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ABSTRACT

Transition metal methoxymethy! and chloromethy! complexes may be versatile
STaETingAma%eriaés for the syhfhesis of several types of new complexes,
incfuding Hydrox?mefhyl and carbene complexes, respecfive{y [LHMCHzOH]
and [LnMCH2]+ (M = Transificn mefai, L = figands), Hydroxymefhyi and
‘ganbené Transifidn me%aiAcompiexes are models of catalytic intermediates

in the Fischér~?ropsch reaction.

We have synthesized the new chloromethy! complexes [Ru(Cp}<CO}2CH2C1],

[Re(CO) (CH,CI], and ¢is-[Mn(C0),(PPh;)CH,CI], and the new methoxymethy

stHoC! 3 CH;

comp lexes [Ru(Cp)(CO)chzOCHBJ and {ReiCQ)BCHzacHBJ. The existence of
- rotational isomerism in the comp lexes [Ru(Cp)(CO)chzOCH3] and the pre-
vibuSiy,reporfedv[Fe(Cp}(CO)20H20CH33;“8 is proposed on the basis of

‘infraked data. Mass spectra of several methoxymethy! and chloromethyl

transition metal complexes have been recorded.

" The reactions of some chioromefhyi‘aﬁd mefhoxymefhyf transition metal com-
plexes with tertiary phosph{EﬁZ}IEgands and #riphen?tarsine, have been
~investigated. The reac%ions‘of {Fe{Cp}(CO)ECHQCl] (V1Y with L = PPhS,
 PMéPh2, PEfth, PMezph, and AgPhB respectively, in refluxing methanol
yield the CSTEQQS [Fe(Cp}iCO)ZCHzL]+. The reactions of (V1) w??h

L = PPh; and PMePh. respectively at room temperature in acetonitrile

3 2

also yield the cations [Fe(Cp)(CO)2CH2L]+; however the reactions of
(VIY with L = PMePh, PMes, PEt.Ph respectively yield the cations

_ [Fe(Cp}{CO>L2]+‘a% room temperature, in acetonitrile. The reaction of

[w{Cp)(CO}36H201] with PPhB in acetonitrile at room temperature yields the

cation [W(Cp)(CO)BCHzPPh5]+. ' The reaction of [Mn(CO)BCH20CH33 (Vi)



_with PPh3 in acetonitrile at room ftemperature yields cis—[Mn(CO)A(PPhB)—

COCHZOCHBJ; however in refluxing methanol (VI{{) reacts with PPh, to

3
give ets-[Mn(C0), (PPh;)CH,0CH;] 2nd trans -Lin(CO) 5 (PPh;) ,CH,0CH, .
[Mn(CO)SCHZCIJ reacts with PPh, in methanol fo give bruns—[Mn(CO)B—

(PPhB)ZCl]. NeiTher_[Re(CO)SCHZOCHBJ\or TRe(CO) CHZCI] react with PPh

5 3

in acetonitfrile. The only product isolated from the reaction of

.[Ru(Cp)(CO)ZCH2C|]vwiTh PPh, in refluxing methano! is [Ru(Cp)(CO)zCHﬂOCHBJ.
' ) 277

Attempts have also been made to synthesize hydroxymethyl transition

metal complexes.
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ABBREVIATIONS

The following abbreviations are used in this

project: -
“Cp = nS—cycIopenfadienyl
THF = tetrahydrofuran
" Ph = pheny |
Me = methy |
Et. = ethy |
Bu . = ' butyl

Pr = propy |
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INTRODUCT [ ON

The scope of this work

Chloromethy| and methoxymethyl transition metal complexes are possible
precursors of -a number of important compounds, such as hydroxymethyl
complexes and carbene complexes, both of which have been proposed as
intermediates in Thé Fischer-Tropsch reaction. However not many
[LnMCHZCI]'or.[LnMCHZOCHsj (M = transition metal, L = ligands) compliexes

have been synthesized, and little is known of their chemistry.

in this work we have synthesized and chafacferised some new chloromethy |
and methoxymethy! complexes and have investigated the reactions of a
number of such complexes QiTh some tertiary phosphines, F’{OMe)3 and
AsPh,. We have also attempted to synthesize some hydroxymethyl

3
.[LnMCHZOH] comp lexes.,

In view of the relevance of this work To the synthesis of Fischer-Tropsch

intermediates, an overview of the Fischer-Tropsch reaction is now pre-

sented.

The Fischer-Tropsch reaction

Current and pending shortages of petroleum, and the associated rising
costs of it and petroleum based products, have led to an increase in the
search for alternative sources of energy. A fairly readily available
and plentiful source of energy, That is receiving renewed attention, is
coal. The conversion of coal to oil and other industrially important

‘chemicals is becoming a viable economic prospect as oil becomes more



expensive. = Coal has an unfavourable fon-of-oi | equivalent (TOE) (I[.5
tons coal is equivalent in energy to | ton cill); +this, coupled with

the relative ease.of using oil in indusfrial plants, has meant fthat the
dirty and relatively inconvenient coal has generally been overlooked as

an industrial energy source. However shortages and rising costs of oil,
and political émbargoes have caused renewed infterest in coal.

The synthesis of hydrocarbons and other chemicals from CO and H, dates

2

back to early this century.ls?

Germany, with no oil reserves but
abundant coal, conducted infensive research info the synthesis of oil from
éoal.' In 1922, Franz Fischer and Hans Tropsch obtained their first
baTenT on "Synthol", a mixfure of oxygen containing derivatives of

 ﬁydrocarbons; produced from CO and H2 at 100-150 atm. and 4OO—4SOOC, with

,alkali-freaféd iron shavings as the catalyst.!’?

‘Asthe aim of the research .in Germany was the synthesis of motor fuels,
it was essential fthat the reaction developed by Fischer and Tropsch be
directed mére Towérds hydrocarbbns suitable for use as fuel. In 1925,
Tﬁé process was developed to give predominantiy sTraTghT—chain hydro-
carbons, at aTmosphéric pressure, 250-300°C anq using Fe/Zn0 or Co/CrZO3
catalysts. The usé of cobalt or iron catalysts at medium pressures
(5-30"atm.) was léfér found to substantially improve yield and catalyst
IifeTimeri

if took some |0 years for suitable plants to be developed,3 but between
1939 and 1945 Theré were nine planTs using.The Fischer=Tropsch process in
Germany, producing one fifth of Germany's synthetic fuel.t However the
low post-war oil brices led fo decreasing interest in the expensive and

fairly inefficient process.



South Africa had considered the idea of obtaining oil from coal as long
ago as in 1927 when a White Paper was published by the Government on
g”such processes and their applicability to the counTry.5 In 1950 the
South African Coal, Oil and Gas Corporation Ltd. (SASOL) was formed and
in 1955, the first of three plants, SASOL ONE, began production of oil
from coal. . The escalating éos+s of oil led later to the building of
two more plants, SASOL TWO (which began producing oil in 1980), and
SASOL THREE (under construction at present).® These plants are as yet

the only large scale commercial oil-from-coal plants in the world.

SASOL ONE uses two different versions of the Fischer-Tropsch process.l»6
The first, the Arge-Lurgi process, uses a CO/H2 ratio of 3:5 by volume

and a fixed bed catalyst. It produces relatively large amounfé of diesel
oil and paraffin waxes. The sécond, the Syntholi-Kellag process, uses a
CO/H2 ratio of 1:3 and fluidised catalyst on.a moving bed. The pressures

are similar for the two processes (c.a. 20 atm.). Table | and Tabie 2

compare the products from the two processes.

Table | gives the percentages by weight of different products formed for
each catalytic method. Table 2 gives the percentages by volume of
different products in the liquid fractions produced by each method.

Thus the fixed bed method produces a relatively higher proportion of
diesel oil and paraffin waxes. The fiquid frachon contains approx-
imately equal amounts of olefins and alkanés. The circulating bed method
gives largely C5—C,| hydrocarbons andAOXygén—conTaining products, with

the liquid fraction containing a remarkably high proportion of olefins.

Apart from gasaline, diesel oil and waxes the SASOL process also produces

other important products, including, amongst others, methane, ethylene,



Tab[e l. C(after ref. 1)

Comparison of the products obtained with fixed bed catalyst and with
circulating catalyst (in weight - %).

Fixed bed catalyst Circulating catalyst

Fraction
(220-240°C) (310-340°C)

Ca3-Cy 5.6 7.7
Cs-Cyy (gasoline) 33.4 72.3

Gas oil (diesel) ' 16.6 3.4
Paraffin m.p. < 60°C 22.1 3.0
Paraffin m.p. 95-97°C 18.0 -
Alcohols + ketones 4.3 12.6
Acids ' Traces 1.0

Tab!eAZ. (after ref. )

Comparison of the composition of the liquid fraction for fixed bed and
circulating bed catalyst (in volume - %).

Fixed bed catalyst Circulating catalyst

Components.

C5-Cio C11-Cig Cs5-Cyo C11-C18
Olefins | 50 40 70 60
Paraffins (alkanes) 45 55 ' 13 15
Oxygen containing compounds 5 5 12 : 10

Aromatics - - 5 15




meThano[ and other alcohols, ketones, aromatics, ammonia (from the
gasification process) sulphur, (from the purifying of the synthesis gas)

and tars.>»6

SASOL TWO‘and SASOL THREE use the Synthol-Kellog process alone.® . The
catalytic pro;esses'haVe now been developed to a high degree of technical
maturity in all three SASOL plants, and the plants are adapted to use

low grade coal.l»5  The key disadvantage of the Fischer-Tropsch process,

and hence the SASOL process, is poor product quality and selecTiviTy.3

A diagrammatic representation of the SASOL process using a Synthol reactor

is given in Figure |,



Figure1: The SASOL process (Synthol reactor)
(after ref.5) REFINERY
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The products and mechanism of the Fischer-Tropsch reaction

S

A simplistic representation of the Fischer-Tropsch reaction is given in
Equation I.

coal + steam = ——» CO + H2 Eiiitﬂit, alcohols, hydrocarbons

(synThesis and other products

gas)

The reduction 5f CO by H2 takes place on a heterogeneous catalyst to give
'mainly alkanes, élkenes, and alcohols, but also acids, esters and
aromatic compounds in varying amounts.! Changing the conditions of

the syhThesis (the femperature, pressure, the H2:CO ratio and the
‘caTaIysT),'can difecT the reaction more towards alcohols, or towards

hydrocarbons. Lihear'a olefins (l-alkenes) and linear alcohols are

considered to be the main pfimary products of the synthesis; linear and
"non-linear alkanes result from subsequent reduction of the primary
alkenes. The catalysts are generally iron, cobalt, nickel or ruthenium

metals or metal oxides,‘as shavings or powders.?

The mechanism of the catalytic procedure is The-subjecf of speculaﬂon.'/’8
The first mechanism proposed was the so-called "carbide intermediate"
hypofhési;9 (see Section 1.3.3). This has been replaced in more recent
times largely by mecﬁanisms involving unstable intermediates conTainiﬁg
C, Hand O afoms bonded to metals (Z.e. an acTivevsiTe on the catalyst

8

surface), with initiation, propagationand.termination sfeps.l’ However,

recently the carbide mechanism has been revised.

(n



I.SLI A mechanism involving unstable intermediates with C, H and O atoms

" bonded to metals

‘Ih mecﬁanismsinvolving unstable metal - C, H and O-containing inter-
mediates, the first step has usually been assumed to be the formation
of a coordinated formyl! fpecies, M-CHO, from MQH and CO, though fhere V
iévno evidence that this occurs.”  Henrici-0livé and Olivél Have
formﬁlafed a scheme involving the initial formation of a formyl species.

" (Scheme 1).

W @ A
HeM D woCc-m M w_oc_v" _— H-¢C
- r p My 3 H‘-'..M\
0 H
‘ H H H ‘
' I H i |
—%» H—-C-M =Z2p H—-C—-M —» CHyOH + M —H
4 ] 5 R Y o
CH HO H
7 ~H,0
|
[Hzc = MJ
i
—» H,C—M Q. H.c - C =M H2 HC —~C —M
& 3 0 37 10 i
‘ OH
'
I -
B, ye—c—m % peoon,—m L propagation
I l ! i3 14
OH H
112 I5
’%Ceﬁgm HC = CH, + H —M
Schéme b A proposed mechanism for the Fischer-Tropsch reaction (after

ref. I} (M= active site on metal catalyst surface).



 ?>;AﬂThé mechanisﬁ giQen in Scheme | is based on steps well established in
' ,h6mogeneous caTaIysisvreacTions such as coordination of CO, oxidative
addiTion’{oXidafive addition of HZ occurs in steps 2,5, and il in
Séheme 1) and reductive elimination (e.g. sfép 3, Scheme 1). Many of
VfVA the propoéed infermediate species héd known analogues in organometallic
A‘chemiSTry (e.g. formyl species, metal hydrides) and since “rheipublica‘rion1
of séﬁeme I, analogues of other posfulated species have been characterised.

~ The scheme is thus a plausible one.

11.3.2;’Complexes analogous to intermediates postulated in the Fischer-Tropsch

reactio

In Scheme | a number of intermediates containing C, H and O atoms bonded
‘To a metal were proposed. Several compounds analogous to th@se
'1 §n+ermediaTes have been synfhesized'- comp lexes containing formyl, coordi-

- nated formaldehyde, hydroxymethyl, carbene, alkyl and acy! ligands.

Formyl complexes are in many cases unstable and difficult to characterise.
o , The,firs+ to be prepared and characterised was [(CO)4Fe(CHO)]N(PPh3)2{10
- Since then, several other formyl complexes have been identified by their

" proton nmr and infrared spectra, having been synthesized by the reaction

~

of metal trialkyl- or trialkoxyborohydrides on carbonyl compounds
(Equation 2)11=16 of NaBH, on a carbony! compound.l”
M — CaJ BHM * L M //O]'
i —cal+ Ry eH —s [t -, + RB (2)

(L

ligands, M = Tkansifion metal, R = alkyl or alkoxy group.

i

M alkali metal).



The compounds [Re(Cp)(PPhB)(NO)CHO] (113 and {trans-[(PhO) P](CO) FeCHO}—

ET N (1) have been fully characterised.

OC~Fe— “H ﬁEt[‘N

PhaP L (PhO}p @
w

j?e~;\\(f4)

/,"' A ‘H
oC No

(I11)

beaham-and SWeeT17 have shown that using a strong feducing agent (NaBH4);
a carbonyl! ligand can be reduced to a methyil group through a formyl

| grdup_and a hydroxymethy! group (Scheme 2). This shows that the re- '
dgc*ion'df'coordinafed €O to CHB’ as proposed on Scheme | vide supra,
is aifeasible procesé, aﬁd;'af léasT‘under Graham's17 conditions, goes

. through a formyl and a hydroxymethyl species, as proposed.

vCasey et aZ16 found that [[Re(Cp)(CO) (NO)CHO] (I11) can be reduced by
dllsobufylalumlnlum hydrlde HAT (i Bu) to give the hydroxymethy! complex
o [Re(Cp)(CO)(NO)CHZQH] (1V), and also [Re(Cp)(CO)2N0]+ can be reduced by

Na[HzAIETZJ'To give (1V) (Scheme 3). (V) is the first authentic



Scheme 2.  Reduction of [Re(Cp)(CO),NOT" to [Re(Cp)(CO) (NO)CH,]
hydroxymethy| compound to be isolated and characterised.16,17
Transition metal hydroxymethyl complexes are further discussed in |
ChapTerI4.' Chloromethyl and methoxymethyl transition metal complexes

are possible precursors of hydroxymethyl complexes.

" Step 3 of Scheme | stTuIaTes the formation of a species with a

 formaldehyde moleéule bonded to Thé caTalysT‘surface. Roper et all®



- 1t CLO\CHZOH
+ Na[H)AlEt>)] / (IV)

el

[on" 1 o
“scheme 3. Synthesis of (IV) from [Re(Cp)(CO)(NO)CHOJ and [Re(Cp)CO) NOT"

have synThesized_[Os(CO)2(PPh3)2(n2—CH20)] from the reaction of aqueous
CH,0 with [0s(C0) 5(PPh;) ;1 (Equation 3) (Figure 2).  The formaldehyde

.complex has been converted fo a hydroxymethy!| comp]ex (see Section 4.1).91

Benzene

[0s (n2-CH.,0) (CO) ,(PPh (3)
2 2

[0s(CO) 5(PPh;) .1 + CHO 3) 5]
Step 7 of Scheme | postulates the formation of a carbene species, [M = CH2];
Three [M = CH2] complexes have been identified: [Ta(Cp)z(CHS)CHz:I,19 ‘

Y (PP e 20 + 21
[Re(Cp)(NO)(PPhS)CszPF6, and [Fe(Cp)(PhZPCHZCHZPPhZ)CHZJ .

~ Stevens and Béauchamp22:23 have also reported observing [Fe(Cp)(CO)nCH2]+



"Figure 2. Structure of +he inner coordination sphere of [Os(n%CHZO)—

(CO)Z(PPh3)2] (from ref. 18).

(n = 1,2) and Mn carbene species in the gas phase, using lon Cyclotron

_Resonance Spectroscopy.

Methoxymethyl and chloromethy! complexes are potential precursors for
carbenes, and [M = CH2]+ species'have been postulated as intermediates
in the reactions of a number of'[LnMCHZOCHBJ and [LnMCHZCl] (M = transition

metal, L = ligands) complexeé.v " This is further discussed in Section

2.2.

“Acyl species?" (formation postulated in step 9, scheme |) and alkyl

species?4s23 (step 8, scheme |) are both well known.



3.3

'A.mechanism involving unstable intermediates with C, H and O atoms

bonded to the metal catalyst surface, for example that outlined in

Scheme |,

involves known species.

It is hence a plausible scheme

-for the reduction of CO by H, on Fischer-Tropsch catalysts.

The carbide mechanism of the Fischer-Tropsch reaction

The first mechanism for the Fischer-Tropsch reaction, proposed by

Fischer and Tropsch, and other workers,? was the so called "carbide

~intermediate" hypothesis. '}t assumed that CO reacts with the metal

surface and is reduced fo a carbide species, which is subsequentiy poly-

merized by reaction with H2

'+HZ )

~H20

Scheme 4.

co co Co

metal

{1

carbide species

~=emCH,====CH,_~---CH

2 v 2

. ) 1
1 ]
.
H H

(Scheme 4).

2

desorption to give hydrocarbons.

further polymerisation

The carbide mechanism as originally proposed (ref. 9).



fhis mechanism did not give the expected FIory—Schuiz distribution of
‘molecular weighfé.8 Hence it was replaced by other hypotheses, such
as that outlined in Scheme I, which distinguish iniTiaTion,propagaTion
and.TerminaTibn sfebé, with one‘C atom added in each propagation step,

and with oxygen-containing intermediates.8’26

In the last five years, however, there has arisen increasing evidence
that the Fischer-Tropsch reaction does in fact involve a carbide
species. A Aumber of workers26-29 have shown that CO can dissociate on
Co, Ni and Fe catalysts to give a carbonaceous layer, given the right
-éondifiohs of temperature and pressure. This.carbonaceous layer has
been studied by'Auger’Elecfron.specTroscopy.zs’29 The layer is found

. to be highly reactive towards H2 reduction, giving mostly methane,26-29

but also some heavier hydrocarbons.26,29

The next sfep in the Fischer-Tropsch reaction may well be Eeducfionvof
~the carbide to gfve a carbene species, [M = CH2].7 Evidence in support
~ of this includes the fact that [M = CPh2] comp lexes have been reacted
wah H2,,Qr with CO, or both, to form organic moleculies. [W(CO)SCPhZJ _

reacts with H2 to give diphenyl methane (Equation 4) .30

- ~Ph 100°¢C
(CO)SW = C\ : ‘ (Ph)ZCH2 + W(CO)6 and other minor products
Ph 20 hrs
69 atm. H

2

Also, a Mn carbene complex has been reacted with H2 and CO to give

aldehydes and alcohols.3!  (Equation 5).

_Ph
N

=650 atm CO =750 atm
- —

(CO)Z(Cp)Mn =C —= (CO)Z(Cp)Mn-—-CPh2 - »
Ph  50°C, 25 hrs \.7 50°C, 20 hrs

Ca
o

EhZCHO and Ph2CH —-CHZOH

(4)

(5)



3.4

‘Thus a carbide mechanism may well be operative in the Fischer-Tropsch

reaction.

Homogeneous Fischer-Tropsch reactions

A éelecfive Fischer-Tropsch synthesis is a desirable technological process.
In order to achieve selectivity, the reactions occurring in the catalytic
process must be beTTef understood. One of the ways of gaining this
beTTervunderSTanding is to synthesize, and sTQdy the reactions of,

comp lexes wiTh”ifgands the same as the C, H and O - containing moieties

§f intfermediates postulated in mechanistic schemes for the homégeneously
éaTalysed FischerQTropsch reaction (e.g. Scheme 1); <.e. éompounds wiTh;

for example, formy% or hydroxymethy| figénds; This kind of approach

is discussed in Section 1.3.2.

However, perhaps the best way of achieving a selective Fischer-Tropsch

synthesis is to find and use a homogenecus catalyst. Homogeneous

catalysts are often more selective than heterogeneous ca+alys+s.32'

On the other hand however, homogeneous catalysts are offten unstable ‘o

moisture, oxygen and temperature extremes, conditions common in many

industrial processes. They are also usually more expensive, and difficult

to separate from the products of the reaction.’

Attempts to find homogeneous catalysts for Fischer-Tropsch~type reactions
have to date been largely unsuccessful.’ However the reduction of CO by

Hz.has been achieved using a few different homogeneous catalysts.

- The producffon of he#hane, ethane, propane and isobutane has been reported,



from the reaction of HszO mixtures with !r4(CO)12 as the catalyst.33

(Figure 3).

Figure 3. The structure of lr4(CO)‘2. (Ref. 343).

Wilkinson et al3%236 have recently reported that CO can be reduced by H,
to methanol, ethanol and‘reIaTed products using V, Cr, Mn, Fe, Co, Ru,

Rh, and Oé comp lexes. Catalytic cycles were proposed.

The reaction of a 3:1 mole ratio of HQ:CO at 150°C to give methane has

been achieved homogeneous ly using [Ti(Cp)Z(CO)Z].37

Cobalt carbony! was found to catalyse homogeneous hydrogenation of CO to

methano!, higher primafy alcohols and their formate esters,38



'The'ac+ua| catalytic species appared to be [Co(H)(CO)4]. Also, a mono-
nuclear Ru species, [Ru(CO)Sj, appears to be the catalyst in the homo-
geneous hydrogenaTionvof CO at 1300 atm. énd 225—2750C, resulfing-in
methano! and methyl formate.3° AddiTion of PPh3 increased the selec~

tivity towards methano! (>95% selectivity achieved) in the latter process.

The stoichiometric: (as opposed to catalytic) reduction of CO in transition
metal complexes by H2’ LiAIH4, acids, or A!HS, has been investigated by
a number of workers.40=%%  For example, treatment of’[Fe(Cp)(CO)Z:l2

. s LY
with L|AIH4 3H6’ C3H8’ C4H8 and C4H|O'

- Such reactions may provide useful information about the mechanisms of

produces CH4, C2H4, C2H6, C

catalytic reductions of CO by Hy.



CHAPTER TWO



THE SYNTHESIS AND CHARACTERISATION OF SOME CHLOROMETHYL AND METHOXYMETHYL

TRANSITION METAL COMPLEXES

Monohalomethyl and methoxymethyl fransition metal complexes

Monoha | omethy | [LnMchQX](X = Cl, Br, 1) and methoxymethy!| complexes

[LnM—CHZOCH3] (L = ligands, M = ftransition metal) are considered fogether

‘in this section.  Although one has an alkyl halide ligand, and the other

an ether [igand, they have many similarities, as will emerge from the

discussion following.

Methoxymethyl and monohalomethyl transition metal complexes may be

versatile starting materials for the synthesis of several types of new

compiexes, including complexes containing the carbene (CHE) ligand

(Section 2.2), binucléar complexes containing a CH2 group bridging wo

metal atoms, and a range of complexes of the type EHMCHZNu] (Nu = a

nucleophile, e.g. OH 18) (Section 2.2).

Halomethy! complexes of main group metals are well known and have been

extensively sTudied,QS'“s* They are not discussed further in this
section. Also complexes containing CF3 ligands (see, for example,
reference 104 ) . are not discussed in this section.

D. Seyferth and co~workers have studied haloaiky!l complexes of

. main group metals extensively and the resuits are reported in
a series (Part 70, see reference 45, Part |, J. Organomet. Chem.,
1965, 4, 127).
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The syntheses of [Fe(Cp)(CO)ZCHZOCH3] (v, [Fe(Cp)(CO)2CH2Cl] (VI} and
[Mo(Cp)(CO)BCH20CH3] (X1) were reported by Jolly and Pettit,*7 and

Green et al.*8  Green further reported the synthesis of [Mo(Cp)(CO)B—
‘CHZCl] (X1t1), the TungsTen.complexes [W(Cp)(CO)BCHZX] (X = OCHB’ (Xt
and X = Ct, (XIV)), and the bromomethy! analogues of (VI), (XI11) and
(XIV).%*8  Both Jolly and Green used similar synthetic routes: The
methoxymethyl complexes (V), (XI), (XI1) were synthesized by the reaction
of the appropriate metal carbony! anion with chloromethyl meThyf ether

(Equation 6).

Na'[M]™ + CIOH,00H, —s [M-CH,0CH,] + HCI

3

(M = FeCp(CO) W(Cp) (CO) Mo(Cp) (CO) ;)

2’ 3’ 3

The chioromethyl and bromomethy! complexes were synthesized by the

reaction of the appropfia+e methoxymethy | complex with HX (Equation 7).

[M-CH ocH3] + HX  — [M-CH,X] + HOCH;

2

(M as in eguation 6, X = Cl, Br).

The methoxymethyl complexes were isolated as oils (except (XI1) which was

~a solid) which were easily oxidised by air, and the chloromethy! complexes

as light-sensitive unstable solids. The bromomethy! analogues of (Vl1},
(X11), and (XIV) were found to be even less stable than (VI), (XI1) and

(XIV) in all respects."®

Facile conversion of (VI) to the methoxymethy!l derivative (V) was

achieved by reaction with NaOMe; complexes (XI11) and (XIV) underwent a
simi lar conversion to (XI) and (XI|) respectively but yields were low, "8
In fact the Cl in [Fe(Cp)(CO)ZCH2CI] (vi) p}oved to be very susceptible
to attack by a number of nucleophiles, and a number of complexes of the

type [Fe(Cp)(CO)2CH2Z] where Z = OEt, SET, OCRZCH = CH2 (R = Me, H),

0(CH,) 5, NMe2H+ were synthesized.%8

(6)

(7)



22

.Thé triphenyiphosphine-containing complexes, (XV) and (XVI|), and the
iodomeThyllénalogue of (XVl), were briefly reported by Davison et al;%°
however the fQII characterisation of (XV) and (XVI) was.reporTed by
Flood et al.>0 (XV) was obtained by irradiation of a benzene/pentane
solution of the corresponding dicarbonyl (V), in the presence of PPHB.
ReacTionvdf (XV) with HC! gas (as in equation 7) gave the chloromethy!

XV, Optically pure (=) (XVI]) was prepared from the reaction of
(-)[Fe(Cp) (CO) (PPh)CH,OMen] (men = memthy!)with HCI at 0°C.  Flood
.further reporféd the prepérafion of the bromomethyl and iodomethy!
ana1ogueé of (XV1), prepared from (XV) by using HBr or HI;S0 of the
brbmomeThyl and iodbmefhyl analogues, only the former was stable enough

to be charaéferised;

- Again the Cl of the chToroméThyl [Fe(Cp)(CO) (PPh;)CH,CI] (XVI) was found
- to be 3uscep+fble to attack, by such nucleophiles as [OMe]-, and CN .
(XV1) was also converTed to alkyl compounds, [Fe(Cp)(CO)(PPhB)R] using

Grignard reagents, RLi (R = alkyl group) .30

(XVI1) and its bromomethyl and iodomethyl analogues were found to be
- sources of [CH2]. For example treatment of [Fe(Cp)(CO)(PPhB)CHZBr] with

[PhCH = CHCH3] resﬁlfed in the formation of a cyclopropane (Equation 8).

>y o <> T

| ,,Te\ + m— ',F‘e\ +
VP’— 'l |
G G G PP g BT Gy

(8)
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‘The complex [Fe(Cp)(diphos)CHZOCHBJ-(diphos = Ph,PCH,CH,PPh,) was

synthesized by irradiation of (V) with bis-(diphenylphosphino)ethaneb?.

King and Braitsch5l have reported the synthesis of a number of halomethyl
complexes of transition metals by the reaction of the appropriate. metal
carbonyl anion with dihalomethanes. Equation 9 outlines the general

method used and Table 3 outflines the results obtained.

Na[M] + CH XX —  [M-CHX] + NaX'

M = Mo(Cp)(CO)B‘, W(Cp) (CO) 5™, Fe(Cp)(CO)Z_, Mn(CO)S—.

CH XX' is a dihalomethane, e.g. CICH,l (see Table 3).

Table 3.

Reactions of metal carbonyl anions with dihalomethanes (ref. 51),

MéTaI_carbonyl anion Dihalomethane Products (yields)
Mo(Cp)(CO) 5~ CICH, | [Mo(Cp)(CO) 5CH,CIT  (60-70%)
W(Cp)(CO)B- CICH, | [W(Cp) (CO)4CH,CI] (60%)
and [W(Cp)(CO) 5CH, 1] (12%)
Fe(Cp)(CO)Z_ CICH, I [Fe(Cp) (CO),CH,CIT  (13%)
Mn(CO) 5 | CICH, I _ [Mn,(CO) | ] (v30%)
Mo(Cp)(COY 5~ CH.Br, [Mo(Cp) (CO) 5],

and trace [Mo(Cp)(CO)BBr]
Mo(Cp)(CO)B‘ o CH, I, -[Mo(Cp)(CO)BCH2I] (17%)

W(Cp)(CO) 4 CH, I, [W(Cp) (CO) 5CH, 1]

(9)
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The method , using the reported conditions,5! is a godd synthetic method
for the chloromethyls of Mo and W, (X!11) and (XIV), but not for those

of Mn or Fe, (X) and (VI). The reaction of the Mo and W cérbonyl anions
wah CHZI2 gave the then new iodomethyl compounds [M(Cp)(CO)BCHzl]

(M = Mo, W) but in poor yields.

King and Braitsch®l- found ThaT [MnZ(CO)IO] was the only product of the

; reaction of Na[Mn(CO)5] with CICH,| at room temperature. However Moss>2
,found‘ThaT +hé same reaction, coéducTed at —ZOOC instead of at room
‘Tempera+ﬁre,'g§ve [Mn(CO)5CH2CI] (X) as.bale yellow prisms in 50% yield.
(X), and.The’RevchIoromeThyI (1X), had been previously briefly mentioned
by Jolly and Pettit.4? _ (X). has also been proposed as a product of the

' photochemical decomposition of the chloroacetyl complex, [Mn(cb)5COCHZCI]?3
The major product of this reaction proved to be [Mn(CO)5CI], but a new
Eesonance at §5.3 pbm waé noted in The,'H nmr of the reaction product,

| différéhf from the singtet obtained in the spectrum of the starting
maTeriaI; the chforoaéefyl Complex (84.37 bpm). The new resonance was
attributed to Traces;of (X); this in fact would'appear not so, on the

basis of more recent evidence.®2

(Methoxymethy|)pentacarbonyimanganese, (VII1) has been reported.>"
It was synthesized by reaction of,Na[Mn(CO)5] with CICHZOCHB. (VIII),
~‘and the Re methoxymethyl, (VI|) had been previously mentioned by Jolly

and Pettit. 47

- The methoxymethy! complex [Re(Cp)(CO)(NO) CH20CH3] (XV11) has been
synthesized by Casey et al.l® The formyl complex [Re(Cp)(CO)(NO)CHO]
(I't1) was found to undergo facile - disproportionation to a dimeric metallo-

ester (XVIill). MeThano[ySis of (XVI11) gave a mixture of (XVI|) and a
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methyl ester (Scheme 5).

<> <> O

Re.  —

Re\C/O\ /Re

A
ON" 4 ~CHO ON" A ¢™ 4 ™NO
o oo Ah 4 Co
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<> D

ON "]Re\ HaCO—c” Fge“

B - H3L0~c

OCHZOH‘\ N
/(1V) N

/

CH30H, slow /

: ! Hy0-THF
<§ | §7 » ! 2 H+‘

!
!
!

Re
N} oryocHs
- o

(XVII)

Scheme 5.  Synthesis of-[Re(Cp)(CO)(NO)CHZOCH3] (Reference 16).
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The TriphenYIphosphine confaining counterpart of (XVII),

[Re(Cp)(NO)(PPhS)CH2

from the carbenevspecies [Re(Cp) (NO) (PPh

OCH3] has been synthesized by Gladysz et al.20
3)CH, IPF,.

A chromium  chloromethyl complex, [Cr(Cp)(NO)ZCHZCIJ, has been prepared
by the reaction of [Cr(Cp)(NO)ZCI] with diazomethane. This reaction is
interesting in that it involves an insertion of CH2 into the Cr-C! bond.
Yields however were low and the product very unstable. It was character-

ised on the basis of its infrared spectrum,

The-reachon of [1r(CO)(PPh3)2CI] with CH2N2 gave an orange crystalline
prdducT.56 .This was identified as the chloromethyl (XIX), though this
identification was made only on the basis of its infrared spectrum, and
its reacTiViTy. Again it appears that a methylene group has inserted

into the metal-chioride (Z.e. {r-Cl) bond.

Young and Whitesides37? invesngaTed the therma! decomposition of |,4-
tetramethylenebis(tri-n-butylphosphine)platinum(11), in several solvents.

In CH2C|2 +he'complex [Pt(L )(CHZCI)CI] (XX) (L = BuBP) was postulated

2
as an intermediate; it was identified by a doublet in its 3'P nmr
spectrum and a |:2:1 triplet (with satellites) in the lH nmr spectrum,
and also by its chemical behaviour. Other chloromethyl complexes

were postulated as. possible intermediates in the reaction but there was

nQ evidence of their existence reported.

Young and Whitesides57 also synthesized and characterised the complex

(XX1) (Egquation 10).



PhgP______CHaCl L CHaCl
Cl- L

Xy (XX) L=BugP
| - (XXID L=PPhy

oc/ "( CHBr oc-f - CHInBr
ot €0 |

(XXI11) bA
M

(xxm) = n=3,4

=3,4

The Pt cthromeThyI (XX11) and its ¢is isomer were recently reported, 8
having been synthesized by the photo-induced oxidative addition of CHZCI2
to [PT(PPh3)2(02H4)] The reaction appears to involve free radicals

- and is inhibited by addition of duroquinone.

CHyCl

CHZCIZ ON\I
Pt/;‘ Pt (10
O

Cl

(XX1
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Finally, although they are not actually honohalomefhyl complexes, it is
worth noting that a few complexes with [(CHZ)nBFﬁ I igands have been
synthesized. Thus King and Bisnette5? have reported the synthesis of
[M(Cp)(CO)B(CHZ)nBr] (n =3,4; M= Mo, (XXI1); W, (XXIII)],Afrom the
reaction of |,3=dibromopropane or |,4~-dibromobutane with the appropriate
metal carbony! anion, [M(Cp)(CO)BjNa. Similar iron complexes have
been synthesized,®0 mz [Fe(Cp)(CO)Z({CHZ}nBr)] (n = 3,4) (XX1V), from

the reaction of [Br(CHZ)nBr] with [Fe(Cp)(CO)ZjNa.
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The synthesis of Fischer-Tropsch intermediates using chloromethyl and

methoxymethyl complexes

Species containing hydroxymethy! groups [M—CHZOH] and carbene groups

M = CH2] have been postulated as inftermediates in the Fischer-Tropsch
reacTion1 (Scheme 1, Page 8). Chloromethy| and methoxymethy!| complexes
are possible precursors of complexes containing [M—CHZOH] groups and

(M= CHZJ groups.

The first hydroxymethyl transition metal complex to be isolated and
characterised was synthesized from a methoxymethy| complex.l®  Hydroxy-

methy | complexes are further discussed in Chapter 4.

To date only three fransition metal [M = CH,] carbene complexes have been
idenTified. [Ta(Cp)Z(CHB)CHZJ was isolated as a buff coloured solid,1?
while [Re(Cp) (NO) (PPh)CH.J" (Xxv)20 and [Fe(Cp) (Ph,PCH.CH.PPh.)CH 7"

) 3772 2 22 272
(XXV1)21 were too unstable to be isolated and were identified by their
nmr spectra in their particular reaction mixture, (XXV) could, however,

be trapped with pyridine, PPhy or (n—Bu3P>.2°

Re
N N ,
Nk CH; PhP" 8
L. PPh3 ~ - ,\Fh J

(Xxv) | | (XXV])
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Both (XXV) and (XXV]) are associated with methoxymethy!| complexes.

{f (XXV) is trapped with pyridine, and then reacted with the base NaOMe,
it is easily converted fo the methoxymethy! [Re(Cp)(NO)(PPhB)CHzocHBJ.zo
This suggesfé that the reverse reaction may be possible, z.e. treatment
of the methoxymethyl with acid may give the carbene. In this way
Gladysz20 reacted [Re(Cp)(NO) (PPh3)CH0CHT with CH3S05F, and the "W omr
of the reaction mixture indicated the formation of (CH3)2O, the methyl
complex [Re(Cp) (NO) (PPh3)CH; ], and the complex [Re(Cp)(NO)(PPhBJCHOCH3]+

(XXVHD).

Re «o s SO3F

(XXVID)

(XXV1) was synthesized from the reagtion of the ethoxymethy! complex
[Fe(Cp)(PhZPCHZCHZPPhZ}CHZOCH20H3] and +rif1uqroace+ic or triflic acid,?!
;Thus showing that complexes of the type [LnMCHZOR] (L = tigands, M =
Transifioh metal, R = alkyl group) are susceptible to attack by acids

S +
to give [LnM=CH2] .

There is evidence for the existence of carbene species, [M:Csz, as
infermediafes'in reactions of methoxymethyl complexes. Jofly and Pettith?
reported the production of norcarane from the reaction of
[Fe(Cp)(CO)ZCHQOCH3] (V) with HBf, in the presence of cyclohexene.

(Scheme 6).  Similarly eis- and trans-2-butene were converted to
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¢is~ and trans-|,2-dimethyl cyclopropane. These reactions suggest the

intermediacy of g carbene species.

<> <> |
,,,F,e\ | JiEF'é /Iie\\
oC & CHy0CH3 Y_OC co CHy
(V)

— @ + [Fe(CP)CORT +  [Fe(CPICOLCH;)

" Scheme 6. Production of norcarane from [Fe(Cp)(CO)ZCHZOCH3]_and

-

cyclohexene via a carbene.

Both Jolly and Pettith? and Green et al*8 found that reaction of (V)
with acids, e.g. HBF,, gave the complex [Fe(Cp)(CO)2(C2H4)]+.
This ethylene cénfainihg complex was postulated as implying the inter-

mediacy of [Fe(Cp>(c0)ZCH2]+.“8

The reaction of [Fe(Cp)(CO)(PPhB)CH2OCH3] (XV) and [Fe(Cp)(PhZPCH2CH2PPh2)—
CHZOCH3] with HBF4 in the presence of cycliohexene was also found to result
in the production of norcarane.®2 Again, the intermediacy of [M=CH2]

species was postulated.

Although there is no direct evidence for their existence, [M=CH2] species

have been proposed‘as intermediates in the conversion of (V) to
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[Fe(Cp)(CO)ZCHZCI] (V)48 and in the conversjon of [Fe(Cp)(CO)(PPhy) -

CH,OMen] (Men =menthyl) to [Fe(Cp)(CO)(PPh JCH,CIT (xv1). >0

3
Secondary carbene complexes have been synthesized from a methoxymethy |
complex®3 and from a-methoxybenzyl complexes.6!,6% Cutler63 obtained

(XXVI11) by treating [Fe(Cp)(CO)(L)CH OCH;J (L = 0, PPhy) with PhoCPF,.

2

| PF Fe ~ |PFg
- OCH , 6 e \ /H
oC {\c/ - oc {\C

| Ho | : l i
(XXVII]) | : " @

(XXIX)

L= CO, PPhy

Brookhart and Nelson®!l *ound that PhBCPF6 abs+rac+s [OMe]™ rather than

H™ from [Fe(Cp)(CO)(L)CH(Ph)OCH3] (L = CO, PPhg), giving [XX1X).

The same cation as in (XXIX) was also generated from
[Fe(Cp)(CQ)(L)CH(Ph)OCH3] (L = Co, PPhB) with CFBCOOH, and identified by
its "W nme spectrum.bl - Gladysz et al®* found that the secondary carbene
(XXX’ could be easily converted to the a-methoxybenzyl (XXX!) and

vice versa. (Equation I1).

The above discussjon has centred around the formation of [M=CH2] comp lexes
from reactions of methoxymethy! (or a-substituted methoxymethyl) complexes.
The use of chloromethy! complexes as sources of carbene has not been the

subject of much investigation, though it is reasonable to propose that
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‘ o NaOCHa,QHan:I, @

A\ | " PryCPFg ’ A
ON c OCH
PPy ) 7O PPhs 3

(XXX) O (XXXD)
(1)

chloromethyl complexes are possible precursors of carbenes as the CI
of the [M—CHQCIJ‘QEOUp'is susceptible to attack by nucleophiles
(Section 2.1). Dilgassa and Curtis®3 have proposed the intermediacy

of carbene complexes in the therma! decompos i tion of [Mn(CO)BCOCHZCl].



2.3

Rotational isomerism in complexes of the type [Fe(Cp)(CO) (L) (R)]

(L = PPh,, CO, R = ligands).

Rotational isomerism in complexes of the type [Fe(Cp)(CO)(L)R] (L = CO, or
a tertiary phasphiney R = ligands) was first reported by Jetz and
Graham.®3  The complex [Fe(Cp)(CO)ZSiCIZCH3] showed 4 bands in its
infrared specTrum,insfead of the expected ftwo, a fact which was

attributed to the existence of two rotamers. (Figure 4).

() =Fe e©:=5i

The rotamers of [Fe(Cp)(CO)ZSiCI2CH3]. (Reference 65).

Figure 4.

(a) is expected 1o be the most stable. The existence of 4 vCO bands in
the ir spectrum of [Fe(Cp)(CO)ZSiCIZCH3] indicates that both rotamers are
occupied. Only one set of IH nmr resonanceswas found, however, |

indicating that rotation was too rapid to be seen on the nmr time scale.®3

Baird et al haye investigated the rotational isomerism of several
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com plexes .
[Fe(Cp)(CO)(L)(R)]\_(L = CO, or a tertiary phosphine, R = ligands),66267

using infrared, IH and 3lP nmr methods, amongst others. While the
infrared spectrum of [Fe(Cp)(CO)zR] (R = Br, I, CHS) showed only two

vCO bands, the spectra of the complexes R = CHZPh, CHZCHZPh, CHZSiMe3

and CH,Naph (Naph = naphthyl)showed 4 vCO bands.®7  The existence of

a bulky group in the complexes R = CHQPh, CHZCH Ph, CHZSiMe3 and

CHzNaph feads to the existence of two rotamers (a) and (b) of slightly

different potential energies (Figure 5). Both are occupied, which

accounts for the four vCO bands seen instead of two.87

O=Fe . e=C

2 Naph.

R = CH2X; X = Ph, CHZPh; SiMe

. Figure 5. Rotamers in complexes [Fe(Cp)(CO)zR]. (Reference 67).

Comp lexes of the type [Fe(Cp)(CO)(LIR] (L = a tertiary phosphine,

' SiMe,, CH,Naph) can exist in three different rotamers,

2 2 3? 2

a, b and‘c. (Fjguré 6).57 In these complexes, not only is rotation

R = CH,Ph, CH
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0C L

R (o)

R = CH,X, X =Ph, SiMe; Naph, L = phosphine
Figure 6. Possibie rotamers of [Fe(Cp)(CO)(L)R]. (Reference 67).
igure o

about the Fe~CH, X (X = Ph, SiMeB, Naph) bond possible, giving (a), (b)

2
and (c), but also rotation about the Fe-L bond is possible, giving yet
more isomers if L is an unsymmetrical phosphine.®” The vCO region of

the ir spectrum is thus expected to be complex.

Baird studied a number of complexes of the type [Fe(Cp)(CO)(L)R] (L =

a tertiary phosphine, R = CH,Ph, CH,SiMe; and CHZNaph).67 The ir spectra
(vCO region) were complex showing fwo and in one case three bands; one
would expect one vCO band for a monocarbonyl| complex with no different
rotamers. The IH nmr spectra of the complexes were also studied, and a

variation of vicinal phosphorus-hydrogen coupling constants with

variéTion of temperature was taken o be indicative of the relative



rotamer populations changing with Temperafure.67

tn Section 2.5 we report the observation of rotational isomers in

[M(Cp)(CO)2CHzo¢H3] (M = Fe, Ru).
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RESULTS AND DISCUSSION

The synthesis of some new methoxymethyl and chloromethyl transition

metal complexes

The new complexes [Ru(Cp)(CO)ZCHZOCH3] (XXX11), [Ru(Cp)(CO)ZCHZCIJ
(XXX, [Re(CO)SCHZOCH3] (vity, [Re(CO)BCHZCIJ (I1X) and eis-

[Mn(CO)4(PPh3)CH2Cl] (XXX1V) have been synthesized (Scheme 7).

[Ru(CS)(CO)ZCHZOCHBJ (XXX11) was synthesized by the reaction of
Na[Ru(Cp)CO,] with a sixfold excess of chloromethyl methyl ether, in THF,
at -7ﬁoC.(EquaTiQn [2). The slightly impure product wés isolated as

a brown oil and characterised by infrared, |H nmr and mass.specfroscqpy
(see Table 6).

Na[Ru(Cp)(C0) ,] + CICH,0CH, B [Ru(CpI (COY CHYOCH,T + (12)

| -78°C
a trace of [Ru(Cp)(CO)ZCHZCI]
Good elehenfal analyses were not obtained, as fthe product was contaminated
by an unidentified colourless oil, which could not be completely separated
" from (XXX11). The éolourless oil is perhaps a product arising from a
reaction ca%alysed by a ruthenium species; for example 11 is conceivable
that a reactive substance such as CICHZOCH3 may form a polymer in a
reaction catalysed by some Ru species existing in The reaction mixture.

It Is however surprising that no separation of (XXXIl) and the impurity

was achieved.

Traces of the chloromethy! compound ERu(Cp)(CO)ZCHZCI] (XXX111) were also

synthesized by the reaction of Na[Ru(Cp)(CO)é]and CICHZOCH3 (Equation 12),
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[M-CH,Cl]
[M=Mn(CO),(PPhy) "]
teicH!
Na(M] ,
\CLCHZOCHB
M-CHyCll [ M- CH)0CH, ]

[M=Ru(Cp)(COy ] | and
- [M-CH,Cl]

[M= RU(CP)(CO)Z- , Re(CO)g" |

»

Scheme7: Synthesis of new [M-CHyCl] and
[M-CHy0CH3] complexes.

. .
'Ru\ /_RU ~—
Co o
(XXXID) (XXXII)
CO
CO—}——CHyC!
/ Mn
CcO [ PPhy
| cO-
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(see Figure 8, page 47),'which indicates that CICHZOCH3 is a bifunctional
molecule, vide supra. ; '(XXXI1I) was- also synthesized by the reaction of
a hexane solution of the methoxymethy! (XXXI1) with dry HCl gas at

room temperature (Equation |3).

f

[Ru(Cp)(CO)ZCHZOCH3] + HCI — [Ru(Cp)(CQ)ZCHZCIJ + HOCH3 (13)

It was isolated as a sticky yellowish solid, and characterised by infra-

red, |H nmr and mass spectroscopy (see Table 10), and elemental analysis.

(Methoxymethyl)- and (chloromethyl)pentacarbonylrhenium, (VI1) and (IX)
respectively, were both synthesized from the reaction of Na[Re(CO)5]

with CICH,OCH, at -78°C. (Equation 14).

Na[Re(CQ)Sj + CICHZOCH3 L ,[Re(CO)SCHZOCHBJ + [Re(CO)SCHZCI] (14)

A mixTurg of a white solid and a clear oil were isolated from the reaction
mixture and separated by the following method. The total product (oil
and solid) was dissolved in a minimum of hexane and cooled to 4780C,>a+
which temperature, (1X) pre;ipifafed out as a white solid. Removal of
the hexane from the mother liquors gave (VI1) as a colourless oil.

(VI1) was contaminated with small amounts of (1X), as would be expected,
‘buf a fairly good sepafafion was achieved, owing to the surprisingly

large difference in the solubilities of the two products in hexane;

the chloromethy! species is much less soluble than the methoxymethy |

species.

The fact that [Re(CO)5CH,CI] (I1X) and [Re(CO)5CH,0CH; ] (VI1) were both
synthesized in one reaction using Na[Re(CO)SJ and CICH20CH3, again indicates

the bifunctional nature of chloromethyi methyl ether. This was also
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noticed in the synthesjs of [Fe(Cp)(CO)ZCHZOCHBJ, (V); some chloromethyl
complex (VI) was present in the crude hexane extract, as seen in the
infrared spectrum. (See Figure 7, page 47 . 1T appears that CICHZOCH3
can be a sourée of either [C!CHZ] or [CHBOCHZJ, the proportions of each

of these differing with the mefal carbonyl anion used. The conditions
of the reaction, parTicuIarly temperature also appear 1o be imporTaﬁT.

For example, it has been found in our laboratory®® that with the reactions
QfNa[M]+(M = EW(Cp>(co>3]“, [Mo(Cp)(co>3]‘, [Fe(cp>(co>2]’)wi+h CICH,0CH 5,
mixtures of chloromethyl| and methoxymethy! compounds, [M—CHZCI] and
[M—CHZOCHB] respecfiyely,.are obtained, the relative amounts apparently
depending on the temperature at which Na[M] is added to C1CH,0CH,.

Thus, addition of a THF solution of Na[M] (M :[Fe(Cp)(CO)éT)To CICHZOCH3
a% -78°C gave mostly [M-CH,OCH] with a small amount of [M-CH,CIJ.

However when the reaction was conducted at 0°c, only [M—CHZCl] was

isolated (Scheme 8).

[M- CH50CH,)

s and a trace of [M-CH-Cl]
S SC |

Na[M]
[M= Fe(Cp(CO7)] (,

&,
N8
O

[M-CH,Cl]

Scheme 8. Reaction of Na[Fe(Cp)(CO)Z] with CICHZOCH3 at different

Temperatures.
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Such results are difficult %o reproduce and the reactions appear to be
complex; they are being further investigated by other workers in our
laboratory .68 IT is interesting to note that no other workers have
reported simflar results when working with CICH2OCH3 (see, for example,

references 47, 48, 50, 54).

Cis-(chloromethy!)(triphenylphosphine)tetracarbonyImanganese,
[Mn(CO)4(PPh3)CH2Cl] (XXX1V) was prepared by the reaction of Na[Mn(CO)4PPh3]
- with CICH2I at -78°C. (XXX1V) was isolated as a sticky orange-yel.low

solid, and characterised by infrared and ]H nmr spectroscopy, and elemental

analysis.

Thus both [Mn(CO)SCHQCIJSZ (X) and eis-[Mn(C0),(PPh;)CH Cllare prepared

by very similar methods in reasonable yields (Scheme 9).

PPh3

[Mn{COg(PPhy),] = [Mn(COlg]

Na/Hg Na/Hg
NalMn(CO), PPhs] Na[Mn(CO)g]
CICH,I CICH!

Cis-[Mn(COL(PPRYCH,Cl  [Mn(COI5CH,CI]
00V I ¢

Scheme 9. Synthesis of manganese chloromethyl complexes, (X) and (XXXIV).
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The‘reacTiviTy of two other metal carbonyl anions, Na[Re(CO)5] gnd
Na[Fe(Cp)(CO)Zj, towards chloroiodomethane has been inveéTigaTed,

with the aim of developing one step synthesis of the chloromethy! com-
plexes, (JX) and (V1) respectively. The only method yet reported for
the synthesis of [Fe(Cp)(CO)ZCHZCI] (Vl), is the reaction of
[Fe(Cp)(CO)ZCHZOCHSJ (V) with HCI,%8 essentially a two step reaction.

(Equation [5).

-Na[Fe(Cp)(CO)2] + CICHZOCH3 —> [Fe(Cp)(CO)ZCHZOCH3]

Bl s [Fe(Cp) (CO) ,CH,CI]

The method we have found for the synthesis of [Re(CO)SCHZCIJ (I1X) is

the reaction of CICHZOCH with Na[Re(CO)Sj, in which (IX) is isolated

3
as one of the products (see Equation 14). Further, Jolly and Pettit47
reported that the reaction of [Re(CO)5CH20CH3] with HCI gave (IX) only

~.after several hours, and the product was not characterised.

We find that the reaction of Na[Re(CO)Sj with C!CH2| at -78°C gives two

products. The major product has vCO values corresponding fairly closely

To known values for'@e(CO)SC[]69 The minor product was not identified.

No (1X) was seen, an interesting contrast to the reasonable yields of

Wn(CO)SCHZCl]obTained from the reaction of Na[Mn(CO)5] and CICHZI.52

King and Braitsch®! reported the synthesis of [Fe(Cp)(CO)ZCHZCIJ (V1) in
I13% yield from the reaction of Na[Fe(Cp)(CO)Zj and CICH,! at room temp-
erature. Bearing in mind the success achieved in the synthesis®? of
[Mn(CO)5CHZC|] at a lower temperature than that initially repor‘fed,51

we invésfigafed the reaction of CICH2| and Na[Fe(Cp)(CO)2] at -40°C.

The crude product of the reaction of CICHZI and Na[Fe(Cp)(CO)2] at -40°C

(15)
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was a purple solid, the infrared spectrum (vCO region) of which indicated
a mixture of products, including bands corresponding to [Fe(Cp)(CO)Z[]7°
and two bands at 2028 and (978 cm—l, which are similar to the values

we have found for (V1) (v(CO)(cyclohexane) 2028, 1974 cm-l). Further
purification was attempted by chromatography; the major product jsolaTed
was [Fe(Cp)(CO)zl], judging from its infrared spectrum. The product
with vCO at 2028 and 1978 cm_' appeared to have largely decomposed on

the column.

Rotational_isomerism in [M(Cp)(CO),CH,OCH,] (M = Fe, Ru)

Baird®? postulated that the existence of four vCO bands in the complexes
[Fe(Cp)(CO)ZR] (R = CHyPh, CH,SiMe,, CHzNaph) was due to the existence
of roTaTionaI isomers in the complexes (see Section 2.3). We have
observed four vCO bénds in the infrared spectra of the complexes
[M(Cp)(CO)ZCHZOCH3] (M =Fe (V), Ru (XXXI!1)}) (See Figures 7 and 8), and
on the basis of this we propose that these compliexes each exist in two
rotamers.

The two possible rotamers of (V) and (XXXI1) are given in Figure 9.

The posinons of the peaks are given in Table 4, along with the vCO

bands of [Fe(Cp)(C0),CH,CIT (VI), [éu(Cp)(CO)ZCHZCI] (XXX111) and

[Fde)(CO)(PPhB)CHZOCH3] (XV)3% which are included for comparison.

0f the two rotamers drawn in Figure 9, (a) is expected to have the
lowest potential energy and consequently the higher populafion. Judging

from the relative intensities of the vCO bands in Figures 7 and 8, it
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Figure 9. Rotamers of [M(Cp)(CO)ZCHZOCH3] (M = Fe, Ru).

Table 4. vCO values for some Fe and Ru complexes
Comp | ex vCO values (cm™ ') 2
[Fe(Cp)(CO)ZCHZOCH3] 2016(m) 2006(s) 1961 (m) 1949(s)

‘ [Fe(Cp)(CO)ZCHZCI]b 2026(s) 1974(s)
[Ru(Cp)(CO)ZCHZOCH3] 2026(s) 2017(vs) 1965(s) 1956(vs)
[Ru(Cp)(CO)ZCHZCl] 2035(s) 1978(s)

[Fe(Cp) (CO) (PPh;)YCH,0CH]° 19249

Solvent is cyclohexane except where otherwise stated
Synthesized by method of Green et al'8

Synthesized by method of Flood et al30

Solvent hexane

0O oo
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would appear that the rotamers have fairly similar populations in the
Ru complex (XXXI1) but in the Fe complex (V), one rotamer is more popu-

lated than the other.

The lH nmf of complexes (V) and (XXXI1) do not show two sets of resonances,
indicating +Ha+ the two possible rotamers, (a) and (b) (Figure 9) cénnof
be distinguished by lH nmr. It appears Thaf(fhe rate of exchange

between the two isomers, i.e) the rate of rotation about the [Fe-Csz

bond is too fast to be detected by lH nmr and that time-averaged

spectra are being observed. Time-averaged lH nmr spectra were also

observed by Jetz and Grahamf® and Baird ©7

Green™8 reported only two vCO bands in the spectrum of (V), when he
reported the original synthesis of the compiex. However he recorded the
spectrum of (V) as a neat oil which would result in broader bands than in

cyclohexane solution with subsequent loss of resolution.

When the spectrum of (V) was run in CH2CI2, we saw only two vCO bands
rather than four. This may be due to the broadening of the bands in the
more polar solvent; +this shows the effect of the conditions of measure-
ment on the resolution of the spectrum. IT is possible, however, that
the proportions of the two possible rotamers are different in differeﬁ+
"solutions, éhd that in CHZCI2 one rotamer predominates to a great extent

-over the other, due to the solvent stabilizing one rotamer in some way.

Interestingly, only one vCO band was observed in the infrared spectrum of
[Fe(Cp) (CO) (PPh5)CH,0CHJ (XV) in CHCI, solution,®? or in cyclohexane
sotution. This may be due to rotation being sterically hindered by the

bulky PPh On -the other hand, however, the band width is larger than

3
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the corresponding dicarbony| complex (V); Baird®’ interpreted the broad
bandwidths of the complexes [Fe(Cp)(CO)(L)R] (L = tertiary phosphine,

R = CHZPh, CHZSiMeB, CHZNaph) as being due to the presence of more than

one component in the band.
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The Mass Spectra

The mass spectra of The complexes [M(Cp)(CO)ZCH2X] (M = Ru, Fes X =2ClI,
OCHB) and [M(CO)5CH2X] (M = Re, Mny X = CI, OCHz) have been recorded as
barT of their characterisation and are reporfed and discussed in this
section. The spectra of [Fe(Cp)(CO) CHZCI] (VI) and [Mn(CO)5 CI] (X)
have been previously.recorded by Moss’! but have been recorded again for

comparison purposes.

ALl the compounds are volatile and needed only low source femperatures
(Table 13). Their low resolution mass spectra are recorded in Figures
10-21* and Tables 5-12 tabulate some peaks, their intensities and possible
éssignmen+s. Figures 12,15,18,21 show the calculated mass spectra
(Z.e.. The expected isotope combination patterns) for the parent ions of
[Ru(Cp)(CO)ZCHZOCHB] (XXX11), [Re(CO)BCHZOCHB] (vin, [Ru(Cp)(CO)ZCHZCI]

(XXXIII) and [Re(CO).C CI] (1X). The expected isotope patterns have

5
also been calculated for other possible fragments; comparison of the

expected patterns with the actual mass spectrum of a complex aids identi-

fication of fragments of that compiex.

. Note that in Tables 5-12 only the most intense peak of the expected

isotope combination patfern is tabulated.

Several spectra of a complex were recorded, but only one is included
for reasons of space. Some irregularities can be seen in tThe included
spectra in that occa5|onally the expected isotope combination pattern
is not seen. I'n most cases the expected pattern was seen in another
spectrum of that complex. These irregularities are mentioned in the
footnotes to the Tables (5-12); they are believed to be due to a
computer fault,
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General remarks

A characteristic feature of complexes containing carbony! ligands, is the
successive loss of CO groups from the parent ion.72273  The successive
loss of CO groups from the parent ion is seen in the spectra of the complexes

studied.* Further, it can be seen that in all the complexes studied the

| loss of CO competes with the loss of the [CH X] ligand; thus for example

all the spectra of the complexes [M(COY5CH,X] (M = Mn, Re, X = Cl, OCHy)

show peaks corresponding fto the ions [M(CO)n]+ (n = 5—0)+ with the

“exception of (Vi) which shows only peaks for the ions n = 2,1,0.

CHZOCH3] shows no peaks

Of interest is that the spectrum of [Re(CO)5

‘corresponding o [Re(CO)nCHZOCH3]+, but shows all the ions [Re(CO)n]+

(n = 5-0) (Figure 14), The loss of [CHZOCH3] from the parent ion precedes

" any loss of CO groups.

‘In all the complexes [M(Cp)(CO)ZCHZX] (M = Fe, Ru, X = ClI, OCHg), the

loss of\[CHZX] only competes with loss of the second CO group, the loss of

the first CO group from the parent apparently preceding any loss of

'[CHZX]. All the spectra (Figures 10, Il, 16, 17) of these complexes show

peaks corresponding to [M(Cp)CO]+, but not to [M(Cp)(CO)2]+.

This competition between loss of CO and [CHZX] is seen in such complexes
as [Mn(C0) zCH5 17", In this particular case all the ions [Mn(CO)ﬁCH3]+

and [Mn(CO)n]+ (n = 5-0) were seen.

*
Note that the complexes [Mn(CO)5CH,0CH3] (VI11), and [Re(CO)5CH,X] .
(X =ClI (X)), OCHz (VIl1)) do not show the full sequence of [M(CO)nCHZX]

- (n = 5-0) '

+ The fragments [Re(CO) ] = 5-0) are also fragments of the dimer

' [ReZ(CO) 10:]
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A characteristic feature of the mass spectra of virtually all

- (n2-cyclopentadienyl) transition metal complexes so far investigated

by mass specTroscopy75 is the appearance of a peak corresponding fo
the stable fragment [M-Cp]+. Our spectra of the complexes

[M(Cp)(CO)ZCHzxj all show péaks~corresponding'+o such a fragment.

Further discussion of the mass spectra of the chloromethy! complexes

[M(Cp)(CO)§§EZCf] (M = Fe, Ru) and [M(CO)ﬁgﬂQC!] (M = Re, Mn). (Figures

16-21, Tables 9-12)

The complexes [Fe(Cp)(CO)ZCHZCl] vy, [Ru(Cp)(CO)28H2Cl] (XXX111)*

and [Re(CO)5CH2CIJ ¢1X) all show parent molecutar ions in their spectra.

7

[Mn(CO)ﬁcHzci] (X) did not show a parent ion in the spectrum shown in

- Figure 19, but when this spectrum was amplified (with respect to intensity)

é parent ion was seen. In the spectrum of (X) recorded by Moss,’! a

parent ion was seen.

The spectra of both (Vi) and (XXXII1) have peaks identified as the frag-'
ments [M(Cp)CH]+. These interesting fragments indicate that the [M-CH,CI]

part of the complexes can fragment by loss of HCI. in constrast, the

. specffa of (X) and (1X) show peaks identified as the fragmenfs.[Re(CO%CHZ]+

and [MnCH2]+; in these complexes the [M—CHZC!] part appears to fragment

by loss of CI.

The spectrum of (XXX|11) only shows two peaks for the parent ion
instead of the expected isotope combination pattern (see Figure 18).
The assignment is thus questionable.
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It is of interest to compare the fragmentation of the [M—CH2C|] part

of the complexes with fragmentation patterns of some organic molecules.
Chloroefﬁahe [C2H5Cl], I-chloropropane [C3H7CI], and |-chlorobutane
[C4H90|] all show intense peaks corresponding to loss of HCI from the
parenT jon.  However, benzyl chloride [C6HSCHZCI] loses Cl to give

the characteristic resongnce stabilised [C7H7]+'ion‘(M/e 91) and
2=chloroethyl benzene [C6HSCH2CH2CI] shows only a very weak peak corres;

ponding to loss of HCl, with, again, the [C7H7]+ ion prominent.76%

The Fe and Mn chloromethyl complexes (VI) and (X), show peaks correspond-
ing to [M-ci]" fragments.  Such fragments imply a rearrangement process,

with loss of [CH?] from [M-CH,CI].

Further discussion of the mass spectra of the methoxymethyl complexes

[M(Cp) (CO),CH,0CH:] (M = Fe, Ru) and [M(CO)gCH,0CH] (M = Mn, Re).

(Figures 10~15, Tables 5-8).

A parent ion is seen in the spectrum of the complex‘[Ru(Cp)(CO)2CHZOCH3]
(XXX11) (Figure 11); the Fe and Mn methoxymethyl complexes, (V) and

(VI11), do not show parent fons. The spectrum of [Re(CO) 5CH,0CH; T (VI1)

(Figure 14) is complicated by the presence of [Re2(CO)IO] in tThe sample

of (VI1). This is a decomposition product of (VIl), not being present

The spectra given in reference 76 are not discussed therein; the spectra
show peaks at 36 m/e units less than the m/e value of the parent ion,
which could be due to loss of HCI. However accurate masses of the

fragments are not given. :
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in a freshly purified sample but accumulating with time (in the sample
itself, not in the méss spectrometer). The peaks at m/e 372 are the
correct weight and pattern for.The fragment Re2+, originating from
[ReZ(CO)|O];V this species probably obscures the parent ion which would
also give a peak at m/e 272 with the isotopic pattern given in Figure

5. The peaks at m/e 400 are also due to [ReZ(CO)IO] and characTefisTic

feaTufés77 of the dimer mass spectrum were also seen at m/e >400.

All the meThoxYMéThyl complexes investigated show loss of the [CHZOCH3]
group; all The,épécfra show peaks’aT m/e 45, which is probably due to a
[CZHSO] species. A peak at m/e 45 is a characteristic feature of

many organic ethers,’®’78 and is usually assigned to the fragment

A [H20.= OCH3]+73' a similar species may well be formed from the methoxy-

?

- methy! group of the complexes studied in this work.

In Figufe 13, a peak at m/e 85 is assigned to [Mn(CHZO)]+; the [M—CHZOCH3]
group may lose a CH3 fragment to giye [M—CH20]+. "~ A peak at m/e 134 in
Figure 10 is assigned to [Fe(Cp)CH]+. This may arise from an
_[M—CHZOCH3] species by rearrangement followed by loss of CHBOH.

In the fragment [Fe(Cp)(CO)CH3] (m/e"164) the [CH3] group may also arise

from a rearrangement reaction, followed by loss of CHZO from [M—CHZOCH3 .

“in Figure 13, a peak at m/e 222 s assigned to "parent - minus HZO"’

" A known rearrangement reaction in organic ethers is as in Equation 16.79
+ + :
R- OCH,-R' ~ 29TTN%,  RioH, ——» R+ H0 | (16)

A similar process may well be occurring in the case of (VIII).

The Ru methoxymethyl (XXXt|) (Figure |1) shows a peak at m/e 141, which
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is assigned to [RU(C3H3)3+' Fragmentation of the Cp group is often
seen in complexes with Cp as a ligand,’® and the groups C4Hg, CoH, and
CEH4 are often split off. [RU(CBH3}3+ thus may arise from [Ru(Cp)]+
by loss of C2H2.

Table 5{

The mass spectrum of [Fe(Cp)(CO)ZCHZOCHBJ. Intensities and assignments

a,b

m/e ‘ intensity, |, % Possible assiQnmen#
194 : 41.9 ' [Fe(Cp)(CO)CHZOCH3]
166 ‘ 40.9 [Fe(Cp)CH,0CH, ]
164 12.4 : [Fe(Cp)(COICH,]
149 37.5 [Fe(Cp)(CO)]
134 1.6 [Fe(Cp)CH]
121 ‘ : 100.0 [FeCp]
56 28.8 [Fe]
. 45 5.8 ECZHBO]
@ All ions have a single positive. charge
b

A parent ion not seen (m/e 222); spectrum only recorded up to m/e 200
as no peaks above this value,



Table 6.

The mass spectrum of [Ru(Cp)(CO),CH,0CH,]
Intensities and assignments
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- Peak at m/e 262 expected but not found

Expected isotopic combination pattern not seen,

other spectrum.

Table 7.

The mass spectrum of [Mn(CQ)SCHZOCH3].

m/e intensity, %, Possible assignmenTa
268 8.6 [Ru(Cp) (€O ,CH,0CH, I°
240 . 32.3 [Ru(Cp) (CO)CH OCH3 ]
212 14.8 [Ru(Cp)CH OCH3]
195 45,7 [Ru(Cp)(UO)J
167 81.9 [Ru Cp]
141 16.7 [Ru(C4H )]
114 7.8 [RuC]
101 9.0 Ru €
71 47.9 not known
45 N 100.0 -C,Hg0
@ All ions have a single positive charge
b

but is seen in

Intensities and assignments

No parent ion seen in spectrum.

m/e infensity, (5 % Possible assignmenTa’b
222 4.3 parent minus H,0
212 43.9 [Mn(CO),, CH, OCH;
156 10.7 [Mn(CO) CH OCH ]
128 9.9 [Mn(CO)CH OCHaﬁ
oy - 18.7 [Mn(CO), ]
o 0.0 not known
100 56.9 [MnCH, OCHy ]
85 9.9 [Mn(CH O)ﬁ
83 19.8 [Mn(CO)]
71 10.4 [MnO]
69 7.1 [MNnCH,
55 88.0 [Mn]
45 100.0 [C,Hs 0]
@ All ions have a single positive charge
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TabJeAS.

The mass spectrum of [Re(C0)5CH,0CH3], Intensities and assignments
m/e intensity, % Possible assignmenTa
372 | 26.5 Re,P ¢
327 10.0 [Re(CO) 5]
299 1.3 [Re(CO)y ]
271 ' 8.5 [Re(C0O) 3]
243 ' o 10.8 [Re(C0), 19
242 10.4 not known
239 V {0.0 not known
238 . » o not known
237 4.5 not known
215 16.4 [Re(c0)]d
214 13.3 not known
187 © 1941 CRe]
91 27.4 not known
71 ‘ , 47.3 not known
55 ‘ 3.6 not known
- 45 ©100.0 CoHs0
@ All jons have a single positive charge

Re,™ from [Re,(C0) o], a possible decomposition product of [Re(CO)sCH0CH;].
Peak at m/e 400 also from [Re,(CO)ygl.

€ Parent ion expected at m/e 372 (see Fig. 14). Masked by Re2+ peaks.
d Expected isotopic combination pattern not seen but is seen in another
spectrum.
Table 9.
The mass spectrum of [Fe(Cp)(CO),CH,CI . Intensities and assignments
‘m/e ‘ intensity, % Possible assignments®
"226 3.7 Parent®
198 32.6 [Fe(Cp)(COICH,CI ]
186 ' 17.0 - not known
170 - 38.9 [Fe(Cp)CH,CI P
149 o , 12.2 [Fe(Cp)(COY]
134 72.9 [Fe(CpiCH]
121 52. 1 CFe(Cpy 1
91 16.8 [FeCi]
77 10.4 not known
66 : 13.1 not known
56 I - 100.0 [Fe]
All ions have a single posiTive charge

Expected isotope combination pattern not seen, but seen in another spectrum.
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Table 10.

The mass spectrum of.[Ru(Cp(CO)QCHQC§]. Intensities and assignments

m/e ' ' intensities, % Possible assignments®
b

272 il parent ,

244 64.9 [Ru(Cp)(COICH,CI]

216 30.2 [Ru(Cp)ICH,CI ]

195 33.5 [Ru(Cp) (CO) ]

180 66.6 [Ru(Cp)CH]

167 100.0 (RuCp]

139 20.9 not known

102 t7.3 [RuJc

3 All ions have a single posiTive charge

Expected isotopic combination pattern not seen and not seen in other
spectra of the complex
Expected isotopic combination pattern not seen but seen in other spectra.

Table 11..

. The mass- spectrum of [Mn(C0O)gCH,CI].  Intensities and assignments
mle intensity, % Possible assjgnmenfa’b
216 63.9 [(Mn(CO),CH,CI ]
195 16.4 [(Mn(C0) 5]

188 12.8 [Mn(CO) 3CH,CI1 ¢
167 20.7 [Mn(CO) ] ,
160 44.0 [Mn(CO),CH,CI ]
139 24.3 [Mn(CO) 3]

132 24.9 [(Mn(CO)CH,C1H]
125 2.4 [Mn(C0) ,CHy J
(R 18.4 [(Mn(CO) 5}

104 69.8 [Mn(CH,CI1)]

- 90 26.3 (MnCt]

T 83 25.1 [Mnco ]

69 17.5 [MnCH, ]
68 12.6 [MnCH ]
67 o 10.0 [MnC]
55 , 100.0 (MnJ

a ‘All ions have a single positive charge

Parent ion at m/e 244 seen in an amplified (with respect to intensity)
spectrum, with expected isotope combination pattern

Expected isotope combination pattern not seen, but was seen in
another spectrum. |
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Table 2.
The mass spectrum of [Re(CO)5CH2CIT.  Intensities and assignments
m/e ' intensity, % Possible Assignments®
377 - 32.2 | Parent ° X
348 ' 39.5 [Re(CO)4CHyCIL]
327 ’ 61.5 ' [Re(CO)s5]
299 : 54 .4 , [Re(CO)y ]
285 : , 34.2 [Re(CO) 3CH, ]
271 44.0 [Re(C0O) 3P
264 § 100.0 [Re(COICH,CI ¢
243 . o 29.7 [Re(C0OY5 ]
236 32.2 : not known
225 ; o 19.0 not known
215 | 18.3 [Re(C0Y TP
200 , 36.5 , not known
187 S 37.1 [Re]
,2 Attvions have a single positive charge
Expected isotope combination patftern not seen buT is seen in another
c spectrum A } ‘
Expected isotope combination pattern not seen, and not seen in another
spectrum.
Table |3.
Source temperatures for mass spectra
Compound . | ' Source temperature - (°C)

[MR(CO)SCHQCI:’ 45
~[Mn(C0) 5CH,0CH3 ] : . 130
[Re(CO) 5CHLCH ] ' o 65
[Re(CO) 5CH,0CH3 ] ' ' 85
[Ru(Cp) (CO) pCH,CI ] 60
[Ru(Cp) (CO)»CHy0CH 3] , 60
[Fe(Cp) (CO)»CHLCI] 65

[Fe(Cp)(CO)9CH0CH3] ' 62
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Figure 11. Mass spectrum of [Ru(Cp)(C0),CH,0CHsT CXXXI1).
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Mass spectrum of [Re(CO)SCHZCI] (I1X).
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SOME REACTIONS OF CHLOROMETHYL AND METHOXYMETHYL TRANSITION METAL

COMPLEXES WITH SOME TERTIARY PHOSPHINES, TRIMETHYLPHOSPHITE AND TRIPHENYL=

ARS INE

Introduction

Mefhy| Transifioé metal carbonyl complexes often react with tertiary
phosphines 16 yield acy| complexes by carbonyl insertion.2*  However
little work has been reportfed on the reactions of tertiary phosphines with
methoxymethyl or chlioromethy! transition metal complexes. Flood et ql50
héve synthesized [Fe(Cp)(CO)(PPhs)CHzocHBJ: (XV) by irradiating the
corresponding dicarbonyl (V) in the presence of PPhS, in benzene-

pentane solution. {(XV) was regdi!y conver%ed to [Fe(Cp)(CO)(PPhS)CHZCI]
(XVI) by reaction with HCI.%®  (See section 2.1 for further discussion
of this work). Similarly the complex [Fe(Cp) (Ph,PCH,CH,PPh,)CH,0CH- ]

has been prepared by irradiating (V) in the presence of [Ph,PCH,CH,PPh,].52

In our iaborafory we are inferested in inves*igaffng The reactions of
phosphorus |igands* with me+hoxyme+hyi and chloromethy! transition metal
complexes (see Scheme 10). ~Moss®? has found that reaction of
[Fe(Cp)(CO)2CH2Cl] (V1) with PPh, in acefénf+ri!e,iin the dark at

room temperature for five days, yields the cation [Fe(Cp}(CO)ZCHZPPh3]+,
isolated and characterized as fhe PF6— salt [Fe(Cp)(CO}ZCHZPPhSJPF6 .
The BF4_ salt of this canon, [Fe(Cp)(CO)ZCHzPPh338F4 was reported by

Reger and Culbertson,8C who synthesized it from the reaction of

{Fe(Cp)(CO)Z(THF}]+ with CHzPPh3 (Equation 17).  The analogous tungsten

In the following discussion the term "phdsphorus ligands' applies to
tertiary phosphines and tertiary phosphites.
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[Fe(Cp)CO) H(THRYT" + CH,PPhy T8 . [Fe(Cp)(CO) CH,PPh,T" + THF (17

cation, [W(Cp)(CO)BCHZPPh3]+, was isolated as the chioride salt
[W(Cp)(CO)BCHZPPhBJCl, from the reaction of [W(Cp)(CO)BCHZCI] (X1V)

with PPh, in refluxing methanol for 4 hours.>?2

3
In contrast to the .reaction with (XIV), it has been found that the corres-
ponding Mo chloromethy! compound (XlI1), when reacted with PPh3 in
refluxing methanol for 30 min., gave a complex identified as

[(Mo(Cp) (CO)

(PPhB)COCH‘OCHB:]52 on the basis of its infrared and lH nmr

2 2
spectra. Longer reaction times however gave [Mo(Cp)(CO)Z(PPhB)CIJ and
[Mo(Cp)(CO)(PPhB)ZCljﬁz Moss®? found that [Mo(Cp) (CO),(PPh3)CI] was also
isolated in 71% yiéld from the reaction of (XI1I) with PPh3 in acetonitrile
at room temperature in the dark for 28 days. . These reactions are somewhat
different to the reaction of the methyl complex [Mo(Cp)(CO)BCHBJ which on

refluxing with PPh3 in donor or hydrocarbon solvents (e.g. THF, hexane)

gave mixtures of [Mo(Cp)(CO)Z(PPhB)CHBJ and [Mo(Cp)(CO)Z(PPhB)COCHB:].81

[Mn(CO)5CHZCI] (X), when reacted with PPh3 in acetonitrile, at room temp-

erature in the dark for 2 days, gave [Mn(CO)B(PPh3)2C|].52

The work reported and discussed in this chapter continues the study of the
reactions of chloromethyl and methoxymethy! transition metal complexes

with phosphorus |igands.
/
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Scheme 10

[Fe (Cp)(CO},CH,PPhs] PFg

/ [WI(CP)(CORCHPPh,]CI
[M-CHyC] <(me)\./'
M= Fe(CP)(M [Mn(CO)3(PPh3)2Cl]
W (Cp)(COk

* [Mo(Cp)COk(PPh3) COCH,OCH;]

Mn(CO)g |
Mo(Cp)(CO)y kv)
| [Mo(Cp)(COL(PPh3)CI
and |
[Mo (Cp)(COX PPh3)2Cl

(i) PPhy,acetonitrile, room temp. , 5days.
- '(ii) PPhy , reflux methanol 4hrs.

(iii) PPhg,acetonitrile , room temp.,2 days.

(iv) PPhy, reflux methanol 30 mins.

(V) PPhg, reflux methanol .
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Resulfs and discussion; Reactions with [Fe(Cp)(CO)5Qﬂ291J

The reactions of [Fe(Cp)(CO),CH,CI] with phosphorus ligands and tripheny!-

arsine in methanol

The reactions of [Fe(Cp)(CO)ZCHZCI] (VI) with PPh;, PMePh,, PETPhé and
AsPhB, in refluxing methano!l, gave the TeTraphenbeoraT; salts (XXXV),
(XXXV1), (XXXVII!)'and (XXXIX) respectively, in yields ranging from 54-74%,
anq in relatively short refluxing times (33-5 hours, except in the case of
PMePh2 which was refluxed with (V1) for 20 hours). (XXXV) was also
obtained as the iodide salt, from tThe reaction of [Fe(Cp)(CO)zCHZOCH3] vy,

in refluxing methanol with [PhzPH]I.

R

Fe .
[ oc b oo
R

o J

"BPh,

(XXXV),L=PPhg  (XXXVD), L=PMePh,
(XXXVID,L = PMe,Ph  (XXXVIID), L=PEtPhy
(XXXIX),L= AsPhy  (XL),L= PEt,Ph

The reaction with PMe,Ph in refluxing methanol gave only 8% yield of (XXXVII)
after 3 days. (XXXV) - (XXX1X) were isolated as air-stable yellowish

solids.
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"The reaction of PETZPh with (V1) in refluxing methanol gave a low vyield
"Qf a bfown powder._ This broducf coufd not be purified; however the
infraréd spectrum in CH2C12 (vCO region) of it shows two strong bands at
2028,v 1974 cm-l, similar in position and appearance to those of (XXXV) -
(XXXIX).  This suggests that the product is (XL), [Fe(Cp)(CO)ZCHZPETZPh] -

(BPh4)

fhe reaction of bis(diphenylphosphino)ethane with (VI) in refluxing methanol
gave, on remo;al of the solvent from the réacfion mikfure, an orange oil

' 1whicH could not be purified. However its infrared spectrum in CHZCI2

y gave two strong bands at 2023(s), 1968(s) cm_I which is indicative of a
dicarbonyl comp lex, possibly'[Fe(Cp)(CO)ZCHZPPhZCHZCHZPPhZJT Such a
 06mp|ex however may be reactive, due to the free end of the [PhZPCHZCHZPPhZJ

»iigqnd, and di-iron complexes with a bridging phosphorus ligand may have

been formed.

_ THeIEeacTion of P(OMe)_-,J in refiuxing methano! with (Vi) was attempted.
However after a period of 4 days, infrared spécfra of the reaction mixture

showed only the methoxymethy! complex, [Fe(Cp)(CO)ZCHZOCH3] (V).

The reactions of (V|)_wifh PPhs, PMePh, anvaMezPh respectively in methanol
were also conducted in the dark, at room femperature for several days.

The reactions with PF’h_.,J and PMePh2 gave (XXXV) and (XXXV!) but in slightly
lower yield than the reactions conducted in refluxing methanol. No
Eéacfion took place between PMeZPh and (V1) even after 3 days of standing
‘aT rooh Tempérafure, as‘shown by the infrared spectrum of the reaction

- mixture.
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3.2.1b The mechanism for the reaction of phosphorus l|igands and friphenylarsine

Cowith (V1) in methanol

In okder to elucidate the prevailing mechanism, the reaction of (VI) with

| PPh3 in methanol was investigated more thoroughly.

A small quanfify~qf (Vi) was dissofved in methano!, the solution left for
4 hours and the solvent removed.’ An infrared spectrum of the residue
in‘cycfohexaﬁe showed the presence of (VI) and [Fe(Cp)(CO)ZCHZOCH3] (V)
inrapprcximafe!y equal quantities. This indicates the formation in
wmefhaﬁoi of an.equflibrium mixture of (V1) and (V) (Equation 18); *his

- fact was confirmed by the IH nmr spectrum of a solution of (VI|) in CDBOD.

- [Fe(CpI(COI,0H,CIT + CH,OH s===  [Fe(Cp)(CO),CH,0CHs] + HCI (18)

1 ; Wﬁeh (V!f was diséolved in methanol and a phosphorus ligand added, e;g{
1PPh3,-infrared spectra in CH,Cl, of the reaction mjxfure a short time after
- the addition showed only bands due fo (V), indicating the equilibrium to
be shifted considerably to Th; right (see Equation {8). It appears That
addition of a weak base (Z.e. fThe phosphorus ligand) removes HCl from the
‘reacfion mixture and:hence shifts the equilibrium position to such an
~extent that (VI) is no longer seen in the infrared spectrum of fthe reaction
mixture; . ’Green“8 found that (Vi) could be easfiy converted to (V) using
a strong base, for example NaOCHB. It is interesting to note that when
PPh3 was addéd to a solution of (Vi) in methanol, and a methanolic solution
= of NaBPh4 édded immediately to the reaction mixfure, a cream precipitate
was formed. This was identified as the phosphonium salt [PhBPH]BPh4 by
comparison of ATS infrared spectrum with that of an authentic sample.

This further indicates that PPh- reacts with HCl; it is suggested that
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an equilibrium is formed (Equafioh 19).

NaBPh

PPhy + HCI ===  [HPPh;]'CI~ 4% [HPPh;IBPh, precipitate (19)

3

- Thus there are at least four possible reactants in solution; = (VI), (V),
PPh3 and [EhBPH] .

The reaction of (V) with PPh3 was attempted, but no reaction occurred;
however addition of an excess of aqueous HCl to the reaction mixture
caused conversion of (V) 6 (V1) followed by the formation of (XXXV).

(Equation 20).

 [Fe(Cp) (CO)cH.0cH.] B8l [reccpy(cor.cn.c1] P35 [Feccp) (o). cH.PPH,T
‘ 9CH0CH _ 2CH,C! 2CH PP

=
B L (200

In ‘another reaction (V) was stood in methanol with [PhBPHjl. (V) was
converTéd'To an intermediate product [vCO(CH2C12) 2025, 1972 cmclj,
possibly [Fe(Cp)(CO)2CH2|]. This was followed by the formation of (XXXV)
(Equation 21),
‘[Fe(Cp)(CO)2CH20CH3] + [PhBPH] | ——p [Fe(Cp)(CO)ZCHzlj (?)
+ PPh; — [Fe(Cp) (CO),CH,PPh ]I 2N

On the basis of the above information it would appear that the reactive
. iron species, in the reaction with PPh3 is (VI) as opposed to (V).

(V1) then reacts with PPh, to give (XXXV) (Scheme [1). It is reasonable

3
to suggest that the other phosphines, which react with (VI) in methanol

react in a similar way.

‘The reaction of (VI) with phosphorus ligands is probably a nucleophilic

reaction (either SNI or SN2). (Figures 22, 23). The SN2 reaction would
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[Fe (Cp)(CO),CH,CL] + CHiOH 3= [FelCP)CO),CHHOCH 3]

S
[ PPhg +HCI
7] PPhg _ _ 2
[Fe(CH(CO)ZCHZPPh:;]* ' PPy
[PhyPHICI

Scheme 11: Reaction of (VI) with PPhy in methanol.
. : x, )

H o HH 7 | H
BERY 4

He-r-C—Cl = | PhgP—C—Cl| => PhyP—Co-

PPhg. Fp_ = Fp - 'Fp

Figure22: Sy2 reaction of (VI) with PPhs
[Fp: Fe(Cp)(CO) ]

i \ é% N
TG\CH Cl - @\CHZ 3
| cO

oc”
| Fe .
0C™ "k CHyPPhy
o

Fig.23: SNT reaction of (VI) with PPhs
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be more - influenced by the steric bulk of the phosphorus ligand than the
SNI reaction, as a phosphorus ligand approaching from behind the molecule
- (as indicated in Figure 22) would interact sTeriqalIy with the large
[Fe(Cp)(CO)Zj part of the molecule. Thus the more bulky the phosphorus

" (or arsenic) ligand, the less likely it will be to react with (V) via

the SN2 mechaﬁism.

" Tolman82,83 has defined the cone angle, ©, of a phosphorus ligand, as a Sewi

quanTiTaTTve_model for esTimaTing the steric effect thereof (Figure 24).

R=alkyl,aryl
or alkoxy gp.

Figure 24. = The cone angle,'@, of a -phosphorus ligand (Reference 83).

Values of cone angles for the phosphorus ligands used in our work have

been presented in Table |4.

It appears that the ease of formation of (XXXV)-(XL) is largely independant
of the céne angle. The phosphines PPh3, PMeth and PE+Ph2 form (XXXV),
(XXXV1) and (XXXVI11) respectively in yields >50% and in reaction times

-of 33-20 hours. - Howeyer PMeZPh and PE+2Ph form (XXXVI1) and (XL) much
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vmore'relucTanTIy, in poor yield even affter 3-5 days refluxing.

2Ph and PETZPh thus display similar reactivity towards (V1); however

b+heir cone angles are different (Table 14). On the other hand,

PMe

- PMePh, ahd PEt.Ph both have cone angles of 136° but the former is

2

considerably more reactive towards (VI) than the latter.

iThis.suggesTs that the reaction of (VI) with phosphorus ligands is

S if this is so, it implies the intfermediacy of a positively-charged

¥
~intermediate, possibly the carbene species [Fe(Cp)(CO)ZCH2]+ (Figure 23).

Comp lexes (XXXV)-(XL) can be regarded essentially as quaternary phos-
phonium salts. A general synthesis of phosphonium salts is in fact

the reaction of a tertiary phosphine with an alkyl halide (Equation 22).8%

Ph,P -l-‘vRBr"——.—D [PhBPRTBr— ' (22)
R.= alkyl groups -

Howéver, with primary and secondary alky! halides L(V1) can be considered
a.primary alky!l halide] the reaction is usually SN2.85 However,

preparations of phosphonium salts involving SNI mechanisms are known

(for example, -reference 86).

Table 14.

Phosphine pKaa Cone angle, o° b
PPhg 2.73 145
PE+Ph, | 140
PMePhy ' ‘ 136
PEt,Ph 6.25 136
PEt3€ 8.69 132
PMe,Ph - 6.49 122

PMeg o 8.65 118
P(OMe) 5 107

a  Reference 87

b Reference 82, appendix B

¢ Values for PEts are included for comparison but the ligand was not
‘used in our work.
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. pKé values for the tertiary phosphines are also listed in Table 14.87

It is interesting to note that the more basic the phosphine the less
reacfive_if has been found to be towards (VI). PETZPh and PMeZPh are
more basic ThanvPPh3 but iess reactive towards (VI). One would expect

the moré basic ligands to be more reactive if the reaction is nucleophilic.

A possible explanation for this is that a more basic ligand also shows a

greater Tendenéy to react with HCl (see Scheme |1) to produce the’

~phosphonium salt. This reaction would have the effect of reducing the

- availability of the reactants (VI) and the phosphorus figand.

3.2.2

‘The reactions of [Fe(Cp) (CO),CH,CI] with some phosphorus ligands in

acetonitrile

The reaction of PMePh2 with (VI) in acetonitrile at room temperature gave

~[Fe(Cp)(CO),CH PMePh2]+, as the BPh4— salt (XXXV1), in 33% yield.

2
The anatogous PPhs product (XXXV) was obtained from the reaction of

A(VE) with PPh3 in acetonitrile®? (Scheme 10).

The only products isolated from the reactions of (VI) with PMeZPh and

’ PMe3 were (XLI) and (XLil), isolated as air-stable yellow needles in

eld

- wield
81% and 32%| respectively. (XLI1) has recently been reported by

Treichel et ql.88 Treichel obtained the BF4” salt of (XLII)

[Fe(Cp)(CO)(PMe3)2]8F4, from the reaction of [Fe(Cp)(CO)Z(THF)]BF4 with

' PMe3 in refluxing acetone, and the PF6 salt of (XLIl) by refluxing

V,[Fe(Cp)(CO)(PMeS)Br] with PMe3 in toluene. He also obtained the iodide

salt of (XLI1), [Fe(Cp)(CO)(PMes), ]I by refluxing [Fe(Cp)(CO),PMes]i

~with PMeg in acetonitrile.88
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(XLD) L=PMe  (XLII) L=PEtPh,
| | /
(XLI) L= PMeg  (XLIV) L= PEt,Ph

Two_producfsrwere isolated from the reaction of (Vi) with PETZPh;

[P(CH3)(CZHS)ZPhJBPh4-was‘iso|a+ed as white air-stable needles, and
. ’ . t

(XLIV) as yellow platelets.

The reaction of'(VI) with PEJrPh2 gave a yellow solid. This product could
not be purified, but its infrared spectrum in CHZC._!2 shows one vCO band
at 1962 cm—l, which sugdests that it is (XLIIIl). P(OMe)3 did not react

with (V1) over 6 days.

Complexes (XL!1), (XLI1) and (XLIV) all show intermediate phosphorus-
phosphorus coupling in their IH nmr spectra.8®  Thus [Fe(Cp)(CO)(PMeZPh)é]-
BPh4 showed two pseudotriplet patterns each integrating fér 6 protons and
[Fe(Cp)(CO)(PMeB)ZjBPh4 showed one pseudotriplet pattern, integrating for

I8 protons (Figure 25). The complex,[Fe(Cp)(CO)(PETZPh)ZjBPh4 shows a
“complex series of multiplets in the region of §1-82 p.p.m. in its IH nmr

spectrum which were not resolved.

The way in whicH, and-the extent to which, the basicity of the Ifgand or
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A

Fig 25. Intermediate P—P coupling..
~ A. Peaks for (Me) protons, (XLII)
- B. Peaks for (Me) protons ,(XLI)



the size of the ligand (Z.e. the cone angle) (Table 14) influence the
reaction of (V1) with phosphorus ligands in acefopifrile is not clear
from the results obtained. The formation of [Fe(Cp)(CO)ZCHZL]+ or
[Fe(Cp)(CO)(L)2]+ (L = phosphorus |igand) appears to be influenced by
The‘basicify of the phosphorus ligand in that the more basic ligands tend
to form cations of the form [Fe(Cp)(CO)(L)2]+. The ligands with the
largest cone angles would be expected to form cations of the form
[Fe(Cp)(CO)ZQHZL]+; the formation of [Fe(Cp)(CO)(L)2]+ would result

in greater steric crowding due to the two L ligands attached to the Fe
atom. However, note that PETPh2 appears to form [Fe(Cp)(CO)(PETPh2)2]+
whereas PMePhZ; having a slighTIy_smaller cone angle, forms
[Fe(Cp) (CO) ,CH.PMePh, ", Further, PETPh forms [Fe(Cp) (CO)(PETP) "

" although it has the same cone angle as PMePhZ.

 ’The mechanisms of the reactions of (VI) with phosphorus 1igands,'in aceto-
nitrile, Qnder the conditions used, are not known. Noteworthy, however,

is the product [P(CHB)(CZHS)Z
PETZPh with (VI), This phosphonium salt could possibly arise from the

abstraction of a CH, group by the phosphine from the [CH,CI] ligand of

(Ph)]BPh4, isolated from the reaction of

(viy.
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3.3.2

" to react with PPh
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ResuLTs and discussion; reactions of [Ru(Cp)(CO)QEHQOCHBJ,

[Mn(C0) 5CH,C1], [Mn(CO)5CH,OCH,], [Re(C0)sCH,CIJ, [W(Cp)(CO)CHCI]

and [Re(CO) 5CH,OCH;] with PPhs.

It is interesting to compare The:reacTions-of some other chioromethyl

and methoxymethyl transition metal complexes with PPhS, with the reactions
of (VI) with PPh3'as discussed in section 3.2. The reactions discussed
in this section were conducted ei+her in acetonitrile, or methanol, or

both; the only ligand used was PPh3.

The reaction of [Ru(Cp)(CO)OQHQCI] (XXX111) with PPh, in methanol

We found that when (XXX!1l|) was refluxed with PPh3 in methanol for 5 days,

the major broducT isolated was [Ru(Cp)(CO)2CH2OCH3] (XXX1't). A small

" amount of a yellow oil was also obtained, but the gquantity was too small

to enable its identification.

We suggest then an equilibrium is set up between (XXXI1) and (XXXill)

(Equation 23) similar to that described for (VI) and (V) in Equation 18.

[Ru(Cp) (CO)..CH,CI] + CH{OH === [Ru(Cp)(CO),CH,OCH,] + HCI
ol 3 2~

This equilibrium.suggests that (XXXI!1) might easily be converted to
(XXX11) by the reaction of NaOMe, as shown by Green*8 for the corresponding

Fe complexes (Vi) and (V). Neither (XXX11) or (XXXI11) however, appeared

3"

Reaction of EW(Cp)(CO)SCHzclj (XIV) with PPh, in acefoniTriIe‘

Other workers in our IaboraTorys? found that (XiV) reacted with PPh3 in

refluxing methano! to give the complex EW(Cp)(CO)BCHZPPh3]CI in 35% yield.
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(Scheme 8). We found that the reaction of (XIV) with PPh3 in aceto-

nitrile gave the same cation (precipitated as The'BPh4 salt (XLV)) in

20% yield after 34 days (Equation 24). The reaction Thusproééeded very

[W(Cp) (CO) 5CH,CI] + PPhy -————~—>EW(Cp)(Co)30H PPh I8P, + CI”

2

slowly. Similar reaction times were needed for the reaction of
[Mo(Cp) (CO)5CH,CIT (XIT11) with PPhs in acetonitrile;®2 +this reaction

however gave .the comp lex [Mo(Cp)(CO)Z(PPhB)CI] in_7l% yield.

[
!

/\,N\\ CHpPPhy| BPHh,

S OC CO -

The reagfion‘of‘[Mn(CO)sgﬂQOCHz] (VII1) with PPhs f,
i

The reaction of (VIII) with PPh3 in acetonitrile af room temperature gave
cis—[Mn(CO)4(PPhB)COCHZOCHBJ (XLVI).  The eis configuration was assigned
on the basis of the four terminal vCO bands which appeared in the infra-

red spectrum.. The acyl carbonyl group was indicated by a band at

1640 Cm—’ in The infrared speCTrum in CHZCI2 solution (occurred at 1603 cm

in the spectrum of a nujol mull of (XLV{)).

(24)
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When (VI11) was reacted wiTH PPhB,refluxing in methano!l, two products
were formed, depending on the reac%ion time and the quantity of phosphine
used. Reaction of (VII1) with a 1:1 mole ratio of PPh3 (of less PPhB)
gave cis—[Mn(CO)4(PPhB)CHZOCHBJ (XLVID) in 74% yield. Reaction (VIiIf)
with an excéss of PPh3 gave (XLVI1) inittally, but with longer refluxing
times (XLVII1) was partially converted tfo tpans-[Mn(CO)B(PPhB)ZCHZOCH3]
(XLVITT), Yields of (XLVI11l) were low; even with a double excess of
phosphine (XLVIII) was isolated in only 26% yield, and (XLVII) was still

the major product of the reaction.

(XLVI1) is assigned the cis configuration on the basis of the 4 vCO

bands which appeared in its infrared spectrum.

It is possible fbr [Mn(CO)B(PéhB)ZCHZOCHBJ to have three possible con-
figurations, (i), (ii) and (iii) (Figuré 26). These three configurations
can be distinguished by their infrared and IH nmr spectra. Three sTrong
bands are expected fto appear in the infrared spectrum of isomer (iii) whfle
the infrared spectrum of (i) is expeéfed to show a weak and two strong

vCO bands. Configuration (ii) can be distinguished from (i) by its 'H

nmr spectrum. The CﬂQ protons of the [CHZOCH3] I igand are expected to
show a triplet in (i) as the symmetry of the mblecule makes the PPh3
ligands equivaleni. However in (ii) a doublet of doublets is

expected, due to the non-equivalence of the two PPh3 | igands.

A weak, a strong and a medium band are seen in the infrared spectrum of
(XLVITE) in CHZCI2 solution. A triplet appears in the IH nmr spectrum
of (XLVII1) for the CH, profons of the [CHZOCH3] ligand. Thus configu-

ration (i) has been-assigned to it, and, on account of the trans phosphine

. : [ .
ligands, a trans nomination.



OC———C-CH0CH;  OG—F——CHo0CH;
/ Mn . | Mn /
PPh OC——1—PPh
Xk o
(XLVI) (XLVI])
co
PhyP——— CHy0CH,
/ Mn
0C—T—'PPh,
CO

CO
(1ii)

JFig. 26 : possible configurations of [Mn(CO}3(P),L]
P=PPh3 , L= CHzOCH3
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3.35.4 Reaction of'[Mn(CO)BCH Cl] (X) with PPh-, in methanol

3.3.

5

Workers in our laboratory®2 have previously found that the reaction of
(X) with PPh in acetonitrile at room ftemperature gave [Mn(CO)S(PPhB)ZCI].

We found that the same complex was obfained from the reaction of (X)

with PPhsy in methanol.  The complex [Mn(CO)B(PPhB)ZCI] would appear to

be trans on the basis of the peaks obtained in infrared spectrum, which

shows a weak, a strong and a medium band, (vCO(CHZCIZ) 2038(w), 1950(s),

1920(m) cm™ ).

The reactjons of [Re(CO) CH,CIJ (1X) and [Re(CO) CH,OCH;] (VII) with PPhy

It isvinTefes+ing to compare the reactions of (IX) and (VI]) with PPh3
in acefonitrile, with the reactions of the analogous Mn complexes (X)
and (VI11) (Secfiéns 3.3.3 and 3.3.4), (1X) showed no reaction with
PPh; after 5 days at room temperature. (VI1) also showed no reaction
wifh PPhB, neither after 4 days at room femperafure, nor after 2 hours

in refluxing acetonitrile.
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SOME ATTEMPTS TO SYNTHESIZE HYDROXYMETHYL COMPLEXES

Hydroxymethy!| species, anTaining a [CHZOH] ligand, have been postulated
as intermediates in the Fischer-Tropsch reaction! (see Section |.3.1).
Chloromethy!l and methoxymethyl| complexes, [LnMCHZX] (X = CI,OCHB,‘L =
Iigénds, M = transition metal) are possible precursors of hydroxymeThyI'
complexes, as the ECHZX] tigand is fairly easily attacked by nucleophiles,

Nu~ (Equation 25) (see Section 2.1).

[LnMCHZX] + Nu —————D'ELnMCHZNu] + X

Hydroxymethy! complexes

The first hydroxymethy! complex to be isolated and characterised, complex
(1V), was reported virtually simultaneousty by Casey et all® and by

Graham and Sweet.!7

- <>

Re

ON CO CH-,OH

"W

|+ was synthesized by the following methods:
i Hydrolysis of the methoxymethyl compiex [Re(Cp)(CO)(NO)CHZOCH3]

(Equation 26).16

THE/M20,  [Re(Cp) (CO) (NO)CH.,0H]

CF 3CO0H

[Re(Cp) (CO) (NO)CH,0CH;]

(25)

(26)
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The reaction outlined in Equation 26 involves acid-catalysed
nucleophilic attack of H,0 on the [CHZOCH3] ligand, with replace-
ment of The'[OCHBJmoieTy with OH, and probably with elimination

of methanol. It was necessary To quench the reaction with triethyl-
amine after 2} hours reaction time, in order to prevent the formation

of the dimer [Re(Cp)(CO)(NO)CHZJZO (XLIX).186

, 5 TCHYT
ON éo NO

CO
(XLIX)

ii Reductions: Both Caseyl® and Graham!? syéfhesized (IV)-by reduction
reactions. Thus (1V) was a product of the reduction of
[Re(Cp) (CO)(NO)CHO] (1) by diisobutylaluminium hydride16 or by
| equivalent of NaBH4 in a THF/water mixture.l7? (1V) was also
a product of the reduction of [Re(Cp)(CO)ZNO]+ by‘sodium diethyl-

aluminium hydride,1® or by 2 equivalentsof NaBH4 in a THF/water

mixture.!?  (See Scheme 2 and Scheme 3, pages || and 12).

'H nmr studies showed that complex (IV) was an intermediate in the meth- -
anolysis of the metallo ester dimer, (XVIII) (Scheme 5, page 25).

However (IV) reacted further with methanol to give [Re(Cp)(CO)(NO)CHZOCH3:|.16

Since the isolation of (lV), tThe hydroxymethyl complex [OsH(CHZOH)(CO)Z(PPh3)2]

(L) has been isolated and characterized.3!
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PPhy
oc

oc/l\/

PPhs
1equivalent of HCl

[Os(C Hon)Cl (CO)( PPh3)2 ]

" NaBH}\ |
o | PPh3

l /CHZOH
o OC/I \H v

PPh3
H——)

(L) was synthesized viq an infermediate hydroxymeThYI complex, EOS(CHZOH)-

Ci1(C0) (PPh3)2] from the cQordinaTed—formaldehyde comp | ex

LOs(n? —CHZO)(CO)Z(PPhB)Zj’ (Equation 27).%! Complex L is significant

in that it hés an hydride.ligand adjacent to the [CHZOH] ligand, and

thus models intermediates proposed in the FisCher-Tropsth reaction!

(Step 5, Scheme |, page 8).
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4.2.

9l

. Other than (1V) and (L), transition metal hydroxymethyl complexes have

not been isolated. Several, however have been proposed as inftermediates
in reactions. Casey et all® have reviewed much of the literature con-

cerning-transition metal hydroxymethyl complexes, and it is thus not

reviewed again here.

Results and discussion

We anempTed the synthesis of hydroxymethyl complexes in the following

~ three ways:

i Basic hydrolysis of chlioromethyl complexes (Equation 28).
L MoH,Ci0+ o™ H29% [1 MeH,0H] + 17

(L = ligands, M = transition metal).

il rAcid—caTalysed‘hydrolysis of methoxymethy! complexes (Equation 29).

| .
‘ H
[LMCH,0CH 1+ H,0 — [L MCH,OH]+ CH3OH

(L =‘Iigands, M = transition metal).

iii ReacTidn of metal carbonyl anions with formaldehyde (Equation 30).

+
Na L M] + CH,O R, L McH.,0H]
n. 2 n 2

(L = ligands, M.= transition metal).

Attempted bas€>hydrolysis of [1n(CO) -CH,CI] (X) and [Fe(Cp)(CO),CH,CIJ (VI)

It is a well known fact that organic alkyl halides can be converted to

alcohols by nucleophilic attack of OH™ (Equation 31),92

"R-X + OH y———p R-OH + X

(X = halogen, R = alkyl group).

(28)

(29)

(30)

(31)
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‘We thus decided to investigate the reactions of some chloromethy! complexes

"with OH .

| No reaction occurred when [Mn(CO)5CH2CI] (X) was stirred in a THF/water
mfxfure, or in a THF/water mixture to which had been added an equimolar
quantity of NéOH. However addition of an excess of an aqueous solu%ion
of NaOH to a THF solution of (X) gave a brown water soluble product,
which was not isolated; we suggest that (X) had decomposed under these

- conditions.

fhe reacfioniof [Fe(Cp)(CO)ZCHZCI] (VI) with aqueous NaOH was attempted

bﬁt Thelbnly product isolated was the dimer, [Fe(Cp)(CO)ZJZ. In view

- of fhevsuécessbachieved by'several other workers33:9% in using phase transfer
of OHf, We.affempfed the reaction of (VI) with aqueous NaOH in the presence
lof [N(E+)3Ph]CI. However, again the only product isolated was the dimer,v

_[Fe<Cp><CO)2]2.

-If is interesting to note the ease with which (Vi) is converted to-the
'hefhoxymefhyl comp lex, [Fe(Cp)(CO)ZCHZOCHBJ, by reaction with the strong
‘base NaOMe“® (see Section 2.1).  One would thus expect that the reaction

of (VI) with OH Qould yield [Fe(Cp)(CO)ZCHQOH]. It is possible that
[Fe(Cp)(CO)ZCHQOH] was formed in our reactions, but that it was too reactive
" to be isolated, and rapidly decomposed to give [Fe(Cp)(CO)ZJZ. | f +his.

i is so, it méy be possibie to see the formation of [Fe(Cp)(CO)ZCHZOH] using,

- for exampTe, low Temperafure |H nmr; further investigations need fo be

conducted in this direction.
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4 2.2 ATfemp+ed acid--catalysed hydrolysis of [Mn(CO) 5CH,,0CH | 1 i,

[Fe(Cp) (CO) ,CH,0CHz] (V) and [Re(CO);CH,OCH;] (VI1)

22

"7 In view of the success achieved by Caseyl® in hydrolysing the methoxymethy |

~ [Re(Cp) (CO) (NO)CH,0CH ] to give [Re(Cp) (CO) (NO)CH,OH], we decided to

affemp+ the hydrolysis of other methoxymethy! fransiti ion metal complexes

(VI11) and (Vil) did not react with HZO and CFBCOOH under the conditions

we used. However (V), when reacted with CFSCOOH and H20 for 23 hours

~ . at room temperature gave a yellow brown oil. This product couid not

be purified; however the vCO bands shown in its infrared specfrum indicate

a d:carbonyl complex, with posssbly an acyl CO group (vCO 1777 cm })

'(Thts band (1777 cm ‘)may be due to unreacfed'CFSCOOH). The bands at 2031

and 1979 cm'|~are at somewhat higher frequencies'fhan would be expected

"+ for the desired hydroxymethyl [Fe(Cb)(CO)ECH OH]. (e.f. the positions of

" the vCO bands for [Fe(Cp)(CO)2 CI:]’+8 and [Fe(Cp)(CO) CH OCH3] (see

4.2.3

- Section 5.2.1)). We propose, on the basis of the spectral evidence

found, that the product is the ester [Fe(Cp)(CO)ZCHZOC(O)Cst, formed by

reaction of (V) with CFjCOOH.

f When (V) was reacted with CFBCOOH and HZO for 17 hours at room temperature

é brown oily product was formed, the infrared specfrum‘(vCO region) of
which indicated a mixture of products, including possibly the proposed ester

[Fe(Cp) (CO) ,CH OC(O)CFBJ. ~ However none of the products could be isolated.

2

Reaction of Na[M] with formaldehyde (M = Fe(Cp)(CO);}gMnCOB:l

Synthesis of hydroxymethy! complexes was also attempted using the method

outiined in Scheme 2.
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0% o
C. — M—C_-H+ [M]—CH0H
H H H H -

[M] = FelCPICO), , Mn(COls

Scheme 12‘

In this way, the only broducT from the reaction of Na[Fe(Cp)(CO)2] with
formaldehyde gas (when the gas was bubbledvdirechy through the solution
of the anion), at OOC, was +he dimer [Fe(Cp)(CO)Z]Z. However addition of
é solution of formaldehyde to a solution of Na[Fe(Cp)(CO)Zj at OOC,

followed by addition of H3P04, gave the hydride [Fe(Cp)(CO)ZH].

‘Both [Fe(Cp)(CO)Z]2 and [Fe(Cp)(CO),H] may arise from an intermediate,
reactive hydroxymethyl| complex, the latter by B elimination, a pathway which
hés been proposed for the decomposition of hydroxymethy! transition metal

 complexes35 (Equation 32).

[[ MCH,OH] — [L M-H] + CH,0 (32)
(L = ligands, M = TransiTion metal)

However it is much more likely that the dimer arises simply from recombi-

nation of two molecules of [Fe(Cp)(CO)zj_, and that [Fe(Cp)(CO)zH]

arises from protonation of [Fe(Cp)(CO)Zj—.

The only product isolated from the reaction of Na[Mn(CO)Sj with CHZO was

The dimer [MnZ(QO)IO].
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EXPERIMENTAL SECTION

General remarks

All experiments were routinely performed under high purity N2 and in

nitrogen-saturated solvents.

[MHZ(CO)IO], [ReZ(CO)lO] and [Fe(Cp)(CO)2]2 were obtained from Strem

Chemicals Inc., and used without further purification. [Ru(Cp)(CO)ij

was synthesized using the method of Humphries and Knox,9® [MnZ(CO)8(PPh3)é]

by the method of Osborne and Stiddard,?? [Fe(Cp)(CO),CH,CI] by the method

of Green et alk8 [Mn(CO)5CH20CH3] by the method of Cawse et al?* and

"—fch(CO)SCHZCI]-by the method of Moss.®2 [W(Cp)(CO)BCHZCI] was synthesized

| : by.firsT-synThesizing Na[W(Cp)(CO)3] from [w<co>6] and NaCp,98 followed
by reacTionlNa[W(Cp)(CO)Bj with CICH,0CH, and HCI gas.48 CICH,OCH was

obTained from Merck, tertiary phosphines and P(OMe)3 from Strem Chemicals

inc., and B.D.H. Chemicals Ltd ., and AsPh3 was obtained from Merck.

All were used without further purification. PMe3 was s?nfheslzed by

+he method of Mann and Wells,%9 and CICHZI by the method of Miyano and

Hashimoto. 190  Al| other reagents were obtained commercially and used

without further purification.

CICHZOCHB‘is toxic and carcinogenic and thus was handled under a fume
hood using rubber gloves. When solvents were evaporated from a reaction
mixture containing CICHZOCHB, they were condensed into a cold trap and the

excess CICHZOCH3 decomposed with HI.

Solvents were dgenerally of analytical reagent grade, and were further

dried where necessary under N, by standard methods.19l  |n particular,

_tetrahydrofuran was dried by standing over KOH, followed by refluxing
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- over LiAlH, under N,. n-Hexane (generally referred to as 'hexane"
-in this project) was dried by refluxing over LiAIH4 under N2. "Petroleum
. ‘ether" refers to the fraction boiling at 60-80°C. "Ether" refers to

wi”diefhyl ether.

‘Molecular distillations were performed on a modified Hickmann still.

Chromatography was performed using Merck Kieselgel 60 (30-70 mesh ASTM).

Microanalysés were performed by the micrqanalyst of the School of Chemistry,

‘ Universify of.Cape Town, Mr W.T. Hemsted, and by Drs F. and E. Pascher,

ﬁMiéroénalyfisches Laboratorium, Buschstrasse 54, 5300 Bonn |, Germany.
Méifing points were defermihed on a Gallenkamp, and a Reichert, Kofler

. hotstage appafafus, and aré.un;orrecfedQ Iinfrared spectra were recorded
on a‘Pérkin-Elmer 180 Grafing Spectrophotometer and a Beckmann Acculab 10,
usiﬁg.soldfion cells wifh NaCl windowsAand O0.! mm spacers, or KBr discs.

‘ :The following abbreViafibns.are used in connection with the infrared

 s§ec+ra: (w) = weak, (m) = medium, (s) = strong, (vs) = very strong,

'(sh) = shoulder.

‘|H_nmr spectra were recorded on a Varian XLIOO (100 M Hz), or on a Bruker
WHS0 (90 M Hz) operating in Fourier ftransform mode. Chemical shifts are

.given downfield of T.M.S., in & p.p.m.

Mass spectra were recorded using a VG Micromass |6F, operating at 70 e V
| : iqnising voltage (leV = I.éO X IO_|9 J), and coupled to a VG system 2000
.daTa.sySTeh. ~The samples were introduced into the instrument as solids
or ofls, using a direct probe. Calculated mass spectra were obtained

using a computer program prepared at the University of Alberta, Alberta,

Canada.l02:71  This program calculates exact masses and isotope combination



patterns for any particular parent ion or fragment required. !

bressures are recorded in mm Hg or atmospheres (atm) throughout this

1 atm

projecf. »
" I'mmHg, = 101.325 / 760 Pa.
= 1.0l bar = 101.325 Pa.
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Experimental section pertaining to Chapter 2

(MeThoxymeThyI)dicarbonyl(penTahapTocycIopenTadienyI)ironLEFe(Cp)(CO)OQ_}jZOCH3

(V)

(V)'was firsT synthesized some years ago by Green et al,%8 but as yet no-
one has reported observing ifts rotational isomerism. We have shown that
roTaTioﬁal isémerisﬁ is present on the basis of the double vCO bands

(sée discussion) and thus present the analytical and spectral data we

obtained for (V). Further, as our synthesis is slightly different from

| ~ Green's it is reported here.

A_brbwn solu+i§n of Na[Fe(Cp)(CO)zj {synthesized by stirring [Fe(Cp)(CO)Zj2
(2.03 g,5.7 mmol) with excess Na amalgam (0.75 g Na in 7 mls Hg) in THF

(35 mIS)'fér 2 hours} was added dropwise over |5 mins. with stirring to a
solution of C!CHZOCH3 (1.29g, 16 mmol) in THF (5 mis) at -78°C.

The reaction mixture was stirred at -78°C for a further 15 minutes and

then aliowed to warm up to room temperature, and stirred for another 2 hours.
The solvent was removed under reduced pressure from the reddish solution

and the residue extracted with -hexane (3 x 20 mls). The red hexane
extract was filtered, evaporated to an oil on a rotary evaporator, and the

product purified by molecular distillation (0.5 mm Hg, with periodic slight

"warming of the distiltlation vessel) giving (V) as a brown, unstable oil

(1.13 g, 45 %). vCO (cyclohexane) 2016(m), 2006(s), 1961(m), 1949(s) Cm_l,

(CH2CI ) 2004(s) 1944(s) cm_‘; lH nmr (CDCIS), § 3.26 (singlet, 2H),

2
§ 4.81 (singlet, S5H), § 4.87 (singlet, 2H); found C. 48.9 %, H 4.7 &,

C9H|OFeO3 requires C 48.69 %, H 4.54 %.
The infrared specTrdm in CH2CI2 shows only two vCO bands; the relative

broadness of the bands in CH2CI2 (as opposed to cyclohexane) is such that
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"crude'red hexane extract (vCO (cyclohexane): 2026(s), 1973(s) cm ).

99
two bands appear as one.

Some,[Fe(Cp)(CO)ZCHZCI]‘was identified, by its infrared spectrum, in the
| |

;(Mefhoxymefhyl)dicarbonyl(penfahapfocyclopenfadienyl)ruThenium,

[Rugcp)(CO)zggzpqgg] (XXX11)

A dark brown solution of Na[Ru(Cp)(CO)?] was prepared by stirring

B [:Ru(C‘p)(CO_)z:l2 (0.60 g, 1.4 mmol) with Na amalgam (0.6 g Na in 7 mls Hg)

i?‘fﬁ THF (15 mfs) for 2 hours. The aﬁion solution was then added dropwise
:-foVer 10 minutes with stirring fo a soIQTion of CICHZOCH3 (0.65 g, 8.1 mmol)
: 3‘ih7THF'(5 mls) at -78°C, and the reaction mixture stirred at this temp-

' éréTure_for 15 minutes. I+ was then allowed to warm to room temperature,

at which temperature it was stirred for 3 hours. The solvent was
evapdra¢éd.under‘redﬁced.pfessure and the residue extracted with hexane

(4 x 20 mis). The extract was filtered, and the solvent evaporated

qn&er reduced préssure +o give a reddish brown oil. (Crude yieid >90 %).
Further purification was achieved by molecular distillation (0.1 mm Hg, with

periodic gentle warming of the distillation vessel) to give slightly impure

IV(XXXII) as a brown oil. vCO (cyclohexane), 2026(s), 2017(vs), 1965(s),

fl956(vs)vcm—'; lH nmr (CDCiS) 8§ 3.23 (singlet, 3H), § 4.97 (singlet, 2H)

§ 5.31 (singlet, 5H); Found, C 43.8 %, H 4.65 %, C9H|003Ru requires

€ 40.45 %, H 3.77 %; mass spectrum shows a parent ion with the expected

~ -isptope pattern at m/e 268.

The IH nmr_also shbwéd fairly weak impurity peaks at §3.41 (doublet) and

8 4.58 (doubIeT) as well as other very weak peaks. The infrared spectrum

 Hof the crude hexane eXTracT, before molecular distillation, showed small
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amounts of-[Ru(Cp)(CO)ZCHZCl] (XXX111) [vCO (hexane) 2035(s), 1978(s)].
We were not able to obtain (XXXIl ) pure, due to traces of an unidentified

colouriess oil, which distilled over with (XXXI1 ) in the purification

process.

5.2,3 (Chloromethyl)dicarbony!(pentahaptocyclopentadieny!l)ruthenium,

| ;5g<cP><cozzgﬁZCI] XX 1)

.[Bu(CpXCO&CHZOCHBJ was prepared as described above (Section 5.2.2) from
v[Ru(Cp)(CO)zjz (0.63 g, |.4 mmol). The methoxymethy! compound was then

~dissolved in hexang (15 mls) and dry HCl was bubbled through for 7 mins.
gfvfng a yeIJowish cloudy-solution. The solution was filtered and cooled
+6 -780C, at whichlfemperafure (XXX crstalIized. This product was
recrystallized. from hexane at -78°C to give pure (XXXI11) as sticky
yeltowish needleé (Q.I2 g = 15 % based on dimer). vCO (hexane) 2035(s),
I978(s)vcm_|, IH nmr (CDC|3), 8§ 4.39 (singlet, 2H), & 5.37 (singlet, 5H).
Found, C 35.7 %( H2.65 %, Ci 12.54 %,'C8H7 CIOzRu requires C 35.37 %,

H2.60 %, Cl 13.05 %.

.5.2;4‘ (Methoxymethy|)pentacarbonylrhenium, [Re(CO)59ﬂ20CHz] (Vi1), and

(chloromethy!)pentacarbony!rhenium, [Re(CO)CH,CIT (1X)

Na[Re(CO)Sj was prepared by sfirring[Rez(CO)ld](|.53 g, 2.35 mmol) with
excess Na amalgam (0.75 g Na in 7 mis Hg) in THF (20 mls) for 6 hours.
~ The red solution of the anion was then added dropwise with stirring to a

©.08 g, 13.4 mmol) in THF (5 mls) at -78°C.

solution of CICH,0CH,
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The reaction mixture was stirred for a further |5 mins at —78OC, and then
allowed fo warm to room temperature, and stirred for another 2 hours to give
a cloudy yeltow solu+ion.' The solvent was reméved from this and the
resjdue extracted with héxane (50 mls) giving a yellow ctoudy solution,
which on evaporation of the hexane yielded a yelléwish oily solid.
This Was further purified by sublimation (0.5 mm Hg, with periodic genflé
Qarming of the sublimation vessel) onto a 0°C probe, giving a white
crystalline §ub|ima+e. This sublimate, on warming to room temperature
gave a mixture of a clear colourless oil and a white solid (fotal yield
740 mg). Separation of the oil and the solid was achieved by dissolving
the mixture in a minimum of hexane and.cooling the resulting solution to
—780C, at which temperature (I1X) precipitated as a white crystalline

‘ ' Vs Vo
solid. (330 mg, 20 %), mpt. 62465OC, vCO (cyclohexane) 2063(vw), 2044(vw),
2023(s), 1994(m) cm_l; 'H nmr (CDCIB), § 3.99 (singlet); found C 19.18 %,

H 0.58 #, CI 9,51 %; CGH,CIO4Re requires C 19.18 %, H 0.56 %, CI 9.4 %.

Af+er +hé.precipifa+ion of (X), the mother liquors were evaporated to
dryness, to yield (Vll),as.a clear, colourless, volatile oil (410 mg, 24 %).
vCO (cyclohexaﬁe) 2014(s), 1986(m); IH nmr (CDCIB) § 3.28 (singlet, 3H),

8 4.Q5 (sfnglef, ZH);‘ found C 22.95 %, H I.4'%, C7H506Re requires C 22.65%,

H 1.35 4.

The infrared spectrum of (Vi1) showed small amounts of (IX) present, as
would be expected; nevertheless the solubilities of (VII) and (IX) are

such that the separation achieved by the method described is fairly good.
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5.2.5 (is-(chloromethy!)(triphenylphosphine)tetracarbony|manganese

[Mn(CO) , (PPh)CH,CIT  (XXXIV)

A yellow brown solution of [Mn(CO)4PPh3]Na was prepared by stirring
[Mn(CO)4PPh3]2 (0.44 g, 0.51 mmoles) with Na amalgam (0.5 g Na in 6 mits

Hg) in THF (20 mls) for 1.5 hours. I+ was added dropwise with stirring
over 10 mins to a solution of ClICH, (0.66 g, 3.75 mmol}  in THF (5 mis)

at -78°C. The resulting reaction mixture was stirred at -78°C for a |
further 10 mins., allowed fo warm to room temperature and stirred for

.5 hours, giving a greenish suspension. The solvent was removed under
reduced pressure, the residue extracted with CH2C12 (2 x 20 mls, I x [0 mls),
and the reddish extract dried on a rotary evaporator to give a viscous

orange oil (0.64 g).

The oil was chromatographed on>a silica-gel column made up ina 5 % ether/
petroleum ether mixture. Elution with 5 % ether/petroleum ether separaTea
a broad orange band and a ye!low band. The orange band was col lected
first and the solvent removed under reduced pressure to give (XXXIV) as

an orange oily solid (0.29 g, 60 %). The yellow band was eluted using

50 % ether/petroleum ether, and oh removal of the solvent gave a yellow
orange solid. This had only very weak vCO bands in the infrared spectrum,

and was discarded.

(XXXIV) was further purified by two recrystallisationsfrom hexane at

—78OC, and finally isolated as a sticky orange-yellow solid. vCO (CH2CI2)
2069(m), 1999(s), 1979(vs), 1950(s) cm_l, IH nmr (CDCIB), § 3.25 (doublet,
2H, 3J(P—H) = 5.25 Hz), & 7.45 (multiplet, I5H); found C 58.1 %, H 4.2 %,

CpaH|C1MN0,P requires C 57.70 %, H 3.58 %.
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Reaction of Na[Re(CO).] with CICH,I

Na[Re(CO)5] was prepared by sTirring[?eZ(CO)Ioj(O.56 g, 0.86 mmol) with

Na amalgam (0.6 g Na in 6 mls Hg) in THF (20 mls) for 1.5 hours. The
solution of the anion was added slowly over |0 minutes, with stirring,

to a solution of CICH2| (0.58 g, 3.3 mmol) in THF (4 mls) at -78°C.
Stirring was continued at -78°C for 15 mins. The reaction vessel was
then transferred Té an icebath and stirring continued at 0°C for-|.5 hours,
resulting in a brownish solution. The solvent was evaporated at reduced
pressure, and the residue extracted into hexaﬁé (3 x 15 mls) giving a

cloudy yellow solution. Evaporation of the hexane yielded a yellow

solid, with vCO (cyclohexane) 2043(s), 1989(m), 2014(m), 1977(w) cm_l.

Further purification was attempted by sublimation for 3.5 hours (0.5 mm Hg,
wffh periodic gentle warming of the sublimation vessel) and a small
quantity of white crystalline material sublimed; it was washed off the
probe with CHZC|2. However an infrared spectrum of the sublimate
showed that in fact further purification had not been achieved; both
products had sublimed. Aan nmr of the sublimate showed no peaks in the
region 80 » 620 ppm (apart from expected solvent impurity peaks). The

vCO bands of the major product (2043, and 1989 cm—') correspond fairly

closely to known values for the compound[Re(CO)SCl]§9

Reaction of Na[Fe(Cp)(C0),] with CICH,I

Na[Fe(Cp)(CO)Z] was prepared by stirring [Fe(Cp)(CO)zj (1.7 g, 4.8 mmol)
with Na amalgam (0.75 g Na in 6 mls Hg) in THF (30 mls) for 5.5 hours.
The anion solution was then added slowly over |15 mins., with stirring,

fo CICH,I (2.18 g, 12.0 mmol) at -40°C.  The resulting mixture was stirred
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at this temperature for a further 5 mins., and then allowed to warm to
room temperature and stirred for a further % hour. The solvent was then
removed from the purple-brown solution at reduced pressure, and the
residue extracted with hexane (4 x 20 mis). Removal of the hexane from
the extract gave a purple solid (0.65 g), VvCO (cyclohexane), 2042(s),
2028(vs), 2002(s), 1978(vs), 1961(s), 1794(m) cm_’. The bands at 2028

and 1978 cm-| agree fairly well with values for [Fe(Cp)(CO)ZCH2C|] (vCO

cyclohexane), 2028, 1974 cm—l). The purple solid was chromatographed on
a silica=gel column made up in 5 % ether/hexane. Elution with 5 %

ether/hexane separated a yellow band from an orange band and a purple band.
The yellow band was collected first, and the solvent removed under reduced
pressure giving a yellow sticky solid (64 mg) (vCO (cyclohexane), 2014(s),
1960(s) cm_l). The orange band was then coliected and removal of the
solvent gave a brown solid (56 mg) (vCO (cyclohexane) 2027(s), 1977(s),
2014(s), 1960(s) cm—l). Finally the purple band was eluted using ether,
and evaporation of the solvent yielded a brown-black solid (225 mg),

vCO (cylohexane) 2042(s), 2002(s)). The latter values correspond well
with known values for [Fe(Cp)(CO)Zl],7° indicating That this is the major

product isolated from this reaction.
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Experimental-details pertaining fo Chapter 3

The reactions of [Fe(Cp)(CO)7§ﬂQC|] (V1) with some ferfiary phosphines,

[Ph,PCH,CH,PPh,], P(OMe), and AsPh

The reactions of [Fe(Cp)(CO)ZCH2Cl] (VI) with some tertiary phosphines,
[PhZPCH2CH2PPh2], F;(OMe)3 and AsPh, (generally referred to as ligandsin
the descriptiens following) were conducted in methano! and acetonitrile,
following the general procedure as follows: (details given afferwards in

i > ix).

In methanol

" (VI) was dissolved in methano!l and the ligand was added in a I:l molar
ratio or in excess. The reaction mixture was Then refliuxed for several
hours. Monitoring the course of the reaction by infrared spectroscopy

(2200~ 1600 cm_l) showed that, irrespective of the ligand, (V1) rapidly
equilibrated with [Fe(Cp)(CO)20H206H3] (V) [vCO(CHZCI2) 2006(s), 1946(s)
cm_lj (see Chapter 3 for discussion of this). This was followed by the

appearance in the infrared spectrum of bands due to the product. When

the reaction was complete, as judged by the infrared spectrum of the reaction

mixture, the mixture was allowed to cool, and then a solution of an excess

of NaBPh, in methanol was added slowly with stirring. This caused pre-

4

cipitation of the product, which was filtered and recrystallised.*

The reactions of PPhB, PMePh2 and PMezPh with (VI) were also attempted at
room temperature in the absence of light, for several days, followed by

workup with NaBPh4, as above., The reaction with PMeZPh did not result in

* Removal of the So!venT, addition of NaBPh, and filtration of the product
are further referred to as "workup" unless otherwise stated.
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the formation of (XXXVI1) under these conditions; the other two phosphines

gave (XXXV) and (XXXVI), as in the reaction in refluxing methanoi.

In acetonitrile:

(V1) was dissolved in acetonitrile and an excess of the ligand was added
in each case. The reaction mixture was left in the absence of |ight,
at room temperature; for several days. The course of the reaction was
monitored by infrared spectroscopy (2200-1600 cm_[). The solvent was
removed under Feduced pressure, the residue dissolved in methanol, and
by slowly adding an excess of a methanolic solution of NaBPh4 with

stirring, the product was afforded, it was filtered and recrysfallizeﬁi:)

Details of the reactions between the ligands and (V1) (such as quantities,
times) and the characterisation of the products have been descfibed below
(i - ix); any deviations from the general procedure are also mentioned.
The reactions of (VI) with AsPh3 and [PhZPCHéCHZPPhZJ respectively in

acetonitrile were not attempted; neither was the reaction of (VI) with

PMe3 in methanol.

Reaction of (VI) with PPh; in methanol; preparation of [Fe(Cp)(CO) CH,PPh,]-

BPh,  (XXXV)

(Vi) (180 mg, 0.79 mmol) was reacted with PPh3 (215 mg, 0.82 mmol) in
methano! (10 ﬁls) in the dark, at room temperature, for 5 days. Workup
with NaBPh4 gave (XXXV) as yellow needles (400 mg, 66 %). (XXXV) was
purified by recrystallisation from CHZCI2 with ether followed by recrystal-
lisation from acefone with ether. Mpt: 198-200°C (decomp); vCO (CH,CI )

2032(s), 1981(s) em |5 'H nmr (CD,CI,), § 1.50 (doublet, 2H, 2y(p-h) =

12.5 Hz), & 4.62 (singlet, 5H), & 6.93, ¢ 7.33, 6 7.63 (multiplets, 35H);
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found, C 77.5 %, H 5.45 %, CSOHAZBFeOZP requires C 77.74%, H 5.48 %.
In another reaction (V1) (1.59 mmol) was refluxed with PPh3 (2.0 mmol)
in methanol (20 ml) for 4 hours. ¥Workup with NaBPh4 gave 910 mg (74 )

(XXXV1) as yellow needles.

In a third experiment, conducted on a small scale (VI) was dissolved in
methano! and an equimolar quantity of PPh3 was added. This was immediately
followed by fhe addition of an excess of NaBPh4, dissolved in methanol.

A cream coloured precipitate formed. [t had nc vCO bands in ifs infrared
spectrum; the full-range spectrum (4000-500 cm_l) corresponded exactly

with that of an authentic sample of [PhBPH]BPh4.

RPhy
Reaction of (VI) with PMePh_.; preparation of [Fe(Cp)(CO)hﬁnszephﬂj I(XXXVI)
et L LT T e

Iin acetonitrile:

(V1) (230 mg, !.0 mmol) was reacted with PMePh2 (210 mg, 1.1 mmol) in
acetonitrile (6 mis) for 5 days. The orange reaction mixture turned red.
florkup with NaBPh, followed by recrystallisation from CH.Cl,owith ether

gave slightly impure (XXXVI1) as a yellow-brown powder (235 mg, 33 %).

In meThénoI:

(Vi) (310 mg, .36 mmol) was reacted with PMePh2 (274 ma, 1.36 mmol) in
methanol (11 mis) for 7 days, in the dark, at room temperature. The
orange reaction mixture gradually darkened. Workup with NaBPh4 gave
(XXXV1) as yellow needles (500 mg, 52 %); pure (XXXVI) was obtained by
three recrystallisations, from CH2C!2 wiTh ether. Mpt: l62—|64OC;

vCO (CH,CI,) 203t(s), 1978(s) cm—l; |H nmr (CD2C|2)’ § t.15 (doublet, 2H,

272
2J(P-H) = 12.6 Hz), &§ 1.97 (doublet, 3H, 2J(P-H) = 12.5 Hz), & 4.72
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(singlet, 5H), & 6.98, § 7.35, & 7.59 (multiplets, 30); found,

C75.7%, H5.7%, C45H4OBFeO2P requires C 76.07 %, H 5.68 %.

In another reaction (XXXVI) was obtaired in c.a. 70 % yield by refluxing
(1vY (2.13 mmol) with PMePh7 (2.9 mmol) in methanol (20 ml) for 20 hours,

followed by workup with NabPh,.

Reaction of (VI) with PMe7EB

In acetonitrile: preparation of [Fe(Cp)(CO)(PMe2Ph)2]BPh4 (XLt)
(vi) (153 mg, 0.68 mmol) was reacted with PMeZPh (310 mg, 2.25 mmol) in
acetonitrile (10 mis) for 5 days. The solution gradually furned a deep -
red; peaks due to small amounts of [Fe(Cp)(CO)2]2 were seen in The.
infrared spectra of the reaction sofution. AWofkup with NaBPh4 gave
(XL!) as yellow needles (412 mg, 81 %); pure (XLI) Was obtained by ftwo
recrystallisations, from CH2CI2 with ether. Mpt. 193-196° {(decomp.);

|

vCO (CH2C|2), 1967 cm lH nmr (acetone d6) 8§ 1.65 {multiplet(pseudo-

triplet), 6H, |J(P-H) + J(P'=t)| = 10.0 Hz}, 6 1.83 {multiplet(pseudotriplet),

]

6H, |J(P=H) + J(P'=H)|= 10.0 Hz}, & 4.96 (triplet, 5H, “J(P-H) = I.4 Hz),

o

§ 6.87, 8 7.36, § 7.53 (multiplets, 30H); found, C 73.8 %, H 6.35 %,

C,.H,.BFeOP, requires C, 74.21 %, H 6.36 5.

Y46 47 2

in methanol: preparation of [Fe(Cp)(CO)7QE_2PMe2Ph]BPh1 AXXVI )

(V1) showed no reaction with PMeZPh in methano! when the reaction was

-

conducted at room temperature, in the dark, for 3 days.

In another experiment, (V1) (207 mg, 0.91 mmol) was refluxed in methanol

(15 mls) with PMeZPh (383 mg, 2.77 mmol} for 2 days. The initial yellow

solution gradually turned orange. Workup with NaBPh, gave (XXXVI1) as
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a yellow powcer (45 mg, 8 %). Mpt: ISO—IBBOC, vCO(CHZCIZ) 2029(s),
1975(s) em™'s W nmr (CD.Cl,), & 1.26 (doublet, 2H, “J(P-H) = 14.0 Hz),
§ 1.58 (doublet, 6H, “J(P-H) = 12.5 Hz), & 4.70 (singlet, SH), § 6.95,

§ 7.50 (multiplets, 25 H).

Reaction of (V1) with PMe, in acetonitrile; preparation of

[Fe(Cp)(CO)(PMeSlZJBPh4 (XLI 1)

(V1) (284 mg, +.25 mmol) was reacted with PMe3 (2.47 mmol) in acetonitrile
(10 mls) for 2 days; the initial orange solution became reddish in
colour. Workup with NaBPh4 gave (XLII) as yellow needles; (XLt 1) was
purified by recrystallisation from acetone with ether followed by
recrystallisation from CHZCt2 with ether. (Recrystallised yield 251 mg,
32 %) . ProducTIdecomposed without melting >250°C. vCO (CH2C|2)

1971 cm_l; IH nmr (CD2C|2), §1.39 {multiplet (pseudotriplet) I8H,
[J(P-H) + J(P'-H)| = 10.0 Hz}, § 4.56 (triplet, 5H, 3J(P—-H) = 1,9 Hz),

5 6.96, & 7.30 (multiplefs, 20H); found C 69.7 %, H 7.1 %,

o

- . o o
C36H4SBFeOP2 requires C 69.70 %, H 6.98 %.

Reaction of (V1) with PEtPh,

In acetonitrile:

(V1) (20t mg, 0.89 mmol) was reacted with PETPh2 (363 mg, 1.69 Mmol) for

5 days. The initial orange-yellow reaction mixture fturned a deep red, and
monitoring tThe reaction by infrared spectroscopy showed the formation of
[Fe(Cp)(CO)Zj2 as one of the products. The work up procedure was slightly
different from that described at the beginning of this sectior (pags 105).
The solvent was removed under reduced pressure, and the red oilyresidue
extracted with petroleum ether to remove excess phosphine. The remaining

petroleum ether insotuble residue was dissolved in methanol, and addition
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1o
of an excess of a methanolic sclution of NabBPh, gave an orange precipitate
(369 mg), w»CO (CHZCIZ) 1962 cm-|. This product could not be purified

and thus could not be characterized further.

In methanol : ‘preparation of [Fe(Cp)(CO)2gﬂ2PETPh:]BPh4 (XXXV1IT])

(Vi) (198 mg, 0.87 mmol) was refluxed for 5 hours in methanol, with

PEtPh, (209 mg, 0.97 mmol). Workup with NaBPh4 gave (XXXVIIIl) as a

2
yellow crystalline product (340 mg, 54 %); (XXXVIi1) was purified by two
recrystallisations from acetone with ether followed by recrystallisation

from CH,CI with ether. Mpt: |78—I8OOC; vCO (CH?CIZ) 2030(s),

2772
1977(s); |H nmr (CD2C|2) § 0.99 (doublet of friplets, 3H, 3J(P—H) = 18.5 Hz,
3J(H—H) = 7.7 Hz), 6 1.09 (doublet, 2H, 2J(P—H) = 12.6 Hz), 6v2.38 (doubtet
of quartets, 2H, 2J(P—H) = 11.9 Hz, 3J(H—H) = 7.7 Hz), 6-4.63 (singlet, 5H),

§ 6.93, § 7.33, § 7.60 (muitipiets, 30H); found, C 76.05 %, H 5.85 %,

C,.H,,BFe0

46742 2P requires C 76.26 %, H 5.80 %.

Reaction of (VI) with PET7EE

In acetonitrile: preparation of f_Fe(Cp)(CO)(PEJr2Ph)Z:IBF’hJ1 (XLIV) and

[CH PET,PhIBPh,

(V1) (341 mg, 1.5] mmol) was reacted with PETZPh (583 mg, 3.51 mmol)

in acetonitrile (8 mls) for 3 days. The yellow reaction mixture turned

a deep red, and moniforing the reaction by infrared spectroscopy showed

the formation of a considerable amount of [Fe(Cp)(CO)zjg. The workup
procedure deviated from the general procedure (see page 106) slightly.

Removal of the solvent from the reaction mixture under reduced pressure

gave a red residue. Extraction with ether removed some of the [Fe(Cp)(CO)zjz;

The remaining residue was dissolved in methanol, and addition of an excess

of a methanolic solution of NaBPh4 gave a mixture of yellow platelets and



white needles (850 mg). This product was dissolved in acetone, and
pefroleum ether added until the solution became cloudy; cooling yielded
a crop of white needles (300 mg) (Product A). Addition of further
petroleum ether gave Product B, which consisted very largely of yellow
platelets, but which still included small quantities of white needles

(170 mg).

Product A was further purified by recrystallisation from acetone with
ether, followed by recrystallisation from CHZCI2 wiTh hexane. [t was
identified as the salt [P(CHB)(CZH5)2Ph]BPh4. Mpt 200»20106, lH nmr

3

(CDBNOZ)’ § 1.29 (doublet of triplets, 6H, 3J(H—H) = 7.5 Hz, “J(P-H) =
2

19.5 Hz), § 2.05 (doublet, 3H, “J(P-H) = 13.0 Hz), § 2.42 (doublet of

quartets, 4H, 2J(P-H) = 13.0 Hz, “J(H-H) = 7.5 Hz), & 6.92, & 7.37,

&7.78 (multiplets, 25H); found C 84.2 %, H 7.6 %, CB5H3PBP requires

C 84.00 %, H 7.6%.

Further purificafion-of Product B was not achieved. However the yellow
platelets were identified as (XLIV) (c.a. 15 %) on the basis of the
following: MpT:‘I4O—I4ZOC; vCOo (CHZCIZ), 1662 cm—l; lH nmr (CDZCIZ)

§ 0.935, § 1.65 (both multiplets, infegration poor). & 4.52 (friplet, 5H,
3J(P-H) = 2.0 Hz), 8 6.97,‘6 7.35 (multiplets, 30H). Best analysis:
found, C 75.8 %, H 7.05 %, C5OH55BFeOP2 requires C 75.01 %, H 6.92 %.

In methanol :

(Vi) (220 mg, 0.97 mmol) was refluxed in methanol (12 mls) with PETZPh
(222‘mg, .34 mmol) for 5 days. The initial orange colour of the reaction
mixture darkened Slighfiy. Workup with NaBPh4 gave a brown powder

(81.4 mg); Mpf: l23—|26OC, vwCO (CH2C|2)’ 2028(s), 1974(s). This

product could not be further purified and thus could not be characterized

further.
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Reaction of (V1) with [Ph,PCH,CH,PPh,] (= diphos;

[n methanol:

(V1) (240 mg, 1.06 mmol) was refluxed with diphos (458 mg, |.15 mmol) in
methanol (25 mi(3) for 5 hours. The orange reaction mixture darkened in
colour. Workup with NaBPh4 gave an orange solid (608 mg); vCO (CHZCIZ)

2030(s), 1976(s) cm . This could not be further purified, and thus could

not be characterized further.

In another experiment (V1) (320 mg, 1.4 mmol) was refluxed with diphos

(646 mg, 1.6 mmol) in methano! (25 m!) for 5 hours. The workup was
slightly different from the general procedure (page 105). The solvent was
removed from the reaction mixfure, and the orange residue dissolved in
CHZCI2 and reprecipitated with hexane as an orange oil. The oil dried -
under vacuum to yield a sticky orange powder (680 mg); vCO (CHZCIZ)

2023(s), 1968(s) cm~|. This product could not be further purified and

could not be characterized further.

Reaction of (V.]) with AsPh, in methanol; preparafion of

[Fe(Cp)(CO)2952Asth]BPh4 (XXX1X)

(V1) €235 mg, 1.04 mmo!) was refluxed with AsPh3 (653 mg, 2.5 mmol) in
methano! (20 ml) for 3.5 hours. Workup with NaBPh4 gave (XXX1X) as
yvellow needies (560 mg, 66 %). (XXX1X) was purified by recrystallisation
from CHZC|2 with efher followed by recrystallisation from acetone with
ether. Mpt: 194-196°C (decomp?’; vCOo (CHZC|2) 2031(s), 1980(s) cmnl;
IH nmr (acetone d6), § 2.50 (singlet, 2H), § 5.09 (singlet, 5H), 6 6.88,
§ 7.35, 8 7.80 (multiplets, 35H); found C 73.35 %, H 5.15 %,

CooHy AsBFe0, requires C 73.55 %, H 5.19 %.
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Reaction of (V!I) with P(OMe)3

In acetonitrile:

(V1) (326 mg, !.44 mmo!) was reacted with P(OMe)3 (407 mg, 3.28 mmol) in

acetonitrile for 6 days. An infrared spectrum of the reaction mixture
showed that no reaction had taken place. The reaction mixture was thus
discarded.

In methanol:
(vl) (200 mg, 0.88 mmol) was refluxed with P(OMe)3 (228 mg, 1.84 mmol) in
methanc!l (15 ml) for 4 days. Infrared spectra (vCO region) indicated

only thé formation of the methoxymethyi (V).

kttempted reaction of [Fe(Cp)(CO),CH,OCH,] (V) with PPh, in methanol

(V) (90 mg, 0.4 mmol) was dissolved in methanol (10 ml) with PPh3 (120 mg,

0.46. mmoi ). The brown reaction mixture was left in the dark at room
temperature for 6 days. No reaction took place, as judged from infrared
spectra of the reaction mixture. An-excess of aqueous HCl was then

. added, and the reaction mixture immediately turned an orange colour.

Monitoring the reaction mixture by infrared spectroscopy showed that after

" 4 hours, (V) had been converted almost completely to [Fe(Cp)(CO)ZCHZCI]

v [vCO (CHZC|2) 2023, 1969 cmﬁlj; this was followed by a slow, partial

conversion to [Fe(Cp)(CO)ZCHZPPh3]+., Seven days after the addition of

HClI an excess of NaBPh4, dissolved in methanol, was added to the reaction

- mixture giving a yellow precipitate, which was identified as the tetraphenyl

borate salt (XXXV) by its infrared spectrum.. (Crude yield 160 mg, 45 %).
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5.3.2b The reaction of (V) with [Ph,PH]!I

[PhBPH]l (263 mg, 0.67 mmol) (synthesized from PPh3 and Hl in hexane) was
added to a solution of (V) (126 mg, 0.56 mmol) in methano! (8 ml). The
reaction mixture was stood in the dark at room temperature for 7 days.
Monitoring the course of the reaction by infrared spectroscopy indicated
the formation of a new species with vwCO (CHZClZ), 2025(s), 1972(s) cm_I
(possibly [Fe(Cp)(CO)ZCHzlj); this was then converted partially to a

new product, appearing as high wavenumber shoulders on the bands at

2025 and 1972 cm-l. Small quantities of orange crystals formed in the
reaction solution. After 7 days the mother liquors were syringed off the
orange crystals whfch were identified as [Fe(Cp)(CO)ZCHZPPhB]I, (yield

55 mg, 17 %). Mpt |94;ZOOOC (decomp); vCO (CHZClZ) 2025(s), 1972(s)
cm“l, lH nmr (CD2C|2) § 2.21 (doublet, ZH, 2J(P—H) = 12.5 Hz), § 5.17
(singlet, 5H), & 7.70 (multiplet, 15H), found: C 53.7 %, H 3.75 %,

C26H2202Fe|P requires C 53.82 %, H 3.82 %.

Addition of a methanoiic solution of NaBPh4 to the mother liquors (left
affer isolation of [Fe(Cp)(CO)ZCHZPPhB]I, above) gave & precipitate of
[Fe(Cp)(CO)ZCHZPPh3]+ as the tetraphenylborate salt (XXXV) (82 mg, 16 %)

(identified on the basis of its infrared spectrum).

In another reaction, (V) (233 mg, |.05 mmol) was refluxed with [PhBPH]|

(491 mg, .26 mmol) ‘in methanol (15 mi) for | hour. The yellow reaction
mixture furned orange. The reaction mixture was then cooled, and an
excess of NaBPh4 in methano! added. The resulfant yellow precipitate

was identified as (XXXV) by its infrared spectrum (yield, after recrystal-

lisation from CH,CI, with ether, 610 mg, 75 %).
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)

Reaction of [Ru(Cp)(CO)QQEQCt] (XXXI11) with PPh, in methanol

(XXXEH1) (42 mg, 0.15 mmol) was dissolved in methanol (8 m!) and PPh3
(60 mg, 0.23 mmol) was added. The resulting yellowish solution was
refluxed for 5 days; the colour went darker, Monitoring the reaction by

infrared spectroscopy showed the conversion of (XXXI|1) to the methoxymethy |
(XXX11), but no further reaction occurred. After 5 days the solvent was
removed from the reaction mixture. The residue was extracted with hexane,
(2 x 10 ml) giving a yellow exfract and leaving traces of a hexane-
insoluble yellow oil. An infrared spectrum of The hexane extract

(in hexane) showed it To contain (XXXI1). There was too {i*tle hexane-

insoluble yellow oil for identification purposes.

Reaction of [W(Cp)(CO)BQEQCl] (X1V) with PPh, in acetonitrile; preparation

of [W(Cp)(CO)B_Qﬂ_ZPPhZ]BPh4 (XLV)

PPh3 (276 mg, .05 mmol) was added To a solution of (XIV) (346 wg, 0.90
mmol) in acetonitrile (10 ml). The resultant yellow reaction solution
was stood in the dark at room femperature for 34 days; it turned a red-
orange colour. The solvent was removed under reduced pressure and the
orange oily residue taken up in methano! (10 ml), filtered, and a solution
of NaBPh4 in methanol (10 ml) was slowly added with stirring. (XLV)
precipitated as yellow needles (170 mg, 20 %); it was purified by
repeated recrystallisation from CHZCI2 with ether and from acetone with
petroleum ether. Mpt |92—l98oC; vCO (CH2C|2), 2036(s), 1952(s), 1933(s)
em™'. T onme (CDLCI,) 61.81 (doublet, 2H, ZJ(P-H) = 15.5 Hz), 6 5.25
(singlet, 5H), &6 6.93, & 7.53 (multiplets, 35H); found, C 65.3 %,

H 4.85 %, C BPW requires C 65.97 %, H 4.56 %.

5114203
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5.7.% Reaction of [Mn(CO)5gﬂzC|] (X) with PPh, in methanol; preparation of

trans—[Mn(CO)z(PPhBlQCl]

(X3 (186 mg, 0;76 mmol) was dissolved in methanol (10 mls), and PPh3

(207 mg, 0.79 mmol) added. The reaction mixture was stirred magnetically,

at room TemperaTure,.in the dark, for 6 days, and a yellow precipitate

formed. The precipitate was filtered and washed with methano!; it was
identified by its iﬁfrared spectrum (vCO region) as tr’ans—[Mn(CO)B(PPhB)ZCI]52

(yield 90 mg, "33 % based on phosphine).

5.3.6 Reaction of [Mn(CO).CH,0CH,] (VIil) with PPh,

a In acetonitrile; preparation of eZs-[Mn(CO),(PPh,)COCH,OCH,] (XLVI)

(VIi11) (140 mg, 0.58 mmol) was dissolved in acetonitrile (4 mi) with

_PPh3 (147 mg, 0.56 mmol). The pale yellow reaction mixture was stood

in the dark at room ftemperature for 5 days; the colour turned darker
yellow. The solvent was evaporated under reduced pressure, giving a
yvellow oily residue, which crystallized when washed with hexane.
Recrystallisation from benzene with hexane gave (XLVI) as a yellow powder
(90 mg, 3 %). Mpt lC4—|O6OC; vCO (CHZCIZ), 2070{(m), 2040(w), 1933(m},
1965(s), 1640(m) cm—l; lH nmr (CDCIB), § 3.26 (singlet, 3H), § 3.70
(singlet, 2H), 6§ 7.46 (muitipliet, [5H); found, C 60.15 %, H 4.05 %,
CosHpg0g MnP requires C 59.78 7, H 4.0 4.

b In methanol; preparation of cis—[Mn(CO)4(Pth)CHZOCHz] (XLVI1) and

trans—[Mn(CO)Z(PPhBlZQEQOCHz] (XLVILT)

(VIt1) (320 mg, 1.33 mmol) was dissolved in methano!l (15 ml) with PPh3
(356 mg, 1.36 mmol). The pale yellow solution was refluxed for 50 mins.;
it rapidly turned a dark yellow colour. Evaporation of the solvent under

reduced pressure gave a vyellow oily solid. This was dissolved in warm
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hexane (60 mls) f]ltered and cooled fo ~10°C, &t which temperature (XLVII)
crystallised oyt as clusters of yellow needles (468 mg, 74 %).  (XLVI})
was further purified by recrystallisation from hexane at ~10°C. Mpts

90-92°C;  vCO (CH,Cl,), 2062(m), 1982(sh), 1967(vs), 1936(s) en !,

"W e (CD,CI,) & 3.07 (singlet, 3H), § 3.63 (doublet, 2H, 35(p-H) =
6.8 Hz), 6 7.45 (multiplet, I5H); found C, 60.8 %, H 4.3 %, C,,H, MnOGP

requires C 60.77 %, H 4.25 %.

In anbfher experiment (VI11) (550 mg, 2.28 mmol) was refluxed with PPh3
(1,38 g, 5.27 mmol) in methanol, for 5 hours. The reaction solution was
initially a pale yeliow; it rapidly turned a dark yellow and after c.a.
1.5 hours refluxing, yellow (XLVIII) started precipitating. After 5 hours
the reaction mixture was cooled, and the yellow solid was filtered

(421 mg, 26 %). !t was recrystallised fwice from benzene with hexane

to give pure (XLVII1).

The mother liquors from this reaction (Z.e. the filtrate from when (XLVII1)
was filtered, above) were evaporated to dryness on a rotary evaporator.

The yellow oily residue was dissolved in hexane (50 ml), filtered, and
cooled to —IOOC, at which temperature pale yellow crystals formed

(825 mg). This product was identified as (XLVil) on the basis of peaks

in the infrared spectrum.

Characterisation of (XLVIIl): Mpt I6O~|6BOC, vwCO (CH2C12), 2010w,

1921(s), 1885(m) Cm_l; IH nmr (CDCIB) § 2.52 (singlet, 3H), & 3.13

(triplet 2H, 3J(P—H) = 7.5 Hz), § 7.39 and 8§ 7.65 (multiplets, 30H);

o ne o i
found, C 70.8 %, H 5.25 %, calculated for C4'H35O4MHP2[‘(C6H6)],

C 70.68 %, H 5.12 %.



5.3.7 Atftempted reaction of [Re(CO)
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sCH,CI] (1X) with PPh; in acefonitrile

(1X) (320 mg, 0.85 mmol5 was dissolved in acetonitrile (10 mi), with

PPh3 (463 mg, .77 mmol), and the clear solution Ieff in the dark at

room temperature for 6 days. Monitoring the reaction solution by infra-
red spectroscopy (vCQ region) during this period showed that (1X) remained
unreacted. The STarTing materials were recovered unchanged after

removal of the solvent from the reaction mixture under reduced pressure.

Attempted reaction of [Re(CO)SQEQOCHz] (VI1) with PPh, in acetonitrilie

(1X) (110 mg, 0.30 mmol) was dissolved in acetonitrile with PPh3 (99 mg,
1.38 mmo!) and the very slightly cloudy solution teft in the dark at
room temperature for 4 days. No reaction took place, as judged by

infrared spectroscopy (vCO region) on the reaction mixture.

The reaction mixture was then refluxed for 2 hours, but an infrared

spectrum of the reaction mixture still showed that no reaction had occurred.
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Experimental section pertaining fo Chéapter 4

ATTempfed reaction of [MH(CO>5§EQCL] (X) with HZO’ and with aqueous NaOH

(X) (54 mg, 0.22 mmol) was dissolved in THF (4 ml) a&d,HZO (0.1 ml) was
added to the solution. The resulting clear yellow reaction mixture was
stood for |7 hours at room temperature, and then the solvent remo&ed under
reduced pressure, giving an orange/red oily residue. An infrared spectrum
of the residue, in éyclohexane, éhowed vCO  2119(w), 2058(w), 2022(vs},
2000(s), which is identical to the starting material (X); the product

was thus not purified further.

A number of reactions were then conducted by adding varying concentrations
of aqueous NaOH To a solution of (X) in THF. The general procedure used
was as follows: (X) (0.2 - 0.25 mmol) was dissolved in THF (4-6 ml).

An aqueous solution of NaOH was added (10 mi) and the mixture stirred for
approximately | hour at room temperature. The THF was Then removed under
reduced pressure, the residual aqueous suspension extracted with petroleum |
ether or hexane (2 x 25 mi) and the extract dried over anhydrous Na2804.

The extract was then evaporated fo dryness.

In this way, when Tthe reaction was conducted using 0.08 mmol MaCH in

10 ml HZO’ or an equimolar quantity of NaOH in 10 ml.HzO, (X) was recovered
unchanged, as judged by its infrared spectrum (vCO region) in cyclohexane.
Reaction with an excess of NaOH (1.5 mmo!) in H20 (15 ml) gave rapid
decomposition of (X) to form a brown water-solubte product, which was not

isolated; it could not be extracted info petroleum ether or CHZClz.

Reaction of [Fe(Cp)(CO),CH,C1] (VI) with aqueous NaOH

[Fe(Cp)(CO)ZCHZCl]_(IBO mg, 0.6 mmol) was dissolved in THF (8 mi) giving
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‘é reddish solution. To this solution was added O.! M NaOH (5 mi, 0.5 mmol)
iand Thé reaction mixture stirred for 40 minutes at room temperature,

.giving a deep purple solution. Removal of the soivent from the reaction
miXTure (ghder reduced pressure) and extraction of the residue into

. hexane (3 x 20 ml) gave a brownish solution. This was dried over
anhydrous NaZSO4 and the hexane removed on a rotary evaporator to give a
brqwnish'so]jd. - The solid was identified as the dimer [Fe(Cp)(CO)Z:I2

by comparison of ifs infrared spectrum with that of an authentic sample.

5.4.3 Reaction of [Fe(Cp)(CO)ZQEQCIJ (VI) with aqueous NaOH using a phase

transfer. catalyst

A benzene (10 ml) solution of (VI) (170 mg, 0.75 mmol) was stirred

vigorously with an aqueous solution of NaOH (I mmol NaOH in Zml HZO) for

2 hours aT room Temperafufe in the presence of the phase transfer catalyst,
phenyltriethylammonium chloride (16 mg, 0.07 mmol). The benzene layer
gradually turned purple. An infrared spectrum (vCO region) of the benzene
layer showed that (Vi) was largely unreacted, though fraces of [Fe(Cp)(CO)2]2

were present.

-As no significant reaction had taken place using an eguimolar amount of
base, a further 1.5 mmol NaOH was added to the reaction mixture, and the
stirring cénfinued. The reaction was monitored at intervals by running
the infrared spectra (vCO region) of samples of the benzene layer; a
gradual conversion of (Vi) to the dimer [Fe(Cp)(CO)Z:I2 was observed.
After 26 hours total reaction time, the benzene layer was removed from
“the reaction vessel, dried over anhydrous NaZSO4 and the solvent

evaporated yielding‘a dark brown solid (96 mg) which consisted of a mixture
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of (V}) and [Fe(Cp)(CO)ij, as indicated by the vCO bands in the infrared

spectrum,

Attempted acid hydrolysis of [Mn(CO)59EQOCHZJV(VIII) using H20/THF and

CF,COOH

Bl et

AvsoluTion of (VII1) (105 mg, 0.43 mmol) in a THF/H2O mixture (6 ml and
7 m! respectively) was cooled to 0°C in an ice bath, andeFBCOOH (2 ul)
was added. The cloudy yellow reaction mixture was stirred for 2.5 hours
at OOC, after which time the THF was evaporated under reduced bressure,

and the aqueous residue extracted with hexane (2 x 25 mls) giving a pale

' vel low extract. The extract was dried over anhydrous NaZSO4, and

evaporated fo dryness on a rotary evaporator to give a yellow oil (30 mg).

The oil was identified as (VIiIl) by its infrared spectrum (vCO region).

In other experiments the reaction conditions were varied slightly by
changing the quantities of CFBCOOH and H50. However in all experiments

(Viil) did not react.

ATTempTeq acid hydrolysis of [Re(CO)59ﬂ20CHz] (VI1) using HZO/THF and

CFCOOH

(vi1) (145 mg, 0.39 mmol) was dissolved in a THF/H20 mixture (5 mls and

2 mls respectively) and the solution cooled fo o°c. CFBCOOH (0.02 mi,
0.26 mmol) was added and the reaction mixture stirred for 4 hours.

(VI1) did not react, as shown by infrared spectra of the reaction mixture;
it was recovered by evabéraTing the THF from the reacTioB mixture,

exfracfion of the residue info hexane, and evaporation of the hexane.
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5.4.6 ATTempTed acid hydrolysis of [Fe(Cp)(CO)2§EQOCH1] (V) using THF/HZQ

and CF,COOH

32UV

(V) (130 mg, 0.59 mmol) was dissolved in THF/HZO (5 ml and 6 ml respectively)
and CFBCOOH (0.2 m!) was added. The yellow reaction mixture was stirred

for 2.5 hours at room temperature; the mixture turned orange. The THF

was evaporated under reduced pressure and the aqueous residue extracted
wiTh.hexane (3 X 26 ml). The extract was dried over anhydrous Na2804

and the solvent removed on a rotary evaporator to yield a yellow/brown oil
(119 mg). The oil showed the following spectral features: vCO (cyclohexane)
ZOSf(S), 1979(5),‘!777(w) cm—l; IH nmr (CDCIB) § 4.89 (singlet, 5H(?)),

§ 5.51 (singlet, 2H(?)). This product could not be further purified and

thus could not be further characterised.

]n another experiment, (V) (160 mg, 0.7 mmol) was reacted with CFBCOOH
(0.2 ml) in THF/HZO (5 ml and 6 ml respectively) for |7 hours at room
temperature. The THF was removed under reduced pressure, the agueous
residue extracted into hexane (3 x 20 ml) and the solvent removed from
the extract on a rotary evaporator, yielding a brown oil (132 mg).  The
oil showed the following features in its infrared and IH nmr spectra:
vCO (cyc!oﬁexane) 2031 (s), 2014(m), 1979(s), 1959(m), 1777(w) cm—l.

"W nmr (benzene-dg), & 3.91 (singlet, 5H(2)), § 5.28 (singlet, 2H(2)).
This product could not be further purified and thus could not be further

characterised.

The infrared spectrum of CFBCOOH was run in cyclohexane, and shows a C=0

stretch at 1779 cm™ .
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5.4.7 Reaction of Na[Fe(Cp)(C0O),] with formaldehyde

Na[Fe(Cp)(CO)Zj was prepared by vigorously stirring [Fe(Cp)(CO)zj2

(1.14 g, 3.2 mmol) with Na amalgam (450 mg Na in 6 ml Hg) in THF for

I3 hours.  The THF solution of the anion was then syringed off, placed

in another reaction vessel and cooled to 0°C. Formaldehyde was. formed by
gentily heating paraforma!dehyde.103 A steady stream of formaldehyde was
bubbied through the: THF solution of Na[Fe(Cp)(CO)Zj (at 0°C) for 10 mins.
Considerable repolymerisation of fthe CH,0 occurred.  The reaction mixture
was then allowed to warm to room temperature and stirred at that temp-
erature for 15 minutes, giving a brown solution. H3P04 (0.6 ml of an

85 % solution) was then added. The solvent was then removed under
reduced.pressure, and the brownish residue extracted first with hexane

(3 x 20 mi) and then with CHZCI2 (4 x 20 ml), The infrared spectra

(vCO region) of both the extracts were recorded, but showed only peaks

due to the dimer [Fe(Cp)(CO)ZJZ.

In another reaction, a solution of formaldehyde waé prepared by bubbling
CHZO gas (produced by heating paraformaldehyde) through THF for {0 mins.

| The amount of CHZO in the solution could not be measured by weight, (due
to Iéss of solvent when the CHZO gas was bubbled through the THF) or by
titimetry (as the formadehyde slowly repolyﬁerized to give paraformalde-
hyde). However a quantity was added to a THF solution of Na[Fe(Cp)(CO)Zj
(prepared from 1.0 g [Fe(Cp(CO)ij) at OOC, and the mixture stirred at this
temperature for 30 mins. H3P04 (I ml 85 %, dissolved in 5 ml THF) was
then added, giving a dark red solution and some solid. The solvent was
removed from the reaction mixture giving a brownish oily residue, which
was extracted with CHZCI2 (50 ml). Removal of the solvent from the extract

gave a mixture of a reddish oil and some purple crystals. This residue

“had the folloWing‘specTra! features: vCO (CH2C|2)’ 2015(s), 2000(sh),

@
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1853(s) cm-'; 'H nmr spec+rum (THF solution) showed a peak at c.a.
§ = -2 ppm. These‘infrared and IH nmr results agree fairly well with
known vajues of the hydride [Fe(Cp)(CO) H].25 The2§2;:£:3a+ 2000 cm”!
is probably due to [Fe(Cp)(CO)2]2, the presence of which is further

indicated by the traces of purple solid in the residue.

Reaction of Na[Mn(C0).] with formaldehyde

Na[Mn(CO)5] was prepared by stirring [MnZ(CO)IO] (0.6 g, .5 mmo!) with Na
amalgam (0.6 g Na in 7 mls Hg) in THF for 2 hours. The solution of the

. . e}
anion was transferred to another reaction vessel and cooled to O°C.

A solution of CH20 was prepared by bubbling CH20 (prepared by heating
parafdrmaldehyde) into THF. The concentration of the solution could not

be esfimafed'aécurafely (see section 5.4.7); however 3 mls were added

- to the solution of Na[Mn(CO)5] at OOC and the reaction mixture stirred for

45 minutes, giving a yeIIow‘brown-soluTion. The solufidn was allowed to
warm to room temperature and a squTion.Qf H3P04 (0.6 ml) in THF (3 ml) was
added, causing a white precipitate to form (probably repolymerised
paraformaldehyde). The supernatent |iquid was syringed off and evaporated
to dryness under reduced pressure, yielding a yellow oily solid. This

was shown by infrared spectroscopy to be very largely [MnZ(CO)IO] by
comparison of the vCO region of its .spectrum with that of an authentic

sample of the dimer.
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