W1 533 (5) 45'3 (5) 405(5) 30(5) -39(4)' 

I1 902(13) 474 (9) 759(11) 54 ( 9) 104 (10) 

P1 440(31) 395(30) 363(28) -30(24) -24(23) 

Cl1 709(100) 2716(293) 549(88) -629 (132) 181 (75) 

Cl2 700(114) 5454(607) 626 (106) -173 (216) 274 (88) 

Table 4.4 

Bond angles ( 0
) for all non-hydrogen atoms with 

estimated e.s.d.'s in parentheses. 

c2-w1-c1 87.5 ( . 9) 

C3-W1-C1 81.0 ( . 9) 

C3-W1-C2 126.6 ( 1 .1) 

C.4-W1-C1 137. 2 ( . 9) 

C4-W1-C2 77.2 ( 1.1) 

C4-W1-C3 77.0 ( 1. 1) 

C111-W1-C1 93.2 ( . 7) 

C111-W1-C2 90.0 ( . 9) 

C111-W1-C3 142.3 (.9) 

C111-W1-C4 125.9 (.9) 

C121-W1-C1 130.5 ( • 7) 

c121-w1-c2 91 . 3 ( • 9) 

83 

0 12 

-106(5) 

35(9) 

-4 ( 2 5) 

-449(136) 

-580(222) 
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Table 4.4 (cont.) 

C121-W1-C3 134.4 ( • 9) 

C121-W1-C4 90. 1 ( • 9) 

C121-W1-C111 37.3 ( • 7) 

C'131-W1-C1 133.4 ( • 7) 

c131-w1-c2 125.4 ( • 9) 

' C131-W1-C3 98.4 ( . 9) 

C131-W1-C4 86.2 (.9) 

C131-W1-C111 59.3 ( • 7) 

c 1 3 1-tf1 -c 1 2 1 36.5 (. 7) 

C141-W1-C1 100.0 (. 7) 

C141-W1-C2 147.0 ( 1 . 0) 

C141-W1-C3 86.4 ( . 9) 

C141-W1-C4 114.5 ( . 9) 

C141-W1-C111 57.7 ( . 7) 

C141-W1-C121 59.4 ( ~ 7) 

C141-W1-C131 34.2 ( . 7) 

C151-W1-C1 77.7 ( • 7) 

C151-W1-C2 118.8 ( . 9) 

C151-W1-C3 109.3 ( • 9) 

C151-W1-C4 114.3 ( . 9) 

C151-W1-C111 33.9 (.7) 

C151-W1-C121 59.9 ( • 7) 

C151-W1 C131 58.3 ( • 7) 

C151-W1-C141 35.2 ( . 7) 

C11-P1-C1 115.5 ( . 9) 

C21-F1-C1 107.9 (.8) 
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Table 4.4 (cont.) 

C21-P1-C11 106.7 ( • 9) 

C31-P1-C1 110.6 ( • 9) 

C31-P 1-C 11 109.1 ( • 9) 

C 31-P 1-C 21 106.6 ( • 8) 

P1-C1-W1 119.0 ( 1 • 0) 

c2-c2-w1 170.3 (2.2) 

03-C 3-W1 174.1 (2.3) 

04-C4-W1 176.9 (2.4) 

c 1 21-c .111-w 1 70.0 ( 1. 1) 

C 1 51-C 111-W 1 74.4 ( 1 • 3) 

C 151-C 111-W 1 109.5 ( 1 • 8) 

C112-C, 111-W.1 124.4 ( 1 • 5) 

C 112-C 111-C 1 21 121 • 7 ( 1 • 9) 

C 112-C 111-C 1 51 128.8 (2.0) 

C 111-( 1 21-W 1 72.7 ( 1 .1) 

C131-C121-W1 72.6 ( 1 • 1 ) 

C 131-C 1 21-C 111 103.8 ( 1 • 7) 

C 1 2 2-C 1 21-W 1 125.4 ( 1 • 5) 

C 12 2-C 121-C 111 127.3 (2.0) 

C.122-C.121-C 131 128.3 ( 1 • 9) 

C 121-C 131-W 1 70.9 ( 1 • 1 ) 

C 1 41-C 131-W 1 73.3 ( 1 • 2) 

C 1 4 1-C 1 3 1-C 1 2 1 109.1 ( 1 • 8) 

C 132-C131-W 1 126.8 ( 1 • 5) 

C 1 3 2-C 1 2 1-C 1 2 1 124.4 ( 1 • 9) 

C 1 3 2-C 1 3 1-C 1 4 1 126.2 (2.0) 
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Table 4.4 (cont.) 

C .1 3 1-C 1 4 1-W 1 72.5 ( 1 . 2) 

C151-C141-W1 73.8 ( 1. 1) 

C'151-C141-C131 110.0 ( 1 • 8) 

C142-C141-W1 127.7 ( 1 . 6) 

C142-C141-C131 124.6 ( 2. 0) 

C 1 4 2-C 1 4 1 -C 1 5 1 124.7 (2.0) 

c111-c'1 s1-w1 71. 7 ( 1 • 2) 

C141-C151-W1 71.0 ( 1 . 2) 

C141-C151-C111 107.6 ( 1 . 7) 

C152-C151-W1 129.4 ( 1 . 5) 

C152-C151-C111 123.7 (2.0) 

c152-c1s1-c141 128. 1 ( 1 • 9) 

C12-C11-p1 123.4 ( . 6) 

C16-C11-P1 116.9 ( 1 • 5) 

C16-C11-C12 119. 1 ( 1 . 3) 

C13-C12-C11 121 . 4 ( 1 . 4) 

C14-C13-C12 121 • 3 ( 2. 5) 

C15-C14-C13 119.4 (2.9) 

C16-C15-C14 120.2 ( 3. 0) 

C15-C16-C11 118.5 (2.4) 

C22-C21-P1 118.9 ( .5) 

C26-C21-P1 121 • 3 ( 1 • 3) 
' C26-C21-C22 1 1 9 . 1 ( 1. 1) 

C23-C22-C21 118.9 ( 1 . 2) 

C24-C23-C22 120.9 (2.2) 

C25-C24-C23 123.3 (2.4) 
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Table 4.4 (cont.) 

C26-C25-C24 117. 0 (2.4) 

C 25-C26-C 21 120.6 ( 2. 1) 

C36-C31-Pl. 121 .8 ( 1 • 4) 

C36-C31-CJ 2 122. 1 .(1.2) 

C33-C32-C31 1.15.0 .(1.3) 

C34-C33-C32 122.3 (2.6) 

C35-C34-C33 122.8 (2.8) 

' 
C 36-C 3 5-C34 .1-17~8 ( 2 .• 5) 

C35-C36-C31 120.0 (2. 2) 

Cl 2-C 5-Cl 1 .110.6 "(3".0) 
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Table 4.5 
0 

Bond lengths in A with e.s.d.'s in parentheses. 

(for atom numbering scheme see fig 4.3.1) 

W-C1 2.34 ( 2) 

W-C2 1 .83 (3) 

W-C3 2.00 (3) 

w-c4 1.87 (3) 

W1-C 111 2.35 (2) 
I 

W1-C121 2.31 (2) 

W1-C131 2.34 (2) 

W1-C 141 2.35 ( 2) 

W1-C151 2.38 ( 2) 

C1-P1 · 1.82 ( 2) 

c2-02 1. 23 (3) 

C3-03 1.18 (3) 

C4-04 1.21 ( 3) 

P 1-C 11 1.81 .( 2) 

P1-C21 1.81 (2) 

P1-C31 1.83 (2) 

C111-C121 1.49 ( 3) 

C121-C131 1 • 46 (3) 

C131-C141 1.38 (3) 

C141-C151 1 . 43 (2) 

C111-C151 1.38 (3) 

.. 
C111-C112 1.49 (3) 

C121-C122 1.44 (3) 
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Table 4 .. 5 (cont.) 

C131-C132 1.47 (3) 

C141-C142 • 1.48 ( 3) 

c1s1-c1s2 1.47 (3) 

c11-c12 1.36 ( 1 ) 

c12-c13 1.33 '(3) 

C13-C14 1.41 ( 4) 

CJ 4 -C15 1.34 (4) 

C15-C16 1 • 4 2 (3)" 

C11-C16 1.41 (3) 

c21 -c22 1.40 ( 1 ) 

C22-C23 1.40 (3) 

C23-C24 1.30 '( 3) 

C24 -C25 1 • 39 (3) 

C25 -C26 1.40 ( 3 )· 

C21 -C26 1 • 39 (3) 

C31-C32 1.41 ( 1) 

C32-C33 1.40 ·c 3) 

C33-C'34 1 • 34 (3) 

C34-C35 1·.34 '(3) 

C35-C36 1.42 (3) 
I 

C31 -C36 1.36 (3) \ 



Fil' 4. 3. 1 

C25 

Pers~ctive view of (cpw(C'O) 3ctt2PPh.3f I-.~ cH2c12 

giving atom n~ring scheme. 

90 
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0 0 

Fig 4.3.2 

r 
CL 

Fig 4 . 3 . 3 EJectron densitv r1ian of the soi.vent of crysta11isation, 
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at site occupancy factor one half, to account for the observed loss. The chlorine 

.atoms were inserted anisotropically, and the carbon atom (CS, see fig 4. 3. 1) 

isotropically. The hydrogen atoms were incorporated at calculated positions, 
0 

1.00 A fran the carbon atom. Successful refinement has vindicated this approach. 

4.2.8 calculation of mean planes. 

117 . 
A XANADU program was used to calculate the mean planes.for each of the three 

phenyl rings on the phosphorus ylide ligand, and the mean plane described by the 

carbon atoms of the pentamethylcyclopentadienyl ring. 

Table 4.6 gives the standard deviations from planarity (mean plane) of each 

carbon atom describing the pentamethylcyclopentadienyl ring, and the deviation 

from the mean plane of the ring of each of the methyl suhstituents. 

4.3 Structure description and discussion~ 

A perspective view of (ep--W(CO) 3rn2PPh3]+ I-.trn2c12 is shown in figure 4.3.1, 

figure 4.3.2 gives a stereo view of the structure. 

The structure consists of discrete ion pa_irs of :the sa,lt [ep--W(CO) 3rn2PPh3J + r, 

four per unit cell.in the general positions generated by the space group P21/n 

with no unusually short interrrolecular interactions. 'Ihe pentamethylcyclopenta- · 

dienyl ring is ·bonded to the tungsten atom in an 1]
5 manner. The cp ring 

fonnally occupies 3 co-ordination sites , thµs making the W atom of the cation 

[ep--W{CO) 3CH2PP~3)+ 7-co-ordinate. 

The mean plane of the carbon atoms of the cyclopentadienyl ring is given in 

table 4.6, with no significant deviations fran planarity. The methyl substituents 



93 

Table 4.6 

Equation of plane of pentamethylcyclopentadienyl ring. 

(See fig 4.3.1 for numbering scheme) 

.8221Xo + .5621Yo + .0910 Zo = 8.0129 

13.0663X + 6.5975Y + 1.6501 Z = 8.0129 

(a) 

Atom Deviation from plane (A) 

C111 .0091 

C121 -.0148 

C131 .0160 

C141 -.0107 

c151 .0003 

(b) 

c.112 .1.075 

C122 • 1079 

C132 .1896 

C142 • 1441 

C152 .1737 

Mean deviation from plane = .1446 

Standard deviation = .0335 
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on the cyclopentadienyl ring, however, show a significant deviation frcm the mean 

plane of the cyclopentadienyl ring, these are bent away frcm the W atcm, all 

above the plane of the cyclopentadienyl ring. This phencmenon has been noted in 

119 many structures of carplexes containing pentamethylcyclopentadienyl rings. 

This phenanenon has been attributed to l:x>th steric and electronic effects. 'Ihe 

l:x>nding in the pentamethylcyclopentadienyl ring is unremarkable in tenns of the 

W-C l:x>nd distances, the C-C.bond distances within the cyclopentadienyl ring, and 

the ring C to rrethyl C l:x>nd distances. Table 4. 7 compares the W-C and C-C l:x>nd 

distances in some structures containing the Cp-W or cp-w·rroiety. 

Three carl:x>nyl groups are l:x>nded to the tungsten atcm, the W-C-0 bond distances 

being very similar to those reported previously. (See references in table 4.7· 

and 4.8:, and other structures containing W-CO tenninal l:x>nds.) 

The W atan is l:x>nded to a rrethylene carl:x>n C1, which is in turn l:x>nded to a 

triphenylphosphine substituent, giving rise to a phosphorous ylide complex. 
.. 

'!he phenyl rings of the triphenylphosphine ligand are planar within the limits of 

experirrental error. 

0 

The W1-C1 l:x>nd distance of 2.34 (2) A is carpared with the distances quoted for 

the tungsten to carl:x>n single l:x>nds in other structures in table 4.8. 'lliis 

l:x>nd distance is similar to the l:x>nd distance for carplex (XXXV) (fig 4.1.4), 

which also contains a phosphorous ylide ligand l:x>nded to tungsten in a +2 

oxidation state. In the cation (ep""W (CO) 3CH2PPh3t, and carplex (XXXV) , tungsten 

is seven co-ordinate, thus it would appear that this would be the best comparison 

to make. 

0 

'!he C1-P1 l:x>nd distance of 1.82(2) A is alroc>st identical with the P-cph bond 

distances, (table 4.5, Cph = C11, C21, and C31). This is within the limits for 
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Table 4.7 

A comparison of the W-C (ring) distances and the c-c (ring) distances in some structures 

containing the Cp-W or cp-w moiety. 

Ring C-W bond
0 

C-C bond 
0 

distances in A, distances in A, 
with estimated with estimated 

Compound Reference e.s.d.'s in 
parentheses 

e. s .d. 's in 
parentheses 

[cpw (H2NNC6H5 >] +BF 4 - 120 

[cpw (CO) 3~µ-( TJ 1,r'f -C2Ph)~ w ( TJ2-c2PhH) (CO) Cp ]+BF 4 - 121 

(CpW(CO) 
3

c1] 122 

[cpw (co) 
3
(A1Me3)]2 123 

[cpw (co)3 ] 2 124 

[cpw (CO) 2NO] 125 

[PtW2(µ-cc6H4Me-4)2(C0)4CP2] - 126 

E:pW(C0) 3AuPPh3] 127 

[cpW (CO) 3] 3Ga 1 28 

(CpW(C0)
3

CH2PPh
3
]+I-.!CH

2
Cl

2 

2.26(1)-2.36(1) 1.32(2)-1.49(2) 

2 .• 31(2)-2.42(2) 1:30(3)-1.48(4) 

2.26(1)-2.38(1) 1.36(2)-1.43(2) 

2~3U(2)-2.36(3) 1.28(4)-1:46(4) 

2.31 (1)~2.38(1) 1.38(1)-1.44(1) 

2 .32 (2)-2 .37 (2) 1.32 (1)-L45 (1) 

2 • 31 ( 1 ) -2 • 3 6 ( 1 ) 1 • 4 0 ( 2) (mean) 

2 • 3 2 ( 5) -2 • 3 9 ( 7) 1 • 3 8 '( 8) -1 • 5 5 ( 8) 

2.28(4)-2.39(3) 1.21 (6)-1.53(7) 

2 .31 (2) -2 .38 (2) 1 .38 (3) -1 .49 (3) 
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Table 4.8 

A comparison of the W-C single bond distances in selec'ted structures. 

0 

Bond distance (A) with estimated 
Complex Reference e.s.d.'s in parentheses. 

(WMe4 (0N(Me)N0) 2] 131 2.20 (mean) 

(W(C0) 2 (~2 -c3 tt 6 )COOCF3 132 2.07 - 2.29 

(1,2 dimethoxyethaneij 

n(CO) 4 w( 2HCCH=C (Me) 2] 133 2.30(2) - 2.34(2) 

[crw (µ-cc 6H4Me-4) (CO 4 (Cp) cc6Me6 >] 134 2.03 ( 1 ) 

(W(CH2PMe3 ) (C0) 2Cl(PMe3 ) 2]+(CF3So3J- 108 2.31 ( 1) 

(cpw (CO) 3CH2PPh3] + -I .!CH2c1 2 2.34 (2) 
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a C-P single bond distance in other structures containing a phosphorus ylide 

ligand., See fig 4.1.4. 

The M-C-P bond angles,(M = rretal), for other structures containing phosphorus 

ylides are given in fig 4.1.4. Thus the W1-C1-P1 bond angle of 119° i$ closer 

to the sp2 hybridised bond angle of 120°, than to the tetrahedral angle of 

109°28'. This has been noted in other phosphorus ylides, thus in fig 4.1.4, all 

of these canplexes have a M-C-P bond angle greater than the tetrahedral value, so 
I 

this result is not anomalous as canpared with other structures of this type. 

The co-ordination about the P atan was found to be approximately tetrahedral, 

(see table 4.4), as was the case in ccmplexes (XXXI)-(XXXV), and the three 

phenyl rings showed ver:y little deviation from planarity. 

Although a number of structures of canplexes containing the moiety (<17-c5H5)M(CO)n ], 

(M = l>b,W) have been fuvestigated, relatively few structures containing the 

analogous substituted cyclopentadienyl unit, viz, U17-C5Me5)M(CO)n], have been 

studied, and only one structural study of the species [<17-c5R5)M(C0}2 x), (M =Mo, 

W; R = H, Me). 125 

Thus Malito et at 125 synthesised the species, U77-C5R5)M(C0)2No] (R = H, Me; 

M =Cr, l>b, W); and investigated their cr:ystal and molecular structures, in order 

to ascertain the physiochemical changes that would be exerted on the M(C0) 2No 

moiety on canplexation with either Cp or cp. The v(CO) and v(NO) stretching 

frequencies of the cp canpexes were found to be 10 - 20 cm-1 lCMer than those of 

the corresponding Cp canpounds, This was attributed mainly to the greater 

electron donating capability of the cp ligand relative to the Cp ligand. 

For the series R = H, the canplexes were found to be isostructural, whereas in the 
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series R = CH3, only the Mo and W canplexes were isostructural. In (CpMo (CO) 2NOJ , 

the cyclopentadienyl groups were bonded in a symmetrical fashion, whereas in the 

canplexes, [Cf5M(C0) 2No], the rings are tilted for M =Cr, Mo. In the case of 

M = W, a valid canparison could not be made owing to the high standard deviations 

involved. The canplexes containing the cp moiety showed a larger X-M-X angle, 

(X = C, N) , than do their Cp analogues. 

A considerable displacement of the ring :rrethyl groups out of the plane of the 

ring, exo to the :rretal atom was noted for the canplexes (CJ?M(C0) 2No]. In the case 

of these canplexes, no steric considerations could be invoked, as all non-bonded 

interactions were greater than the sum of the van der Waals radii, this effect 

was thus explained in tenns of the greater electron donating capability of the 

cp ligand relative to the Cp ligand. 

Teller and Williams 130canpared the crystal and molecular structures of 

. [f1J.:..C5R5)Fe(C0) 2] 2, (R = H, Me). The orientation of the rings was found to be 

very similar in both canplexes, as were the Fe.:..C-0 distances. One important 

difference that was noted was that for the ccr.iplex R = Me, the terminal carbonyl 

ligands were eclipsed with respect to C1 of the ring, whereas in the complex, R = H 

the terminal C-0 groups were staggered with respect to C1 of the ring. These 

authors concluded that the main effect of the CH3 groups on the rin~ was to alter 

the packing forces within the lattice. (See 1.2.13, Chapter 1.2). 

Acanparison of this structure, [cpw(co) 3CH2PPh3r I- with the unsubstituted 

cyclopentadienyl analogue would have been very interesting to show the differences 

engendered by the substitution of all 5 hydrogens on the cyclopentadienyl ring 

with :rrethyl groups, as this would be expected to have a profound effect on the 

structure of this complex, owing to both steric and electronic effects. 



Table 4.9 

Analyses of variance. 

(a) As a function of sinO 

sin 8 . 1 7 - . 2 2 - . 2 5 - . 2 7 - . 3 0 .;.. . 3 2 - • 3 4 - • 3 6 - . 3 8 

N 

v 

412 

675 

329 263 

585 585 

(b) As a function of · 1F;,· "V Fmax 

441 323 

537 551 

345 

571 

326 

655 

357 

745 

"1F/Froax .24 - .26 - .29 - .31 - .33 - .36 - .39 - .44 - .50 

N 289 425 292 303 327 315 373 268 

v 743 621 585 582 668 647 669 797 

N = Number of reflections in the group. 

99 

V = 100 l M 1: (w /Fo-Fc I 2) ( where M = total number of reflections. 
Nl:w 

The above analyses of variance exhibit no discernible trends, 

therefore no systematic errors appear to be present. 
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A comparison of the structures of the complexes [~(CO) 3rn2PPh3t I , and the 

unsubstituted cyclopentadienyl analogue was not possible, since suitable crystals 

of the cyclopentadienyl complex could not be obtained. 

However, this structure is of considerable interest, since it is the first 

structure of a phosphorous ylide transition metal canplex of this type to be 

. 108 
investi~ated, and only one other. tungsten ylide structure has been reported. 

4.4 Intramolecular non-bonded distances. 

Table 4.10 list all the intramolecular non-bonded distances less than, or approx-

iniating to the sum of the van der Waals radii for the atoms concerned. 

The interactions given are all less than the sum of the canbined van der Waals 
0 

radii for the carbon atans viz, 3.5 A • These would appear to be indicative of 

steric interactions and thus the relatively long W1-C1 bond would appear to result 

from steric as well as electronic effects arising from the electron releasing 

methyl substituents on the cyclopentadienyl ring. 2 
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Table 4.10 

0 

Intramolecular non-bonded distances (A) less than or 

* approximating to van der Waals contracts. 

C.1-C 111 3.41 

C1-C151 2.96 

C1-C152 3.05 

C1-C2 2.90 

C1-C3 2.83 

C1-C11 3.07 

C1-C16 3.36 

C 1-C21 2.94 

C1-C26 3. 17 

C1-C31 3.00 

* Listed are all intramolecular distances less than 

101 

0 

3.50 A. The van der Waals radius for carbon is 1.75 A. 

-.. -- .... ~-~- -~---~-· 
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5. EXPERIMENTAL SECTION. 

5.1 General remarks. 

All reactions were perfonned under nitrogen using standard Schlenk tube techniques. 

Solvents were generally of analytical reagent grade, and were further dried, where 

necessary, by distillation under nitrogen from a suitable reagent. 

{a) THF was distilled from LiAlH4 after standing over KOH for several days. 

{b) ~thanol was distilled from anhydrous cac12• 

(c) Acetonitrile was distilled from P2o5• 

(d) Dichloranethane was distilled from anhydrous cac12• 

{e) N-hexane and petroleum ether {bp 100-120°C) were distilled from LiA1H4• 

W (CO) 6, Mo (CO) 6 and c5~5H were obtained from Strem Chemicals Inc. , Fe {CO) 5 was 

obtained from Fluka Chemicals, ClCH2CCH3 was obtained from Merck Chemical Cropany, 
., 

ClCH2I and AgPF6 were obtained from Alpha products, CH2r 2 and CH2Br2 were obtained 

from BDH Chemicals Ltd. , and all a, w dihalanethanes were obtained from Aldrich 

Chemical Company. All were used without further purification. 

PPh3 was obtained from ~rck Chemical Company, and further purified by . 

recrystallisation from ethanol, and then dried at 0.05 ran Hg and 60°C for five 

hours. 

n-butyllithium in n-hexane was obtained from Alpha Products, and standardised in 

the following manner : 

(i) Determination of total LiOH. 

A solution of n-butyllithium in n-hexane (2.0 cm3) was added to deionised water 
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. 3 . 
(20 cm ) • 'Ihe LiOH so fonned was titrated versus a standard solution of HCl 

using phenolphthalein as indicator. 

(ii) Detennination of suspended LiOH. 

3 3 n-Hexane (20 cm ) was saturated with N2 and benzyl brauide. (l cm ) was added under 

N2 , together with n-butyllithium in hexane (2.0 cm3). The solution was stirred for 

10 minutes. Deionised water was added and the solution titrated versus a standard 

solution of HCl using phenolphthalein as indicator. 

All other reagents were obtained canmercially, and used without further purification. 

ClCH20CH
3 

and Fe (CO) 
5 

are extrerrely toxic, and were thus handled under a fume hocxi . 

using disposable gloves. All residues were treated with a solution of iodine 

in dichlorc:rcethane. 

M'::>lecular distillations were performed. on a modified Hickmann Still, and 

chranatography was perfonned using BDH silica gel ( 40 - 60 mesh AS'IM) • 

Melting points were recorded on a Kofler Hot Stage microscope, and are uncorrected. 

Microanalyses were perfonned by the University of Cape To.m Microanalytical 

Laboratories, and by Drs. F. and E, Pascher; Microanalytisches Labatorium, 

Buchstrasse 54, 5300 Bonn I, Germany. 

Infra-red spectra were recorded on a Perkin-EJ..rrer 180 or 983 grating spectrc:.rceter, 

using solution cells with NaCl windows and O. 1 rrm spacers. 

1H nmr spectra were recorded on a Varian XL100 (100 MHzh or on a Brucker WH 90 
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(90 MHz), operating in a Fourier transfonn mode. Chemical shifts are given relative 

to tetrarrethylsilane in 8 ppn. 

Mass spectra were recorded using a VG micranass 16F spectrareter, operating at 

70eV ionising voltage. 

(1eV = 1.60 x 10-19J). 

Samples were introduced into the instrument as oils, soliJs or hexane solutions 

using the direct probe. 

The m/e values quoted fran the mass spectlilll are those peaks in a peak cluster 

which correspond to the ions containing the metal isotope, or cornbination of 

isotopes, with the highest natural abundance. 

Calculated mass spectra were obtained using a computer program prepared at the 

University of Alberta, Canada by Drs. R.S. Gay and E.H. Brookes. This program 

calculated the exact masses and isotope combinations for any particular parent 

ion or fragment required. Where the isotope pattern of a peak cluster is in close 

agreement with a particular cornbination of isotopes, this has been stated. 

Pressures are recorded in mm Hg throughout this work. 

1 mm= 101.325/760 Pa. 

5. 1 • 1 136 Preparation of dry HCl gas. 

Concentrated hydrochloric acid (10M) was added dropwise with stirring to 

concentrated sulphuric acid (18M), The dry HCl gas so prepared was bubbled through 

the required solution. 
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5.1.2 Preparation of dry HBr gas. 

Dry HBr gas was prepared by an adaptation of the literature procedure, 137 thus 

( 
3 . 

tetrahydronaphthalene 1.1 g 2.0 cm 8.32 rnmol) was placed in a 3-necked flask. 

Bromine (1.6 cm3 2.65 g 16.6 rnmol) was added via a dropping funnel, slowly, with 

vigorous stirring. '!he HBr gas so produced was swept up via a stream of nitrocy=n 

gas and bubbled through the required solution. 

5.1.3 Preparation of dry HI gas. 

Dry HI gas was prepared according to the literature procedure, 138 thus a solution 

of I 2 in tetrahydronaphthalene was added dropwise with vigorous stirring to a 

flask containing tetrahydronaphthalene under reflux. '!he HI gas so produced was 

swept up through a condenser into a bubbler, by passing a stream of dry nitrogen 

gas through the mixture. 

5.2 Experimental section pertaining to Chapter 2 

Preparation of pentamethylcyclopentadienyl tricarbonyl monohalornethyl and 

methoxymethyl complexes of molybdenum and tungsten. 

5.2.1 

(C51\1e5) Li+ was prepared according to a previously described method, 139 thus 

3 a solution of n-butyllithiurn in hexane (1.93 M, 4.0 cm, 7.72 rrmol) was added 

3 3 dropwise with stirring to THF (80 cm) containing c51\1e5H (1.0 cm, 0.95 g, 7 rnmol). 

A white gelatinous precipitate of (c5t-1e5) - Li+ gradually appeared, which was used 

in situ without further purification. 
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- + . 
Mo(C0) 6 (1.90 g, 7.2 rrmol) was added to (C5Me5) Li (7 rrmol) suspended in TIIF 

(80 cm
3), prepared according to the method described in 5.2.1. The white cloudy 

mixture was heated under reflux for 24 hours, the solution became clear and deep 

red in colourf This solution was used in situ without further purification. 

5.2.3 Preparation of (CJ?W(CO) 
3
r Li+. 

W(C0)
6 

(2.10 g, 7 rrmol) was added to a solution of (C5Me5)- Li+ (7 nmol) 

suspended in Tm' (80 cm3). The cloudy white solution was heated under reflux for 

3 days to give a clear deep red solution of [ep--w (CO) 3)- Li+. This solution was 

used in situ without further purification. 

5.2.4 Preparation of ~(CO) ~20CH3 ]cxxv). 

A solution of ~(CO) 
3
]- Li+ (7 rrmol) in Tm' (80 cm

3} was prepared as in 5.2.2. 

This solution was added drq:Mise with stirring under nitrogen to a solution of 

ClCH2~3 (1.0 cm3, 1.08 g, 13.4 mmol) in Tm' (5 cm3) at 0°C. The solution was 

wa.nred to room temperature, and stirred for three hours. The deep red solution 

gradually went black~ Rerroval of the sol vent under reduced pressure, and subsequent 

extraction with portions of wann n-hexane gave a yellow/orange solution containing 

the product (XXV) , contaminated with approximately 5% ~(CO) 3c1]. The yellow 

orange heXane extracts were chromatographed, elution with 20% diethyl ether in 

n-hexane gave a yellow band which gave 0.47 g of yellow crystalline (XXV), 19% 

yield, mp 57 - 65°C. 

Analysis found : C: 50.0 % 

H: 5.61 % 

C: 50.0 % 

H: 5.60 % 



The mass spectrum gave peaks at : 

334 (M-CO)+ I 304 (M-2C0-2H)+ I 288 (M-2CO-H20)+, 276 (M-3co-2H)+, 

+ 259 (M-2CD-CH2cx:::H3-2H) • 
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The isotope pattern of the highest mass peak cluster was in close agreement with a 

carputer simulated isotope of this formula. 

Elution with dichlorarethane gave an orange/red band fran which 0.10 g orange 

crystalline ~(CO) ~cl] (5%) was isolated. The IR and rrp of .this carplex were 

found to be identical with those reported previously. 139 

5 • 2 . 5 Preparation of [q?Mo (CO) 
3 

CH
2
Cl] (XXVI) • 

(}~V) (prepared as in 5.2.4) (0.09 g , 0.25 mmol) was dissolved inn-hexane 

(10 cm3). Dry HCl gas (see 5.1.1) was bubbled through the solution for 15 

minutes at roan terrperature. The yellow solution gradually darkened to pale 

orange, with a small amount of purple insoluble material. The solution was protected 

fran light_ using foil. The solution was allc:Med to stand for 1 O minutes. The 

solution was filtered to remove the hexane insoluble material, removal of the solvent 

and subsequent extraction with n-hexane, gave after crystallisation fran n-hexane 

at -78°C, 0.07 g of yellCM/orange crystalline (XXVI); 78% yield, rrp 87 - 94 °C.(decarp 

Analysis found : C: 45.75 % 

H: 4. 90 % 

C: 46. 11 % 

H: 4. 70 % 

The mass spectrum gave peaks at : 

338 (M-CO)+ I 302 (M-CO-Cl)+ I 282 (M-3CO)+ 
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The isotope pattern of the highest mass peak cluster was in close agreement with 

a canputer simulated isotope pattern of this fonnula. 

[Cf>Mo(C0) 3c1] (0.1 g, 10%) was also isolated from this reaction, and separated 

from the product (XXVI) by crystallisation. [Cf>Mo(C0) 3c1J was identified on the 

basis of the v(CO) bands in the IR spectrum and rrelting point, and the results 

found to be identical with those obtained previously. 139 

5.2.6 Preparation of f:i?Mo(C0)~2BrJ. 

(XXV) (prepared as in 5.2.4) (0.05 g, 0.14 mmol) was dissolved inn-hexane (10 crn3). 

Dry HBr gas generated as in 5.1.2 was bubbled through the solution for 5 minutes. 

Removal of the solvent and subsequent extraction with n-hexane gave 0.035 g 

[CJ?MJ (CO) 3CH2Br J as yellow/orange crystalline material, 70 % yield. The product 

was identified by IR and mp, and the results found to be identical with those 

obtained in 5.3.4. 

A second product, viz, [Cf>Mo(CO) 3Br J was isolated from this reaction, and separated 

from LCf>Mo (CO) 3rn2Br J by crystallisation from n-hexane at -78°C. LCJ?MJ (CO) 3Br] 

was identified by IR and mp, and the results found to be identical with those 

obtained previously. 139 Yield = 0.012 g, 24 %. 

5. 2. 7 Attempted preparation of [cPMo (CO) ~2.!.]. 

(XXV) (prepared as in 5.2.4) (0.30 g, 0.83 mmol) was dissloved in n-hexane (10 crn3). 

Dry HI gas (prepared as in 5 •. 1 .3) was bubbled through the solution for 12 minutes 

at 0°C. The solution darkened rapidly to a deep-red/orange colour. Removal of the 

solvent, extraction with n-hexane and then cooling to -78°C gave 0.28 g of red/ 

orange crystalline material. This red/orange material gave the following peaks 
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in the v(CU) region of the IR spectrum, in hexane. 

* * * 1 2032 (s) , 2027 (m) , , 1963 (vs) , 1949 (s) 1939 (s) , 1929 (rn) cm - • 

* These peaks correspond to (q5Mo (CU) 3I] as reported previously •139 

A rnelting point of this material showed two products, orange crystals which . . 

decanposed at 80°C, and red crystals which melted above 200°c. 

These two products_ could not be separated, as the product with peaks at 2027, 

1949 and 1929 cm-1 in the carbonyl region of the IR spectrum decc.tllfOsed to give 

[Cf5Mo (CU) 3I] ,_ as seen in the IR spectrum. 

Thus the products frorn this reaction would appear to be a mixture of [Cf5Mo(CU) 3I] 

and [CJ?fu (CU) 3CH2I] •. 

5.2.8 Preparation of (ep~(CU) ~lx:H3 ] (XXVII). 

A THF solution of ~~(CO) 3f Li+ (7 rmrol) in THF (80 cm3) was prepared as described 

in 5.2.3. This deep red solution was added dropwise with stirring to a solution 

3 3 of ClCHfCH3 (1.0 cm, 1.08 g, 13.4 mrol) in THF (5 cm). The solution was stirred 

for three hours at room temperature, and the deep red solution gradually went 

black. Removal of the sol vent under reduced pressure, and subsequent extraction 

with n-hexane gave, after renoval of the solvent, a yellow orange oil. The oil 

was chrcmatographed, elution with 40% diethyl ether in n-hexane, gave after crystall­

isation from n-hexane at -78°C, 0.55 g of yellow rnicrocrystalline material, mp 

71 - 76 °C, identified as (XXVII), 18 % yield. 

Analysis found : C: 42.05 % 

H: 4 .8 % 

C: 40.20 % 

H: 4.50 % 

-- --- _________________ ____J 



The mass spectrum gave peaks at : 

420 (M-CO)+ I 403 (M-CO-OH)+ I 390 (M-2C0-2H)+ I 373 (M-2C0-2H-OH)+ I 

364 (M-3CO) +. · 
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The isotope pattern of the highest mass peak cluster was in close agreerrent with a 

cornputer simulated isotope pattern of this fonnula. 

The 1H nmr spectrum of this canpound revealed small peaks corres~nding to that 

of c5Me5H. This would explain the inaccurate elerrental analysis. 

W(CO) 6 (0.05 g) was also isolated fran this reaction, It is not JmCMn whether 

this arose. fran incornplete reaction with (C5Me5)- Li\ to fonn (ep-W(C0) 3]- Li+, 

or fran a disproportionation reaction. 

5.2.9 Preparation of (cp-W(CO) ~2c1J. 

(XXVII) (0.14 g, 0.55 rrmol) (prepared as described in 5.2.8), was dissolved in 

n-hexane (15 cm
3). Dry HCl gas (prepared as in 5.1.1) was bubbled thi-ough the 

solution for 15 minutes at roan temperature. The yellow solution became slightly 

paler, and a small amount of black· insoluble material was forrred. The solution was 

protected fran light using foil. The solution was allowed to stand for 10 minutes 

at :f'ocm temperature before filtration and removal of the solvent under reduced 

pressure. Subsequent extraction with n-hexane, and crystallisation fran n-hexane 

at -78°C gave 0.14 g of yellow crystalline material, mp 114 - 122°C (decamp). 

The product was identified as &-w(co) 
3
rn2c1] , 94 % yield. 

Analysis found C: 37. 70 % 

·H: 4.0 % 

C:37.15% 

H: 3. 79 % 
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A small anount of hexane irnpur.ities were detected in the 
1
H nmr spectrum, this 

would explain the slightly high C and H analysis. 

The mass spectrum gave peaks at : 

452 (M)+ I 424 (M-cO)+ I 396 (M-2CO)+ I 368 (M-3CO)+. 

The isotope pattern of the highest mass peak cluster was in close agreement with 

a canputer simulated isotope ?Ctttem of t.'1-iis fonnula. 

5.2.10 Preparation of jSp""W(C0)~2Br]. 

(XXVII) (0.11 g, 0.41 rrrnol) (prepared as described in 5.2.8) was dissolved in 

3 n-hexane ( 10 cm ) • Dry HBr gas (prepared as described in 5. 1 • 2) was bubbled through 

the solution for 10 minutes. Removal of the solvent and subsequent extraction 

with n-hexane, gave after cooling to -78°C, 0.12 g of orange red crystalline 

material, mp 110 - 113°C, 98 % yield. 

'lhe product was contaminated with approximately 5 % [ep""W(CO) 3Br} identified on the 

basis of the IR spectrum, 139 which could not be separated from the product 

[cpw(CO) 
3

CH
2
Br l . Elerrental analysis was therefore not obtained. 

The mass spectrum gave peaks at : 

496 (M-CO)+ I 482 (M-cH2-CO)+ I 468 (M-2CO)+ I 454 (M-2CQ-CH2)+ I 

440 (M-3CO)+ . 

(XXVII) (0.12 g, 0.27 rrrnol) was dissolved inn-hexane (10 cm
3
). Dry HI gas 

I 

(generated as in 5.1.3) was bubbled through the solution for 30 minutes. The yell(J'V; 
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. 
solution gradually darkened to brown/red. Removal of the solvent and subsequent , 

extraction with n-hexane, gave after cooling to -78°C, 0.11 g of red crystalline 

material. The material was chromatographed, a yellow band was eluted with 20 % 

CH2c12 inn-hexane, which after rerroval of the solvent was identified as 

(XXVIII) by IR and mp, and the results found to be identical with those obtained in 

5.3.6. A red band was eluted with rn2c12, this product was identified as (ep""W(C0) 3r] 

by ccmparison of the IR and mp with that obtained previously. 139 

(ep""W(C0) 3CH2r] yield= 0.105 g, 73 % 

(ep""W(co) 3r] yield =
1

0.03 g, 21 % 

5.3 Experilrental section pertaining to Chapter 2 

1 .Reactions of [9?MCCO) 
3
T Li+ (M = ~..o, W) with dihalomethanes~ 

[CJ?Mo<co>
3
]- Li+ (7 mrrol) in THF (80 cm3) was prepared as in 5.2.2. The deep red 

solution was added dropwise with stirring to a solution of ClCH2I (1.0 crn3, 2.4 g, 
. 3 

1.37 mrrol) in THF (5 cm). The solution gradually went black on stirring for three 

hours at room temperature. Removal of the solvent and subsequent extraction with 

n-hexane, gave, after cooling the solution to-78°C, 0.60 g of yellow crystalline 

material, identified as (XXVI), 24 % yield. 

The product was identified by 1 IR, H nmr and mass spectrum, and the results canpared 

with those obtained in 5.2.5. 

[CflM::>(CO) 3c1] 0.06 g was also isolated frcm this reaction, the two products were 

separated by fractional crystallisation frcm n-hexane. Thus ~(CO) 3c1] crystallis 

out of solution at 0°C, the solution was filtered and cooled to -78°C, where the 
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product (XXVI) crystallised out of solution. 

This reaction was performed in the same manner as that described in 5.3.1. Thus 

[CJ?M::>(C0)
3
T Li+ (7 :rrnrol) in THF (80 cm3) was added to a mixture of c1rn

2
Br (1.0 

cm3) in THF (5 cm3), the solution was stirred for three hours. After removal of 

the solvent and subsequent extraction with n-hexane, (XXVI) was isolated as yellow 

crystalline material, 1.27 g, 40 % yield. The product was found to be identical 

with an authentic sample prepared in 5.2.5. 

This reaction was performed in the same manner as that described in 5.3.1. Thus 

~M{C0) 3r Li+ (7 :rrnrol) in THF (5 cm3) was added to a solution of rn2c12 (1.0 cm3 , 

L32 g, 15.52 :rmol) in THF (5 cm3). No reaction occurred on stirring the solution 

for three hours at rcx:>m temperature, nor on heating the solution under reflux 

overnight, the reaction mixture was thus discarded. 

The reaction was perfo:rrred as described in 5.3.1. Thus ~(CO) 
3
r Li+ (7 mmol) 

in THF (80 cm3) was added to a solution of CH2Br2 (1.0 cm3 , 2 .• 50 g, 14.36 nrool) 

in THF (5 cm3). The solution was stirred for two hours at rcx:>m temperature. Removal 

of the solvent under reduced pressure and subsequent extraction with n--hexane, gave 

after crystallisation fran n-hexane at -78°C, 0.43 g of an oily orange crystalline 

material, mp 75 - 85°C (decanp). The product was identified as lcpMo(CO) 3CH2Br ], 

30 % yield. The product was contaminated with c5Me5H, and thus elerrental 

analysis was not obtained. The product was not able to be purified further as it 
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decanposed on attempted chromatography. 

The mass spectnnn gave peaks at : 

382 (M-(X))+ , 368 (M-<X>-CH2)+ , 354 (M-2CO)+ , 340 (M-2co-cH
2

)+ , 326 (M-3CO)+. 

The isotope pattern of this canplex was in close agreerrent with a canputer simulated 

isotope pattern of this fornrula. 

j 

5. 3. 5 Reaction of (cPM? (CO) 
3 
r Li+ with CH2_!.2..!. 

This reaction was perfonred in the sane manner as that in 5.3.1. 'Ihus 

~(C0) 3r Li+ (7 rrunol) in THF (80 crn3) was added to a solution of CH2r 2 (1.o cm
3, 

3.4 g, 12.4 rrunol) in THF (5 cm3). The solution was stirred at roan temperature 

for 1 hour. Rerroval of the solvent and subsequent extraction with n-hexane, gave 

after cooling the solution to 0°C, 0.38 g of red crystalline material, 25 % yield 

of ~(CO) 3r ], identified on the basis of IR and mp, and the results canpared . 

with those obtained previously. 139 

(cpw(CO) 31- Li+ (7 rrunol) in THF (80 cm3) was added dropwise with stirring under 

nitrogen to a solution of ClCH2I (1.0 cm3, 2.4 g, 13.7 rrrnol) b-i THF (5 cm3). The 

solution was stirred for 2 hours at roan temperature. Reiroval of the sol vent and 

subsequent extraction with n-hexane, gave, after crystallisation fran n-hexane, 

bright yellow crystalline material, 0.63 g, mp 88 - 92 °C. The product was 

identified as (XXVIII), yield 17 %. 

Analysis found : C: 31.3 % 

. H: 3.3 % 
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C: 30. 9 % 

H:3.15% 

The mass spectrum gave peaks at : 

532 
+ + + + + 

(M-cH
2

) , 516 (M-CO) , 502 (M-co-cH2) , 488 (M-2CO) , 458 (M-3C0-2H) , 
+ + . + + 

(M-3CO-cH
2
-2H) , 389 (M-CO-I) , 373 (M-CO-I-cH2-2H) , 345 (M-2CO-I-cH2-2H) • 444 

'Ihe isotope patterns of the higher mass peak clusters ( < 400) were in close 

agreement with a ccmputer simulated isotope pattern of that particular formula. 

5.3.7 Reaction of [cpW(C0) 3]- Li+ with ClCH2Br. 

This reaction was performed in a similar fashion to that described in 5.3.6. Thus 

[cpw(c0)
3
T Li+ (7 rrmol) in THF (80 cm3) was added to ClCH2Br (1.0 cm

3
, 1.86 g, 

15.0 rrmol) in THF (5 cm3). This reaction mixture was stirred for two hours at rcx:m 

temperature. Removal of the solvent and subsequent extraction with n-hexane gave 

orange crystalline material, 0.80 g. An IR spectrum of this product revealed that 

it was in fact a mixture of (ep--W(CO) 3rn2c1) and [ep--W(CO) 3CH2Br J, in the ratio 

approximately 2:3. The products could not be separated by chrcmatography, 

sublimation or fractional crystallisation, but were however separated by preparative 

TLC on alumina plates. The IR and rnp's of these products were found to be identical 

with those obtained in 5 • 2 . 9 and 5 . 2 .1 0 

This reaction was performed in a similar fashion to that described in 5.3.6. 

Thus [cpw(CO) 
3
r Li+ (7 rrmol) in THF (80 cm3) was added to a solution of CH2c12 

(1.0 cm3, 1.32 g. 15.52 rrmol) in THF (5 cm3). No reaction occurred on stirring 

the solution for three hours at room temperature, nor on heating the solution 

under reflux for 24 hours. 
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This reaction was perfonned in a similar manner to that described in 5.3.6, thus 

(ep""W(CO) 3 r Li+ (7 rrmol) in THF (80 cm3) was added to a solution of CH2Br2 (1 .0 cm3, 

2.50 g, 14.36 rrmol) in THF (5 cm3). 'Ihe reaction mixture was stirred for 2·hours. 

After rerroval of the solvent and subsequent extraction with n-hexane, yellCM crystal­

line material was obtained, identified as [ep""W (CO) 3CH3 J fran IR and nrnr, and the 

results conpared with those obtained previously. 16 

Yield= 1.21 g, 42 %. 

'Ihis reaction was perfonred in a similar fashion to that described in 5.3.6, thus 

[cpw<co>
3
f Li+ {7 rmnol) in THF (80 cm3) was added to CH2r2 (1.0 cm3, 3.4 g, 13.4 

rmnol) in THF (5 cm3), and the reaction mixture stirred for 2 hours. Rem:>val of the 

solvent and subsequent extraction with n-hexane, gave after cooling the n-hexane 

extracts to -78°C, [cpw(CO) 3rn3] , 1.32 g, 45 % yield. The product was identified 

according to the IR and nrnr spectra, and the results conpared with those obtained 

. 1 16 previous y. 

5. 4 Reactions of lCJ?M (CO) 3]- Li+, (M = Mo, W) with a, ~-dihalanethanes • 

~pMo(CO) 3r Li+ prepared as in 5.1.3 {7 rrmol) in THF (80 cm3) was added dropwise 

with stirring to Br(CH2) 3Br (O. 71 g, 3.5 rmnol). The reaction mixture was heated 

under reflux for 24 hours, the deep-red solution gradually turned ,black during this 

period. Rem:>val of the sol vent and extraction with portions of wann n-hexane, gave 

after crystallisation fran n-hexane at 0°C, orange crystalline material, 0.864 g, 
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mp 65 - 69 °C. The product was identified as [C!?Mo(C0)
3

(CH2)
3
Br], yield= 58 % 

(based on Br (CH2) 3Br). No evidence for the polyrrethylene bridged species 

( (C}?M:>(CO) 
3) 2 (µ-CH2) Jwas observed. 

Elemental analysis was not obtained as the product contained traces of sare organic 

material which could not be rerroved, as the complex decanposed on attempted 

chrcrnatography. The complex was however identified spectroscopically 

v(CO) (hexane).2008(s) 1924(vs) cm-1 

1 I 

H nrnr (c
6
o

6
) 0.5858(m, 2p, CH2); 1.1458(s, 15p, c

5
Me

5
); 1.9058(m, 2p, CH2); 

2.8858(t, 2p, CH2). 

The mass spectrum gave peaks at : 

438 (M) + I 419 (M-CO) + I 382 (M-2CO) + I 354 (M-3CO) +. 

The isotope pattern of the highest mass peak cluster was in close agreerrent with 

a computer s:ilnulated isotope pattern of this fo:rmula. 

This experirrent was perforrred in a' similar manner to that described for 5.4.1. 

Thus a solution of (CJ?M:> (CO) 
3 
r Li+ (7 rnnol) in '!'HF (80 cm3) was added to a solution 

of Br(CH
2

)
4
Br (0.76 g, 3.5 rrrrol) in '!'HF (5 cm3). The solution was heated under 

reflux for 24 hours. Rerroval of the solvent and extraction with n-hexane, gave, 

after cooling to -78°C, 0.966 g of orange crystalline material, mp 60 - 63 °C. 

The product was identified as (9?Mo (CO) 3 ( CH2) 4Br], yield = 51 % (based on 

Br (CH
2

) 
4
Br. No evidence for the polyrrethylene bridged species ((c:PM:> (CO) 3) 2 (µ-CH2} J. 

was seen. 

This product was very unstable, and rapidly deccmposed to [c:PM:> (CO} 3Br] , and thus 

elerrental analysis was not obtained. 



v(CO) (hexane) 2006(s) 1921 (vs) cm-1• 

1 
H nmr (C6D6) : O.S68(m, 2p, CH2); 0.928(m, 2p, CH2); 2.688(t, 2p, CH

2
); 

1.138(s, 1Sp, CSMeS); 1.828(m, 2p, CH2). 

The mass spectrum gave peaks at : 

4S2 (M)+, 424 (M-CO)+, 396 (M-2CO)+, 368 (M-3CO)+. 
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The highest mass peak cluster was in close agreerrent with a computer simulated 

isotope pattern of this formula. · 

(ep"'W(CO) 3J- Li+ prepared as in S.1.4 (7 rrmol) in THF (80 cm3) was added to 

Br(CH2)3Br (0.71 g, 3.S rnmol) in THF (S cm3). The solution was heated under reflux 

for 24 hours, during which tirrE the solution darkened to black. Removal of the 

solvent under reduced pressure, and extraction with n-hexane gave a yellow/orange 

solution. On cooling this solution to 0 °C, yellow crystalline material preeipitated 

mass= 1,368 g, mp= 80 - 87 °C(decamp). The product was identified as 

[cpw(co) 3 CCH2) 3Br], yield= 74 % (based on 1,3 dibraropropane). 

Analysis found C: 36.SS % 

H: 4.00 % 

C: 36.60 % 

H: 4.03 % 

v(CO) (hexane) 200S(s) 1913(vs) cm-1• 

1 H nmr (c6n6) gave peaks at : 

0.778(t, 2p, CH2); 1.SSb(s, 1Sp, Cs.Mes); 2.208(m, 2p, CH2); 3.18b(t, 2p, CH2>· 

The mass spectrum gave peaks at : 
+ + + + . + 

S25 (M) I 497 (M-CO) I 483 (M-co-cH2) ' 469 (M-2CO) ' 457 (M-2C0-CH2) • 
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The isotope pattern of the highest mass peak cluster was in close agreement with a 

canputer simulated isotope pattern of this formula. 

was seen. 

This experirrent was performed in a similar fashion to that described in 5.4.3. 

Thus [ep~(co> 3f Li+ (7 rmol) in 'IHF (80 cm3
> was added to Br(CH2)4Br (0.76 g, 

3. 5 :mmol) in THF (5 cm 3) • The. solution was heated under reflux for 24 hours. 

Rerroval of the sol vent and subsequent extraction with n-hexane, gave on cooling 

the solution to -78 °C, 0.98 g of orange crystalline material, mp 78 - 82 °C. 

The product was identified as [CJ?W(CO) 3 (CH2) 3Br J , yield = 52 % (based on 1,4 

dibrornobutane). 

Satisfactory elerrental analysis was not obtained for this product as it contained 

an organic impurity, as seen in the 1H nrnr spectrum. 

v(CO) (hexane) 2004(s) 1923(vs) -1 cm • 

1H nrnr (c6n6) gave peaks at 

0.68b(rn, 2p, CH2); 1.538(s, 1Sp, cs.Mes); 1.678(rn, 2p, CH2); 2.1ob(rn, 2p, CH2). 

The mass spectrum gave peaks at : 

S39 (M) +, 511 (M-CO) + ; 4S5 (M-3CO) +. 

The isotope pattern of the highest mass peak cluster was in close agreement with 

a canputer sirrn.llated isotope pattern of this formula. 

No evidence for a polymethylene bridged species was seen. 

S.S Reactions of [cpFe (CO) 2 r Na+ with a,w-dihaloalkanes and C1CH2CCH}!-



5. 5 • 1 Preparation of [CJ?Fe (CO) 
2
J

2
.!.. 

~Fe(co) 2] 2 was prepared by a modification of the literature methoa. 15 

c 5Me5H (2.0 g, 14.71 rnmol) was dissolved in petroleum ether, (bp 100-120 °c) 
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(80 crn3). Fe(C0) 5 (4.0 crn3 27 rrunol) was added and the solution heated under reflux 

for 48 hours. The solution gradually darkened fran pale yellow to maroon/black. 

Removal of the solvent under high vacuum gave a black crystalline solid, which 

was recrystallised fran CH2c12/hexane at 0 °C. The red/black crystalline solid 

was found to be identical with that reported previously. 

ri - + 5. 5 • 2 Preparation of [!?Fe (CO) :J Na • 

A solution of ~Fe(C0) 21 2 prepared as in 5.5.1 (0.63 g, 1.27 rnmol) in THF (100 

crn3) was stirred over a dilute Na/Hg amalgam for 12 hours. The solution changed 

colour from deep red/black to grey during this period. The product, [cpFe(C0) 2]­

was not further purified. 

(cpFe(C0)
2
T Na+ (2.54 rnmol) prepared as in 5.5.2 in THF (100 crn

3
) was added to 

CH
2
c1

2 
(0.11 g, 1.27 lTllOC>l). The solution was stirred for 3 hours, during which 

time slight darkening was noted. Removal of the solvent, and stibsequent extraction 

with n-hexane, gave after cooling to -78 °C, pale yellow crystalline material, 0.37 

g, mp 80 - 89 °C (decamp). The product was identified as ~Fe(C0) 2CH2c1J, yield 

= 98 %, based on CH2c12. 

Analysis found C: 52. 6 % 

H: 5.8 % 

C: 52.65 % 

H: 5.78 % 



v(CO) (hexane) 2004(s) 1953(s) cm-1• 

1 H nrnr (C6D6) gave peaks at : 

1.238(s, 15p, c5Me5); 3.96~(s, 2p, CH2). 

The mass spectnnn gave peaks at : 

296 (M) + , 268 (.M-CO) + , 240 (M-2CO) + · 
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This reaction was perfonned in a similar manner to that described in 5.5.3, thus 

[cpFe (CO) 2]- Na+ (1.36 rnrrol) in THF (50 cm3) was added to Br (CH2) 3Br (O .13 g, 0.68 

:mrrol). The solution was stirred for 3 hours. Reroc>val. of the solvent and subsequent 

extraction with n-hexane gave, after cooling, yellCM crystalline material, 0.20 g, 

80 % yield of (cpFe(C0) 2 (CH2)3Br1, Based on 1,3 dibrorropropane, mp 98 - 102 °c. 

Analysis found 

v(CO) (hexane) 1992 (s) 

C: 48.9 % 

H: 5.85 % 

C: 48.81 % 

H: 5.74 % 

-1 1939 (s) cm • 

1H nrnr (c6o6) gave peaks at 

0.84b(t, 2p, CH2); 1.35b(s, 15p, c5Me5);: 2.07b(rn, 2p, CH2); 3.408(t, 2p, CH
2
). 

The mass spectnnn gave peaks at : 

369 (M)+ I 341 (M-CO)+ ' 313 (M-2CO)+. 

5.5.5 Reaction of [cpFe(co) 2T Na+ with Br(CH2)
4

Br. 

'Ihis reaction was perfonned in a similar fashion to that described in 5.5.3, thus 

[cpFe (CO) 2 r Na+ (1. 74 rmol) in THF (50 cm3) was added to Br (CH2) 4Br (0. 19 g I 0 .87 

; 
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rnnol). The solution was stirred for 3 hours. Removal of the solvent and extraction 

with n-hexane gave, after cooling, yellow crystalline material, 0.27 g, mp 100 -

103 °C. The product was identified as [cpFe(C0) 2 (CH2)4Br] , yield= 81 %, based on 

1,4_dibrorrobutane. 

Analysis found : C: 51.1 % 

H: 6.3 % 

C: 50. 16 % 

H: 6.05 % 

v (CO) (hexane) : 1989 (s) 1935 (s) cm - 1 • 

1 H nmr (c6o6) gave peaks at : 

0.828(t, 2p, CH2) i 1.328(s, 15p, C51'Ce5) i 1.828(rn, 2o, CH2) i 2.108(m, 2D, C22) 

The mass spectrum gave peaks at : 3 · 3 58 ( t ' 2o • <::'B2 l 

383 (M)+ ' 355 (M-CO)+ ' 327 (M-2CO)+ , 299 (M-2C0-2CH2)+ I 

247 (M-2CO-Br)+. 

(CJ?Fe (CO) 2 r Na+ prepared as in 5. 5. 2 (2. 52 rmnol) in THF (80 cm3) was added to 

ClCH20CH3 (0.5 cm3 6.21 mrrol) in THF (5 cm3). The solution was stirred for 4 

hours at room temperature. Removal of the sol vent under reduced pressure and 

extraction with n-hexane gave a clear yellow solution, on cooling, this solution, 

0.49 g of yellow crystalline material, mp 51 - .56 °C was isolated. The product 

was identified by nmr and IR as (cpFe(C0) 2CH3] , and the results found to be 

identical with those reported previously. 27 Yield = 67 %. 



5.6 Reactions of [CJ?Mo(CO) 3rn2c1J (XXVI) and ~--W(CO) flI
2
rJ (XXVII) 

with PPh}!-

5.6.1 Reaction of (XXVI) with PPh
3 

in acetonitrile at roan temperature. 
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(XXVI) prepared as in 5.2.5 (0.25 g, 0.69 rrmol) was dissolved in CH
3

CN (5-cm3). 

PPh3 (0.22 g, 0.82 rnrrol) in CH
3
CN (10 cm

3
) was added under nitrogen. The solution 

was placed in the dark, and allowed to stand for 6 days. The solution gradually 

changed colour fran yellow/orange to deep red. The solvent was removed under 

reduced pressure, and the oily red product rec:r:ystallised from CH
2
cl

2
/hexa.ne to 

give fine orange needles; 0.13 g of cis-[CJ?Mo(CO) 2 (PPh
3
)cl], 53 % yield , !ti' 140 -

146 °C. 

Analysis found 

v (CO) (CH
2
Cl

2
) 

1 H nrnr (COC13) 

1948 (vs) 

C: 60.2 % 

H: 5.2 % 

C: 61.6 % 

H:5.17% 

1863 (s) 
-1 

cm 

(The integration for the CHC13 impurity in COC13 could not be completely separated 

fran the integration for the protons of the PPh3 ligand). 

5.6.2 Reaction of (XXVI) with PPh
3 

in methanol under reflux. 

(XXVI) prepared as in 5.2.5 (0.26 g, 0. 71 rrrnol) was dissolved in methanol (30 cm
3J. 

PPh
3 

(0.24 g, 0.93 rnrrol) was added and the solution heated under reflux for 3 

hours. The solution darkened fran yellow/orange to red/orange during this time. 

The solvent was rercoved.under reduced pressure, and the oily residue rec:r:ystallised 

fran CH
2
cl

2
/hexa.ne, to give 0.15 g [cp.Mo(CO) 2 (PPh

3
)Cl J , 75 % yield. 
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1 The product was identified by mp, IR, and H nmr, and the results fonnd to be 

identical with those obtained in 5.6.1. 

(q5Mo(C0) 3CH20CH3] was isolated fran this reaction as a by product in 15 % 

yield, 

5.6.3 Reaction of (XXVIII) with PPh3 in methanol under reflux. 

(XXVIII) (0.21 g, o.39 rnmol) was dissolved in methanol (10 cm3). PPh
3 

(0.31' g, 

0.39 rnmol) was added, and the solution heated under reflux for three hours. The 

solution darkened fran yellow to dark orange during this time. 'lhe sol vent was 

remoVed under reduced pressure to give an orange oil. The oil was extracted with 

n-hexane, (XXVIII) and (XXVII) were present in 5 and 12 % yields respectively, 

identified on the basis of the v(CO) bands in the IR spectnnn, in hexane, and 

the values ccmpared with those obtained in 5.2.11 and 5.2.8 respectively. The 

hexane insoluble material was twice recrystallised fran CH2cI2/hexane to give 

orange/yellow prisms, mp 134 - 140 °C (decanp), identified as (Cf5W(CO) 
3

CH2PPh
3
)+ I-. 

! CH2c12 , yield = 57 %. 

Analysis found C: 44 .4 % 

H: 3._8 % 

C: 44.4 % 

H: 3.84 % 

-1 v(CO) (CH
2
c1

2
) 2023 (s) 1934 (s) 1920 (sh) cm • 

1H nmr (CJ.:X:l3) gave peaks at : 

1.628(d, 2p, CH
2 

(ylide ligand) ; 2.16b(s, 1.5p, c5Me5) , 5.34b(s, 2p, CH2c12) ; 

7. 73ti(m, 15p, PPh
3
). 

J(PH) = 17 .0 Hz. 
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5.6.4 Reaction of (XXVIII) with PPh3 in acetonitrile at rocrn terrperature. 

(XXVIII) (0.17 g, 0.32 nrnol) was dissolved in CH3CN (10 cm3). PPh
3 

(0.09 g, 

0.36 rmnol) was added and the solution stirred vigorously until all the PPh
3 

had 

dissolved. The solution was allowed to stand in the dark for 20 days. The 

solution gradually darkened, and a small amount of yellow crystalline precipitate 

appeared. The sol vent was removed under reduced pressure, and the red oily 

residue extracted with n-hexane to give a mixture of (XXVIII) and (cpw(co)
3
r] 

in approximately 5 % yield each. 

The hexane insoluble material was recrystallised fran CH2cl2/hexane to give yellow 

crystalline material, mass = 0.23 g, identical with that obtained in 5.6.3, 79 % 

yield, mp 136 - 142 °C (decomp). 

(XXX) (0.12 g, 0.28 mrol) was dissolved in CH3CN (5 cm3). PPh
3 

(0.09 g, 0.34 

rrunol) in CH3CN (5 cm3) was added, and the solution stirred for 10 minutes. The 

solution darkened slightly, and a small amount of orange crystalline material 
. 

precipitated out of solution. Removal of the solvent under reduced pressure gave 

an orange/red oil. Trituration with n-hexane gave a yellow solution, with n-hexane 

insoluble orange oily crystals. The hexane solution was evaporated under reduced 

pressure to give 0.02 g (17 % yield) of (XXX), identified on the basis of the 

v(CO) bands in the IR spectrum. The hexane insoluble material was dissolved in 

:rrethanol, and precipitated as the BPh4 salt, the orange crystalline precipitate 

was filtered and dried, to give 0.24 g bright orange needles, mp 164 - 169 °C 

(decomp) . This product was identified as a mixture of cis and trans isorrers of 



Analysis found C: 74.20 % 

H: 6.01 % 

C: 73.9 % 

H: 5.90 % 

v(CO) (CH2c1
2

) 1975 (s) 1904 (s) crn-
1• 

1H nmr (COC13) gave peaks at : 

1.78(s, 15p, c5Me5) ; unresolved nrultiplets between 2.0 and 3.78, 0.868(rn); 

1.288(rn) , total integration for these peaks was 6p. 

6.958(rn, 20p, BPh4-) ; 7 .26b(rn, 15p, PPh3). 
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5.7.2 Reaction of [9?Fe(C0) 2CH2c1J (XXIX) with PPh3 in methanol under reflux. 

(XXIX) (0.21 g, 0.71 mmol) was dissolved in methanol (5 crn
3). PPh3 (0.80 g, 

3.05 rrmol) in :rrethanol (5 crn3) was added, and the solution heated under reflux 

for three hours. [CJ?Fe (CO) 2CH{X:::H
3
J was isolated from this reaction as the only 

product, 0.20 g, 95 % yield. 'lhe product was identified by canparison of the 

91 IR and mp data with that obtained previously. 

5.7.3 Reaction of (XXIX) with PPh3 in CH~. 

(XXIX) (0.16 g, 0.54 mmol) was dissolved in CH3CN (5 crn
3). PPh3 (0.70 g, 2.67 

mmol) in CH3CN (5 crn
3) was added, and the solution left to stand in the dark for 

17 days. The solution darkened slightly during this time. Removal of the solvent 

under reduced pressure gave a yellow/orange oil. Trituration with n-hexane gave 

a yellow solution and nrustard hexane insoluble crystalline material. The hexane 

solution was filtere<l, removal of the hexane under reduced pressure gave (XXIX) 

0.11 g, 69 % yield. 'lhis product was identified by canparison of IR and mp 
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data with an authentic sample prepared in 5.5.4. 

The hexane insoluble material was dissolved in methanol, and precipitated as 

the BPh4 salt, to give dark yellow crystalline material_, 0.04 g, Itq? 200 - 212 °c 

(decanp) • The product was identified as [CJ?Fe (CO) 
2
rn

2
PPh

3
]+ BPh

4 
- , yield = 10 % • 

-1 
cm • v (CO) (CH

2
cl

2
) 2012 (s) 1952 (s) 

1 H nrnr (OX:l
3

) gave peaks at : 

1.68b(d, 2p, CH
2

) , l.92b(s, 15p, c
5

Me
5

) , 6.80b(m, 20p, BPh
4
- ) _, 

7.48£5(m, 15p, PPh3). 

J(PH) = 14.0 Hz. 

Elemental analysis was not obtained for this product as it was contaminated 

with a small quantity of triphenylphosphine oxide, which could not be separated 

fran the product by crystallisation, as the product decanposed rapidly in solution. 

5.8 sane attempts to prepare models for Fischer-Tropsch intennediates. 

5.8.1 Atterrpted acid hydrolysis of (XXV) with triflouroacetic acid. 

(XXV) prepared as in 5.2.3 (0.18 g, 0.48 mrrol) was dissolved in THF (15 cm3). 

CF
3

CXXJH (0.04 g, 0.52 mrrol) in water (1 cm3) was added in one portion. The 

yellow solution was stirred for three hours during which time it darkened to 

br<::M"i/yellow. The sol vent was removed under reduced pressure to give a brown/ 

black oil, which was extracted with n-hexane to give a deep-yellow solution, 

which gave a yellow oil (0.07 g) on rerroval of the solvent. An IR spectrmn in 

n-hexane showed mainly peaks due to (XXV), with new peaks at 2027 (m), 1946 (m), 

1936 (m) and 1176 (w) cm-1, a small peak at 1779 cm-1 was noticed, this was 

attributed to a small arrount of CF 3CCXJH. A 1H nmr in c 6o6 gave new peaks at 

5.15 and 1.47£5, ratio 1 : 7. 

'lhe product could not be purified, and was therefore not characterised. 
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The reaction was repeated in.the sane manner, using water (5 cm3), and extracting 

the product with n-hexane, the sane product was obtained, hut could not re 

characterised as it could not be purified. 

5.8.2 Attempted acid hydrolysis of .(XXV) with triflouroacetic acid. 

(:XXV) prepared as in 5.2.3 (0.15 g, 0.42 rranol) was dissolved in THF (15 cm3). 

CF
3

COOH (0.20 cm3) was added together with water (1 cm3) at 0 °C. The solution 

was allowed to warm to room temperature, and then stirred at roan temperature 

for three hours. The solution darkened slightly during this time. 25 % (w/v) 

trimethylamine in water (5 cm3) was added to the solution, and the solvent removed 

under reduced pressurP., and then dried on a vacuum pump (0.1 rrm Hg) for one 

hour to remove the water. The residue was extracted with n-hexane to give a 

green/yellow solution, which on removal of the solvent gave a yellow oil (0.12 g~. 

An IR spectrum inn-hexane showed this oil to be (XXV) only, no new peaks were 

present. 

5.8.3 Attempted esterification of (:XXV). 

(:XXV) (0.23 g, 0.64 rranol) was dissolved in THF (15 cm3). 
3 CF fX:X)H (0. 50 cm ) 

was added to the orange/yellow solution, with vigorous stirring. The solution 

was protected from light with foi.l, and stirred overnight. The solution becane 

slightly paler. Triethylamine (0.7 cm3 25 % solution with water) was added 

dropwise with stirrring. The solvent was removed under reduced pressure with 

gentle warming to give an orange/red residue which contained water. The 

residue was extracted with n-hexane to give a clear yellow solution, which 

becarre green cloudy on standing. The hexane solution was filtered, and the 

solvent removed under reduced pressure. The yellow/orange residue was recrystal-

lised fron n-hexane at -78 °C to give small orange crystals, 0.16 g, mp 55 -



64 °C (deccrnp). 

Analysis found : C: 45.3 % 

H: 4.5 % 

Analysis expected for [CJ?fu (CO) 
3
CH{X:. (O)CFJ J 

C: 43.5 % 

H: 3. 9 % 

v (CO) (hexane) 2024 (s) 194 7 (s) 

1 H nrnr (C
6

D
6

) gave :peaks at : 

1936 (s) 

1.47b(s, 15p, c5M25) ; 5.168(s, 2p, CH
2
). 

5. 8. 4 Reaction of (XXVI) with AgPF 
6 

in TH.F. 
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1779 (m) -1 
cm . 

(XXVI) (0.14 g, 0.39 mrrol) was dissolved in THF (30 cm3). The Schlenk tube was 

protected fran light with foil. AgPF6 (0.11 g, 0.42 IIIIDl) was added under nitrogen 

with vigorous stirring, the solutiO:n darkened imnediately, and a grey precipitate 

appeared, after 30 minutes the solution was filtered, the THF was sticky and 

ver:y viscous, and could not be filtered easily. The reaction mixture was placed 

on a rotavapor, and the volurre reduced to a sticky oil, no product could be 

extracted fran the oil. The reaction was repeated to give the same result, an 

IR spectrum in CH2c12 showed ver:y weak carbonyl bands. 

The reaction was repeated with ~Mo(CO) 3CH2c1], to give a similar result. 

5.8.5 Reaction of (cpMo(CO) ~2c1] with AgPF6 in acetone. 

[CpM:>(C0) 3CH2c1] (0.20 g, 0.68 nmol) was dissolved in acetone (1_0 cm3). AgPF
6 

( 0.14 g, 0.57 mnol) was added under nitrogen, the solution was protected 

fran light with foil. The yella.v/orange solution went cloudy on addition of the 

AgPF 6 and went purple/bra.vn within 2 minutes. After 30 minutes, the solution 

had darkened to deep red and cloudy. The solution was filtered and the solvent . 
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removed under reduced pressure to give a red oil. An IR spectnnn in CH Cl 
. 2 2 

gave peaks at 2066 (m) , 2057 (w) , 1981 (vs) , 1674 (m) cm-1• The product was 

rec.rystallised fran CH2cl2/hexane to give a small amount of c.rystalline material. 

A 1H runr in coc1
3 

gave peaks at 1.268(s) and 5.82b(s) • The product was not 

able to be purified and decanposed readily, and was therefore not characterised. 

5.8.6 The reaction of (XXVI) with NaOH in THF/water. 

(XXVI) (0.11 g, 0.29
1

mnol) was dissolved in THF (10 cm3). NaOH pellets (0.57 g, 
. 3 . . 

12.8 mnol) and water (2 cm ) were added and the solution stirred for 16 hours. 

The solution changed colour fran yellow/orange to pale yellow and cloudy, The 

solution was filtered and the solvent removed under reduced pressure. The -

residue was extracted with n-hexane to give a yellow oil after removal of the 

solvent. An IR spectnnn in n-hexane showed mainly bands due to (XXVI), and 

-1 new peaks at 2010 and 1928 cm • The rtew product , about 20 % as seen fran 

the relative intensities of the peaks in the carbonyl region of the IR spectnnn, 

could not be separated from (XXVI) • The product could thus not be characterised. 

The reaction was repeated under reflux overnight, the material decanposed,and 

no carbonyl containing material could be detected. 

5.8.7 The reaction of (XXVI) with KOH/water. 

(XXVI) (0 .41 g, 1 .. 13 mnol) was dissolved in N2 saturated THF (10 cm
3

) and 

water (2 cm3). KOH pellets (0.24 g, 4t3 mnol) was added under nitrogen, and 

the solution stirred vigorously. The solution was protected fran light with 

foil. The solution was stirred for 18 hours. After rerroval of the sol vent, 

and subsequent extraction with n-hexane, 0. 1. 4 g yellow oil was obtained. 



An IR spectrum in n-hexane showed bands at 2023 (w) , 2012 (m) , 1946 (w) , 
-1 

1927 (s) cm • This IR spectrum is ver:y different fran that of (XXVI). 

A 
1
H nmr spectrum in c6n6 gave many peaks between 1 and 3b. The material 

could not be purified, and was thus not characterised. 

(XXVIII) (0.22 g, 0.40 mrnol) was dissolved in THF (10 cm3). AgPF
6 

(0.20 g, 
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0. 79 mrnol) was ad~ed'. The. solution went cloudy inmediately after the addition 

of the silver salt. The solution was filtered under nitrogen after three minutes 

to give an orange/brCNm. solution which darkened .irrmediately it was exposed to 

the atrrosphere. Removal of the solvent .under reduced pressure gave a brcMil 

oily material, which went blue within 10 minutes. An IR spectrum of this 

product in CH2c12 gave two bands in the carbonyl :tegion, at 1927 (s) and 1867 (m) 

-1 cm • The product was not able to be purified due to it's instability in solution, 

and was therefore not characterised. 

5.8.9 Attempted preparation of FP--W(CO) 3QJ20H]_. 

(XXVIII) (0.18 g, 0.33 rrmol) was dissolved in THF (10 cm3). A solution of 

NaOH in water (0. 1 M, 5 cm3) was added, and the mixture stirred very vigorously. 

The solution went slightly cloudy, rerroval of the solvent and extraction with 

n-hexane gave (XXVIII) in 60 % yield. A small amount of brown hexane insoluble 

material remained, this was, however, not characterised. 

5.8.10 Attempted preparation of &--w<co) ~2oH]. 

(XXVII) (0.11 g, 0.25 mrol) was dissolved in THF (5 cm3). CF3CXX)H (0.01 g, 
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0.09 rrmol) in water (2 cm
3

) was added, and the solution stirred vigorously 

for 2 hours. The solution was quenched with aqueous diethylarnine, and the THF 

layer removed. Rerroval of the THF and subsequent extraction with n-hexane 

gave a yellow oil. The carbonyl region of the IR spectnnn in n-hexane sho.ved 

\\ec::k bands at 2010 and 1962 cm - 1 . The product was, ho.vever, not able to be 

purified, and was-thus not characterised. 
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APPENDIX 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR EcsMe s )W(CO) 3CH2PPh3] +I-. ~CH2Cl~ 

H K l,, FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 

\i 4 0 0 107 -62 2 3 0 53 33 8 5 0 29 -14 3 8 0 32 -37 6 12 0 56 54 
tl 
e 6 0 {) 179 -164 ~ 3 0 304 299 9 5 0 110 110 4 8 0 179 ~188 .... 17 0 1 57 46 

~ 8 0 0 208 193 5 3 0 119 ..-120 11 5 0 71 ""68 5 8 0 55 58 -15 0 1 111 -107 
I, ., 

0 132 -118 6 5/f 5 0 47 45 6 8 0 96 94 -13 0 ,, 10 0 3 0 60 13 1 77 84 
1: 
'J 12 _Q 0 96 88 8 3 0 52 -51 15 5 0 60 ..,.55 - 8 8 0 79 -78 -11 0 1 23 -11 
!• 
I 2 1 0 57 17 9 3 0 34 -35 0 6 0 233 242 14 8 0 40 29 .... 9 0 1 38 28 
,_ 
11 3 1 0 112- 103 10 3 0 42 47 1 6 110 144 .,,...146 1 9 0 34 ..... 33 -7 0 1 192 -186 
'" 

~ 5 1 0 72_ 59 11 3 0 105 103 2 6 0 110 -113 2 9 0 36 35 .... 5 0 1 196 193 

6 1 0 111 -127 _ 12 3 0 57 -59 3 6 0 188 203 3 9 0 53 51 -3 0 77 -136 

~ 7 1 0 185 -170 13 3 0 118 -109 5 6 0 62 -64 4 9 0 49 .... 52 3 0 53 92 

8 1 0 174 160 15 3 0 68 55 7 6 0 71 67 6 9 0 60 62 -5 0 1 81 -94 

~ 9 1 0 111 99 16 3 0 32 -33 8 6 0 58 55 7 9 0 61 ..,..67 7 0 1 .. 139 -138 

~ 
~ 

10 1 0 109 -106 17 3 0 25 -20 9 6 -, 0 93 -96 8 9 0 45 ..-41 .. 9 0 1 176 174 

!l 11 1 0 31 24 0 4 0 111 113 10 6 0 91 - ..,.93 9 9 0 48 48 11 0 1 138 -136 
~ 

12 1 0 59 54 4 0 201 206 11 . 6 0 31 22 10 9 0 50 54 13 0 1 120 111 
~Ii 1 
~ 14 1 0 98 -89 2 .4 0 220 -119 12 6 0 57 -54 12 9 0 53 ... 54 15 0 1 37 .... 25 
'~ 
~ 15 1 0 27 -17 3 4 0 215 -219 15 6 0 25 12 -o 10 0 148 156 17 0 1 46 43 
~ 
IJ 16 1 0 69 64 4 4 0 91 -90 1 7 0 63 -63 2 10 0 109 -113 --13 1 1 51 48 
~ 

~ 
0 2 0 231 -206 5 4 0 179 185 3 7 0 108 106 3 10 0 51 ... 59 -12 1 1 26 -27 

1 2 0 161 -174 6 4 0 110 1 /7 4 7 0 29 33 5 10 0 40 37 -11 1 1 41 -44 

1; 2 2 0 80 96 7 4 0 188 -184-_ 5 7 0 65 -79 7 10 0 30 ... 29 .... 10 1 1 46 -40 
k 
~ 3 2 0 81 68 8 4 0 100 104-_- 6 7 0 56 ":"55 8 10 0 69 66 -9 1 -- 1 85 93 

~ 
~ 4 2 0 63~ -86 9 4 0 100 97 7 7 0 46 -48 9 10 0 26 30 -8 1 1 147 154 

i 5 2 0 145 -138 10 4 0 96 -93 0 7 0 65 55 10 10 0 62 -56 -7 1 1 122 -132 
v 

'1 6 2 0 196 192 11 4 0 41 -45 9 7 0 24 -.16 3 11 0 26 20 -6 1 1 132 -139 

~ 7 2 0 124 117 13 4 0 35 27 10 7 0 74 -72 6 11 0 36 -38 -5 1 1 206 180 
~ 

~ 8 2 0 106 -106 15 4 0 33 -25 11 7 0 74 69 7 11 0 38 -29 -4 1 1 151 -152 

;~ 9 2 0 48 -50 1 5 0 67 -85 12 7 0 40 42 8 11 0 54 54 -3 1 1 255 -260 

~ 10 2 0 23 -22 2 5 0 29 28 13 7 0 66 -63 9 11 0 30 32 -2 1 ~ 1 45 -37 

" r 11 2 0 43 37 3 5 0 53 63 14 7 0 27 -22 1 12 0 62 .,.67 2 1 1 158 -166 
I; ,, 

13 2 0 58 -51 4 5 0 36 34 15 7 0 36 28 2 12 0 25 13 3 1 , 1 350 310 
-~ 
~ 14 2 0 41 34 5 5 0 78 88 0 8 0 40 -42 3 12 0 43 55 4 1 1 233 227 

t 16 2 0 31 -26 6 5 0 33 -30 1 8 0 28 ... 32 4 12 0 48 -44 5 1 1 110 -132 
I; 

0 97 100 5 12 0 40 -36 6 
tl 1 3 129 -143 7 5 0 149 -150 2 8 0 1 1 82 -81 
~ 
\ 

"t 

{ 
.. 
~ 
t. 
t 
~ 

:1 

:j 
!~ 
< 



H K L FO FC H K L FO FC H K L FO FC H K L. FOt FC H K L FO FC 

7 1 1 108 114 12 2:.. 1 72 62 -13 4 1 27 31 -1 5 1 120 -131 13 6 1 38 30 
8 1 1 61 -66 13 2 1 93 -86 -12 4 1 87 88 .. o 5 1 185 197 14 6 1 61 -so 

10 1 1 36 -32 14' .2 1 57 -56 -11 4 1 29 24 2 5 1 273 .... 271 -15 7 1 28 -12 
11 1 1 86 78 15 ·2 1 81 74 .. 10 4 1 91 .... 90 4 5 1 207 206 ... 13 7 1 34 23 
12 1 1 81 77 16 2 1 38 30 -9 4 1 34 .... 39 5 5 1 , 93 91' ... 12 7 1 37 -29 
13 1 1 25 -25 17 2 1 54 -45 -8 4 1 98 92 6 5 1 64 .... 75 -11 7 1 56 -53 
15 1 1 . 27 14 -17 3 1 28 -7 -7 4 1 100 ·99 8 5 1 42 40 ..... 10 7 1 47 43 
16 1 1 24 -4 -14 3 1 59 49 -6 4 1 74 ..... 74 10 5 1 61 .... 52 ..... 9 7 1 92 86 

-17 2 1 34 -29 -12 3 1 90 -82 -5 4 1 184 162 11 5 1 32 .,.23 ..,.8 7 1 40 28 
-16 2 1 53 -44 -11 3 1 61 65 -4 4 1 113 109 12 5 1 ~ 62 58 -7 7 1 67 -64 
-14 2 1 57 55 -10 3 1 64 58 -3 4 1 21 19 14 5 1 51 -42 -6 7 1 40 29 
-13 2 1 74 -82 -9 3 1 51 -52 -1 4 1 125 -124 ... 15 6 1 50 .. 40 -5 7 1 126 122 
-11 2 1 120 124 -8 3 1 43 -43 0 4 1 25 -22 -14 6 1 72 56 -4 7 1 162 -161 
-10 2 1 93 92 -6 3 1 48 60 1 4 .1 139 138 -13 6 1 53 41 -3 7 1 108 -116 

-9 2. 1 158 -161 -5 3 1 145 -139 2 4 1 35 34 .. 12 6 1 85 ... a4 -2 7 1 182 201 
-8 2 1 92 -91. -4 3 1 269 -261 4 4 1 98 -:-92 ... 10 6 1 45 41 -1 7 1 . 105 109 . 

-7 2 1 74 72 -r 3 1 165 148 5 4 1 79 -69 ... 8 6 1 43 ·JS 0 7 1 103 -106 
-6 2 1 62 68 -2 3 1 403 434 6 4 1 138 133 .... 7 6 1 78 .... 70 1 7 1 125 -134 
-5 2 1 203 -201 -1 3 1 36 -58 7 4 1 24 23 -6 6 1 157 146 2 7 1 42 34 
-4 2 1 116 -81 0 3 1 179 -172 8 4 1 56 -59 .. 5 6 1 127 123 3 7 1 134 139 
-3 2 1 52 43 1 ., 1 163 154 9 4 1 87 76 -4 6 1 38 ... 43 4 7 1 22 -24 .) 

-2 2 1 205 -192 2 3 1 99 -80 10 4 1 76 71 ... z 6 l 30 ·32 5 7 1 74 -81 
-1 2 1 98 74 : 3 3 1 42 -32 11 4 1 59 .. 65 -1 6 1 . 79 ·83 6 7 1 99 98 
0 2 1 163 122 4 3 1 136 -133 12 4 1 68 ... 64 1 6 1 _, 108 120 7 7 1 84 90 
2 2 1 34 32 5 3 1 30 40 14 4 1 84 77 3 6 1 45 45 8 7 1 127 -122 

3 2 1 134 106 6 3 1 276 279 16 4 1 65 -63 4 6 1 . 75 66 9 7 1 53 -44 
4 2 1 203 197 7 3 1 90 -86 -13 5 1 45 -35 5 6 1 60 .. 71 - 10 7 1 26 17 

5 2 1 236 -224 8 3 1 199 -195 -10 5 1 83 -83 6 6 1 32 -31 11 7 1 46 44 
6 2 1 131-_ -128 9 3 1 94 90 -8 5 1 179 176 7 6 1 25 ·20 12 7 1 41 36 
7 2 1 88 93 10 3 1 63 60 -7 5 1 64 59 8 6 1 64 70 13 7 1 52 -54 
8 2 1 96 87 15 3 1 27 -13 -6 5 1 184 -180 9 6 1 85 87 -13 8 1 64 -53 
9 2 1 36 -36 -16 4 1 50 41 -4 5 1 143 139 10 6 1 84 ... 81 -12 8 1 38 25 

10 2 1 51. -43 -15 ~ 1 29 -23 -3 5 1 67 66 11 6 1 72 -63 -11 8 1 98 93 
11 2 1 32 37 -14 l-1 1 74 -p7 -2 5·· 1 60 -70 12 6 1 64 58 ... , 0 8 1 25 -25 



H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 
-9 8 1 55 -57 9- 9 1 46 43 -12 0 2 26 -18 6 1 2 100 -92 -15 3 2 51 49 
-8 8 1 3S 36 11 : 9 1 40 -32 -10 0 2 S3 -60 7 1 2 47 39 -14 3 2 45 -48 
-7 8 1 S7 58 -9 10 1 33 28 -8 0 2 1S6 17S 8 1 2 104 90 -12 3 2 45 4S 
-6 8 1 40 -36 -7 10 1 5S -S6 -6 0 2 268 -303 9 1 2 39 ... 43 .-11 3 2 72 73 
-2 8 1 28 -22 -s 10 1 103 102 -4 0 2 320 357 10 1 2 114 -110 -10 3 2 42 -47 
-1 8 1 7S -83 -3 10 1 27 -34 -2 0 2 310 -319 11 1 2 93 -88 -9 3 2 1S7 -1S8 
0 8 1 2S 18 -1 10 1 S2 -so 2 0 2 282 -288 12 1 2 134 13S -8 3 2 66 72 
1 8 1 64 60 0 10 1 28 32 4 0 2 S24 482 13 1 2 S9 S8 ... 7 3 2 168 176 
3 8 1 68 7S 1 iO 1 42 56 6 0 2 334 -316 14 1 2 72 -..72 ... ~ 3 2 116 -117 
4 8 1 31 -27 7 10 1 30 -36 8 0 2 18 12 16 1 2 62 51 -s 3 2 89 -96 
s 8 1 118 -120 9 10 1 73 77 10 0 2 64 -61 -1S 2 2 49 -52 -4 3 2 SS -66 
6 8 1 S9 62 11 10 1 S7 -S6 12 0 2 68 63 -13 2 2 29 20 -3 3 2 166 -1SS 
7 8 1 S5 S9 -9 11 1 32 30 14 0 2 49 -38 -12 2 2 32 -33 -1 3 2 76 80 
8 8 1 33 -40 -8 11 1 S3 51 16 0 2 38 29 -10 2 2 132 136 0 3 2 88 ... 72 
9 8 1 23 -33 -7 11 1 S7 -so -18 1 2 S2 42 -9 2 2 102 106 1 3 2 13S 139 

11 8 1 36 34 -6 11 1 S9 -S4 -16 1 2 63 -60 -9 2 2 98 -107 2 3 2 21 22 
13 8 1 41 -40 -s 11 1 42 46 -15 1 2 32 -28 -7 2 2 94 -96 3 3 2 29 -31 

-12 9 1 37 -36 -4 1 i 1 28 41 -14 1 2 78 73 -5 2 2 57 61 4 3 2 74 -71 
-11 9 1 52 43 -3 11 1 38 -48 -13 1 2 52 53 -3 2 2 1S2 -176 s 3 2 180 -163 
-9 9 1 48 -41 -1 11 1 68 6S -12 1 2 83 -81 -2 2 2 288 247 6 3 2 21 19 
-8 9 1 S4 56 0 11 1 38 41 -11 1 2 .59 -58 -1 2 2 54 44 7 3 2 190 180 
-7 9 1 40 29 1 11 1 73 -74 -10 1 2 104 113 0 2 2 363 -369 8 3 2 78 -72 
-5 9 l 110 -110 2 11 1 96 -10s -9 1 2 26 -28 1 2 2 194 -166 9 3 2 91 -93 
-4 9 1 73 -75 3 11 74 71 -8 1 2 84 -92 2 2 2 166 166 10 3 2 38 31 
-3 9 1 98 114 4 11 1 66 69 -7 1 2 98 101 3 2 2 155 161 . 11 3 2 53 45 
-2 9 1 62 S8 ·S 11 1 59 -S9 -6 1 2 114 118 4 2 2 51 52 12 3 2 32 -34 
-1 9 1 9S -110 7 11 1 25 20 -5 1 2 65 73 5 2 2 179 -179 13 3 2 44 -39 
1 9 1 89 9S 9 11 1 29 -13 -4 1 2 108 -86 7 2 2 85 88 14 3 2 37 38 
2 9 1 41 -42 -6 12 1 32 36 -3 1 2 191 -219 8 2 2 105 -96 15 3 2 67 S9 
3 9 1 81 -82 -4 12 1 31 -28 1 1 2 139 123 9 2 2 103 -95 16 3 2 31 -29 
s 9 1 60 67 -1 12 1 32 -29 2 1 2 9S 49 10 2 2 114 113 ... 13 4 2 42 .... 45 
6 9 1 43 44 5 12 1 45 -S1 3 1 2 1SS -134 11 2 2 64 61 "'.11 4 2 49 42 
7 9 1 87 -87 -16 0 2! S2 50 4 1 2 120 119 12 2 2 S6 ·58 .,., 0 4 2 S9 55 
8 9 1 39 -47 -14 0 2 56 -S2 5 1 2 95 82 -17 3 2 57 ·53 .. 9 4 2 110 -110 



H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 
-8 4 2 36 30 6 5 2 20 15 -9 7 2 79 -79 10 8 2 89 .. · 84 -5 12 2 66 74 
-7 4 2 127 136 9 5 2 30 37 -8 7 2 44 -43 12 8 2 '48 -43 -3 12 2 51 -so 
-6 4 2 163 -158 11 5 2 100 -98 -7 7 2 140 .131 -12 9 2 45 42 -2 12 2 li9 56 
-5 4 2 211 -203 13 5 2 115 109 -6 7 2 69 67 -10 9 2 53 -49 -1 12 2 42 38 
-4 4 2 60 65 15 5 2 71 -70 -3 7 2 87 -97 -8 9 2 84 85 0 12 2 .63 -62 
-3 4 2 209 220 -16 6 2 36 27 -1 7 2 26 21 . -7 9 2 45 40 ; 1 12 2 51 -49 
-2 4 2 26 -14 -14 6 2 43 -44 1 7 2 71 73 -6 9 2 72 -65 2 12 2 29 34 
-1 4 2· 273 -272 -13 6 2 35 27 2 7 2 68 -68 -5 9 2 42 34 3 12 2 54 63 
0 4 2 63 -69 -11 6 2 43 -38 3 7 2 48 -44 -3 9 2 76 -79 5 12 2 53 -51 
1 4 2 176 169 -9 6 2 26 30 4 7 2 47 46 . 1 9 2 40 37 -17 0 3 55 50 
3 4 2 221 -210 -8 6 2 47 47 5 7 2 49 -46 3 9 2 34 ·38 -15 0 3 32 -38 
4 4 2 118 116 -7 6 2 117 -120 7 7 2 119 121 6 9 2 40 45 -13 0 3 69 71 
5 4 2 153 146 -6 6 2 199 -191 8 7 2 76 71 8 9 2 . 77 -79 -11 0 3 152 -159 
6 4 2 103 -104 -5 6 2 173 173 9 7 2 . 68 -69 10 9 2 56 56 -9 0 3 124 128 
7 4 2 132 -130 -4 6 2 148 158 10 7 2 52 -52 12 9 2 49 -39 -5 0 3 97 -115 
8 4 2 25 18 -3 6 2 133 -141 11 7 2 25 15 -11 10 2 31 35 -3 0 3 42 -25 

.9 4 2 120 116 -2 6 2 28 -21 12 7 2 53 38 -8 10 2 48 41 -1 0 3 87 62 
10 4 2 44 48 -1 6 2 110 108 13 7 2 30 -19 -7 10 2 30 37 1 0 3 172 -194 
11 4 2 75 -73 . 1 6 2 153 -157 14 7 2 52 -42 -6 10 2 105 -109 3 0 3 74 -72 
14 4 2 43 -30 2 6 2 85 -87 -12 8 2 79 -68 -4 10 2 106 114 5 0 3 293 280 

-15 5 2 76 -68 3 6 2 125 117 -10 8 2 83 70 . -2 10 2 58 -55 7 0 3 111 -109 
-13 5 2 112 107 4 6 2 176 172 -8 8 2 68 -60 -1 10 2 35 -38 9 0 3 61 50 
-11 5 2 96 -93 5 6 2 93 -83 -6 .8 2 80 87 1 10 2 47 57 11 0 3 118 -108 
-9 5 2 44 51 6 6 2 95 -95 -4 8 2 43 -49 2 10 2 77 -84 13 0 3 108 104 
-7 5 2 63 -56 7 6 2 119 119 -3 8 2 23 18 4 10 2 112 115 15 0 3 11 0 .. , 01 
.. 5 5 2 84 67 9 6 2 50 .. 50 -2 8 2 127 130 6 10 2 86 -83 17 0 3 61 49 
-3 5 2 126 -128 12 6 2 38 41 -1 8 2 72 -69 8 10 2 31 31 -17 1 3 25 24 
-1 5 2 93 95 13 6 2 33 -26 0 8 2 207 -214 -6 11 2 27 31 ·14 1 3 39 -29 
0 5 2 74 -70 14 6 2 32 -35 1 8 2 63 68 -3 11 2 40. -45 -12 1 3 59 63 
1 5 2 105 112 -15 7 2 34 28 2 8 2 151 155 -1 11 2 36 32 .. 11 1 3 72 -84 
2 5 2 72 -68 -14 7 2 '"7 59 3 8 2 25 -24 . 1 11 2 34 45 -10 1 3 29 -33 ;) . 
3 5 2 178 -183 -12 ... 2 59 -48 4 8 2 30 -27 3 11 2 56 -61 -9 1 3 : 141 152 I 

4 5 2 27 31 -11 7 2 26 11 6 8 2 42 39 4 11 2 32 40 -8 1 3 115 -45 
5 5 2 78 79 -10 7 2 29 23 8 8 2 . 93 -91 6 11 2 31 -25 -7 1 3 127 -139 



H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 

-5 1 3 148 164 -2 2 3 17 -6 5 3 3 43 45 11. 4 3 75 69 -6 6 ,3 37 38 
-4 1 3 197 225 -1 2 3 152 149 6 3 3 70 62 15 .4 3 28 -25 -5 6 3 78 -77 
-3 1 3 107 -129 0 2 3 71 -63 7 3 3 78 -73 16 4 3 59 -57 -3 6 3 35 -33 
-2 1 3 238 -242 1 2 3 134 -114 8 3 3 61 -64 -14 5 3 53 -54 -2 6 3 73 58 
-1 1 3 371 334 3 2 3 25 -16 9 3 3 51 45 -12 5 3 72 62 -1 6 3 92 88 
1 1 3 327 -305 4 2 3 139 120 10 3 3 98 95 -11 5 3 . 31 26 0 6 3 25 -26 
2 1 3 115 113 5 2 3 120 111 11 3·. 3 "29 -22 -10 5~ 3 44 -48 1 6 3 47 -54 
3 1 3 117 124 6 2 3 41 -34 12 3 3 66 ·60 .. 9 5 3 30 -21 2 6 3 67 -64 
4 1 3 153 137 7 2 3 115 105 14 3 3 31 30 -8 5 3 55 51 3 6 3 93 -86 
5 1 3 102 -98 8 2 3 53 48 -16 4 3 55 49 -7 5 3 34 24 4 6 3 40 50 
6 1 3 141 -132 9 2 3 144 -139 -14 4 3 50 -56 -6 5 3 86 -92 5 6 3 95 94 
7 1 3 179 170 .10 2 3 86 -87 -12 4 3 81 78 -5 5 3 23 -30 6 6 3 75 -74 
8 1 3 165 159 11 2 3 119 116 -11 4 3 60 -63 -4 5 3 234 235 7 6 3 55 -49 
9 1 3 129 -125 12 2 3 27 53 -10 4 3 89 .. 89 -3 5 3 57 47 8 6 3 90 88 

10 1 3 51 -52 13 2 3 55 -56 -9 4 3 86 83 -2 5 3 365 .... 346 !O 6 3 40 -40 
11 1 3 59 55 14 2 3 50 -47 -8 4 3 106 108 .... , 5 3 25 -17 11 6 3 25 -22 
12 1 3 36 -41 15 2 3 38 38 -7 4 3 23 20 0 5 3 152 139 12 6 3 61 60 
15 1 3 31 25 16 2 3 49 43 -6 4 3 60 -60 1 5 3 27 28 13 6 3 47 34 

-18 2 3 35 36 -16 3 3 32 -25 -5 4 3 121 -126 2 5 3 19 -17 14 6 3 75 -75 
-17 ? 3 48 -50 -10 3 3 116 125 -4 4 3 83 72 3 5 3 87 .. 86 15 6 3 32 -40 ... 
-16 2 3 25 -23 -9 3 3 44 -49 -1 4 3 158 1112 4 5 3 77 79 ·13 7 3 48 35 
-15 2 3 81 85 -8 3 3 192 -192 0 4 3 36 -31 5 5 3 43 37 -11 7 3 39 -34 
-14 2 3 31 32 -7 3 3 122 117 2 4 3 74 62 6 5 3 215 -205 -10 7 3 31 23 
-13 2 3 . 56 -58 -6 3 3 146 143 3 ~ 3 87 -88 8 5 3 158 153 -9 7 3 62 62 
-12 2 3 68 -68 -5 3 3 37 -37 4 4 3 98 -96 10 5 3 40 -44 -8 7 3 119 -113 
-11 2 3 25 32 -4 3 3 76 -71 5 4 3 132 116 11 5 3 26 -34 -7 7 3 103 -94 
-10 2 3 102 105 -3 3 3 90 95 6 4 3 94 87 -16 6 3 42 .. 37 -6 7 3 108 110 
-9 2 3 40 -44 -2 3 3 106 102 7 4 3 71 -66 -14 6 3 62 66 -5 7 3 107 117 
-8 2 3 36 -31 -1 3 3 198 -181 8 4 3 74 -74 -13 6 3 28 27 -3 7 3 129 -130 
-7 2 3 198 210 0 3 3 213 -199 9 4 3 67 -63 -12 6 3 65 -61 -2 7 3 34 18 
-6 2 3 42 46 1 3 3 202 180 10 4 3 84 85 -11 6. 3 82 -75 -1 7 3 138 144 
-5 2 3 131 -166 2 3 3 352 335 11 4 3 30 27 -10 6 3 93 96 0 7 3 146 -138 
-4 2 3 40 -46 3 3 3 87 -77 12 4 3 87 ... 81 "'9 6 3 57 52 1 7 3 120 .. 119 
-3 2 3 101 97 4 3 ? 233 -230 13 4 3 34 39 "'8 6 3 87 -84 2 7 3 163 158 .J 



H H L FO FC · H. K L FO FC H K L FO FC H K L FO FC · H K L FO FC 
3 7 3 81 75 -1 9 3 111 -112 4 11 3 34 23 -3 1 4 170 180 3 2 4 123 115 
4 7 3 104 -102 0 9 3 47 -45 5 11 3 43 -41 -2 1 4 33 46 4 2 4 253 -245 
5 7 3 97 -95 1 9 3 111 112 6 11 3 69 -70 -1 1 4 109 -102 5 2 4 89 -86 
6 7 3 50 47 2 9 3 62 62 7 11 3 55 47 0 1 4 104 -95 6 2 4 221 210 
7 7 3 104 100 3 9 3 88 -93 8 11 3 61 52 1 1 4 214 -207 7 2 4 142 138 
8 7 3 22 2 4 9 3 31 -31 -5 12 3 51 -57 2 1 4 180 ~162 9 2 4 82 -83 
9 7 3 50 -47 5 9 3 71 76 -1 12 3 43 48 3 1 4 115 113 12 2 4 23 -28 

11 7 3 57 52 6 9 3 35 -37 2 12 3 25 ·17 4 1 4 36 41 14 2 4 39 36 
12 7 3 57 -48 7 9 3 57 -59 -12 0 4 88 95 5 1 4 102 92 ... 16 3 4 31 28 
13 7 3 39 -36 9 9 3 45 36 -10 0 4 172 -195 6 1 4 57 -46 -15 3 4 67 64 

-13 8 3 49 -49 10 9 3 25 18 -8 0 4 81 87 7 1 4 100 -94 -13 3 4 108 -108 
-10 8 3 33 -24 11 9 3 42 -38 -6 0 4 98 -111 8 1 4 138 133 -12 3 4 36 37 
-9 8 3 37 -32 -11 10 3 73 -66 -4 0 4 174 189 9 1 4 66 57 -11 3 4 69 72 
-7 8 3 110 104 -10 10 3 31 -14 -2 0 4 364 -390 10 1 4 113 -117 -10 3 4 51 -51 
-5 8 3 58 -67 -9 10 3 63 58 0 0 4 280 271 12 1 4 102 100 -8 3 4 52 58 
-4 8 3 34 35 -7 10 3 32 -36 2 0 4 318 -303 14 1 4 84 -83 -5 3 4 93 -105 
-3 8 3 24 20 -1 10 3 47 46 4 0 4 134 130 15 1 4 37 -32 -4 3 4 71 63 
-1 8 3 47 55 0 10 3 . 35 -31 6 0 4 151 -140 16 1 4 54 47 -3 3 4 151 147 . 
1 8 3 108 -107 1 10 3 32 -31 8 0 4 196 193 -15 2 4 24 -6 -2 3 4 46 -49 
5 8 3 46 46 3 10 3 49 -52 10 0 4 175 -172 -14 2 4 35 24 -1 3 4 36 -37 
7 8 3 76 74 5 10 3 64 70 12 0 4 41 39 -13 2 4 30 24 0 3 4 22 -11 
8 8 3 30 -26 6 10 3 26 -5 14 0 4 30 -21 -11 2 4 92 -97 1 3 4 115 -107 
9 8 3 91 -93 7 10 3 59 -60 -18 1 4 49 39 -9 2 4 87 97 2 ., .4 47 54 J 

10 8 3 38 38 8 10 3 27 -19 -16 1 /, 47 ~s1 -8 2 4 77 -82 3 3 4 143 133 -, 

11 8 3 66 64 -7 11 3 36 -29 -14 1 4 59 68 -7 2 4 30 -37 4 3 4 60 -66 
12 8 3 36 -33 -6 11 3 33 -35 -12 1 4 117 -118 -6 .., 

~ 183 216 5 3 4 66 -62 ' 13 8 3 36 -39 -5 11 3 42 44 -11 1 4 25 -19 -5 2 4 138 145 6 3 4 79 71 
-9 9 3 84 -78 -4 11 3 66 72 -10 1 4 74 80 -4 2 4 243 -240 8 3 4 22 -15 
-8 9 3 76 -71 -3 11 3 65 -66 -9 1 4 82 86 -3 2 4 174 -167 9 3 4 67 -59 
-7 9 3 102 99 -2 11 3 76 -81 -8 1 4 69 -74 -2 2 4 63 58 10 3 4 44 47 
-5 9 3 64 -66 -1 11 3 74 73 -7 1 4 115 -123 _, 2 4 86 82 11 3 4 123 118 
-4 9 3 49 55 0 11 3 47 49 -6 1 ·4 72 81 0 2 4 38 29 12 3 4 46 -56 
-3 9 3 55 59 1 11 3 60 -56 -5 1 4 52 ·69 1 2 4 162 -163 13 3 4 85 -91 
-3 9 3 51 -50 3 11 3 29 40 -4 1 4 47 .. 44 2 2 4 104 108 14 3 4 42 42 



H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 
15 3 4 61 58 -1 5 4 55 -62 . 11 6 4 36 38 7 8 4 25 -27 . 6 10 4 45 -45 

-15 4 4 28 16 0 5 4 38 34 12 6 4 29 22 8 8 4 32 -22 8 10 4 58 54 
-13 4 4 35 -37 1 5 4 89 -80 -15 7 4 51 48 12 8 4 41 -35 -9 11 4 48 44 
-11 4 4 59 67 2 5 4 46 44 -13 7 4 63 .. 60 -12 9 4 59 54 -8 11 4 45 -42 
-10 4 4 72 -79 3 5 4 67 75 -12 7 4 36 •29 .. , 0 9 4 51 -47 -3 11 4 37 32 
-9 4 4 89 -95 4 5 4 19 -13 -11 7 4 55 55 -9 9 4 30 24 -2 11 4 37 -19 
-8 4 4 28 34 5 5 4 140 139 -10 7 4 50 42 -8 9 4 32 42 6 11 4 39 -39 
-7 4 4 104 . 107 6 5 4 23 -16 -8 7 4 49 -52 -7 9 4 54 .. 54 7 11 4 44 -52 
-6 4 4 84 94 7 5 4 166 -169 -6 7 4 41 27 .. 6 9 4· 35 ... 33 -6 12 4 43 40 
-5 4 4 150 -151 9 5 4 99 94 -5 7 4 43 ... 36 .. 4 9 4 73 67 -5 12 ~ 34 27 
-4 4 4 47 -41 11 5 4 44 -50 -3 7 4 112 109 -3 9 4 73 76 -4 12 4 47 -42 
-3 4 4 239 229 13 5 4 51 51 1 7 4 78 -77 -2 9 2· 28 -26 -3 12 4 55 -53 
-2 4 4 210 -196 15 5 4 70 -64 3 7 4 87 81 0 9 4 33 -28 -1 12 4 72 74 
-1 4 4 186 -181 -13 6 4 31 28 5 7 4 32 -30 1 9 4 84 -83 . ·: 1 12 4 60 -56 
0 4 4 187 191 -12 6 4 63 61 6 7 4 68 -68 3 9 4 26 31 2 12 4 42 42 
1 4 4 211 198 -11 6 4 39 -34 8 7 4 84 79 4 9 4 23 -27 3 12 4 38 44 
3 4 4 221 -219 -10 6 4 93 -88 10 7 4 53 -43 5 9 4 27 25 4 12 4 56 -47 
4 4 4 43 -47 -9 6 4 72 69 11 7 4 63 65 6 9 4 49 50 -17 0 5 57 56 
5 4 4 167 170 -8 6 4 44 41 12 7 4 47 43 7 9 4· 47 -48 -15 0 5 85 -86 
7 4 4 135 -129 -7 6 4 97 -100 13 7 4 76 -69 8 9 4 40 -41 -13 0 5 88 93 
8 4 4 33 36 -5 6 4 75 71 -14 8 4 36 33 10 9 4 46 54 -9 0 5 72 74 
9 4 4 113 103 -4 6 4 62 60 -8 8 4 91 -80 -10 10 4 62 -60 -7 0 5 134 -138 

10 4 4 50 -55 -3 6 4 139 -138 -7 8 4 46 45 -9 10 4 32 -28 -5 0 5 35 49 
11 4 4 34 -34 -2 6 4 152 -151 -6 8 4 163 177 -8 10 4 47 43 -3 0 5 30 -13 
14 4 4 25 29 -1 6 4 206 200 -5 8 4 25 -33 -7 10 4 35 35 -1 0 5 165 -187 
15 4 4 28 -15 0 6 4 178 176 -4 8 4 126 -124 -6 10 4 32 -24 1 0 5 197 197 

~15 5 4 54 -51 1 6 134 -124 -3 8 4 49 44 -5 10 4 38 -33 3 0 5 39 -23 
-13 5 4 41 45 2 6 4 90 -82 -2 8 4 91 92 .. 4 10 4 42 47 7 0 5 75 -67 
-11 5 4 77 -75 3 6 4 95 100 -1 8 4 33 -34 -3 10 4 40 39 9 0 5 208 201 
-10 s 4 23 16 ·5 6 4 99 -105 0 8 4 28 -34 -2 10 4 99 -101 11 0 5 147 -150 
-9 5 4 147 151 7 6 4 83 79 2 8 4 97 94 0 10 4 124 . 132 13 0 5 56 51 
-7 5 4 127 -140 8 6 4 82 80 4 8 4 169 -169 2 19 4 81 -83 15 0 5 58 62 
-5 5 4 33 42 9 6 4 57 -58 5 8 4 41 47 3 10 4 42 -49 -15 1 5 33 -21 
-3 5 4 73 68 10 6 4 74 -76 6 8 4 138 137 5 10 4 44 48 -13 1 5 31 35 



H K L FO FC H K L FO FC . H K L FO FC H K L FO 'FC .. H K . L FO FC 
-11 1 5 67 -80 -8 2 5 68 -78 2 3 5 31 36 -8 5 5 142 154 6 6 5 92 -91 
-10 1 5 55 -61 -6 2 5 73 77 3 3 5 79 -91 -6 5 5 123 -116 7 6 5 60 -60 
-9 1 5 58 67 -5 2 5 56 50 4 3 5 145 -140 -5 5 5 78 -75 8 6 5 66 68 
-8 1 5 122 139 -4 2 5 59 -52 5 3 5 82 81 -4 5 5 72 62 9 6 5 87 89 
-7 1 5 167 -182 -3 2 5 120 118 6 3 5 193 197 -3 5 5 32 29 10 6 5 56 -56 
-6 1 5 103 -121 -1 2 5 255 -243 7 3 5 74 -73 -2 5 5 106 -111 11 6 5 53 -48 
-5 1 5 191 214 0 2 5 33 19 8 3 5 155 .. 151 0 5 5 200 200 12 6 5 81 81 
-4 1 5 51 -51 1 2 5 54 58 9 3 5 47 51 1 5 5 59 58 14 6 5 43 -49 
-3 1 5 117 -126: 2 2 5 27 28 10 3 5 48 48 2 5 5. 291 -283 -15 7 5 27 -23 
-2 1 5 70 72 3 2 5 132 119 -16 4 5 47 48 3 5 5 40 -35 -14 7 5 33 28 
-1 1 5 139 127 5 2 5 153 . 155 -14 4 5 . 70 -62 4 5 5 204 201 -11 7 5 44 -42 
0 1 5 175 169 6 2 5 59 -52 -12 4 5 73 74 5 ·5 5 23 . -18 .. 9 7 5 . 81 80 
1 1 5 381 -359 7 2 5 77 79 -10 4 5 83 -90 6 5 5 42 -45 -7 7 5 124 -112 
2 1 5 246 -236 8 2 5 85 83 -8 4 5 55 59 7 5 5 49 -49 -6 7 5 38 31 
3 1 5 103 111 10 2 5 78 -71 -7 4 5 48 . -62 8 5 5 27 33 -5 7 5 88 92 
4 1 5 86 79 11 2 5 55 54 -6 4 5 51 -48 9 5 5 35 32 -4 7 5 170 -162 
5 1 5 159 -159 12 2 5 46 42 -5 4 5 163 158 10 5 5 72 -70 -3 7 5 102 -97 
6 1 5 39 42 13 2 5 85 -87 -4 4 5 21 24 12 5 5 54 50 -2 7 5 183 179 
7 1 5 187 184 14 2 5 61 -58 -3 4 5 21 22 -16 6 5 61 -52 -1 7 5 89 81 
9 1 5 80 -84 15 2 5 58 61 -1 4 5 124 -123 -15 6 5 51 -42 0 7 5 50 -44 

10 1 5 56 -53 16 2 5 50 47 1 4 5 55 42 -14 6 5 44 43 1 7 5 136 -138 
11 1 5 28 22 -14 3 5 61 62 3 4 5 23 25 -12 6 5 57 -63 3 7 5 119 124 
12 1 5 45 46 -12 3 r: 96 -96 4 4 5 97 -93 -10 6 5 68 75 4 7 5 71 -72 ~ 

13 1 5 54 -51 -10 3 5 32 42 5 4 5 62 -53 -8 6 5 57 -63 5 7 5 10 i -96 
14 1 5 29 -27 -9 3 5 43 -48 6 4 5 120 112 -7 6 5 80 -88 6 7 5 115 117 

-17 2 5 34 -30 -7 3 5 93 98 7 It 5 33 -34 -6 6 5 68 61 7 7 5 43 45 
-16 2 5 33 -34 -6 3 5 130 148 8 4 5 98 -100 .. 5 6 5 95 94 8 7 5 72 -75 
-15 2 5 32 40 -5 3 5 34 -35 9 4 5 71 73 -4 6 5 49 -55 9 7 5 47 -50 
-14 2 5 48 48 -4 3 5 242 -237 10 4 5 81 83 -3 6 5 25 -9 11 7 5 50 50 
-13 2 5 72 -69 -3 3 5 82 91 11 4 5 48 -46 -1 6 5 93 -87 13 7 5 29 -24 
-12 2 5 47 -53 -2 3 5 253 244 12. 4 5 74 -72 1 6 5 65 61 -13 8 5 43 -39 
-11 2 5 114 127 -1 3 5 164 -149 14 4 5 81 74 3 6 5 56 49 -12 8 5 35 32 
-10 2 5 40 40 0 3 5 164 -159 -11 5 5 34 29 4 6 5 34 28 -11 8 5 78 69 
-9 2 5 109 -124 1 3 5 117 110 -10 5 5 85 -91 5 6 5 36 -36 -9 8 5 72 -69 



H K. L FO FC H K L FO FC H K L FO FC H K L' FC . FC H K . L FO FC 
-8 8 5 31 31 7 10 5 38 -45 -13 1 6 57 57 -3 2 6 96 -103 5 3 6 123 -120 
-3 8 5· 38 34 9 10 5 77 74 -12 1 6 59 .. 68 -2 2 6 189 201 6 3 6 76 79 
-1 8 5 63 -58 -9 11 5 33 29 -10 1 6 55 64 -1 2 6 120 117 7 3 6 171 173 
0 8 5 25 34 -8 11 5 68 66 -8 1 6 79 -88 0 2 6 298 -295 8 3 6 39 -43 
3 8 5 67 67 -7 11 5 46 -46 -7 1 6 47 53 1 2 6 159 -143 9 3 6 95 -99 
4 8 5 36 -40 -6 11 5 29 -35 -6 1 6 90 81 2 2 6 128 117 10 3 6 65 66 
5 8 5 98 -105 -5 11 5 34 29 -5 l 6 72 75 3 2 6 76 73 11 3 6 38 39 
6 8 5 40 48 -1 11 5 57 56 -3 1 6 190 -178 4 2 6 23 -27 12 3 6 47 -53 
7 8 5 65 69 0 11 5 62 66 -2 1 6 29 -18 5 2 6 95 -98 13 3 6 . 60 -55 

11 8 5 42 39 1 11 5 74 -73 0 1 6 85 -66 6 2· 6 24 37 15 3 6 60 56 
-12 9 5 30 -25 2 11 5 88 -92 1 1 6 157 151 7 2 6 98 98 -16 4 6 30 18 
-11 9 5 34 34 3 11 5 70 . 68 2 1 6 53 -53 8 2 6 128 -126 -15 4 6 31 26 
-9 9 5 49 -47 4 11 5 51 55 3 1 6 152 -141 9 2 6 25 -23 -13 4 6 47 -40 
-7 9 5 67 74 5 11 5 54 -50 4 1 6 122 105 10 2 6 91 96 -12 4 6 31 -30 
-5 9 5 77 -74 7 11 5 36 22 5 1 6 24 -30 11 2 6 33 35 -11 4 6 57 59 
-4 9 5 42 -42 -1 12 5 40 -36 6 1 6 111 -103 13 2 6 42 -40 -9 4 6 87 -92 
-3 9 5 122 125 0 12 5 30 24 7 1 6 39 48 -17 3 6 38 -42 -8 4 6 30 37 
-2 9 5 70 66 3 12 5 30 33 8 1 6 97 93 -15 3 6 40 37 -7 4 6 100 102 
-1 9 5 86 -87 .. , 2 0 6 44 53 9 1 6 so 48 -13 3 6 26 -18 -6 4 6 96 -98 
1 9 5 70 75 -8 0 6 112 136 10 1 6 79 -81 -12 3 6 45 55 -5 4 6 98 -100 
2 9 5 38 -41 -6 0 6 265 -294 11 1 6 57 -55 -11 3 6 66 68 -4 4 6 100 95 
3 9 5 82 -85 -4 0 6 253 247 12 1 6 82 83 -10 3 6 27 -27 -3 4 6 198 187 
5 9 5 86 85 -2 0 6 86 -92 13 1 6 48 47 -9 3 6 141 -160 -2 4 6· 74 58 
6 9 5 29 31 0 0 6 267 267 14 1 6 86 -88 3 6 53 58 -1 4 6 211 -201 
7 9 5 55 -55 2 0 6 274 -248 15 1 6 29 -26 -7 3 6 81 88 0 4 6 122 -114 
8 9 5 28 -26 4 0 6 285 283 -13 2 6 46 52 -6 3 6 55 -49 1 4 6 214 212 
9 9 5 49 53 6 0 6 219 -218 -12 2 6 74 -85 -5 3 6 23 18 2 4 6 106 -100 

-10 10 5 35 -26 8 0 6 113 109 -11 2 6 31 -39 -3 3 6 34 -38 3 4 6 177 -177 
-9 10 5 35 25 12 0 6 55 47 -10 2 6 116 130 -2 3 6 27 -26 4 4 6 142 148 
-7 10 5 67 -68 14 0 6 49 -41 -9 2 6 69 77 -1 3 6 24 21 5 4 6 138 130 
-5 10 5 71 76 -18 1 6 42 36 -8 2 6 56 -70 0 3 6 36 23 7 4 6 134 -134 
-1 10 5 38 -44 -16 1 6 51 -53 -7 2 6 102 -111 1 3 6 89 87 9 4 6 76 72 
1 10 5 31 32 -15 1 6 32 -38 -5 2 6 119 136 3 3 6 44 -44 10 4 6 24 19 
6 10 5 31 19 -:-14 1 6 69 76 -4 2 6 90 -84 4 3 6 66 -57 11 4 6 42 ... 37 



H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 
. 13 4 6 34 29 7 6 6 S3 S8 2 8 6 94 89 2 10 6 83 -8S -9 1 7 101 111 

14 4 6 2S -17 8 6 6 2S 17 3 8 6 32 -20 3 10 6 40 -41 -8 1 7 23 -24 
-lS s 6 61 -S6 9 6 6 Sl -47 4 8 6 S4 -S2 4 10 6 101 107 -7 1 7 100 -123 
-13 s 6 97 99 12 6 6 28 31 6 8 6 37 36 6 10 6 71 -6S -6 1 7 60 -S6 
-11 s 6 80 -87 -13 7 6 27 -13 8 8 6 98 -93 8 10 6 32 23 -s 1 7 149 164 
-8 s 6 24 16 -12 7 6 Sl -42 10 8 6 76 71 -s 11 6 34 29 -4 1 7 146 1S2 
-s s 6 107 98 -11 7 6 47 SS -12 9 6 40 42 -3 11 6 30 -36 -3 1 7 182 -169 
-3 s 6 122 -123 -9 7 6 69 -77 -10 9 

, 
38 -39 1 11 6 3S 36 -2 1 7 16S -1S7 0 

-2 s 6 36 30 -7 7 6 60 S6 -9 9 6 32 -21 3 11 6 34 -33 -1 1 7 277 266 
-1 s 6 23 2S -6 7 6 S2 4S -8 9 6 66 60 -3 12 6 Sl -49 0 1 7 24 24 
0 s 6 23 19 -s 7 6 28 -13 -7 9 6 30 13 -2 .. 12 6 47 46 1 1 7 177 -184 
1 s 6 91 93 -4 7 6 36 -48 -6 9 6 69 -69 -1" 12 6 41 40 2 1 7 78 8S 
3 s 6 98 -101 -3 7 6 76 -69 -s 9 6 4S 38 0 12 6 68 -68 3 1 7 147 lSO 
s s 6 66 64 -2. 7 6 28 18 -4 9 6 30 21 1 12 6 4S -42 4 1 7 S1 47 
8 s 6 40 -39 1 7 6 61 S9 -3 9 6 71 -66 -lS 0 7 26 -23 s 1 7 20S . -203 
9 s 6 62 71 2 7 6 39 -43 -1 9 6 39 39 -13 0 7 73 84 6 1 7 146 -141 

11 s 6 118 -11S 4 7 6 S2 S2 0 9 6 2S 9 -11 0 7 123 -132 7 1 7 103 102 
13 s· 6 86 82 s 7 6 99 -93 1 9 6 SS S3 -9 0 7 61 66 8 1 7 71 69 

-14 6 6 31 -23 6 7 6 74 -76 3 9 6 SS -49 -7 o. 7 64 66 9 1 7 3S -30 
-9 6 6 S2 S8 7 7 6 83 86 4 9 6 40 -39 -3 0 7 9S -79 11 1 7 SS 60 
-8 6 6 70 72 8 7 6 39 37 s 9 6 30 -29 -1 0 7 128 131 -17 2 7 ,~9 ~s3 
-7 6 6 69 -6S 9 7 6 41 -48 6 9 6 68 73 1 0 7 161 146 -16 2 7 43 -39 
-6 6 6 16S -1S4 10 7 6 S7 -so 7 9 6 27 28 3 0 7 1S3 -163 -lS 2 7 39 41 
-s 6 6 127 109 11 7 6 28 31 8 9 6 S2 -Sl s 0 7 199 192 -14 2 7 38 39 
-4 6 6 102 100 12 7 6 60 S7 10 9 6 S2 S2 7 0 7 104 -102 -13 2 7 so -SS 
-3 6 6 1S9 -lSS -12 8 6 S3 -49 -11 10 6 34 2S 9 0 7 42 36 -12 2 7 30 ~38 
-1 6 6 133 133 -10 8 6 83 8S -8 10 6 S3 S8 11 0 7 S4 -S7 -11 2 7 31 40 
0 6 6 22 19 -8 8 6 82 -73 -6 10 6 90 -87 13 0 7 129 12S -10 2 7 S8 60 
1 6 6 109 -113 -4 8 6 8S -81 -4 10 6 77 78 15 0 7 67 -64 -9 2 7 37 -40 

' 2 6 6 78 -76 -3 8 6 47 44 -3 10 6 34 38 -14 1 7 SS -57 -8 2 7 70 -72 
3 6 6 146 149 -2 8 6 1S7 162 -2 10 6 28 -36 -13 1 7 28 36 -7 2 7 102 116 
4 6 6 146 14S -1 8 6 S1 -49 -1 10 6 47 -so -12 1 7 38 4S -6 2 7 34 33 
s 6 6 130 -131 0 8 6 161 -160 0 10 6 Sl so -11 1 7 44 -47 -s 2 7 207 -200 
6 6 6 96 -100 1 8 6 29 33 1 10 6 S3 S2 -10 1 7 24 22 -4 2 7 47 -S6 



H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K . L FO FC 

-3 2 7 45 44 5 3 7 73 72 -9 5 7 28 -25 7 6 7 32 -28 8 8 7 32 -34 
-2 2 7 65 62 6 3 7 42 39 -8 5 7 24 23 8 6 7 55 56 9 8 7 101 -102 
-1 2 7 91 77 7 3 7 65 -60 -7 5 7 34 36 10 6 7 65 -71 10 8 7 25 24 
0 2 7 30 34 10 3 7 81 84 -6 5 7 124 -120 12 6 7 45 49 11 8 7 53 58 
1 2 7 77 -71 12 3 7 67 -64 -5 5 7 30 -26 13 6 7 46 41 -11 9 8 45 40 
2 2 7 28 -27 13 3 7 24 16 -4 5 7 237 228 -13 7 7 34 32 -9 9 7 61 -51 
3 2 7 47 -46 -16 4 7 47 45 -2 5 7 235 -224 -11 7 7 61 -58 -8 9 7 41 -34 
4 2 7 60 55 -14 4 7 64 -68 -1 5 7 45 -33 -10 7 7 53 44 -7 9 7 70 61 
6 2 7 113 -104 -13 4 7 25 28 0 5 7 128 123 -9 7 7 41 51 -5 9 7 84 -86 
7 2 7 65 71 -12 4 7 58 57 1 5 7 46 45 -8 7 7 82 -75 -4 9 7 30 35 
8 2 7 51 50 -11 4 7 59 -66 2 5 7 100 -104 -7 7 7 51 -46 -3 9 7 67 67 
9 2 7 11 0 -112 -10 4 7 62 -65 4 5 7 124 121 -6 7 7 36 34 -2 9 7 28 -21 

10 2 7 47 -43 -9 4 7 22 25 5 5 7 43 37 -5 7 7 121 116 -1 9 7 76 -74 
11 2 7 93 94 -8 4 7 61 57 6 5 7 138 -139 -3 7 7 117 -109 0 9 7 33 -30 
12 2 7 63 71 -7 4 7 48 54 7 5 7 24 -27 -2 7 7 49 48 1 9 7 114 117 
13 2 7 42 -45 -6 4 7 48 -54 8 5 7 119 124 -1 7 7 92 89 2 9 7 79 76 
14 2 7 49 -42 -5 4 7 26 -27 -14 6 7 43 46 0 7 7 127 -129 3 9 7 102 -103 

-12 3 7 28 -23 -4 4 7 47 49 -13 6 7 28 . 27 1 7 7 78 -85 5 9 7 54 52 
-11 3 7 28 28 -3 4 7 33 -39 -12 6 7 69 -68 2 7 7 166 173 6 9 7 29 -39 
-10 3 7 82 92 -1 4 7 109 117 -11 6 7 50 -45 3 7 7 85 84 7 9 7 53 -51 
-9 3 7 57 -64 0 4 7 33 -36 -10 6 7 46 48 4 7 7 73 -40 9 9 7 3,; 35 
-8 3 7 161 -177 1 4 7 45 -47 -9 6 7 39 43 5 7 7 80 -74 -9 10 7 45 39 
-7 3 7 44 43 2 4 7 30 22 -8 6. 7 44 -39 6 7 7 27 -19 -3 10 7 29 -30 
-6 3 7 120 125 3 4 7 140 -139 -7 6 7 27 22 7 7 7 86 88 -1 10 7 52 51 
-5 3 7 57 -57 4 4 7 78 -74 -6 6 7 61 62 8 7 7 35 -36 3 10 7 56 -56 
-4 3 7 20 -20 5 4 7 106 106 -5 6 7 51 -48 9 7 7 59 -60 5 10 7 60 60 
-3 3 7 79 73 6 4 7 80 80 -4 6 7 30 -22 10 7 7 30 29 7 10 7 33 -34 
-2 3 7 112 111 7 4 7 26 14 -3 6 7 23 -24 -13 8 7 39 -28 -5 11 7 54 46 
-1 3 7 57 -60 8 4 7 97 -95 -1 6 7 100 ·99 -7 8 7 89 84 -4 11 7 75 77 
0 3 7 248 -245 10 4 7 84 94 0 6 7 26 -32 -6 8 7 50 -48 -3 11 7 66 -61 
1 3 7 71 82 12 4 7 73 -78 3 6 7 76 -83 -5 8 7 118 -111 -2 11 7 67 -71 
2 3 7 244 234 14 4 7 47 53 4 6 7 88 92 -1 8 7 59 57 -1 11 7 58 58 
3 3 7 111 -110 -14 5 7 43 -46 5 6 7 95 89 5 8 7 29 -30 1 11 7 44 -41 
4 3 7 143 -144 -12 5 7 56 61 6 6 7 57 -60 7 8 7 42 44 3 11 7 38 43 



.. H K . L FO .-:: ~FC H K L FO FC H K L FO FC H K L FO Ft H K L .FO FC 
i. 11 7 34 35 2 1 8 49 ~33 11 2 8 60 60 -7 4 8 122 117 13 5 8 48 46 
5 11 7 49 -46 3 1 8 34 36 12 2 8 25 -21 -5 4 8 152 -146 -12 6 8 53 50 

-1 12 7 32 27 4 1 8 83 76 14 2 8 32 31 -4 4 8 21 -21 -11 6 8 42 -46 
-14 0 8 29 -43 5 1 8 129 123 -15 3 8 61 56 -3 4 8 189 186 -10 6 8 75 -72 
-12 0 8 44 50 6 1 8 74 -77 -14 3 8 33 -38 -2 4 8 76 -72 -9 6 8 28 29 
-10 0 8 100 -105 7 1 8 118 -113 -13 3 . 8 77 -84 -1 4 8 176 -169 -8 6 8 44 44 
-8 0 8 127 129 8 1 8 85 90 -12 3 8 34 33 0 4 8 133 132 -7 6 8 65 -54 
-6 0 8 40 -36 9· 1 8 30 23 -11 3 8 60 61 1 4 8 144 136 -5 6 8 116 116 
-4 0 8 98 113 10 1 8 72 -75 -10 3 8 31 -38 3 4 8 144 -142 -4 6 8 40 41 
-2 0 8 333 -330 12 1 8 86 85 -8 3 8 34 36 4 4 8 89 -91 -3 6 8 110 -113 
0 0 8 361 347 13 1 8 25 15 -6 3 8 76 -70 5 4 8 146 146 -2 6 8 146 -140 
2 0 8 189 -189 14 1 8 49 -51 -5 3 8 132 -134 6 4 8 21 -12 -1 6 8 163 154 
4 0 8 66 70 -16 2 8 25 -31 -4 3 8 26 21 7 4 8 81 -83 0 6 8 136 134 
6 0 8 121 -121 -15 2 8 25 -33 -3 3 8 142 137 8 4 8 72 75 1 6 8 148 -144 
8 0 8 119 124 -13 2 8 31 29 -2 3 8 20 -24 9 4 8 49 52 2 6 8 27 -32 

10 0 8 85 -80 -11 2 8 32 -34 -1 3 8 74 75 11 4 8 45 -111 3 6 8 98 95 
12 0 8 42 39 -9 2 8 63 77 1 3 8 108 -108 13 4 8 36 32 5 6 8 62 -63 

-16 1 8 51 -47 -8 2 8 128 -135 2 3 8 105 100 -15 5 8 40 -30 6 6 8 38 -37 
-14 1 8 55 58 -7 2 8 79 -89 3 3 8 72 76 -13 5 8 36 40 7 6 8 75 77 
-13 1 8 22 -14 -6 2 8 208 215 4 3 8 28 -32 -11 5 8 55 -66 8 6 8 73 73 
-12 1 8 44 -38 -5 2 8 68 70 5 3 8 75 -72 -9 5 8 108 103 9 6 8 29 -36 
-11 1 8 23 -27 -4 2 8 113 -123 7 3 8 27 21 -7 5 8 107 -101 10 6 8 54 -51 
-10 1 8 77 89 -3 2 8 133 -135 8 3 8 71 -74 -3 5 8 57 62 -14 7 8 28 24 
-9 1 8 93 103 -1 2 8 176 170 9 3 8 65 -65 -2 5 8 25 32 -13 7 8 47 -56 
-8 1 8 73 -76 0 2 8 93 -90 10 3 8 42 46 -1 5 .8 27 27 -8 7 8 50 -45 
-7 1 8 34 -31 1 2 8 65 -69 11 3 8 100 108 0 5 8 30 -35 -7 7 8 26 29 
-6 1 8 52 58 2 2 8 162 168 13 3 8 55 -67 1 5 8 50 -54 -6 7 8 75 80 
-5 1 8 27 -36 3 . 2 8 107 101 14 3 8 34 41 2 5 8 20 -17 -5 7 8 59 -65 
-4 1 8 67 -66 4 2 8 170 -178 -16 4 8 25 -22 4 5 8 21 -8 -3 7. 8 67 59 
-3 1 8 54 60 5 2 8 99 -102 -13 4 8 47 -35 5 5 8 81 86 -2 7 8 28 -22 
-2 1 8 69 53 6 2 8 95 100 -12 4 8 44 39 7 5 8 125 -131 1 7 8 89 -83 
-1 1 8 70 -77 7 2 8 36 32 -11 4 8 30 28 9 5 8 80 85 2 7 8 36 -28 
0 1 8 106 101 8 2 8 28 -32 -9 4 8 65 -67 11 5 8 37 -36 3 7 8 77 75 
1 1 8 104 -111 9 2 8 41 -49 -8 4 8 24 -16 12 5 8 . 27 -17 4 7 8 46 47 



H K L. FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 
6 7 8 47 -53 8 9 8 . 53 -60 13 0 9 49 49 3 2 9 138 138 11 3 9 30 -29 
8 7 8 79 75 -10 10 8 49 -39 -11 1 9 57 -67 4 2 9 74 72 -16 4 9 31 34 
9 7 8 52 -53 -8 10 8 31 29 -10 1 9 72 -78 5 2 9 104 -110 -14 4 9 45 -46 

10 7 8 42 -40 -7 10 8 40 33 -9 1 9 91 110 6 2 9 70 -68 -12 4 9 56 61 
11 7 8 43 50 -6 10 8 39 -26 -8 1 9 98 102 8 2 9 30 31 -11 4 9 41 46 

-12 8 8 31 -16 -5 10 8 38 -44 -7 1 9 104 -111 10 2 9 73 -72 -10 4 9 68 -75 . -8 8 8 80 -70 -4 10 8 53 55 -5 1 9 160 157 11 2 9 50 54 -8 4 9 58 56 
-7 8 8 31 21 -3 10 8 32 20 -3 1 9 136 -142 12 2 9 50 51 -7 4 9 89 -87 
-6 8 8 132 127 -2 10 8 103 -105 -2 1 9 23 -25 13 2 9 57 -63 -6 4 9 46 -45 
-5 8 8 33 -35 0 10 8 109 107 -1 1 9 165 175 -16 3 9 32 -23 -5 4 9 30 33 
-4 8 8 97 -93 1 10 8 37 41 0 1 9 89 86 -14 3 9 51 48 -1 4 9 72 -71 
-2 8 8 41 28 2 10 8 48 -46 1 1 9 187 -186 -13 3 9 26 -18 1 4 9 82 76 
-1 8 8 27 -23 3 10 8 26 -26 2 1 9 166 -160 -12 3 9 37 -36 2 4 9 49 44 
0 8 8 6l -62 4 10 8 36 30 3 1 9 175 174 -10 3 9 38 36 3 4 9 57 57 
1 8 8 31 27 6 10 8 43 -41 4· 1 9 58 57 -9 3 9 26 -24 4 4 9 96 -92 
2 8 8 118 126 7 10 8 33 -29 5 1 9 97 -101 -8 3 9 28 -28 5 4 9 42 -43 
3 8 8 31 -36 -7 11 8 32 -31 6 1 9 36 38 -7 3 9 56 58 6 4 9 79 86 
4 8 8 117 -115 -3 11 8 39 33 7 1 9 70 67 -6 3 9 103 106 7 4 9 62 -67 
5 8 8 31 29 4 11 8 27 24 9 1 9 68 -74 -5 3 9 76 -73 8 4 9 78 -74 
6 8 8 91 88 -17 0 9 53 45 10 1 9 66 -64 -4 3 9 280 -274 9 4 9 57 55 
7 8 8 30 -25 -15 0 9 64 -72 11 1 9 42 43 -3 3 9 51 48 10 4 9 64 62 
8 8 8 46 -40 -13 0 9 27 30 12 1 9 37 30 -2 3 9 208 209 12 4 9 75 -75 

-10 9 8 30 -28 -11 0 9 26 -28 -13 2 9 69 -80 -1 3 9 88 -87 -.12 5 9 33 21 
-9 9 8 54 47 -9 0 9 24 30 -12 2 9 56 -61 0 3 9 42 -39 -11 5 9 29 21 
-8 9 8 38 36 -7 0 " 152 -150 -11 2 9 87 91 1 3 9 76 73 -10 5 9 68 -67 J 

-7 9 8 28 -31 -5 0 9 142 145 -10 2 9 40 50 2 3 9 66 63 -9 5 9 28 -27 
-6 9 8 62 -66 -3 0 9 99 108 -9 2 9 55 -56 3 3 9 68 -75 -8 5 9 124 134 
-4 9 8 36 29 -1 0 9 179 -183 -7 2 9 48 53 4 3 9 123 -128 -6 5 9 118 -111 
-2 9 8 35 -32 1 0 9 32 -21 -6 2 9 40 47 5 3 9 37 46 -5 5 9 48 -44 
1 9 8 30 -38 3 0 9 76 -68 -4 2 9 33 -35 6 3 9 117 124 -4 5 9 57 50 
2 9 8 52 53 5 0 9 72 71 -3 2 9 47 58 7 3 9 65 -63 -3 5 9 43 47 
4 9 8 39 -44 7 0 9 95 -86 -2 2 9 22 -29 8 3 9 100 -101 -2 5 9 133 -134 
5 9 8 38 38 9 0 9 119 122 -1 2 9 105 -107 9 3 9 23 22 -1 5 9 22 -30 
7 9 8 38 -37 11 0 9. 116 -118 2 2 9 36 -27 10 3 9 44 40 0 5 9 208 210 



H K L FO : FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 
.. 

2 5 9 183 -176 0 7 9 51 -50 -7 10 9 64 -66 -5 1 10 74 73 7 2 10 66 76 
3 5 9 29 -19 1 7 9 100 -103 -5 10 9 38 39 -4 1 10 39 -33 8 2 10 83 ... 87 
4 5 9 88 93 3 7 9 86 80 -1 10 9 46 -43 -3 1 10 45 -46 9 2 10 59 -57 
6 5 9 45 -45 4 7 9 51 -53 -6 11 9 42 -36 -2 1 10 26 25 10 2 10 54 56 
7 5 9 25 -24 5 7 9 68 -72 -5 11 9 42 39 0 1 10 42 38 -16 3 10 27 29 

10 5 9 54 -52 6 7 9 98 100 -4 11 9 30 1 1 1 10 86 94 .... 13 3 10 27 ... 35 
12 5 9 54 52 7 7 9 57 59 -3 11 9 45 -40 2 1 10 110 -101 -12 3 10 29 31 

-14 6 9 48 48 8 7 9 28 -36 -2 11 9 30 -37 3 1 10 73 -70 -11 3 10 53 53 
-10 6 9 34 35 9 7 9 32 -28 -1 11 9 35 41 4 1 10 57 61 -10 3 10 53 -57 . 
-8 6 9 80 -76 -13 8 9 38 -40 0 11 9 70 72 6 1 10 • 24 -36 -9 3 10 106 -107 
-7 6 9 81 -75 -11 8 9 44 44 1 11 9 61 -52 7 1 10 35 38 ·8 3 10 34 28 
-6 6 9 51 42 -9 8 9 44 -48 2 11 9 48 -52 8 1 10 74 74 .... 7 3 10 80 81 
-5 6 9 59 51 -5 8 9 32 22 3 11 9 54 55 9 1 10 60 54 -s 3 10 39 38 
-3 6 9 31 37 -4 8 9 28 25 -16 0 . 10 40 35 10 1 10 98 ·98 ... 4 3 1 0 46 54 
-2 6 9 32 21 -3 8 9 43 40 -10 0 10 56 -60 11 1 10 53 -53 .... 3 3 10 62 ... 62 
-1 6 9 98 -98 -1 8 9 57 -54 -8 0 10 116 127 12 1 10 57 65 0 3 10 30 -28 
1 6 9 25 29 1 8 9 31 -28 -6 0 10 210 -217 -12 2 10 55 -55 1 3 10 76 68 
2 6 9 28 -34 3 8 9 80 84 -4 0 10 177 173 -11 2 1 0 51 -62 2 3 10 49 40 
6 6 9 55 -53 5 8 9 63 -60 -2 0 10 30 -14 -10 2 10 69 78 3 3 10 45 40 
7 6 9 44 -42 7 8 9 51 53 0 0 10 87 85 -9 ., 10 52 61 4 3 10 24 -21 L. 

8 6 9 67 76 -9 9 9 40 -35 2 0 1 0 272 -271 -8 2 10 39 -41 5 3 10 116 -112 
9 6 9 56 60 -7 9 9 71 67 4 0 10 187 187 -7 2 10 62 ... 65 6 3 1 0 46 52 

10 6 9 50 -55 -5 9 9 76 -71 6 0 10 98 -95 -6 2 10 57 65 7 3 10 90 95 
11 6 9 33 -30 -4 9 9 46 -45 8 0 10 66 66 -5 2 10 124 131 8 3 10 34 -39 

-12 7 9 34 -29 -3 9 9 83 81 10 0 10 31 -17 -4 2 10 83 -83 9 3 10 78 -83 
-11 7 9 47 -42 -2 9 9 33 31 -15 1 10 38 -26 -3 2 10 113 -110 10. 3 10 24 26 
-9 7 9 45 45 -1 9 9 93 -96 -14 1 10 51 55 -2 2 10 197 202 11 3 10 1, 1 39 
-7 7 9 77 -79 0 9 9 26 19 -13 1 10 48 45 -1 2 10 92 94 12 3 10 47 .,.46 
-6 7 9 84 79 1 9 9 69 68 -12 1 10 88 -99 0 2 10 182 -181 ·12 4 10 41 -44 
-5 7 9 74 75 2 9 9 41 -42 -11 1 10 23 -15 1 2 10 112 -111 -11 4 10 44 47 
-4 7 9 108 -102 3 9 9 53 -55 -10 1 10 42 38 2 2 10 101 96 -10 4 10 38 32 
-3 7 9 38 -44 5 9 9 65 71 -9 1 10 35 -37 3 2 10 93 87 ..-9 4 10 74 ·76 
-2 7 9 87 88 6 9 9 38 42 -8 1 10 48 -51 5 2 10 50 -51 ... 8 4 10 61 61 
-1 7 9 97 99 7 .9 9 61 -67 -6 1 10 79 78 6 2 10 80 79 ... 7 4 10 95 95 

---- - ---------



H K L FO~ FC . ' H K L FO FC H K l FO FC H K L FO FC H K L FO FC 
-6 4 10 81 -75 -5 6 10 62 59 -2 8 10 138 132 7 0 11 : 78 -73 4 2 11 27 31 
-5 4 10 107 -100 -4 6 10 77 66 -1 8 10 46 -43 9 0 11 67 65 6 2 11 48 -43 
-3 4 10 166 154 -3 6 10 104 -88 0 8 10 117 -112 11 0 11 72 -69 7 2 11 71 . 79 
-2 4 10 32 23 -2 6 10 27 -21 1 8 10 32 38 -14 1 11 27 -24 8 2 11 85 82 
-1 4 10 167 -164 -1 6 10 132 128 2 8 10 40 40 -11 1 11 57 -66 9 2 11 83 -86 

1 4 10 149 149 ·. 1 6 10 80 -81 3 8 10 24 -21 -9 1 11 63 65 10 2 11 30 -38 
2 4 10 29 -22 2 6 10 .104 -103 4 8 10 44 -48 -7 1 11 99 ~10} 11 2 11 45 48 
3 4 10 96 -93 3 6 10 85 86 6 8 10 73 73 -6 1 11 87 -88 -12 3 11 44 -43 
4 4 10 86 93 4 6 10 106 103 8 8 10 59 -54 -5 1 11 139 142 -10 3 11 75 80 
5 4 10 80 82 5 6 10 91 -89 -10 9 10 59 -52 -4 1 11 127 122 -9 3 11 55 -59 
6 4 10 39 -43 6 6 10 53 -50 -8 9 10 37 38 -3 1 11 125 -125 -8 3 11 122 -125 
7 4 10 75 -76 7 6 10 41 43 -5 9 10 46 42 -2 1 11 55 -65 -7 3 11 52 49 
8 4 10 45 -48 9 6 10 35 -34 -4 9 10 27 23 -1 1 11 106 114 -6 3 11 91 91 
9 4 10 71 72 11 6 10 39 31 -3 9 10 28 -29 1 1 .. 11 193 -189 -5 3 11 32 •23 

11 4 10 48 -46 -11 7 10 45 38 1 9 10 27 23 3 1 11 106 106 -4 3 11 40 -42 
-15 5 10 58 -61 -9 7 10 69 -71 6 9 10 45 51 5 1 11 104 -104 -3 3 11 79 73 
-13 5 10 57 54 -8 7 10 31 -30 -8 10 10 56 51 6 1 11 103 -103 -2 3 11 110 103 
-11 5 10 43 -46 -7 7 10 48 46 -6 ,. 0 10 89 -85 7 1 11 98 95 -1 3 11 59 -60 
-8 5 10 31 28 -4 7 10 25 -12 -4 10 10 59 55 8 1 11 47 47 0 3 11 212 -208 
-6 5 10 32 -26 -3 7 10 38 -42 -3 10 10 28 36 9 1 11 40 -43 1 3 11 76 71 
-5 5 10 102 92 0 7 10 111 38 -2 10 10 43 -33 -15 2 11 45 57 2 3 11 143 147 
-4 5 10 30 -38 1 7 10 27 31 -1 10 10 52 -53 -14 2 11 42 44 3 3 11 74 -76 
-3 5 10 99 -94 2 7 10 62 -62 0 10 10 41 37 -13 2 11 36 -40 4 3 11 59 -57 
-1 5 10 51 -47 5 7 10 70 -62 2 10 10 70 -72 -12 2 11 31 -24 5 3 11 50 48 
1 5 10 83 82 6 7 10 32 -30 4 10 10 73 74 -10 2 11 23 18 6 3 11 38 44 
3 5 10 42 -44 7 7 10 83 85 -3 11 10 36 -32 -9 2 11 52 -54 8 3 11 51 -58 
5 5 10 26 21 8 7 10 34 36 -15 0 11 43 -52 -8 2 11 59 -62 9 3 11 52 50 
7 5 10 51 -54 10 7 10 41 -38 -13 0 11 90 92 -7 2 11 114 115 10 3 11 52 49 
9 5 10 56 62 -12 8 10 42 -37 -11 0 11 84 -86 -6 2 11 26 23 12 3 11 43 -45 

11 5 10 82 -84 -10 8 10 58 54 -9 0 11 42 40 -5 2 11 99 -95 -14 4 11 37 -40 
-9 6 10 58 58 -8 8 10 50 -46 -3 0 11 31 -31 -3 2 11 32 -26 -12 4 11 40 47 
-8 6 10 61 61 -6 8 10 36 33 1 0 11 59 57 -1 2 11 83 74 -11 4 11 49 -49 
-7 6 10 105 -104 -4 8 10 67 -62 3 0 11 170 -165 1 2 11 25 -25 ·10 l-1 11 46 -48 
-6 6 10 99 -99 -3 8 10 37 33 5 0 11 67 75 3 2 11 38 -37 -8 4 11 59 53 



H K L FO FC H K L FO FC H K L FO FC H K .L FO FC H K L FO FC 
-7 4 11 47 52 -8 6 11 25 -29 -3 8 11 27 .. 18 -10 1 12 57 54 6 2 12 59 66 
-6 4 11 56 -52 -7 6 11 40 35 -2 8 11 29 22 -9 1 12 69 72 7 2 12 29 39 
-4 4 11 32 24 -4 6 11 42 -39 -1 8 11 78 72 -8 1 12 67 -67 9 2 12 30 -37 
-3 4 11 29 -37 -3 6 11 30 -21 6 8 11 25 ' 15 -7 1 12 38 -34 11 2 12 32 31 
-1 4 11 49 49 -1 6 11 25 28 7 8 11 62 61 -6 1 12 22 10 -15 3 12 59 56 
0 4 11 40 -31 0 6 11 28 24 -10 9 11 34 30 -5 1 12 59 -52 -13 3 12 44 -36 
2 4 11 40 38 3 6 11 57 -60 -9 9 11 67 -57 -3 1 12 45 47 -12 3 12 45 44 
3 4 11 53 -57 4 6 11 40 42 -8 9 11 35 -24 -1 1 12 32 35 -7 3 12 44 39 
4 4 11 30 -32 5 6 11 41 50 -7 9 11 64 59 1 1 12 28 -34 -6 3 12 45 -51 
5 4 11 74 72 6 6 11 63 -71 -5 9 11 54 -48 2 1 12 46 -41 -5 3 12 59 -53 
6 4 11 92 86 8 6 11 36 40 -4 9 11 31 25 4 . 1 12 40 42 -4 3 12 32 27 
8 4 11 82 -84 10 6 11 48 -49 -3 9 11 81 78 5 1 12 66 63 -3 3 12 74 74 

10 4 11 73 73 -13 7 11 28 21 -1 9 11 69 -65 6 1 12 85 -93 -1 3 12 23 29 
-14 5 11 38 -37 -11 7 11 30 -32 1 9 11 63 60 7 1 12 74 -75 1 3 12 92 -94 
-12 5 11 41 35 -10 7 11 55 49 3 9 11 81 -80 8 1 12 62 63 3 3 12 36 35 
-10 5 11 27 -32 -9 7 11 47 42 5 9 11 61 60 9 1 12 36 14 4 3 12 51 -47 
-8 5 11 57 51 -8 7 11 71 -61 -3 10 11 31 -24 10 1 12 57 -56 5 3 12 26 -32 
-6 5 11 88 -84 -7 7 11 64 -60 0 10 11 28 -20 -13 2 12 40 40 7 3 12 52 55 
-5 5 11 36 -37 -6 7 11 29 24 3 10 11 49 -45 -11 2 12 37 -34 8 3 12 36 -30 
-4 5 11 177 173 -5 7 11 62 56 -12 0 12 64 58 -9 2 12 40 43 9 3 12 62 -65 
-2 5 11 168 -162 -3 7 11 96 -96 -10 0 12 50 -50 -8 2 12 117 -122 10 3 12 26 36 
0 5 11 57 49 -2 7 11 65 60 -8 0 12 63 67 -7 2 12 99 -106 11 3 12 68 68 
1 5 11 67 63 -1 7 11 76 72 -6 0 12 60 -50 -6 2 12 123 130 -13 4 12 33 -26 
2 5 11 47 -52 0 7 11 92 -87 -4 0 12 109 105 -5 2 12 73 76 -12 4 12 28 13 
4 5 11 127 129 1 7 11 40 -47 -2 0 12 188 -196 -4 2 12 75 -72 -11 4 12 47 50 
5 5 11 28 26 2 7 11 88 89 0 0 12 222 224 -3 2 12 71 -78 -10 4 12 42 -43 
6 5 11 99 -99 3 7 11 68 69 2 0 12 61 -56 -2 2 12 49 48 -9 4 12 69 -67 
8 5 11 73 70 4 7 11 51 -44 4 0 12 59 60 -1 2 12 108 106 -7 4 12 91 78 

10 5 11 36 -30 5 7 11 72 -76 6 0 12 111 -120 0 2 12 71 -82 -6 4 12 51 48 
,;.14 6 11 28 28 7 7 11 51 45 8 0 12 91 88 1 2 12 88 -85 -5 4 12 114 -114 
-13 6 11 36 31 9 7 11 44 -37 10 0 12 53 -46 2 2 12 129 132 -4 4 12 40 36 
-12 6 11 45 -51 -7 8 11 59 53 -16 1 12 38 -43 3 2 12 54 54 -3 4 12 84 86 
-11 6 11 33 -35 -6: 8 11 32 -35 -14 1 12 48 50 4 2 12 134 -139 -2 4 12 69 -66 
-10 6 11 56 53 -5 8 11 49 -53 -12 1 12 45 -52 5 2 12 70 -73 -1 4 12 112 -109 



. H K L FO FC H K· L FO FC H K L FO FC H K L FO FC H K L FO FC 
0 4 12 25 28 5 6 12 44 -44 -7· 0 13 51 -49 -4 2 13 61 -56 9 3 13 32 27 
1 4 12 114 113 6 6 12 40 -37 -5 0 13 30 25 -3 2 13 46 76 -14 4 13 43 -34 
3 4 12 111 -116 7 6 12 40 42 -3 0 13 29 26 -1 2 13 72 -73 -12 4 13 49 42 
4 4 12 39 -37 8 6 12 57 51 -1 0 13 47 -50 0 2 13 45 56 -11 4 13 25 22 
5 4 12 87 81 9 6 12 54 -53 1 0 13 88 84 1 2 13 34 -34 -10 4 13 36 -31 
7 4 12 74 -68 -12 7 12 37 -25 5 0 13 56 50 _2 2 13 25 10 -8 4 13 46 41 
8 4 12 51 50 -10 7 12 34 25 7 0 13 88 -97 3 2 13 82 83 -7 4 13 70 -68 
9 4 12 55 49 -5 7 12 70 -67 9 0 13 98 99 4 2 13 35 37 -6 4 13 27 -25 

-11 5 12 62 -56 -1 7 12 33 24 11 0 13 56 -60 ~5 2 13 51 -55 -5 4 13 26 17 
-9 5 12 76 69 . 1 7 12 40 -39 -15 1 13 37 -27 6 2 13 67 -66 -4 4 13 30 31 
-7 5 12 61 -58 3 7 12 45 33 -13 1 13 40 32 8 2 13 41 48 -3 4 13 55 44 
-3 5 12 65 63 6 7 12 37 -41 -10 1 13 57 -61 9 2 13 29 -32 2 4 13 30 27 
-2 5 12 28 -31 -10 8 12 43 33 -9 1 13 68 66 ·' 10 2 13 36 -37 4 4 13 53 -46 

1 5 12 64 -62 -8 8 12 74 -65 -8 1 13 68 67 ,;.14 3 13 38 38 6 4 13 81 79 
2 5 12 25 29 -6 8 12 89 81 -7 1 13 100 -101 -12 3 13 28 -22 7 4 13 28 -27 
3 5 12 42 -34 -5 8 12 41 -28 -5 1 13 81 87 -11 3 13 35 38' 8 4 13 71 -68 
5 5. 12 99 102 -4 8 12 92 -90 -3 1 13 92 -90 -9 3 13 26 -12 9 4 13 34 48 
7 5 12 72 -73 -2 8 12 27 18 -2 1 13 38 -34 -8 3 13 74 -76 -13 5 13 30 -14 
9 5 12 42 55 0 8 12 28 .. 36 -1 1 13 144 144 -7 3 13 51 51 -12 5 13 36 34 

-13 6 12 27 13 1 8 12 29 34 0 1 13 101 102 -6 3 13 79 77 -10 5 13 82 -80 
-12 6 12 55 48 2 8 12 97 102 1 1 13 132 -135 -5 3 13 55 -57 -8· 5 13 93 89 
-11 6 12 48 -40 3 8 12 25 -30 2 1 13 59 -60 -4 3 13 122 -121 -6 5 13 63 -56 
-10 6 12 41 -37 4 8 12 91 -89 3 1 13 104 104 -3 3 13 34 29 -5 5 13 26 -12 
-9 6 12 53 50 6 8 12 43 41 5 1 13 80 -83 -2 3 13 126 125 -4 5 13 38 26 
-7 6 12 52 -43 -9 9 12 38 28 7 1 13 71 74 -1 3 13 51 -48 -3 5 13 32 41 
-5 6 12 72 59 -6 9 12 30 -31 9 1 13 38 -43 0 3 13 47 -54 -2 5 13 76 -83 
-4 6 12 67 69 4 9 12 33 -39 -15 2 13 26 28 1 3 13 71 69 0 5 13 162 164 
-3 6 12 102 -98 -4 10 12 69 55 -13 2 13 55 -50 2 3 13 57 52 1 5 13 24 8 
-2 6 12 85 -84 -2 10 12 76 -77 -11 2 13 65 66 3 3 13 29 -23 2 5 13 135 -135 
-1 6 12 68 73 0 10 12 64 59 -10 2 13 49 49 4 3 13 91 -99 4 5 13 49 49 
0 6 12 64 69 1 1 0 12 28 20 -9 2 13 42 -47 5 3 13 40 38 5 5 13 32 35 
1 6 12 96 -97 -15 0 13 46 -46 -8 2 13 35 -29 6 3 13 105 106 6 5 13 47 -35 
2 6 12 29 -33 -11 0 13 31 -28 -7 2 13 31 -35 7 3 13 45 -46 7 5 13 26 -8 
3 6 12 79 84 -9 0 13 66 69 -5 2 13 23 3 8 3 13 54 -47 8 5 13 49 54 



H K L _~rn FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 
-12 6 13 28 -30 -3 9 13 55 55 -9 2 14 62 62 -13 4 14 38 -33 -2 6 14 25 1 
-8 6 13 43 -30 -2 9 13 33 -10 -7 2 14 53 -55 -11 4 14 39 43 -1 6 14 72 74 
-6 6 13 42 53 -1 9 13 56 -58 -5 2 14 39 41 -9 4 14 57 -57 1 6 14 76 -78 
-3 6 13 36 35 0 9 13 31 23 -4 2 14 11 0 -113 -8 4 14 49 45 2 6 14 50 -56 
-1 6 13 30 -36 1 9 13 52 57 -3 2 14 -65 -71 -7 4 14 66 68 3 6 14 76 70 
2 6 13 27 -16 -10 0 14 61 -54 -2 2 14 133 133 -6 4 14 61 -51 4 6 14 51 56 
6 6 13 26 -34 -8 0 14 65 54 -1 2 14 68 76 -5 4 14 74 -68 5 6 14 33 -48 
7 6 13 34 -38 -6 0 14 104 -103 0 2 14 115 -113 -3 4 14 84 79 7 6 14 53 49 
8 6 13 59 57 -4 0 14 107 11 0 1 2 14 53 -58 -2 4 14 42 37 -9 7 14 49 -43 

-11 7 13 37 -34 -2 0 14 66 -66 2 2 14 43 51 -1 4 14 114 -115 -7 7 14 32 31 
-10 7 13 31 3 0 0 14 112 109 3 2 14 65 71 1 4 14 91 90 0 7 14 32 20 
-9 7 . 13 47 36 2 0 14 141 -149 4 2 14 37 -36 2 4 14 30 -35 1 7 14 32 17 
-7 7 13 47 -48 4 0 14 117 123 5 2 14 63 -59 3 4 14 81 -81 4 7 14 41 32 
-6 7 13 59 43 6 0 14 77 -66 6 2 14 53 52 5 4 14 76 75 5 7 14 40 -41 
-5 7 13 60 60 8 0 14 30 19 7 2 14 27 32 7 4 14 58 -54 -8 8 14 27 -20 
-4 7 13 77 -72 10 0 14 28 -28 8 2 14 69 -72 -13 5 14 50 43 -6 8 14 44 40 
-3 7 13 53 -52 -14 1 14 47 47 9 2 14 36 -32 -9 5 14 26 12 -4 8 14 65 -61 
-2 7 13 52 52 -12 1 14 39 -43 -14 3 14 37 -38 -8 5 14 25 -9 -2 8 14 84 89 
-1 7 13 56 56 -9 1 14 33 -27 -13 3 14 29 -9 -5 5 14 61 52 -1 8 14 33 -37 
0 7 13 36 -36 -7 1 14 29 -29 -12 3 14 31 17 -3 5 14 31 -24 0 8 14 73 -70 
1 7 13 63 -63 -6 1 14 51 51 -11 3 14 54 50 -1 5 14 31 -25 2 8 14 34 32 
3 7 13 53 61 -5 1 14 66 66 -10 3 14 29 -11 1 5 14 70 70 -5 9 14 40 33 
4 7 13 58 -52 -3 1 14 35 -46 -9 3 14 52 -52 3 5 14 40 -36 -2 9 14 31 -8 
5 7 13 50 -44 -1 1 14 40 -47 -8 3 14 31 37 5 5 14 24 11 -13 0 15 53 49 
6 7 13 48 47 1 1 14 52 51 -6 3 14 38 -47 6 5 14 25 22 -11 0 15 51 -57 
7 7 13 36 33 ·3 1 14 25 -21 -3 3 14 24 -21 7 5 14 43 -40 ... 9 0 15 27 17 

-8 8 13 38 19 4 1 14 68 79 1 3 14 31 28 -11 6 14 34 -21 ... -3 0 15 30 ·23 
-1 8 13 50 -45 6 1 14 67 -73 3 3 14 30 28 -9 6 14 47 32 -1 0 15 28 23 
3 8 13 64 64 7 1 14 26 -17 4 3 14 31 -34 -8 6 14 53 47 1 0 15 26 9 
5 8 13 45 -46 8 1 14 50 45 5 3 14 100 -98 -7 6 14 51 -57 3 0 15 94 -90 

-7 9 13 37 42 10 1 14 56 -54 6 3 14 40 37 -6 6 14 58 -55 5 0 15 97 97 
-6 9 13 32 27 -12 2 14 49 -46 7 3 14 77 75 -5 6 14 75 60 7 0 15 42 -39 
-5 9 13 81 -78 -11 2 14 44 -34 8 3 14 29 -38 -4 6 14 45 44 -11 1 15 47 -31 
-4 9 13 42 -29 -10 2 14 59 59 9 3 14 42 -41 -3 6 14 68 -63 -10 1 15 28 13 



H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 
-9 1 15 51 54 0 3 15 97 -102 -3 7 15 58 -54 -4 2 16 54 -54 -7 5 16 32 -22 
-7 1 15 51 -48 1 3 15 45 39 -2 7 15 49 46 -3 2 16 34 -47 -1 5 16 26 -6 
-6 1 15 55 -44 2 3 15 125 120 -1 7 15 45 49 -2 2 16 43 46 5 5 16 55 56 
-5 1 15 75 76 4 3 15 59 -52 0 7 15 87 -81 -1 2 16 45 48 -9 6 16 49 40 
-4 1 15 69 67 7 3 15 33 -31 1 7 15 41 -41 0 2 16 71 -69 -7 6 16 47 -43 
-3 1 15 102 -117 8 3 15 34 -42 2 7 15 40 46 1 2 16 63 -70 -6 6 16 27 -14 
-2 1 15 25 -21 -13 4 15 31 13 3 7 15 40 38 2 2 16 90 94 ... 5 6 16 30 33 
-1 1 15 113 118 -12 4 15 38 17 -12 0 16 32 22 3 2 16 51 49 -4 6 16 49 48 
1 1 15 83 -87 -8 4 15 45 52 -10 0 16 55 -48 4 2 16 49 -58 -3 6 16 62 -62 
3 1 15 85 87 -6 4 15 38 -38 -6 0 16 55 -45 5 2 16 32 -35 -2 6 16 64 -66 
4 1 15 54 54 -3 4 15 51 -52 -4 0 16 103 94 6 2 16 ·43 41 -1 6 16 88 86 
5 1 15 53 -59 -1 4 15 31 24 -2 0 16 126 -129 7 2 16 32 45 1 6 16 59 -53 
6 1 15 50 -39 1 4 15 42 39 0 0 16 103 104 -10 3 16 43 -31 3 6 16 45 40 
7 1 15 49 55 2 4 15 32 26 2 0 16 65 -65 -8 3 16 30 33 -7 7 16 32 24 

-11 2 15 32 33 3 4 15 36 -29 4 0 16 26 26 -7 3 16 40 41 -6 7 16 27 4 
-9 2 15 39 -32 4 4 15 51 -52 6 0 16 50 -58 -5 3 16 56 -55 -3 7 16 31 20 
-7 2 15 62 59 6 4 15 49 52 -12 1 16 32 -31 -4 3 16 28 19 -1 7 16 27 25 
-6 2 15 37 31 -8 5 15 37 42 -9 1 16 30 31 1 3 16 47 -53 -9 0 17 38 37 
-5 2 15 38 -35 -7 5 15 25 12 -8 1 16 34 -30 2 3 16 37 27 -7 0 17. 62 -62 
-3 2 15 33 -28 -6 5 15 102 -92 -6 1 16 32 18 3 3 16 50 51 -3 0 17 26 28 
-1 2 15 31 39 -4 5 15 102 92 -5 1 16 25 -26 4 3 16 25 -23 5 0 17 30 41 
4 2 15 59 56 -2 5 15 90 -87 2 1 16 38 -40 6 3 16 32 29 -11 1 17 42 -39 
5 2 15 52 -41 0 5 15 64 64 3 1 16 25 -23 -9 4 16 52 -49 -9 1 17 42 35 
6 2 15 36 -42 2 5 15 52 -56 4 1 16 58 53 -7 4 16 77 73 -8 1 17 33 24 
7 2 15 58 61 3 5 15 35 -31 5 1 16 37 45 -5 4 16 52 -51 ... 7 1 17 62 -55 

-10 3 15 81 73 4 5 15 81 80 6 1 16 36 -39 -3 4 16 77 71 -5 1 17 74 67 
-8 3 15 67 -64 6 5 15 79 -80 7 1 16 31 -22 -2 4 16 . 67 ... 60 -5 1 17 74 -75 
-7 3 15 37 37 -11 6 15 32 -24 -11 2 16 40 -31 -1 4 16 89 -84 -2 1 17 31 -32 
-6 3 15 41 38 -9 6 15 31 -6 -10 2 16 47 34 1 4 16 80 78 -1 1 17 83 81 
-5 3 15 34 -33 -8 6 15 40 -30 -9 2 16 36 40 3 4 16 55 -64 0 1 17 57 54 
-4 3 15 45 -46 2 6 15 26 -31 -8 2 16 72 -64 5 4 16 63 62 1 1 17 87 -85 
-3 3 15 28 26 3 6 15 41 -53 -7 2 16 32 -25 -11 5 16 50 .,..37 2 1 17 32 -35 
-2 3 15 68 69 -7 7 15 36 -36 -6 2 16 84 81 . -9 5 16 55 50 3 1 17 46 43 
-1 3 15 68 -66 -5 7 15 45 59 -5 2 16 58 55 -8 5 16 31 -3 5 1 17 40 -47 



H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC 
-11 2 17 39 30 2 3 17 51 47 -8 0 18 78 69 -5 2 18 40 38 ... 1 0 19 59 -8 
-8 2 17 30 -31 3 3 17 30 -31 -6 0 18 79 -70 -4 2 18 71 -66 1 0 19 46 38 
-1 2 17 28 -20 4 3 17 57 -60 -4 0 18 45 46 -3 2 18 35 -37 -8 1 19 35 18 
1 2 17 30 -21 5 3 17 39 . 30 -2 0 18 48 -43 -2 2 18 81 77 -7 1 19 66 -45 
2 2 17 41 -35 -10 4 17 39 -30 0 0 18 71 72 -1 2 18 43 47 -6 1 19 36 ... 32 
3 2 17 49 54 0 4 17 28 -23 2 0 18 72 -66 0 2 18 67 -63 -5 1 19 51 46 
5 2 17 42 -39 4 4 17 41 -42 4 0 18 48 56 1 2 18 40 -42 -4 1 19 44 32 

-9 3 17 36 -29 -8 5 17 45 51 -10 1 18 36 30 -9 3 18 54 -41 -3 1 19 62 -63 
-8 3 17 30 -27 -6 5 17 41 -30 -8 1 18 39 -34 -5 3 18 30 28 -2 1 19 30 -18 
-7 3 17 30 23 -4 5 17 60 51 1 1 18 36 38 -7 4 18 46 41 -1 1 19 57 54 
-6 3 17 87 80 -2 5 17 87 -80 2 1 18 43 -42 -5 4 18 54 -49 1 1 19 43 -46 
-4 3 17 90 -82 0 5 17 77 76 4 1 18 38 27 -3 4 18 72 69 0 ? 19 35 28 .. 
-3 3 17 59 54 2 5 17 67 -68 -10 2 18 31 24 -1 4 18 60 -63 -5 3 19 27 -34 
-2 3 17 55 49 -3 6 17 38 25 -9 2 18 38 29 1 4 18 47 51 -3 3 19 36 31 
-1 3 17 47 -46 -1 6 17 32 -25 -7 2 18 49 -46 -5 5 18 41 35 -2 3 19 70 62 
0 3 17 34 -46 -10 0 18 40 -22 -6 2 18 46 42 -1 5 18 34 -32 -1 3 19 38 -19 

2 5 . !!fl 1984 




