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SUMMARY

Halogen abstraction reactions were investigated using manganese(I)

and rheniun(I) carbonyl haLide (where, halide = Cl, Br) complexes as

substrates during attenpts to coordinate fluoride or fluoro- and oxy-anion

ligands. The preparative nethods developed were then applied to a

selected ntmber of other transition metal carbonyl halide conplexes.

The complexes Mn(CQ)sX (where, X = Cl, Br) react with thallitut

fluoride and silver fluoride in dichloromethane solutions to give a

mixture of the cluster species, [l{n(C0) s {Fx, (0H) r-x}] ,-. Similarly,

rheniu¡n pentacarbonyl bromide reacts with silver fluoride in dichloro-

methane and hexafluorobenzene to form the cubane-type cluster,

[Re(C0)sF]q. These compounds have been characterízed by infrared, mass

spectroscopy and crystal structure determinations. The clystal

structures of the two complexes show that the fluoro or hydroxy groups

are involved in Us-type bridging with the respective netals. When the

manganese and rheniun pentacarbonyl complexes were reacted with silver

bifluoride (AgFzH) in fluorinated solvents (CeHs, CsFe) using plastic

reaction vessels the products formed were the anhydrous clusters,

[NÍ(CO) 3F] 4 (where, M = Mn, Re). The rhodium cluster, [Rh(PPh3)Cl] 4

crystallizes from solution when the product of the reaction between

Rh(CO)(PPhg)zCl and AgF2H is left in dichloromethane. However, with the

use of dry hexafluorobenzene and plastic reaction vessels only the

fluoride cluster, [Rh(PPh3)F]a was isolated.

The reactions of the substituted rhenium carbonyl bromides,

Re(CO)r(Lz)Br (where, Lz = bpy, diphos, 2PPh¡, tmen), with AgF2H in

dichloronethane in plastic vessels yielded the anhydrous fluoride

vi



analogues. The complexes, Re(CO),(Lz)Br (where, Lz = bpy, tmen), react

with AgF2H in dichloromethane or hexafl.uorobenzene in pyrex glass

vessels to fonr the species, [Re(C0) g (Lz)F] zH.HOBFs. I{n(CO) 3 (diphos)C1

reacts with the [PhaAs]*¡HOnf rl- impurity in Ph'+AsF to forn

fi\frr(CO) 3 (diphos) (HOBFa)ì. The trifluorohydroxy borate anion, IHOBF3]-,

results fron a reaction involving AgF2H and the glass surfaces. All

substituted rhenium fluoride complexes have been characterized by

infrared and mass spectroscopy. While the species Re(C0)s(tnen)F,

ll!fir(C0) 3 (diphos) (H0BFg)].1(dpeo) and [Re(C0) ¡(trnen)F] zH.HOBFs have also

been characterized by their crystal structures. When Fe(C0)2CpI is

treated with AgF2H decarboxylation products result which have not been

characterized.

Pentacarbonyl and substituted rheniu¡n bromide complexes react with

AgAsF5 or AgBFa in dichloromethane to form the respective aquo species,

[Re(CO) s(0Hz)]+Y- (where, Y = AsFe-, BF+-) and [Re(CO) s(Lz) (oHz)1+Br,*-

(Lz = bpy, diphos, PPh3). These aquo complexes have been characterized

by infrared and mass spectroscopy. In addition, the species,

[Re(CO)s(Lz)(OH2)]+Y- (where, 1. Lz = 2(CO), Y = AsFe-, 2. L2 = tmen,

Y = AsFe-, BF;), were also characterized by their crystal structures.

A lsF nuclear magnetic resonance study of the [Re(CO)s(tmen)(HzO)1+'BF+-

system has established that in solutíon (CDzClz) an equilibriun exists

between the coordinated and I'free'r tetrafluoroborate anion, according to

the following equation:

Re(CO)3(tmen)FBF3 + nzO =94.!f [Re(CO)3(tnen)(HzO)1+ + BF+-

Variable temperature IeN.M.R. spectroscopy has shown that this equilibrium

is temperature dependant. The rhenium complexes Re(C0)g(bpy)FAsF5 and

Re(C0)3(tnen)FBF3 formed when solutions (C6FIsF, CeFe) containing the

corïesponding aquo-species were allowed to evaporate at ca. -10"C in a

v11



dry nitrogen atmosphere over phosphorus pentoxide.

The investigation presented in this thesis led to the facile pathway

for the preparation of the respective fluoride complexes. The complexes

were obtained by enploying relatively mild reagents conpared to fluorine

gas, hydrogen fluoride and xenon hexafluorÍde. This was achieved when

using (a) the right solvents, which were not susceptible to halide

substitution reactions; (b) dry solvents, reaction atnosphere and

fluorinating reagents; and (c) when using plastic reaction vessels.
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CHAPTER 1

I NTRODUCT I ON

The discovery of the formation of nickel tetracarbonyll'2 in the late

nineteenth century initiated the great interest in the preparation and

properties of metal carbonyls. The developnent in this field has been so

enormous that, today, metal carbonyl complexes are known for most

transition ¡netals. The majority of these can now be routinely prepared

fro¡n the respective metals or ¡netal ions in the presence of carbon

monoxide. 3 - s

The increased interest in inorganometallic chemistry lead to the

preparation of netal carbonyl halide (C1, B1, I) conplexes of virtually

every transition rnetal.6 In contrast, however, the nu¡nber of metal

carbonyl fluoride complexes reported to date is linited. Thus, the

preparation and characterization of manganese and rheniwn fluorides has

becorne the nain aim of the research presented in this thesis.

Manganese(I) and rheniun(I) carbonyl halide conplexes were chosen because

they are readily obtained by halogen (C1, Bl, I) oxidation of the

respective dimeric netal carbonyls, Mz(CO)ro. Furthermore, the

pentacarbonyl halide complexes thus formed are stable crystalline solids

and are easily converted to the substituted netal carbonyl halides

which are also resistant to further oxidation. The next three sections

are sunmaries limited to the chenical background of manganese and

rheniurn conplexes relevant to this report.
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1.1 MANGAI.¡ESE Al{D RHENIUM CARBONYL FLUORIDES

The pentacarbonyl and substituted tricarbonyl halide (C1, 81, I)

conplexes of manganese(I) and rheniu¡n(I) have been known for over twenty

years .7 ,"' e However, successful synthetic routes to a linited number of

carbonyl fluorides of these group VIIa metals have been reported only in

the last ten years. In this section a brief account of the reported

carbonyl fluorides of relevance is given.

1.1.1 Manganese Carbonyl Fluorides

The attempts to prepare nanganese pentacarbonyl fluoride by reacting

silver fluoride with the corresponding pentacarbonyl bromide at room

temperature ü¡ere r¡rsuccessful. The products isolated when the manganese

bronide dissolved in dichloromethane reacted with a two- and seven-fold

nolar excess of silver fluoride were for:nulated as the species

[Mn(CO) 4F] z and N,ln(CO) 3F3, respectively.l0 It is now believed that the

latter is one of the cluster species, [l{n(CO) a {F*, (OH) r-x}] a (where,

x = 0 - 1). tt The manganese pentacarbonyl fluoride is presumably the

unstable intermediate giving rise to both the diner and tetramer

complexes.

Another attenpt to prepare the nanganese fluoride involved the use

of silver hexafluorophosphate as a fluorinating agent. The hexafluoro-

phosphate ion is potentially a source of fluoride as shown by the

fotlowing equation:

PF6-+PF5+P-

Some molybdenun carbonyl complexes have been successfully fluorinated

when using nitrosoniun-12 and silver-hexafluorophosphate. 13 However,

when the silver salt was added to dichloromethane solutions containing

the manganese and rhenium pentacarbonyl bromides at room temPerature
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hydrolysis of the hexafluorophosphate ion occurred resulting in the

difluorophosphate complexes, M(CO) 5 (POzFz) (where, M = Ittn, th Rett ) . When

the nanganese bromide was reacted with silver hexafluoroarsenate no

hydrolysis occurred and the product was formulated as lvfn(CO)sF'AsF5.16

Manganese pentacarbonyl perchlorate was reacted with tetraethyl-

amnoniun fluoride in another attempt to prepare the manganese fluoride,

Nfir(CO)sF.1a On addition of the fluoride salt dissolved in nethanol to a

dichloronethane solution of the manganese perchlorate, carbon nonoxide

was evolved and the yellow product was assigned by its carbonyl

absorption,bands to lvfn(CO)gF¡. lrlhen left in solution an uncharacterized

yel1ow precipitate fonned. The above reaction occurred more slowly when

the solid tetraethylammonir¡n fluoride was added to the manganese

perchlorate dissolved in dichloronethane. The r.¡nstable intermediate

l'ftr(CO) sF was identified in the reaction mixture by solution infrared

spectroscopy. However, as in the above case deconposition occurred and a

nr¡nber of uncharacterized conpourds fonned. The first ain of the work

presented in this thesis was to characterize the main decomposition

product of the silver- and tetraethylanmonium-fluoride reactions by

x-ray crystal structure deternination.

The cornplex [l{n2 (CO) sF] 
-. 

fDibenzo-18-crown-6] .K* has been prepared

photochenically from lvln2(C0)ro.t7 The crown ether in this compound has

a stabilizing effect on the [I,ln2(CO)eF]- anion and attempts to replace

the crown-K+ with Et4N+ resulted in decornposition. Abel and Towle

reportedrs that the reaction between [Mn3(C0)e(p3-OEt)z(Uz-OEt)] and

boron trifluoride produced another one of the few ¡netal carbonyl

fluorides namely, ll'frt3 (CO) s (OEt) 2F] . When hydrogen fluoride was used

instead of boron trifluoride no reaction occurred.

To date no manganese tricarbonyl fluoride conplexes of the tyPe,
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ùtui(CO).(tz)F (where, Lz = two mono- or a bi-dentate ligand) have been

reported in the literature. Thís report investigates the effect of

different ligands on the stability of the manganese fluoride.

7.L.2 Rtreniun Carbonyl Fluorides

Rhenir¡¡r carbonyl fluoride conpounds are more abundant in the

literature than the manganese fluorides. This is believed to be due to

the greater stability of the corresponding rheniun complexes. For this

reason systenatic studies of the preparation of rhenir:m fluorides have

been more successful.

The rhenium carbonyl halides, Re(Co)sX (where, X = Cl, Br, I) are

stable and can easily be prepared by reacting Re2(C0)10 with the

respective halogens.ls '20 However, attempts to PTePare the rheniu¡n

fluoride by adding fluorine to the rhenium carbonyl were r¡nsuccessful.

At room temperature no reaction was observed. While, at elevated

tenperatures rheniun pentafluoride and a number of uncharacterized

species were produced.2r

0fDonnel, Phillips a¡rd Waugh22 have prepared rhenium pentacarbonyl

fluoride by a halogen exchange reaction at room temperature between

rhenium(I) chloride (ne(CO)sCf) and anhydrous hydrogen fluoride. During

the course of the reaction hydrogen chloride was given off and a light

brown so1id, Re(C0)5F, formed. The overall stoichionetry of the reaction

is given in the following equation:

Re(C0)sCl + HF(excess)
Rn.tenp. _ Re(C0)5F + HClf

The rhenium fluoride was also obtained when Re2(C0)I0 was oxidizedby a

molar equivalent of xenon difluoride dissolved in anhydrous hydrogen

fluoride.22 Further oxidation of the rheniurn fluroide using xenon
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difluoride in anhydrous hydrogen fluoride produced an insoluble brown

solid which was fo:mulated as Re(CO)sFe,23 When excess xenon difluoride

was adäed to Re(CO)sF or Re(Co)gFg the green product that forned was

identified as rheniun pentafluoride. An attemPt to prepare the rheniu¡n

monofluoride conplex by reacting Rez(C0)ro with rhenium hexafluoride

resulted in the fornation of the mixture of products Re(CO)sF, Re(C0)sFs

a¡rd ReFs .22 r23

Bruce and co-workers, however, reporte¿z! t25 that the reaction of

Re2(CO)1e with rhenium hexafluoride in anhydrous hydrogen fluoride yielded

a ¡nixture of an orange and a green product characterized as

[Re(CO)sF.ReFs] and IRe(C0)e1*¡Re2F11 ]-, respectively. A systenatic

study26 of reactions of Rez(C0)ro with varying arnounts of xenon difluoride

in 1,1,2-trichlorotrifluoroethane at room tenperature led to the

preparation of pure [Re(CO) sF.ReFs]. The crystal structure of the latter

shows that the two rhenium atoms are linked by a fluoride bridge.2s When

[Re(C0) sF.ReFs] was reacted with excess xenon difluoride rhenium

hexafluoride was produced according to the following stoichiometric

equation:

[Re(CO)5F'ReF5] + SXeFz + 2ReFe + 3Xet + 5C0t

other compounds of the t)?e [Re(CO)sF'YFs] (where, Y = As, I, Ta) and

[Re(CO)e]*[ynFsn*r]- (where, M = Re, Sb) have been tabulated by Bruce

and Holloway.27

!.2 COORDINATED FLUORO- A}ID OXY-LIGANDS

Some transition netal carbonyl complexes containing poor coordinating

ligands such as (AsF;)Ì6, (BFt-),28,2s (C1O;)14'30'31 and (PO2F;)1t+',30

have been prepared by halide abstraction reactions. The corresponding

silver salt (e.g. AgAsFs,etc.) is simply added to a solution (e.g' CH2C12)
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containing the metal halide (i.e. Cl, Br, I). The method involves the

removal of the halide fron the metal by the silver ion producing a

r'16-electronrt intermediate. When the reactions are carried out in

chloroform, dichloromethane, sulphur dioxide or tetrahydrofuran a solvent

nolecule coordinates initially and is subsequently replaced by the

respective anion.

The nolybdenum and tungsten conplexes M(Co)s(Cp)Y (where, 1. M=Mo,

y = BFt-, pFs- i 2. M -- W, Y = BF,*) 32 were prepared by hydride abstraction.

The corresponding netal hydrides r¡Iere reacted with triphenylnethyl

carbonium salts (phgC+y-) in the dichloronethane according to the

following equation:

M(CO)s(Cp)H + Ph¡C+Y-
CHzCl z - M(c0)s(Cp)Y + PhsCH

The reactions are carried out in the temperature ranges -40oC to -30"C

and -5"C to +10"C when preparing the metal-tetrafluoroborates and

-hexafluorophosphate, respectively. The complexes were characterized by

the nature of the carbonyl stretching bands and v(x - F, x = B,P) bands in

their infrared spectra. The coordinated fluoro- and oxy-anion ligands

in these and the above complexes are labile and are easily substituted

by halide ions (c1-, Br-, I-), some organic ligands and by water.

Aquo-complexes have been prepared by a nunber of methods including

preforming the halide and hydride abstraction reactions in the presence

of water. 28 
'32,33 ' 

34 The [lvln(Co) s (HzO) ] 
+ species was identified as a

by-product of the acidic hydrolysis of the 3- a¡rd 4-pyridionethyl-

nanganesepentacarbonyl ions in aqueous s9lution.3s The rhenium complexes,

Re(CO)s(Hz0)2X (where, X = Cl, Br) were prepared by refluxing the

respective pentacarbonyl halides in a for¡nic acid-hydrochloric acid

míxture. 36
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Tra¡rsi.tion netal (Cr, Ir, Mo, Rh, W) carbonyl hydroxo conplexes are

relatively conmon and have been prepared by several ¡nethods3T '38 '3s '40'hl'
r+2 ,43 ,4r+ Many of these exist as hydroxy-bridged di¡ners. 0f the few

manganese(I) and rhenium(I) hydroxo complexes prepared to date the

following tetraneric species are of interest. The manganese cluster,

ll\frr(C0) 30H] + was Prepared by refluxing the complexes

lfac-ltfrr(CO) gLa]*[U'n(C0) s]- (where, L = NH¡, CH3CN) 
as in wet tetrahydrofuran

for L2 to 15 hours. It has been shown that the cation, [Nfrr(CO)3L3]* is

responsible for the for:nation of the hydroxo cluster. Reacting the

conplex lfac-lttr(CO) g(CH¡CN) g]PFsa6 with water under reflux conditions

also produced the manganese cluster according to the following equation:

4 [I,ln (C0) e (NHs ) g ]
+

The rhenium.cluster, [Re(C0)g0H]q was prepared by reacting either

Rez(C0)ro or Re(C0)sCI with water in a diethylether-diazoethane-water

mixture under photolytic conditions at 200oC.47,r+8 In both the manganese

and rhenium clusters the M(CO) 3 groups are linked by triply-bridging

hydroxo ligands. ae

L.3 CHARACTERIZATION OF METAL CARBONYLS

The bonding between the metal and the carbonyl group in transition

metal carbonyl conplexes can be understood in terms of two comPonents.

First, the'rforward" O-bond, which results fron the overlap of a filled

carbon o orbital (5o) with an empty o-type orbital (d) on the metal atom.

Second, the rrback" T-bond, which results fron the overlap of a filled dn

metal orbital with the ernpty 2gr* antlbonding orbital of carbon nonoxide.

The two components of the metal-carbonyl bonding are synergic. The

n I'back-bonding'r makes the ¡netal a better O-acceptor and thus enhances

+ 4H2O Et tl{n(CO) gOHl,, + 4NHa+ + SNHg- PF;
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the o-bond strength. s0 , sI, s2 This characteristic has become very useful

to the synthetic chenist, since the back-donation fron the metal to the

carbonyl group determines the value of the carbonyl stretching frequency.

This section discusses how the conplexes presented in this thesis, have

been characterized on the basis of their carbonyl stretching modes.

Most of the thousands of netal carbonyl complexes synthesized exhibit

strong and sharp carbonyl stretching bands in the region 22OO - 1650 cm-r

of the infrared spectrum. The spectra and structures of these complexes

have been studied extensively and the results are well docu¡nented in the

literature. r+, s3 , s4 , s5 , s7 , sB The v(Co) stretching notions are sensitive

to the electronic environ¡uent. Hence, the v(CO) frequencies give

infornation about the electron availability within the molecule. While,

the nu¡nber of bands and their relative intensity provides information

about the symnetry of the arrangement of the carbonyl groups in the

no1ecule.

It is often possible to infer the tlpe of non-carbonyl ligand that

is also coordinated fron a comparison of the v(C0) stretching frequencies

of similar compounds. A study of the infrared spectra of the series of

compounds, M(CO)5X, and M(CO)3(PPh3)2X (where, M=Mn, Re; X = Cl, 81, 11s3 'se

shows that the electronegativities of the coordinated halides is reflected

in the carbonyl frequencies. The increasing electronegativity of the

halide in the following sequence:

I(Br(Cl

results in an increase in the v(CO) stretching frequencies for the

respective compounds in the order:

v(co)"_r < v(CO)l,l_s, < v(Co)u_cl

From such trends one can deduce that substituting the bro¡nide atom in a
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molecule with a fluorine (Chapter 3), for example, will result in an

increase in the v(CO) stretching frequencies. Hence, the synthetic

chenist can monitor the progress of a reaction by following the change

in the carbonyl absorption bands.

The arrangement of ligands about the netal centre of the conplexes

present in this thesis has been deduced from the number and the relative

intensities of the v(CO) stretching bands. A few examples of the type

of compor:nds encountered are given here, but for more comprehensive

information the literatures3 ' s7 ' sB 
' 

se 
' 
60 should be consulted. Most metal

pentacarbonyl complexes , M(CO) sX (where, M = I\tn, Re; X = halogen) exhibit

three infrared-active carbonyl nodes (241 + E) in their spectra. The

intensity of the Ar(2) mode at the high frequency ranges from medium to

extrenely weak. While, the low frequency A1(t) node is usually nedium to

weak in intensity. The absorption due to the E mode is always intense.

The relative order of occurrence of the ba¡rds fron high to 1ow frequency

is: Ar(2) ) E ) A1(1). The compounds of the type cis-[M(co)3x3] or

cís- [M(C0) sX] ,, (e. g. IRe (CO) 3F] + , Chapter 2) exhibit two infrared-active

v(CO) modes (41 + E). The intensity of the A1 node at the higher frequency

is usually about one half of the E node absorption. Complexes with the

general formula M(CO) s (Lz)X (where , Lz = two mono- or one bi-dentate

ligand) can exist as three isomeric forms: fae, mer-cis-L2 and

mez,-trans-Lz (Diagrams A, B and C, respectively). i" the fac forrn

X X

OC 0c L 0c LL

L L

c0 CO

cBA

OC 0c

L

co c0
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(e.g. I\frr(CO)g(diphos)X, Chapter 4) the carbonyl grouPs are in a mutually

cis arrangement and three strong absorption bands (2At + Ar') are expected.

Tl¡e mey-cis-Lz isomer has one of the ligands (L) tpøts to X and a spectn¡m

with a weak absorption band is expected. However, this isoner is not

expected to for:n, since carbonyl substitution normally occurs in a

position eis to the halide group. Tlte mer-tnans isomer has the ligands

(L) trans with respect to each other and the spectra of such compounds

exhibit a weak (Artb, at high freq.) and two strong (411a + Br) absorption

bands. Hence, the three isomers can be distinguished by the relative

band intensities.

Where X in the above formulae is a coordinated fluoro- or oxy-ligand

(e.g. AsFo-, BF;) a consideration of the v(As, B-F) stretching nodes

also assists in the characterization of the carbonyl complexes. More

details on these type of stretching modes are given in Chapter 5.



11.

CHAPTER 2

METAL CARBONYL CLUSTERS

2.L INTRODUCTION

The chemistry of the manganese carbonyl halide species Mn(C0) 5X and

[lvln(CO)¡X] z (where, X = Cl, Br, I) has been well establishedT'61 '62 '63 '
64 

'65 '66 since the initial preparation of lrftr(C0) 5I, reportede in 1954.

However, til1 recentLy'T fluorocarbonyls of manganese have been unknown.

Prior to the connencement of the work reported in this chapter only

three manganese carbonyl fluorides had been reported, namely

[l\rn(Co)sF].AsFs,16 lun(co)rFs10 and livtn(Co)+F]2.r0 This lack of

manganese fluoride complexes initiated the search for facile reaction

pathways to fluoro-organometallic complexes. An investigationll into

the preparation of ltln(CO)sF and t'tr(C0)3F3 fron Mn(C0)sC1 using silver

and thallium fluoride lead to the characterisation of the cluster

species [N{n(C0) a{F*, (0H) 1-x}] a (where, X = 0 - 1) and [lvfn(C0) 3F] a, âs is

reported in this chapter.

Rhenium carbonyl chlorides, bromides and iodides, as for the

manganese analogues, have been known58,6er70 for decades. But, the few

rhenium fluoride complexes have only recently been reported. 16 'zz '23 '24 '47 '
r+6 

The atternpts to isolate the Re(CO)sF conplex have given rise to

the establishment of a method for obtaining the pure [Re(CO) 3F] a cluster.

As described in this chapter, the generality of the method was

subsequently tested with the preparation of the rhodium cluster,

IRh(PPh3)F] '*.
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2.2 PREPARATION AI.ID PROPERTIES OF THE CTUSTERS

2.2.L [Mn(CO) 3{Fx(0H) r-x}] r+ and [Re(C0) sF],"4(H20)

The nanganese(I) cluster series has been prePared by Zelenylt from

IUn(C0) 5Cl using both silver and thallium fluoride. These preparations

yietded clusters where x varied fron 0 to 1 depending on the amount of

water present during the reaction. The highest percentage fluoride

content was achieved using silver fluoride. Mass spectra showed that

the isolated products contained a mixture of clusters, where x = .5,

.75 and 1. However, because of a snall amount of water (ô) present in

the silver fluoride the pure [lìfi'r(C0) gF] 4 cluster could not be isolated.

The cluster series was further characterized by infrared spectra (Table

2.2.L), nicroanalysis and x-ray structure analysis ( S 2.3 ).

The reaction of bronopentacarbonylrhenium(I) with excess silver

fluoride in fluorobenzene (C6H5F) at room temperature yields an unstable

fluoropentacarbonyl rheniun(I) intermediate and silver bromide, by

bromide-abstraction:

Re(CO)sBr + AgF + Re(CO)5F + AgF*

(1)

The reaction also occurs in dichloromethane, but due to the formation of

the solvated conplex [Re(CO)s(CHzC12)]+ and [Re(CO)sCl], which have since

been reportedls,21 for the preparation of [M(C0)sLzY] compounds (where,

M = Mo,W, Lz = CsHs and Y = PFe-; M = Re, Lz= 2(CO), bpy and Y = C10,*-),

fluorobenzene ü¡as used. To date conpound (1) has not been isolated due

to the partial conversion to the tetraner at aJild above room ternperature.

The carbonyl v(CO) absorption pattem of the former in fluorobenzene is

consistent with the stretching modes for M(C0) 5X type nolecules (where,

M = transition metal and X = halide). The difference between the C0



TABLE 2.2.L

Infrared Stretching Frequencies (c^-t)

v(co) v(oH)Conrpound

Conpound (1)

Re(C0) sFa

Re(CO) sBr

[Re(C0) sF]'*'4HzO

[Re(C0) rCI]rb'"

[Re(CO) 3Br],+

2L52w, 2057s, 1981s

2L60w, 2050s, 1970s, 1955ssh

2L6lw, 2051s, 1985s

2D43ms, L932s

2092m, 204Is, 1932ssh, 1901s

2060s, 1943s

2059s , Lg4Lsb'c

2O32s, 1913s

2050br, 1950br

2Ù2ts, 1919vs

lRe(C0).Il uc

lRe (C0) ¡ (0H) I +
d

3570wsh, 3530w(sharp)

Medir¡¡n

fluorobenzene

nuj ol

fluorobenzene

fluorobenzene

nujol

in KBr disc

in KBr disc
fluorobenzene

in KBr disc

TTIF3550 (sharp doublet)

F
(¡¡

ø = Ref. 11; b = Ref. S7i c = Ref. 7t; d = Ref. 24
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stretching frequencies (Table 2.2.1) of compound (1) and of the reported

Re(CO)5F22 complex can be attributed to solvent effects.

After separating the silver bromide precipitate and the excess

silver fluoride (ngf.ô(H2O)) from the solution, the rhenium fluoride

intennediate (1) is conpletely converted to the cluster complex (2) mder

refhx conditions (90 - 100oC):

4Re (C0) sF + [Re (C0) sF] ,* + I (CO) t
reflux

(2)

The product (2) crystallizes as yellow crystals of [Re(C0)3F]a'4(H20) fron

fluorobenzene after concentration a¡rd cooling (cø 0"C) the solution.

The fluorine atons were initially identified as coordinating ligands by

a comparison of the carbonyl stretching frequencies of the analogous

hydroxo-cluster (Table 2.2.L) and a consideration of the fragnentation

series in the mass spectra. The infrared spectra in the carbonyl

stretching region shows strong A1 and E modes at respectively higher and

lower frequencies, which are t¡npical of a fac-trícarbonyl geornetry. u'

s7,72 In the (0H)-stretching region the infrared spectra exhibits

relatively sharp v(OH) absorption signals due to both (-F"'H-f) and

(HO-H...OHrI type hydrogen bonding (Figute 2.4.2). The above physical

properties are consistent with the structure of [Re(C0)sF],.'4(HzO)

( S z.+ ¡.

2.2.2 [M(CO)¡F1,. (where, M = l,hr' Re)

The manganese and rhenium pentacarbonyl halides (Mn(C0)5C1 and

Re(C0) 5Br) react with dry silver bifluoride in dry fluorobenzene and a

dry nitrogen atmosphere at 25"C to forn the respective unstable metal

pentacarbonyl fluoride conplexes. These, subsequently disproportionate
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and form the less soluble metal carbonyl clusters [M(CO)3F]'. (where,

M = l,fn, Re). The only difference in the preparation of these tv,o

clusters is that, due to the greater stability of the rhenium carbonyl

fluoride, reflu:c conditions (90 - IOO"C) were required for the formation

of the rhenir¡n cluster. Both clusters have been characterized by

infrared (Table 2.2.L and S 2.6 ) and nicroanalysis ( S 2.7 ) results.

Hdwever, due to the formation of only rnul.ti-twinned crystals during

crystallization, no structural evidence is available to date.

Both clusters are stable in solution to both solvent and halide

(e.g. Cl-, Br-) substitution. But, the netal pentacarbonyl fluoride

internediates will undergo halide substitution within seconds. Ittus, it

is essential to use calcir¡n floride solution cel1s and not sodir¡m

chloride cells when monitoring the reaction progress by infrared

measurements.

2.2.3 [Rh (PPh3 ) Xl (where, X = CI , F)

Atternpts to PrePare Rh(CO)(PPh3)zF by chloride abstraction fron

Rh(C0)(PPh3)2Cl using silver bifluoride in dichloromethane and chloroform

solutions resulted in the fonnation of the [Rh(PPh3)C1] ¡ cluster. The

proposed reaction pathway is shown in Scherne 2.2-t-

Rh(c0) (PPhg) zcl

lRh(c0) (PPh3) 2

AgF2H, S=CHzClz, CHC13

(s)l*F- 

- 

Rh(co)(PPh3)2F + s

ciiit
lRh(PPh3)c1l +

SCHEME 2.2.1. The Formation of [Rh(PPh3)Cl],,
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Step çi¡ in the reaction schene is complete within ¡ninutes after the

addition of silver bifluoride to a solution of Rh(C0)(PPh3)2C1. The

solvato complex [Rh(CO)(PPh3)z(S)]* ¡*h""", S = CHzC12, CHC13) is in

equilibrium with the rhodiu¡n fluoride species (step Ciill. The final

step Ciiil as monitored by infrared shows the loss of the carbonyl group

within 90 min at 25oC. Structure analysis results ( S 2.5 ) further

indicate that the disproportionation of the solvato complex also

involves the loss of a triphenyl phosphate ligand and the chloride

substitution fron the coordinated solvent molecule, resulting in the

for¡nation of the cluster, [Rh(PPha)Cl],,.

When fluorobenzene (CeHsF) is used as the solvent in the above

scheme the hatide abstraction results in the formation of the rhodÍum

carbonyl fluoride comptex. This inter¡nediate slowly disproportionates

forming the rhodiun fluoride cluster and a black non-carbonyl containing

precipitate over a period of ea 5 hr at 25"C. The formation of the

black product is minimised by stirring the filtered rhodiun(I) carbonyl

fluoride solution in the dark. As has been reported ( S 2.2 ) for the

manganese and rhenium clusters, the rhodiun halide clusters are stable

to further halide (i.e. Cl-, Br-) substitution. But, the solvento or

rhodiun carbonyl fluoride inter¡nediates will react with halides (e.g.

Cl-, Br-) in seconds. To date no structural evidence is available due

to both the slow decomposition of the cluster in crystallizing solutions

and due to the formation of unsuitable crystals for x-ray studies.
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2.3 STRUCTURE DETERMTNATTON OF tl&i(C0) 3{Fy, (0H) r-*}l a'2(c5H5)
(where, x = 0.35)

2.3.L Crystal Data

Crystals of the title compound crystallize as regular dodecahedra

and precession photography determined them to be of the cubic sPace

group, Pn3m. Dr. 0. Geiss kindly confirmed the space grouP using a

silicon calibrated (NBS-SRM 640, a = 5.403083 Å) powder photograph and

calculated the ceI1 constants by best fit of 40 reflections with the

least-squares progra¡n LSUCRE.73 Ttre density was measured by floatation

in a nixture of 1,2-dibromoethane and carbon tetrachloride. The crystals

slowly dissolve in this nixture, hence the unusually large uncertainty

in the measured density. The value of x in the fornula was calculated

from the microanalysis results of a sanple of crystals taken fron the

same batch for¡n which sanples were used for structure analysis and all

the other physical measurements. The crystal data is:

Cz,*Hrq. sFr .+Nftt+Or,* . s ; M.W. = 782.67; Cubic' sPace grouP Pn3m,

a = 11.277L¡S) Â; lJ = !434.L3(2L) Ãt; Z = 2i D" = 1.814 8.cD-1,

Dm = 1.g9(9) g.cn-I; lMoKu = O.7L07 Ã,; F(000) = 776 electrons;

UMoKcr, = !7 .0 cm- 1.

A dodecahedral crystal of dimensions 0.2Lx0.21x0.21 nm3 was

coated with epoxy-resin and nounted about a cubic axís (c) on the STOE

(Chapter 7 .L). The reflection intensities r^rere collected in the range

2.5<20<70" by the o scan technique for the levels hkÙ to hkLl. A basic

step counting time of 0.07 seconds at each 0.01o of the scan range (Ao)

was used with 5.0 seconds for each background counting tine. Ao for the

upper level reflections uras varied according to the formula:

Ao = 1.5 + 0.95(sinu/tan(ttt/2))
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where, ¡.t is

Lorentz and

reflections

corrections

reflections

the equi-inclination angle arid ú is the detector angle.

polarisation corrections were applied on a total of 2652

by the data reduction progran AUPTP.74 Absorption

and symmetry averaging with progran SHELXTS gave 600 unique

with I>2.5o (I).

2.3.2 Structure Solution and Refinenent

The density, unit-cell volume and the space grouP (Pn3m) require

that the 8 nanganese atoms per cell occupy the special positions 3(8,3n)

along the body diagonal. The rrnique manganese coordinates of the type

(x,x,x) were determined from the largest peaks of the Patterson nap.

A difference map based on the nanganese position revealed the cubane

nature of the cluster with the fluorine-hydroxy atons also located on

e sites and with the carbonyl groups on k(24,n) sites. Following a

least-square refinement for all the cluster atoms, the associated

Fourier difference ¡nap revealed a benzene molecule centred on each of

the c(4,3n) sites. A full-matrix least-squares refinement, with all

non-hydrogen atoms ¡nodelled anisotropically and the benzene hydrogen

isotropical1-y, converged with an R value of 0.0503 using unit-weights.

In the final calculation the weighting scheme (Chapter 7.1) was employed

and R converged at 0.042a arrd R* at 0.0422, with k = 7.86 and

B = 5.4 x 10-s. Ttre p3-hydroxy oxygen and fluoro sites were refined as

oxygen atoms (0(2)). The hydroxide hydrogen atom could not be located

in the final difference map. In this nap the largest peak was 0.7 e.E-3.

In the first structure detennination based on the previous data

collection two problens were encountered. Firstly, the refinement using

the program FUORFLS,Ts in which the necessary constraints had to be

applied after each least-squares cycle, lead to a false mininum with a

nuch higher R-factor (0.18). When using the pÌogram SHELXTS the
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calculation converged smoothly giving an R value of 0.L2. Secondly,

this vatue high value u¡as a result of disorder in the benzene grouPs.

In all refinements the scattering factorsTT for the corresponding

neutral atoms were used. The final atomic parameters, bond lengths and

bond angles are given in Tab1es 2.3.7,2.3.2 and 2.3.3 respectively.

The tabulated observed and calculated structure factors are given on

the microfiche enclosed in this thesis.

2.3.3 Description of the Structure

ORTEPT8 plots of the cluster and of a packing diagram of the

structure are given in Figures 2.3.1 and 2.3.2. The structure consists

of a body-centred cubic array of cubane-type cltfsters Mna(C0)12{F,OH}u,

with benzene of solvation on the cube diagonals between adjacent pairs

of (F/OH) sites. The very high synnetry of the crystals appears to

result fro¡n the benzene of solvation. The cluster itself has the very

high crystallographic symnetry TSm, which is so far unique for clusters

of this type. It is, however, achieved by disorder of hydroxide and

fluoride. Many clusters of the type [MRX] a have been described with

lower crystallographic symmetry, e.g. [0s(CO)gO]+ 6Z^)" and

[Mo(NO)(CO)z(OH)]u (23).to 'Other species where R contains carbonyl

groups or X is hydroxide include [WH(CO)s(0H)]u,tr [Pt(CH3)e(0H)]q,t'

[Re(CO) 3SCH3] 483 and [Re(CO) 3X] a (where, X = F, I).tu "t The geometry

of the clusters are all similar and as here do not involve metal-metal

bonding.sr The angles within the cluster cube tend to remain constant

for the carbonyl/hydroxy clusters since the M-0 and M-M distances

increase congruently frorn the manganese to the molybdenu¡n and tungsten

examples. All have O-M-O angles near 76" and M-O-M angles near 102o.

The cube geonetry is determined by the limiting non-bonding contacts on
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TABLE 2.3.7

Atonic positional, thermal and occupancy (k) pararneters for l'frt¡(CO)rz (FX(OH)u-*)'(Cstle )z

Uzskzv

I\fti

o(1)

oQ)b

c (1)

c(2)

H

r4e7t (3)

144s (1)

32s3 (1)

1476 (1)

4s1s (2)

4181 (30)

t4e77 (3)

r44s (1)

32s3 (L)

1476 (t)

4s1s (2)

4181 (50)

r4s7t (5)

-Ltt6 (2)

s2e3 (1)

-100 (2)

se80 (3)

6612(36)

L6667

5000

1667

5000

5000

5000

Uu

287s(22)

73s (10)

zss (s)

41s (8)

s81 (17)

t27e(162)

Uzz

287s(22)

73s (10)

2ss (s)

41e (8)

e81 (17)

Us¡

2875(22)

s62(t0)

,2ss 
(s)

371(11)

472(16)

Urg

-284(11)

-76 (7)

-10 (s)

-4s (6)

-48 (e)

Urz

-284(Lt)

-36(11)

-10 (s)

-36 (10)

-sze(2o)

-284(11)

-76 (7)

-10 (s)

-4e (6)

-48 (e)

a Mn p"t"reters x 105 and the others x 10'*.

b O(r) represents the disordered atonic average of F- and OH- (F, 0H).

No



2I.

TABLE 2.3.2

Atonic Distances (Â) for [luri (CO) s (Fx, tOH] r-x) I ¡4

0 (2) -l!ht

c (1) -Ntui

H(2)-c(2)

(a) Bond lengths

2.0s2(s)

1.802 (3)

o. e0 (4)

c (1) -0(1)
c?)r-cQ)

1.146 (3)

1.34s (3)

(b) Hydrogen bonding distance

O(2) "'n(CeHe )centre 3.334(2)

(c) Non-bonding dista¡¡ces

¡r¡rrr...1,¡, g.199(1) o(2)rI"'o(2) 2.529(3)

TABLE 2.3.3

Bond Angles (') for ll\frr (CO) g (Fx, {OH} r-x) ] ,*d

o(z) Ir-tntr-o (2)

c(1) -lfrt-o(1)

c (1) -Itt-o(2)

76.1 (1)

t78.7 (2)

e7. s (1)

III -r!tl-c(1)

-0(2) -Mn

88. s (1)

102.4 (1)

c (1)

rftrr 
r

os,rp"t=""ipts in Roman refer to the following equivalent
po-titiottt, with respect to the unique asymmetric unit
at x, y, zi

T=l-z
II=Xr

1-x I-y IIÏ=Z,X,Y,
'|

2

t
1

z-Y,
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the diagonals of the cube faces (Fig. 2.3.L) which are both less than

van der Waal distances (O-O, 3.3 Å,). The lt'lri(I)(CO)s noiety has nonnal

geonetry with a lvfn-C distance at the lower end of the range of values

""potauåu 
- tt fo" lnfti (I) (CO) sX specíes (L.76 - 1 .83 ¡,) . A lower value is

expected with the electronegative substituents OH and F.

The most notable feature of the structure is that it establishes p3

bridging by fluoride in discrete organometallic species. An example

involving CO(II), tetrakis(fluoro,tris(N-ethylirnidazole)C0(II))(BF+)r+,

has also been reported for a discrete species.sG Many examples of ¡.t2

fluoride bridges ar'e known,87 but these aPPeaI to be the only f3 oneS.

A recently reported complex, !{tt3(CO)g(OEt)2F, has a metal-netal bonded

l{n3 triangle and Uz fluoride and ethoxy groups.l8 The tvln-F distances

were 1.g7(2) and 1.g3(2) Â, about 0.1 Â shorter than the disordered

average l\ftt-(OH,F) of 2.052(5) Ã, of the tetranuclear cluster in which

I!frr-l\frr bonding is absent.

Figure 2.3.2 shows that the benzene lies directly perpendicular to

the cube diagonal of the conplex over the (OH,F) groups. The benzene

solvate has a single OH stretch at 3543 cm-I.84 No 0H"'F hydrogen

bonding is possible in either compound as it is precluded by benzene

interference in the solvate and adjacent clusters cannot have 0H"'F

separations much closer than 3.5 Â. The latter conclusion was arrived

at by plotting the non-bonded energy as two clusters were brought

together and their orientations adjusted by energy mininisation.ss

Effective QfloooF hydrogen bonding normally occurs in the region below

2.8 Å,. Hydrogen bonding to aromatics is well known and characterised

by a red shift- of 60 - 90 cn-l of the v(OH) in the infrared and denoted

O-H...T.'tt's0' sl Interactions between $¡ater and the phenyl rings of

tetraphenylborate have been observed crystallographically in
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FTGURE 2-3-t The molecular structure of [lran(co) a{F*' (0H) r-x}] 4 (50%
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äquivalent'positions, with rèspect to the unique asylrunetric unit at
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FIGURE 2.3.2. A r:¡rit cell plot showing the packing alrangement for
Tñ@)-tr;(OH) r-x]l ¡+'2(CsHo). The large spheres represent the
*"rtgan"se tricarbonyl corners of the clustels and the (0H"'n) hydrogen
bonding is represented by the broken lines.
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tributyla^uuronir¡m tetraphenylborate monohydrate,e2 but there the 0H grouP

vector is alligned near to, but not exactl¡f colinear with the

perpendicular to the aromatic ring through its centre as is the case

here. The distances of the water to the centre of the phenyl group of

the tetraphenylborate are 3.L2 and 3.L7 ß,. The distances of the OH,F

site of the cluster to the benzene centroid is 3.334(2) Â.

2.3.4 Discussion

Ttre fluorine content (x = 0.35) of the above structure was

detemined from microanalysis results. Since both density measurements

and structural refinement nethods are insensitive to the difference

between a fluorine and a hydroxy glouP. Sno#I and co-workers have

characterised the four isomers (x = 0.25, 0.5, 0.75, f.O¡ Uy mass

spectrometry. Furthermore, it was observed that only the nono-fluoride

and di-fluoride clusters (x = 0.25 and 0.5, respectively) crystallized

with benzene of crystallization from an acetone-benzene mixture- This

lead to the development of a purification method (shovrn below) for the

cluster [lvln(C0)¡{F.s,(OH).s}],*. The najor products of the silver

fluoride reaction are the di-fluoride and tri-fluoride clusters and

due to the crysta¡Lízation properties the former can be isolated (Step I)

as the di-fluoride solvate tetramer [Mn(CO) a{F. s, (0H). s}] ç'2(CGHG) ' At

100oC and 0.1 nnHg the benzene is removed (Step II, reversible) leaving

the pure [l{ri(Co)a{F.r,(OH).s}],* species and resulting in the

characteristic infrared shift ( S 2.3.5 ) of the v(OH) stretching bond

fron 3543 cm-I to 5620 cn-1.
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tl\frr(C0) s{F. s, (0H) . u}l n '7Ùeo

+

lr\frr(co)3{F.7s,(oH).zs}] \'30eo

teP I CeHe

ll\'frt(C0) s {F. u, (0H) . s }] u'2(CsHe )

S

1000c

Step II 0.1 nn Hg Ce Hs

tl\frr(c0) g{F. s, (0H) . s}l +

2.4 STRUCTURE DETERMINATION 0F [Re(C0) sFl a'4(HzO)

2.4.t Crystal Data

Crystals of the complex were obtained directly from the reaction

nixture as needle-like prisms elongated along c with 110 and 001 faces.

The tetragonal space group I4, was determined from systenatic absences

and confirmed by structure deternination. The initial unit-ce11

para¡neters from the precession photographs were refined on the Stoe

diffractometer as previously described. For the data collection a

crystal with dimensions 0.05 x 0.05 x 0.29 mm3 was coated with ePoxy resin

and ¡nounted above the c-axis on a Stoe autonated Weissenberg

diffractoneter equipped with a graphite monochromator. A total of 1531

reflections in the range 2.5 < 2e < 70" were obtained by the t¡-scan

technique for the levels hkT to hk7l. 0n the upper levels o was varied

according to the formula

Aoo = 1.2 + 0. 9 (sin v/tan Ltþ)

where, U is the equi-inclination angle and rf is the detector angle'

Lorentz and polarization corrections were applied with program AUPTP'74

Absorption corrections were applied and symmetry averaging with proglam
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SHELXTS yielded 1380 unique reflections with I > 2.5o(I).

Crystal data: CrzHeF¡OrsRe,*, WI = 1229, tetragonal, sPace grouP

r4, a = 11.716(5), c = 8.988(3) Â, lJ = L233.7(15) Â3, z = 2,

Dc = J.sog g cD-3, À(MoKq) = 0.7107 Â, rçoool = 1056, ¡r(MoKç¡) = 198.89 cm-1.

2.4.2 Strr¡cture Solution and Refinement

The position of the unique rhenium atom was deternined from a

patterson nap. A ful1-matrix least-squares refinement for isotropic

rhenium atoms reduced R to 0.L72; a difference naP then revealed all the

other atoms in the cluster. A further difference naP based on all the

cluster atoms revealed the oxygen atom of the water molecules. The

subsequent least-sguares refinenent with anisotropic cluster atoms and

isotropic oxygen atoms for the water molecules reduced R to 0 .0332,

using the weighting scherne (Chapter 7.L) . The calculation was repeated

with the sign of all coordinates of the atoms inverted, and R was reduced

to 0.0288; hence the absolute configuration was dete¡mined (Chapter 7.L).

In the final least-squares calculations all the located atoms were

refined anisotropically and the inter-layer scale factors were refined

alternatively. R converged at 0.0268 and Rr at 0.0277 (Chapter 7.1) with

k = 1.0 and E = 2.35x10-4. The largest peak (.8 eÂ-3) remaining in the

final difference nap was located near the rhenium atom.

In the refinement the scattering factors of the neutral atoms were

used from International Tables Vol. IV. The observed and calculated

structure factors are given on microfiche. The final atomic paraneters,

bond lengths and bond angles with the estirnated standard deviations are

given in Tables 2.4.L, 2.4.2 and 2.4.3, respectivety. The structure of

[Re(CO)3F]a was drawn using the progran 0RTEP78 and is shown in Figure

2.4.7. T'he hydrogen bonding interactions between water molecules and

fluorine atoms of two clusters in the same unit cel1 are shown in Figure

2.4.2.
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TABLE 2.4.L

Atonic positional and thermal paraneters for [Re(C0)sF]+'(HzO)+

Un Uzz Uss Uzsz

Re

F

-L4s7s(2)

-108s (4)

-27s7 (7)

-3776(6)

-r7e6(7)

-320s(7)

-2276(7)

- 2eo3 (6)

-1642(7)

-34s8(2)

-263(4)

-2ss3(7)

7e8 (8)

-238(7)

- 1s2 (B)

-r732(7)

373(6)

-302(6)

-13240 (3)

1075 (6)

-1381 (17)

-10e8(13)

-46e6 (8)

-7401 (10)

-1348(17)

- 120e (15)

-3423 (e)

1780(r2)

278(21)

sls (s0)

28r(3r)

s2s(4s)

47e(43)

301 (33)

207 (27)

2t3(2e)

t780(12)

2s7 (2r)

306(32)

634 (48)

s61 (48)

s7 L(47)

222(2s).

26s (51)

187 (2e)

2218(18)

360 (28)

1070 (81)

7s2(6e)

272(32)

411 (43)

s10 (s2)

337(44)

sts(37)

ss (10)

L4(24)

17e (ss)

-36 (s6)

-3r(34)

los (57)

4t(42)

11 (57)

-r2(2e)

Urs

-3s8 (10)

-3e(2r)

-308 (60)

-s3 (45)

-12e (30)

-4s (3s)

-15s (4s)

-27 (32)

-30(26)

Urz

-111 (s)

37 (18)

-217 (33)

137 (ss)

00 (3s)

-08 (37)

-r2t(27)

37 (23)

-34(24)

01

02

o5

04

C1

C2

c3

o R" p"t"neters x 10s and the others x 10't.

l\)
@
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TABLE 2.4.2

Atomic distances for IRe(C0) sF],r'(HzO),*

Atoms
a. Distance (Â) Atons Distance(Â)

Re-F

Re-Frr

Re-Frrr

Re-F

Re-c(1)

Re-C (2)

Re. . .Re

F ...0(4)r

Rer

Re...Rerr

(a) Bond lengths (and standard deviations)

2.200 (s) Re-C(s) 1.8se (8)

2.796 (5) Re-C ave. 1.893 (5)

2.20s (s) c(1)-0(1) l.lss (s)

ave. 2.200 (s) c(2)-o(2) L.L42(LL)

1.886 (7) c(3)-o(3) 1.161(12)

1.894 (7) C-0 ave. 1. 153 (10)

Re

(b) Hydrogen bonds

2.840(11) o(4)1..0(4)rv

(c) Selected non-bonding distances

3.s10 (3) F...Fr

3.43s (3) F...Frr

3.43s (3) F...Frrr

2.esr(L2)

2.616(10)

2.672(10)

2.672(L0)III

o S.rp"tt"ripts in Ronan refer to the following equivalent
politions, with resPect to the unique asyrunetric unit
at x, y, z:

I = -xr -y, -z III = -Y, X, -z
II = y, -x, -z IV = !z-Y, å*x, L-z
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TABLE 2.4.3

Bond angles (o)a and their standard deviations for [Re(C0)sF],*'(HzO)q

F-Re-Frr

F-Re-Frrr

Frr-Ru-Frrr

Re-F-Rerr

Re-F-Re

Re-F-Re

III

III

74.e(2)

74.7 (2)

73.0(2)

ro2.6(3)

102.e(4)

10s.8 (4)

c (1) -Re-c (2)

c (1) -Re-c (5)

C (2) -Re-c (5)

C-Re-C

C (1) -Re-F

C (2) -Re-F

c (3) -Re-F

8s. e (4)

87.4 (s)

86. 6 (4)

86.6 (8)

e8.6 (s)

e6. o (4)

173.6(3)

ave.

o Srrpu"scripts in Roman refer to the following equivalent
poiitiottr, with respect to the unique asytnmetric unit
at x, y, zi

II = y, -x, -z III = -Y, x, 'z
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ReE

Orr
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FE
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FIGURE 2.4.1. The molecular structure of [Re(C0)3F]+. (0RTEP diagran
ffit o p"o¡ability ellipsoids.) Superscripts in Roman refer to the
following equivalent positions, with iespect to the unique asymmetric
unit of ihe cluster at x,Yrz: I -x,-Y,z; II Y,-x,!z; III -y 'x'-z'
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o Fr

O¿I

Fl

e"-

FIGURE 2.4.2. Packing arrangement for [Re(c0)sF]t+'(l{20)+, showing
F@ñ¿-ttoH'''ol{z hydrogen bonding interactions .

&
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2.4.3 Description of the Structure

The conpor¡nd has a pseudocubane structure, whose corners are

alternatively occupied by rhenium and fluorine atoms. The four Re(CO)

groqps are held together by four triply bridged (p3) fluorine ligands

exhibiting the non-crystallographic 43m syrlÛnetry. The rheniu¡n tetraner

belongs to the well established farnily of compounds with the general

formula [MLeXJ,* (e.g. ICo(CO) 3Sb],.,s3 [CoL3F],*, 4(BF+) (where,

L = t/-erhylirnidazole or l/-propylimidazole) ,86 [Mo (NO) (CO) z (0H) ] ,* ,8r

[os(co)30]q,7s [Re(co)3r]q,8s [Re(co)soH)],.,h7 and [Re(co)g(scHs)]utn).

unlike the hydride clusters the netal atons in the above clusters are

not involved in metal-metal bonding. 80 The Re-F bonds of the rhenium

cluster are longer than Re-F (L.g7 (2) Â) trqns to a carbonyl group in

(CO)5Re-FReFs.2s The slight shortening of t]ne tpøts Re-C bonds is

consistent with the observed trend for [Re(C0) 3LzXJ compounds (where,

(i) L = 2(CO), X = halide,uo'sL's2's3 (ii) L = biPyridyl, X = PFz0zls),

where the carbonyl group is tyø¿s to x. This is believed to be due to a

relatively greater n-back-donation from the metal to the carbonyl trans

to a v¡eaker î-acceptor.

The structure of the fluoro cluster closely resembles that of the

anhydrous iodide, [Re(CO)eI]+.8s In the fluoro cluster the X-Re-X and

Re-X-Re angles ate 74" a¡rd 104o, while in the iodo cluster they are 85o

and 95", respectively (Re-F 2.200(5), Re-T 2.838(7) '&)'
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2.5 STRUCTURE DETERMINATION OF IRh(PPh3)C1] 4

2.5.L Crystal Data

crystals were gl.own by cooling a dichloromethane solution

containing the rhodium cluster species, IRh(PPh:)c1],*. The yellow

crystals are needle-like in morphology elongated along the b axis' The

cell parameters were refined by the least-squares routine on the CAD4

using 25 high angle reflections. rvhile the space group, Pcnb, was

determined fron the systenatic absences in the reflection data' The

density $tas measured using a floatation solution of petroleun spirit

(30 - 40") and carbon tetrachloride.

Crystal data: CzzïesClaPaRha; M.W. = L602.6; orthorhombic space

group, Pcnb, â = L7.876(5), b = 18.23(2), c = 20.749$) R; U = 6751(9);

Z = 4; Dc = 1.577 g.cm-I, Dm = 1.58(2) g.cm-I; ÀMoKo = 0.7107 Â;

F(000) = 3200 electrons; pMoKç¡ = !2.50 cm-r'

For the data collection a crystal with dinensions 0.08x0.11x0.50nrn3

was coated and mounted using epoxy resin. 3542 r.rnique reflections in the

range 1.S < 0 < 20.0" and with intensities f.> 2.5o(I) were collected using

a u-n/30 scan mode (chapter 7.1) (where, n = L). The intensity of three

standard reflections was neasured at 67 ninute j-ntervals and no crystal

deconposition was observed. The data was corrected for Lorentz,

polarizations8 and for crystal absorptiones effects. Furthet e*pJtinental

details are given in Table 2.5.L.

2.5.2 Structure Solution and Refinenent

The structure r^¡as solved by the heavy atom netho¿.100r101 The

coordinates of the two r:nique rhodiu¡n atoms were deternined from a

patterson synthesis. The difference Fourier synthesis that followed was
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TABLE 2.5.L

Crystallographic details for [Rh(PPha)CIl I

Temperature 298oK Crystal diurension 0.08 x 0.11 x 0'50 nng

(Sin 0*r*)/À 0.48 Â-1 Crystal faces [100], [-100], [010],

Radiation MoKo [0-10], [001], [00-1]

Scan ¡nethod u/20 Aperture width 2.40 + 0.50 * tan(o)

Scan range (o) Sig(I)/I(pre-scan) 0'4

omin = 1.50, 0*"* = 20.0 sig(I)/I(final scan) 0.08

Àr¡ = 1.20+0.35*tan(e) Speed (pre-scan) 6'7 deg/rnin

slit width 3 mn scan time (max) 200 sec

Tôtal nu¡nber óf independent reflections collected is 3542.
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TABLE 2.5.2

Atonic positional and thernal Paraneters for [Rh(PPha)Cll +

UesUu UzzzvAtona x

14s (6)
-LzL (s)

4 (1)
-4 (2)
8 (2)

-3 (2)
-13 (6)
20 (8)
17 (10)

-t4 (8)
ó (8)
e (6)
2 (7)

-16 (8)
-7 (12)
-s (11)

-14 (e)
-3 (7)
-4 (7)
11 (6)
20 (e)
-e (12)

(s)
(s)
(1)
(2)
(2)
(2)
(6)
(7)
(e)
(8)
(8)
(8)
(7)
(8)

(10)
(72)
( 11)
(8)
(6)
(7)
(e)

( 11)

97
-73
-9

5
5

-6
8

2L
L7

-10
6

-3
11

20

-16

-s4 (6)
-1oo (6)

5 (1)
1o (2)
0 (2)
1 (1)

-1 (7)
11 (8)
-1 (e)
27 (e)
24 (8)
L1 (6)
-8 (7)

-r7 (s)
-4s (13)
-36(11)

4 (10)
23 (s)
t2 (6)
-1 (7)
t7 (8)

7 (10)

636 (7)
662 (7)
s8 (2)
62 (2)
sl (2)
s4 (2)
4e (8)
s7 (e)
4e (10)
64 (10)
74(Lo)
74 (e)
se (e)
6e (11)
83 (11)
es (13)

126 (ls)
e3 (11)
4s (8)
78 (e)
es (1 1)
e6 ( 12)

(8)
(6)
(2)
(2)
(2)
(2)
(7)
(e)

(13)
(13)
(e)
(7)
(8)

( 11)
(17)
(15)
(11 )
(e)
(7)
(s)

(1 1)
(10)

870
47L
54
58
53
44
54
79

LL3
103
63
28

108
87
64
45
47
65
59

59
100
185

(s)
(7)
(2)
(2)
(2)
(2)
(8)
10)
13)
11)
11)
1s)
(8)
(e)
11)
15)
11)
1s)
(8)
(e)
11)
15)

46
56
42
49
49
76(

116 (
óB(
87(
73(
57
60
70(
e7(
77(
s4(
54
61
7s(

1le (

(s)
(s)
(1)
(1)
(1)
(1)
(3)
(3)
(5)
(3)
(3)
(3)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)

(6)
(s)
(1)
(2)
(2)
(2)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(3)
(3)
(5)
(3)

842
542

-zLt
-664

(s)
(6)
(2)
(2)
(2)
(2)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(s)
(s)
(s)
(s)

20749
33044

1958
3418
t8L2
4400
2108
L723
2010
2682
3068
27BO
2L98
2r62
2464
2802
2838
2536

5341
17335

L842
459
115

2290
-705

- 1119
-L725
-L9T7
- 1503

-897
576

L246
r628
1540

670
288

96
287
224
-50

385
632

9416
6063

904
591

2L43
927

23L8
2791
2963
266r
2 188
20t6
29L4
2862
3425
404t
4092
3529
2339
3022
3r49
2593

Rh(1)
Rh(2)
c1 (1)
cL(2)
P (1)
P(2)
c (1)
c(2)
c (3)
c (4)
c (s)
c (ó)
c (7)
c(8)
c (s)
c (10)
c (11)
c (12)
c (13)
c (14)
c (1s)
c (16)

I

2

1

2

2

9
0
2

9
2

0

(^
o\
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Urr Uzzzv

-2e (r0)
-16 (8)
-L3 (7)
-34 (8)
-48(12)
-7 (12)
46(t2)
30 (8)
0 (7)

-6 (7)
-10 (e)
14 (e)
3 (8)

10 (7)
-5 (6)

-16 (7)
-3 (8)
-4 (8)

2 (10)
-8 (e)

10)
(8)
(6)
(8)
11)
(8)
10)
(8)
(7)
(8)
11)
(e)
(8)
(7)
(7)
(8)
(e)
r2)
(e)
(e)

Uza Urs

38
20(
15
16(

1

-1
-36
-3s(

Uv

1(
-4

3

-4
-29
-11

3

-L7
-15
-3
20
-1

(11
(1s
(20
(17
(11

(8
(8
(e

(11
(e
(8
(7
(e

(10
(10
(t4
(11

53
44
66
61
62
42
75

14)
1s)
(7)
11)
1s)
(e)
t2)
ls)
(8)
(e)
L4)
L2)
(e)
1s)
(7)
10)
10)
(e)
11)
1s)

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

-7 (e)
-1s (8)
-3 (7)
18 (8)

e (11)
-23(Ls)
-r2(17)
-10 (8)
-e (6)
13 (8)
4 (e)

-e (7)
10 (e)
-1 (7)
2 (6)

-7 (8)
-21 (e)

21 (10)
-31 (11)

0 (e)

8s (11)
s2(tr)
4s (7)
67 (10)
85 (13)
66 (1 1)
73(13)
63(10)
63 (s)
87 (10)
16 (13)
71 (10)
e7 (11)
64 (8)
s7 (8)
70 (10)
e7 (12)

14e (16)
s7 (r2)
78 ( 11)

Atom U.sx

1910
t784

494
595

40
-2t7
- 1.18

237
587
886
60

189
2L5
290
3395
3t33
2383

-364
389

4408
3727
s684
4322
5003
s046
52L5
591 5
6518
6424
5727
5r22
460s
4967
5t73
5016
4653
4447

-222
- 159
s079
3376
3973
4274
3977
3379
1891
1996
L662
7224
1119
t452
2437
2985
3026
2520
L972
1951

t20
64
3L
82

r23
46
B9
69
53
69

t32
105
62
51
35

60(11
s7 (9
73 (8

(
(

(
(

(
(

51
ss(
67(

46

(3)
(5)
(s)
(s)
(s)
(s)
(s)
(s)
(3)
(3)
(3)
(3)
(5)
(3)
(4)
(4)
(4)
(4)
(4)
(4)

56

(s)
(s)
(4)
(4)
(4)
(4)
(4)
(4)
(s)
(s)
(s)
(s)
(s)
(s)
(4)
(4)
(4)
(4)
(4)
(4)

(4)
(4)
(3)
(3)
(3)
(5)
(3)
(3)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)

1

28

c (17)
c (18)
c (le)
c (20)
c(2r)
c(22)
c(23)
c(24)
c(2s)
c(26)
c(27)
c(28)
c (2e)
c(30)
c (31)
c(32)
c (35)
c (34)
c (3s)
c (36)

95
L24
207
155
90
49

59
84

L33
7L2

(
(

(

(
(

)
8
1

3
6
8
8

(

o Rh.ootdinates x 10s and the thernal Paraneters x 10q;

All other coordinats5 x 10t and the thernal Parameter5 x 103.

(^\¡
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TABLE 2.5.3

Atomic distances for [Rh(PPhs)Cl] 4

Atomsa Distance(Â.) Atoms Distance (Å)

(a) Bond lengths (and standard deviations)

cl (1) -Rh(1)

ct(2)t-*(t)
P (1) -Rh(1)

cI (2) -Rh (2)

c (1) -P(1)
c (13) -P (1)

c(2s) -P(2)

2.723 (3)

2.5s2 (3)

2.s68 (3)

2.67s (3)

L.8r2 (7)

1.7es (7)

1.804 (7)

cI(2) -Rh(1)

cl (1) -Rh(2)

cl (1) r-nn qz¡

P(2) -Rh(2)

c (7) -P(1)
c (1e) -P(2)

c (31) -P (2)

cl (2) r. . .nrr (z)

cI(1)...cl(1)r
c7(2)...cl(1)r
c1(1)...cI(2)
cl(2)...cl(2)r

2.63s (5)

2.517 (3)

2.7s3 (8)

2.s7s (3)

1.818 (e)

1 .811 (7)

L.7e8 (7)

4.47r (6)

s.78s (s)

3.7s0 (s)

4.016 (6)

3.62L (s)

(b) Intra-molecular distances

(1)

(2)

(1)

(2)

(1)

Rh

Rh

Rh

Rh

c1

...Rh(1)r

. . .Rh(1) r

...Rh(2)

...Rh(2)r
-...nrt(r)

3.707 (s)

3.786 (s)

3.ses (4)

3.643 (s)

4.622 (6)

o S,rp"tr"ripts in Roman refer to the following equivalent
poiitiotr, with respect to the unique asymmetric unit at
xr Y, Zi

I = -Xr .5-y, z
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TABLE 2.5 .4

Bondd angles (") for [Rh(PPhs)Cl]4

c1 (2) -Rh (1) -c1 (1)

c1 (2) -Rh (1) -cl (2) r

P (1) -Rh (1) -c1 (2)

P (2) -Rh (2) -cl (1 )

Rh(2)-cl (1)-Rh(1)

Rh(2) -cl(1)-Rh(1)
Rh(2) -cI(1)-Rh(2)
Rh(1) -cl(2)-Rh(1)
c (1) -P (1) -Rh (1)

c (7) -P (1) -c (1)

c (13) -P (1) -c (1)

c(1e) -P(z)-Rh(2)
c (2s) -P (2) -c (1e)

c(51) -P(2)-c(ls)
c(2)-c(1)-P(1)
c (8) -c (7) -P (1)

c (14) -c (13) -P (1)

c (20) -c (1s) -P (2)

c(26) -c (2s) -P (2)

c(32)-c(31) -P(2)

s7.0 (1)

88.4 (1)

120.3(1)

156. 3 (1)

80.8 (1)

87. s (1)

87.3(1)

s1.1 (1)

t16.2(3)
104.4(4)

103. 7 (4)

110.0 (3)

los . 3 (4)

104. e (4)

r22.2(6)
117.1 (6)

t23.2(6)
116. s (6)

L23.t(6)
t24.0(6)

c1 (1) -Rh (2) -c1 ( 1) 
r

cl (2) -Rh (2) -cr (1) r

Rh (2) -cl (2) -Rh (1)

Rh (2) -c1 (2) -Rh (1 ) 
r

cr(2) -Rh(1)-cl(1)
P (1) -Rh (1) -cl (1)

c (13) -P (1) -Rh(1)

c(13)-P(1) -c(7)

c(30)-c(2s) -P(2)

c(36)-c(31) -P(2)

cl(2)-Rh(2)-cl(1)

P (2) -Rh (2) -cr(2)

c(7) -P(1) -Rh(1)

c(2s) -P(z)-Rh(2)
c(51) -P(z)-Rh(2)
c(31) -P(2)-c(2s)
c (6) -c (1 ) -P (1)

c(12) -c (7) -P (1)

c (1s) -c (13) -P (1)

c(24)-c(1s) -P(2)

s0.6(1)
111.s (1)

e1.8 (1)

101 . 2 (1)

87.3 (1)

116.7(1)

7e. s (1)

e2.7 (L)

114 .6 (3)

112. s (3)

104.0 (4)

rr2.7 (3)

11s.3(5)

103. s (4)

117.s(s)

t22.s(7)
1 16. 7 (6)

L23.4(6)

116. s (s)

11s.6 (6)

os.rp"tr.tipts in Roman refer to the following equivalent
position, with respect to the unique asymmetric unit at
x, Y, zz

I = -x, .5-y, z
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based on the two rhodium atoms and gave a difference naP which revealed

all phosphorus, chloride atoms and sorne phenyl carbons. At this stage

the R value was 0.42. A subsequent calculation, which accounted for the

rhodiun, chloride, phosphorus and the six phenyl carbon atoms directly

bonded to the phosphorus atoms, refined to an Rvalue of 0.24 andt}:re

associated difference map revealed aIl renaining non-hydrogen atoms of

the cluster. In subsequent full-matrix least-squares calculations the

phenyls were refined as rigid groups (C-C=1.595 and C-H =0.97 A'¡ witft

all hydrogen atoms refined with a connon thermal Parametel. In the final

full-natrix refinement the weighting sche¡ne (Chapter 7.1) was employed

and all the non-hydrogen atoms were rnodelled anisotroplically. The

calculation converged with R = 0.034, R" = 0-036, k = 1'13 and

g = 6.1x10-4. The largest peak renaining in the last difference naP

was of the order of 0.S eÃ,-3. The final heavier atom coordinates, bond

lengths and bond angles are given in Tables 2.5.2,2.5.3 and 2.5.4'

respectively. The hydrogen atom paraneters and the tabulated structure

factors are given on nicrofiche.

2.5.3 Description of the Structure

Figure 2.5.t shows the structure of [Rh(PPh3)Cl],- givíng the ato¡nic

nunbering scheme ernployed. The tetranuclear complex assumes the

pseudocubane structure t)?e, [MRX]+ ( S 2.3 and S 2.4 ). The cluster

exhibits 4n crystallographic symmetry with the corners alternatively

occupied by the rhodír.ur and chloride atons. The four rhodium triphenyl-

phosphine grouPs are thus held together by triply bridging (Ug) chloride

atoms. The rhodium-chloride bond distance varies from 2.5L7(3) to

2.753(8) Â (Table 2.5.3). The rhodiun-rhodium distances (ave. 3.63 Â,)

suggests that no netal-metal bonding exists. The bonding about each

rhodium atom consists of a distorted tetrahedral geometly, with an
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average (P-Rh-C|) bond angle of L2L.3o and an avelage (C]-Rh-Cl) angle

of 92.6o (Table 2.5.4). The average (Rh-C1-Rh) angle (86.5') is for.urd

to be smaller than the average (Re-F-Re) angle (L03.8") of [Re(CQs)F],'

( S 2.+ 1. This can be understood on the basis of the difference in the

¡netal : halide atomic radii ratio ( S 2.6 ) -

2.6 DISCUSSION

The work presented in this chapter establishes an efficient

synthetic route for metal fluoride clusters without the need for

hazardous reagents such as fluorine gas, anhydrous hydrogen fluoride and

xenon hexafluoride or for high Pressure equipment. Thus with the

enployrnent of a suitable solvent (e.g. fluoro-benzene) the halide

abstraction nethod will produce the cluster complexes with good yields.

It has been found that in these preparations the type of reaction vessels

used has not been critical and the use of rrplasticrr containers (Chapter 3)

instead of pyrex glass containeis has not been essential for the reaction

scales enployed.

The reaction progress can conveniently be followed by periodic

¡nonitoring of the infrared spectrum of the reaction mixtures because of

the characteristic v(CO) stretching frequencies and band intensities

associated l^¡ith the precursors, interrnediates and the products.

Furthermore, the infrared spectra also give an insight into the mechanism

of cluster fornation. The complexes M(CO)5X (wher€, M = Ivln, Re and

X = Cl, Br, respectively) have the characterístic (241 +E) carbonyl

stretching bands (Chapter 1). The manganese and rheniun clusters, in

contrast, exhibit the (41 + E) type bands, which define a mutually

cis-geometry for the carbonyl groups. Figure 2.6.L shows the v(Co)

solution spectra of Re(CO)sBr, reaction intermediates (i.e. IRe(C0)s(S,F)]
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FIGURE 2.6.1. The v(CO) stretching patterns of the compounds Re(CO)58r, "Re(CO)5F'r

[n"lcol.r]n

è
(¡¡

and [ne(C0)3F]+ in dichlorornethane.
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and decarboxylated species) and of [Re(c0)3F]+, respectively. From a

comparison of the (Zht + E) carbonyl bands of (a) and (b) one can conclude

that a M(CO) sX (where, X = solvent or fluorine) intermediate fonns before

decarboxylation begins :

Re(co)rnt 3ffi;¡ Re(co)s(s,F) + HFt

Figure 2.6.L(b) also shows a carbonyl band for a decarboxylation

internediate at 1908c¡n-1. An intermediate consistent with a single v(CO)

band would be of the t1rye trans' [M(CO) +Lzl or more likely the dimer

[Re(CO)rF]z shown below:

c0 c0

F

The rate of decarboxylation of the manganese and rhenium Pentacarbonyl

fluoride complexes is faster than the reportedT'102 rates for the

colresponding chloride, bronide and iodide conplexes. For exanple, in

the rheniur systen the formation of [Re(C0)aX]2 under reflux condition

takes L - 2, 4 and 36 hr for x = F, cl, and Br, respectively. while

refluxing Re(CO)5I for 7 days yields no trace of the dimer species'

This trend in reactivity can not be explained by steric consideration

of the halogen-carbonyl interaction, since one would expect the opposite

trend. However, the observed trend may be explained in terns of netal

to ligand n-bonding. The back bonding effect is seen to decrease from

fluorine to iodine for the interactions between halogens and the heavier

transition metals.20

ReRe

coF

COc0

c0

A close study of infrared spectra during the course of a reaction
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shows the presence of no other catbonyl intermediate species when

assuming that its v(CO) band are not hidden by the bands of the main

species. Ttrus. the rate determining step (Scheme 2.6.L) involves a

further decarboxylation of the species, [M(CO),.F]2. The reactive and

unobserved intermediate [M(CO) 3F] 2 is then predicted to form and to

irunediately condense with another such species to give the final product,

[M(CO)eF],*. The generalised reaction pathway for the for¡nation of the

netal carbonyt clusters is shown in Scheme 2.6.I. In the rhodium system

v(CO) nonitoring only provides insight about the nechanis¡n till the end

of decarboxylation ( S 2.2.3).

llhereas, the v(CO) bands give an insight into the geometry of the

molecular species, rnicroanalysis and mass spectra of the products

unanbiguously characterise the triply bridging atom. With the manganese

clusters the species, ll\fit(CO) ¡{Fx, (OH) r-x}] 4 Lr '10lvere identified by the

molecular ions [lvln(CO) s (OH)]l, [lvfn(CO) a{Fo. zs, (OH) o. rr}]l,

I\tr(Co)g{Fo.s,(0H)o.u}li, [l\tr(co)a{Fs.zs,(0H)o.zs}]1, and [Mn(co)gF]T and

their respective fragrnentation series. Similarly, for the rhenium

cluster, the triply bridging atom was identified as a fluorine atom by

the molecular ion fragments found in the mass spectra ( S 2.7 ) ' although

the parent ion $¡as not observed. The structural results for each cluster

(SZ.g, 2.4,2.5) are consistent with the otheï physical Properties of

the complexes and with the general formula, [MLX]a, where (1) M = I{Il,

L=S(co), x=F,(oH)t (2) M=Re, L=3(c0), X=F; and, (3) M=Rh,

[= (PPh3) andX=Cl.
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Scheme 2.6.t

A generalised pathway to the formation of the [M(Co)3F] clusters.

M(C0) sX

1L X-

ttvl(co) s 
(s) t+ =L Re(co) rFs')

)(

c0

tM(c0\ 4Fl2

c0

tM(c0) sFl2 Q

tfvl(c0) 3Fl4

where, (1)M=lün,X=Cl,

(2) M 3 R€r X = Br, and S = solvent (e.g. CH2Clz, CeHsF)'
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2.7 EXPERIII,IENTAL

All reactions were camied out in a high-purity dry nitrogen

atmosphere. The preparations of the starting materials are described in

Chapter 8.2. The solvents used were dried using Linde 4A nolecular

sieves. All conpounds prepared below wer'e stored in the dark in a

desiccator containing dry nitrogen at ca 25"C. Ttre infrared carbonyl

stretching frequencies of the compounds in solution were lecorded using

calcir¡n fluoride solution cells. Subsequently, the complete infrared

spectra of the isolated compounds was recorded as nujol mulls using

calcium fluoride plates.

tlvln(C0) s{Fx, (0H) r-x}1,.

This conpound was prepared from lrln(CO)sCl by the literature ¡nethodll

using silver fluoride and thallium fluoride.

lRe(C0) sFl,*.4(HzO)

To Re(Co)sBr (50 ng, 0.12 ¡nmol) dissolved in ca I mL of fluorobenzene

(CsHsF) finely divided silver fluoride (30 mg, 0.24 m¡nol, 2 fold excess)

was added and the resulting mixture was stilred at room temperature for

2 1¡r. The silver bromide precipitate and the excess silver fluoride were

removed fron the solution by filtration. The remaining solution was then

refluxed at 90 - 100"C for 5 hr, cooled to room tenperature and the

solvent removed by vacuum leaving behind the yellow product (44 mg,

0.036 mmol, 75% yíeLd). The product lecrystallizes from ether over

fluorobenzene as needle-like to prisnatic crystals'

(Found: C, L2-5; H, 0.5; F, 6"2

[Re(CO) sF],.'4(HzO) requires! C, 7t-7; H, 0.7; F, 6'2eo)
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The mass spectrum showed only the following fragurentation series (m/e,

assignment, (intensity)*): 845** [Re+(cg)FrC]* (27),

7L4 [Re3 (CO) sFsC] 
* 

Ø+), 686 [Re3 (CO) zFeC] 
* (gg) ' 658 [Rea (CO)FrC] 

* (109) ,

lReepscl+ (49), L87 [R"]* (1ooo).

lRe(C0) gFl +

Finely divided silver bifluoride (35 mB, 0.24 ur¡nol , 70eo excess) was

added to Re(C0)5Br (60 ng, 0.14 rurol) dissolved in fluorobenzene (12 ml)

a¡rd the mixture was stirred for t hr. The silver bronide and excess

silver bifluoride were removed by filtration. Ttre solution was then

refluxed at 90 - 1O0oC fot ca 5 hr, cooled to room temPerature and dried

in uacuo. Ttre yellow product (52 ng, 0.043 mmol, 76e" yield) was

recrystal Lízed from ether-fluorobenzene.

(For:nd:

[Re(C0) 3F] ¡ reeuires:

c, r2.L;

c, L2.5;

H,0'2;

H, 0.0;

F, 6'9

F,6.6%)

ll\frr(C0) 3Fl4

The method is identical to that for [Re(c0)sF],,, except that no

reflux conditions were required during the 5 hr stirring period after

filtration; yield ca 70eo.

(Found: C, 22.5; H, 0.5; F, I2.3

[t\fir(CO) 3F] a reeuires: C, 22.8; H, 0.0; F, L2.0e")

*Intensity relative to the Re* ion.

**Showing only the molecular ions with the isotope Rel87.
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lRh(PPh3)Fl4

To a solution of fluorobenzene (10 ml) containing Rh(co)(PPhg)zcl

(40 mg, 0.058 mrol) finely divided silver bifluoride (L7 m8, 0,.12 nnol,

1 fold excess) was added and the mixture was stirred for 30 min. The

silver bromide and excess silver bifluoride ïrere renoved by filtration-

The solution was then stirred for a further 2 hr and dríed in uacuo'

The product was washed with urinimun benzene to remove the uncoordinated

triphenylphosphate and recrystallized from acetone-benzene (yield'

ca 50ro).

(Found:

[Rh(PPh3)F] a requires :

c, 55 .8;

c,56.3;

H,

H,3'9;

F, 5'3

Fr 4.99")

4.2;
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CHAPTER 3

COORDINATED FLUORIDE IN RHENIUM(I )

COMPLEXES

3.1 INTRODUCTION

The preparation and properties of n-ligand derivatives of

uranganese(I) and rheniqm(I) halocarbonyls have been researched and

reported extensively for complexes where the halide is chlorine, bromide

and iodine. 7 I 104 
' ros ' 

106 ,107 ,108 -lr0 By the correct choice of solvent

and reaction conditions tricarbonyl complexes are easily prepared by a

sinple quantitative method fron the respective metal pentacarbonyl

halides. However, to date no metal tricarbonyl fluoride complexes of

the type M(CO)¡(L,)F (where, M = transition meta1, Lz = one or two

bi-dentate or mono-dentate r-donor ligands, respectively) have been

reported.

Halide abstraction from metal carbonyl halide conplexes has become

an efficient method for the coordination of such poor coordinating anions

as (BF;)," ¡ClOu-),tu,tu and (PO2Fz-).tu "t The nethod involves the

removal of the halide (i.e. CI, Br, I) frorn the metal by the silver ion

producing a solvated intermediate. When the reaction is carried out in

CHCl3, CH2CLz!s,32 or THFr121¡u solvent coordinates initially and is

subsequently replaced by the respective anion. More recently

abstraction reactions lllere investigated with complexes of the type

M(C0)5X (where, M = Mn, Re and X - Cl, Br) using AgF with the ain of

preparing and isolating the coïresponding fluoro species, M(C0)5F.

However, these conpounds are unstable intennediates which polymerize to

form the respective tetrameric clusters [I'h(CO) a{F¡, (OH)f -X}],* 
1t and



51.

[Re(CO)gF]+.4H20.8a The abstraction studies with AgF involving

manganese(I)tt' and rhenium(I)II4 were greatly hampered due to the

formation of the by-products such as M(co)a(Lz)x (where, x = c1-,0H-).

Thus, analysis by the conventional methods such as infrared, N'M'R' and

microanalysis was difficult. Furthermore, because of the fonration of

oils and rrgunsrr during attenpted crystallisations, X-ray ¡nolecular

structure determination was inpossible. This chapter describee how, by

careful selection of solvents and reaction conditions, the abstraction

technique can be utilised to form the stable fluoro complexes

Re(CO).(Lz)F from the corresponding substituted rhenium carbonyl

bronide precursors.
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3.2 PREPARATI oN AIID PROPERTIES OF tRe(CO) e (Lz)Fl zH'HOBFg

(where , Lz = bpy, tnen)

3.2.L Preparation

The title compounds $rere PrePared from their bromide analogs by

halide-abstraction under a dry nitrogen atnosphere and in dry

dichloromethane according to the following scheme:

room ture
fac - Re(C0) s (Lz) Br + AgF2H(excess ex vessel 3

fac - Re(CO)¡(Lz)p + [fac - Re(C0)s(Lz)FH]+ + HOBFg- + AgBr*

When these reactions are camied out at room temperature in pyrex glass

reaction vessels the fluorine from the silver bifluoride attacks the

glass surface covered with the reaction mixture turning it visibly

opaque. As a result of this etching the unusual trifluoroborate anion

(HOBF3-) is introduced into the systen. On the removal of the silver

bromide and any excess insoluble silver bífluoride by filtration the

less soluble products crystallize as Ifac - Re(c0) ¡(Lz)F] 2H'HoBF3.

( (f) l, = bpy, Q) Lz = tmen). If the amount of AgF2H used is decreased

the products crystal1-íze as two crystal types. One type contains

[Re(CO)s(Lz)F]2H.HOBF3, while the second crystal type consists only of

Re(CO)e(Lz)F molecules. Compounds (1) and (2) were characterised by

their v(CO)-stretches (Table 5.3.1), nass spectra (Chapter 3.7) and

in the case of compound (2) also by structure analysis ( s 3.5 ).

3 .2.2 Properties

The nunber and relative band intensities (Table 5.3.1) in the

carbonyl stretching region of infrared spectra of compounds (1) and (2)

are consistent with the formulation of the co-existence of two species,
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na¡nety [fac - Re(Co)g(Lz)F] and [f,ac - Re(Co)e(Lz)FH]*. The v(O-H) and

v(B-F) stretching bands also verify the presence of the trifluoroborate

anion (HOBF3-) .lra

In the mass sPectra of compounds (1) and (2) no peak corresponding

to ¡nolecular ions [ lne(CO) e (Lz)F] 2H'HoBFr]* was observed. The largest

molecular ions seen are [Re(CO)¡(Lz)F]+, which undergo a fragmentation

process by successive loss of carbon monoxide, fluoride and, finally'

by loss of the bidentate ligand (Lù.

The solids of compounds (1) a¡¡d (2) are not hygroscopic and can be

stored for months without deconposition. However, when dissolved in

dichloronethane for several weeks the by-product Re(CO)a(Lz)Cl is
ls

formed. In chloroform this decomposition\enhanced further and

Re(CO)3 (L2)C1 forms in a natter of days. If suitable crystals need to

be grown for x-ray structure analysis, then this chloride substitution

is reduced when the dichloromethane solution is kept at ca. 5"C. The

decomposition is stopped if fluorinated solvents such as monofluoro-

benzene and hexafluorobenzene are used.
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3.3 PREPARATION AND PROPERTIES OF I' Re (C0) ¡ (Lz) Fl (where , Lz = bÞY ,

dpe, 2SbPh¡, tmen)

3.3.L Preparation

The problem of the forrnation of the trifluoroborate anion (Chapter

3.2) was overcome by using rrplastic" reaction vessels nade of polyethylene.

As a result, the reaction of the rheniu¡n tricarbonyl bromide complexes

Re(C0)g (Lz)Br with silver bifluoride in dry dichloromethane and under a

dry nitrogen atmosphere produces good yields of the respective rhenir:m

fluoride complexes according to the general reaction:

fac - Re(CO)¡ (Lz)Br + AgF2H CHzCLz, fac - Re(C0) g(Lz)F + AgBr* +HFt

( Crl Lz = bPY, Q) L2 = dpe, (3) Lz = 2sbPhe, (4) Lz = tmen)

Precipitation of silver bro¡nide occurs within minutes after adding the

silver bifluoride to the respective solutions of substrate. However,

the reaction nixtures should be stirred for ca. 50 min. to ensure a

complete conversi.on of the solvento intemediates (Chapter 3.6) to the

respective rhenir¡m fluoride complexes. The halogen abstraction reaction

can also be carried out using the chloride and iodide preculsors.

Furthermore, the reaction scales reported in the experimental section

( S 5.7 ), can easily be increased in proportion as desired, but the

synthesis should be performed in a well ventilated area because of the

potent hydrogen fluoride fumes given off.

3.3.2 Properties

As with the preparations reported in Section 3.2 the course of the

above reactions were followed by periodically recording the carbonyl

stretching bands of sanples of the reaction mixture. 0n isolation of
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the cornpounds (1) to (2) their full infrared spectlÎum vras recorded

(Appendix 1). The v(co) stretching frequencies are given in Table

S.S.L. The number and relative intensities of the carbonyl stretching

bands (2Ar + Ar') are consistent with the fac-geometry as observed for

the bro¡nide precursors. This has been verified by the molecular

structure of [Re(C0)¡(tmen)F] (SS.S1. Compounds (1) and (4) have

also been characterised by their mass spectrun' which can be understood

as the fragnentation of the parent molecular ion [Re(CO)¡(Lz)¡]* by

successive loss of carbon nonoxide:

[Re(co) s (Lz)F]* .+ [Re(L2)È]* * 3(co)t

The [Re(Lz)F]+ nolecular ion then further fragnents by two possible

nodes. One mode involves the loss of the ligand (Lz) followed by the

loss of the fluorine. While, in the second node the order is reversed.

The complexes (1) to (4) are less soluble in halogenate solvents

(e. g. CHCl3, CH2C12, C6H5C1, C5,H5F and C5F5) than the respective

bromides. Their solubility is dependent on the ligand (Lz) and

decreases in the following order:

tnen)dpe=SbPh3)bPY

The conpounds are mildly hygroscopic in solid form and thus should be

stored in a dry atmosphere, in which they can be stored for nonths at

room tenperature without decomposition. In solution the fluoro

complexes are stable towards halide (X-) substitution as observed over

a period of 24 :nr. However, in chloroforn and dichloronethane solvents

slow decomposition to the chloro-complex occurs.'



TABLE 3.3.7

Infrared stretching frequencies (ct-t)

v (c0) v(FH), v(OH)
Cornpound

Re (Co) s (bPY) F

IRe (Co) : (bpY) F] 2H'HOBF3

Re (Co) 3 (dPe) F

Re (CO) 3 (SbPh3 ) 2F

Re (CO) . (tmen) F

IRe (Co) . (tnen) F] 2H'FIOBF3

2040s, 1926s

2o32sm, 1902s

2039s,

ZOLLs,

2031s, 1.928s, 1914ssh

1890sh, 1878sh, 1865s

v (BF) Medirmt

CHzC I z

nujol

CHzCI z

nuj ol

CHzCLz

nuj ol

CHzCl z

nujol

CHzClz

nujol

CHzCI z

nuj o1

2046s,

2034s,

1966s,

1954s,

1928s

1905s

1933s, 1,908s

1B78sh, 1863s

2026s, 1.950s, 1900s

1892sh,1881sh,1867s

3442wsh, 3328m 1085s, 1001m, 980n

5440wsh, 3325m 1080s, 1002n, 982n

203ts, 2027msh,

2042msh,2020s,

1916s

1900s

2039s,

2008s,

2037 s ,

2005s,

u¡
o\
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3.4 STRUCTURE DETERMINATION OF lRe lCO) a Itmenì FIH'HOBF 3

3.4.L Crystal Data

Acrystalof[Re(co)¡(trnen)F]2H.HoBF3withdimensions

0.0g x 0.15 x0.16 nn3 was mounted on the cAD4 and the unit-cell

parîneters were obtained by least-squares refinement using 25

reflections in the range 5 < 0 < 15. The cell constants found are:

CraHs,*BFsN¡*OzRez; M.W. = 896.7; Monoclinic sPace grouP P27/c '

a= 17.495(2), b = 10.772(2), c = 15.447G)ß,, ß = 101'409(8)';

tJ = 2854(1)Â,; Z = 4; Dc = 2.087 gn,cm-I, D* = 2.08(2) grn.cm-l;

ÀC., = 1.5418 Â; F(000) = L704i UCu = L63.3 cm-I'

During the data collection the intensity of three reference

reflections was checked at 1.9 hr intervals. The profiles were

corrected for changes in intensity before analysis. Further

crystallographic detail is given in Table 3.4.7. The intensities wele

corrected for Lorentz, polarizationeB and absorption effects' se

3.4.2 Struc tural Solution and Refinement

The approxinate positions of the two rheniun atoms (i.e. Re1, Re2)

were calculated fron a conventional Patterson map. A least-squares

refinement with these atons gave an R value of 0.205. The diffelence

map levealed the locations of all the non-hydrogen atoms, with the

exception of one carbonyl group in each of the [M(cO) 3 (tnen)F] molecules

(where, M = Re1, Re2). In subsequent blocked-matrix least-squares

calculations, which included all the located atoms and with only the

rheniun atoms modelled anisotropically, the value of R reduced to 0'109'

with the addition of the last two carbonyl group atoms and when using

the weighting scheme, R converged at 0.081 and R* "t 0.095 with
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TABLE 3.4.L

Crystallographic details for [Re(C0) r(tmen)F] 2H'HOBFg

Tenperature 298oK Crystal dimensions .08 x .15 x '16 nuns

(Sin 0r"*)/À 0.59 Â-r Crystal faces [100], [-100], [010],

Radiation Cu [0-10], [001] ' [00-1]

scan ¡nethod u/20 Aperture width L.25 + 0.5 * tan(o)

Scan range (') Sie(I)/I (pre scan) O, o

e = 2,0---- = 25 Sig(r)/I (final scan) 0'03-m1n ' ¡nax

At¡ = 0.9 + 0.15 * tan(0) speed (pre scan) 6'7 deg/min

Slit width 3 mn Scan tine (max) 100 sec

Nunber of unique reflections collected 2904
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g = 7.9x 10-3. In the subsequent four blocked calculations the rhenium,

boron-oxygen, fluorine, carbonyl-carbons and -oxygens atons $tere

modelled anisotropically, resulting in an R value of 0.061 and an Rw

value of 0.066.

In the final blocked-rnatrix least-squares refinenent the tmen

hydrogen atom positions were calculated assuning a tetrahedral geometry

about the carbon atoms and a (C-H) bond length of 0.97 Â. The methyl

groups were refined as rigid grouPs and the temperature factor of all

the hydrogen atoms was refined as a conmon gloup factor. In addition,

the final calculation included an isotropic extinction correction

(Chapter8.1).ThefinalRconvergedat0.05Tand\at0.061,with

k = 1 .2 and g = 5.4 x 10-s. The two largest peaks ¡z e.E,-3) in the final

difference map were located near the rhenium centres.

The scattering factors for the corlespondi.ng neutral atoms were

obtained from the International Tables Volurne IV. The tabulated

observed and calculated structure factors and hydrogen atomic Parameters

are stored on the nicrofiche supptied with the thesis. The final

non-hydrogen atomic palameters, bond lengths and bond angles are given

in Tables 3.4.2,3.4.3 and 3.4.4' respectively'

3.4.3 DescriP tion of the Structure

Figure 3,4.L shows an ORTEP plot of [Re(co)3(tnen)F]2H'H0BF3 giving

the atoïnic nunbering scheme. The compound crystallizes with two

Re(CO)3(tnen)F nolecules joined by a bifluoride bridge (-F"'H-F-) whi1e,

the trifluoroborate anion is hydrogen bonded to the second fluoride aton

(e(Z)) via the hydroxy group. The hydrogen atom can not directly be

allocated to either fluorine atom F(1) or F(2) because of the spread of

electron density between then. However, by a careful consideration of



TABLE 3.4.2

Atomic positional and therrnal parameters for IRe(CO)s(tnen)F] zH'HOBFs

v Urr Uzz Use Uzs Urs U:-z
Atomø X

3Bss4 (s)

t7626 (s)

30sB (6)

1841 (7)

86e (1 7)

ts22(t6)
1043 (1e)

so2e (8)

s0s7 (L0)

3350 (10)

1s34 (10)

33s1 (14)

1114 (e)

110s (ls)
462e(r2)

4se1 (14)

3s10 (12)

3e1o (14)

s032 (1s)

-1061.3 (6)

ts3s7 (6)

-880 (8)

-3e (e)

-3e7 4(16)

-3s1r(2s)
-32e8(28)

-r42L(13)
616 (1s)

114s (13)

3603 (13)

10e3 (1 3)

-30 (14)

-201s (13)

-t2er(t4)
-56 (18)

353(18)

-2s07 (2L)

-5088 (21)

16061 (4)

r4746 (4)

424 (6)

-s18 (7)

-Ls72(r2)
-7 46(t4)

-201 (1s)

3306 (8)

1037 (10)

2ss5 (11)

-2820 (8)

-18e4(13)

-307s (e)

-1331 (14)

26se ( 1 1)

t233(tt)
2t74(Lt)

22(L3)

1186 (14)

31e (11)

342(tL)

34 (8)

7s (10)

301 (30)

L68(27)

24e(32)

s2(L2)

64 (1s)

42(14)

7 4(r4)
80 (18)

sB (13)

23s(27)

31 (4)

47 (s)

47 (s)

66 (6)

6e (6)

263 (6)

23o (6)

48 (6)

4e (7)

e0 (13)

248(2s)

sss (6)

377 (6)

3e (s)

7L (7)

128 (ls)
117 (16)

t20(L7)
46 (8)

102(11)

t17 (t3)
s6 (B)

136 (1s)

81 (10)

L72(L8)

s (3)

-1 (3)

10 (4)

L6 (s)

-8 (11)

24(1.s)

-54(18)
s (7)

8 (e)

-ss (e)

28 (7)

-3 (e)

-23 (B)

6 (10)

(5)

(5)

(s)

-6 (6)

-68 (16)

4(20)

-s3 (2s)

-10 (7)

-27 (ro)
18 (8)

-s (8)

1 (s)

-16 (e)

-6 ( 11)

-84(r7)
10 (18)

78 (1e)

- 18 (7)

51 (10)

-1. (e)

26 (8)

26(13)

11 (8)

-11s (17)

-77 (s

(s

(s

(6

-42

-5

0

)

)

)

)

-5
11

6

Re (1)

Re (2)

F (1)

F (2)

F (3)

F (4)

F (s)

o(1)

o(2)

o (3)

o(4)

o(s)

0(6)

0 (7)

c (1)

c (2)

c (3)

c (4)

c (s)

(32

(11

(11

(10

27L

93

86

76

7t (e)

s4 (e)

7e (10)

20 (8)

)

)

)

)

o\
O

aRe coordinates x 105 and the others x 10\,
Re thermal paraneters x L0h and the others x 103 '



TABLE 3.4.2 (Continued)

Urr Lt zz U¡s Uzz Urs Uv
Aton

c (10)

c (11)

c(t2)
c(13)

c (14)

c(1s)

c (16)

c (17)

c (18)

N (1)

N (2)

N (3)

N(4)

B

x

3742(Ls)

2es4(L4)

2110 (13)

30s0 (14)

t62e(t2)
272s(r7)

1314 (11)

2646(t6)

26s0 (16)

14oB (14)

e01 (16)

e6 (18)

s2(13)

416e (10)

2s6o (e)

218s (10)

6s2 (10)

1 1s8 (20)

v

-58e4 (1e)

-3480 (16)

-183s (18)

-2706(20)
2842(t8)

t2s2(L6)

s31 (1s)

3840 (20)

2068(24)

32s3(21)

2282(23)

766(26)

282e(2O)

-283t(t2)
-23sr(t2)
2723(ts)

tB72(r4)

-3re4(22)

1386 (13)

1414 (1 1 )

166e (12)

2864(r4)

-2307 (r2)

-t736(t2)
-243t(tr)

-s52 (1s)

47e (1s)

-21(r3)
-108 (16)

- 1093 (18)

-1seO(13)

63 (6)

46 (s)

ss (s)

67 (6)

47 (s)

4r (s)

34 (4)

82 (7)

73 (7)

67 (6)

80 (7)

64 (6)

s4 (8)

4r (4)

40 (4)

46 (4)

s1 (4)

s4(27)

z

c (6)

c (7)

c (8)

c (e)

977

1950

-294

- 1049 (

(8)

(8)

(e)

10)

1s)1001 ( 62(L6) 34(13) 7(11) -54(13) -1(14)

c¡'
F
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TABLE 3 .4.3

Atonic Distances for IRe(C0) r(tmen)F] zH'BF30H

Atons Distance (,8,) Atoms Distance (Â)

Re(1)-F(1)

Re(1)-c(1)
Re(1) -c(2)
Re (1) -c (5)

Re(1)-C

Re(1)-N(1)

Re(1)-N(2)

Re(1)-N

c(1)-o(1)
c (2) -o (2)

c (3) -o (3)

c-0

c (6) -c (7)

N(1)-c(4)
N(1)-c(s)
N (1) -c (6)

N (2) -c (7)

N(2) -c (8)

N (2) -c (e)

B-F (3)

B-F(s)

B-0 (7)

L.872(23)

1. 8e8 (20)

1.8ss (21)

2.2s7 (L4)

2.236 (L4)

2.247 (74)

1. 1os (20)

I.L6t(22)
L.L3L(2L)
r.t27 (2L)

1.4se (31)

1.456(24)

1. s06 (27)

t.s67 (26)

r.47t(zl)
1. s6B (26)

r.436(24)
r.zso(27)
1.2ss (31)

L. s66 (28)

Re(2

Re(2

Re(2

Re (2

Re (2

Re (2

c(11)-0

2.236(t0)
1 . 8e0 (20)

1.841 (30)

1.874(18)

ave.1.868(23)
2.23L(L4)

' 2.200(17)

ave. 2.2L6(t6)
L.L29 (27)

L.r7S(24)

1.1s7 (1s)

ave. t.L54(21)
1. 560 (32)

L.s34 (27 )

1.484 (2s)

t.607 (26)

1.4ee(28)

1. s32 (31)

1. s48 (2s)

r.323(33)
ave.1.289(30)

(a) Bond lengths (and standard deviations)

2.076 (e) Re(2) -F(2)

1.s1s(1s) Re(2)-c(10)

)-c
)-c
)-c
)-N

)-N

)-N

)-0c(10

( 11)

(t2)

ave.

ave.

ave.

(3)

(4)

(4)

(s)

c(t2) -0 (6)

c-0

c(1s)-c(16)
N(3) -c (13)

N(3)-c(14)
N (5) -c ( 1s)

N (4) -c (16)

N(4) -c (17)

N (4) -c ( 18)

B-F (4)

B-F

(b)Hydrogenbondlengths(andstandarddeviations)

F(1)...H-F(2) 2.so (2) F(2)...H-0(7) 2'67

(c) Some non-bonding distances

F(1)...c(13) 3.2s (3) 0(2)...0(6) 3'0e

o(2)...0(4) 3.0s (3) c(2)- - .0(13) 3'32

(2)

(3)

(4)
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TABLE 3.4.4

Bond Angles (') For [Re(CO)r(tmen)F]zH'BF30H

( 1)

(1)

(1)

(1)

(1)

(1)

(1)

(2)

(1)

(1)

(1)

(2)

F

F

F

F

F

c

C

C

N

N

N

N

N

N

-Re(1)-c(1)
-Re (1) -c(2)
-Re (1) -c (3)

-Re(1)-N(1)

-Re(1)-N(2)

-Re(1) -c(2)
-Re(1)-c(5)
-Re (1) -c (3)

-Re (1) -c (1)

-Re (1) -c(2)
-Re(1)-c(5)
-Re(1)-c(1)

F (2) -Re (2) -c (10)

F (2) -Re (2) -c (11)
176.s (s)

e3.3 (6)

176.4 (7)

s4.6 (6)

s2.. s (s)

8s.e (4)

82.s (s)

88.5 (8)

8s.3 (7)

8e.s (8)

s6.0 (6)

e6.o (7)

t74.4 (7)

s4.7 (7)

r7s.4 (7)

s4.2 (7)

80.3 (6)

178.1 (17)

r78.7 (r7)
170. e ( 16)

10s.6 (16)

7L2 .4 (20)

111.1 (11)

11s.1(13)

104.e(10)

10e .6 (17)

107.5 (1s)

108.4 (14)

103. s (14)

Lt6.7 (14)

116.8(11)

10s.4(17)

111.0(i6)
ee. s (16)

11e. e (28)

112.0 (19)

11s.1 (27)

e4,6 (7)

(2) -Re (1

(2)-Re(1
) -c (2)

) -c (3)

N(1)-Re(1)-N(2)

Re(1)-c(1)-0(1)
Re (1) -c(2) -o(2)
Re(1)-c(3)-0(3)
N(1)-c(6)-c(7)
N (2) -c (7) -c (6)

Re(1)-N(1)-c(4)
Re(1)-N(1)-c(s)
Re(1)-N(1)-c(6)

1) -c (s)

1) -c (6)

1) -c (6)

(2) -c(7 )
(2) -c (8)

(2) -c (e)

c (7) -N (2) -c (8)

c (7) -N (2) -c (e)

c (8) -N(2) -c (s)

F (3) -B-F (4)

F (4) -B-F (s)

F (4) -B-0 (7)

s6.4 (6)

85. s (4)

8s.7 (8)

86. e (7)

88.7 (8)

e3.8 (6)

e7 .2 (7)

r74.r (7)

e7.4 (6)

17s.7 (6)

7e. s (s)

17 4 .4 (L6)

777.L(L6)
L76.4(L7)

108. s (16)

111 .6 (17)

11s. s (12)

1r2 .4 (L2)

10s.6(11)

107.8 (1s)

106. e (1s)

108 . 4 (1s)

107. s (11)

112.6 (i0)

105. 7 (14)

108 .4 (13)

108. s (1s)

F (2) -Re (2)-c(12)

F(2)-Re(2)-N(3)83.1 (s)

F (2) -Re (2) -N (4)

c(10)-Re(2)-c(11)
c(10)-Re(2) -c(12)
c(11)-Re(2) -c(tz)
N(3)-Re(2)-c(10)
N(5) -Re (2) -c (11)

N(3)-Re (2)-c(12)
N (4) -Re (2) -c (10)

N (4) -Re (2) -c (11)

N(4) -Re (2)-c(12)
N(3)-Re(2)-N(4)

Re(2)-c(10)-0(4)
Re (2) -c (11) -0 (s)

Re(2) -c(12)-0(6)
N (5) -c (1s) -c ( 16)

N(4) -c (16) -c (1s)

Re(2)-N(3)-c(13)

Re (2) -N (3) -c ( 14)

Re (2) -N (5) -c (1s)

c (15) -N (3) -c (14)

c (13) -N (3) -c (1s)

c (14) -N (3) -c (1s)

Re(2)-N(4)-c(16)

Re (2) -N (4) -c (17)

Re (2) -N (4) -c (18)

c (16) -N (4) -c (17)

c ( 16) -N (4) -c ( 18)

c ( 17) -N (4) -c ( 18)

F (3) -B-F (s)

c(4)-N(
c(4)-N(
c(s)-N(
Re (1) -N

r14.7 (L3)
Re(1)-N

Re (1) -N

113.0 (30)

s2.6(23) F (5) - B-o (7)

F (s) -B-0 (7)100. e (27)
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FIGURE 3.4.L. Molecular structure of [Re(c0) 3 (tnen)F] 2I{'FioBF3 (

probability ellipsoids) showing the hydrogen bonding interaction
259o

s (----).
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the metal-fluoride bond lengths reported ( s 5'ó )lt"url1s t¡" hydrogen

has fornally been assigned to F(2). The geometry at about the two

rhenir:m atouts is essentiatly octahedral with the carbonyls in a

fac-configuration consistent with the infrared data. The two rheniu¡n

nolecules significantly differ only in the rheníum-fluoride bonding

disrances of 2.AZB7) and 2.236Q¡¡ ß, for Re(l)-F(1) and Re(2)-F(2),

respectively. Further discussions ale given in section 3.6.
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5.5 STRUCTURE DETERMINATI ON OF tRe (C0) .a (tnen) Fl

5.5.1 Crystal Data

Suitable crystals of Re(CO)g(tnen)F were obtained from a

dichloronethane solution of the compound by the vapour diffusion

crystalli zation technique using dry petroleun spirit (30 - 40'C) in a

nitrogen filled desiccator at room tenperature. The crystals have a

blade and plate-like morphology. Precession photographs were used to'

determine the space group and the initial cell consta¡ts, which were

later refined from 25 reflections by the least-squares routine of the

CAD4. The crystal density 1t¡as measured by flotation in a solution

mixture of carbon tetrachloride and 1,2-dibromoethane.

crystal data: cgHre FNzosRe; M.W. = 405.4, Monoclinic sPace group

p2t/c, â = g.ZOZ(2), b = L5.115(9), c = L2.048(4)Â, 3 = L02.24(3)'.

The reduced cell constantsllG are: a = 8.202, b = 12.04, C = 13.115 Ã,

\=t}Z.Z4oi lJ=L267 &3; Z=4; D"=2.726 gn.cil-I, Dm= 2.L2(L)

gm.cn-l, ÀMoKo = 0.7L07 Å,; F(000) = 768 electrons; pMoKo = 97.3 cm-l.

A crystal of dimensions 0.25x0.46x0.65 mn3 was coated with ePoxy

resin and mounted about a on the sTOE (Chapter 7). The intensities were collected

in the range 2.5<2e<65" by the (¡ scan technique for the levels

0 KI to I Kl. A step counting ti¡ne of 0.09 s at each 0.01o of the scan

range (Arrl) was used with 4 s for each background counting time ' At¡ for

the upper level reflections v¡as varied according to the forrnula below:

Ar¡ = 1. 3 + 0.95(sinu/tan(tþ/ 2))

where, U is the equi-inclination angle and rf is the detector angle'

Lorentz and Polarisation corrections l{ere applied by the data reduction

progran AUPTP.74 Absorption corrections and syÙnetry averaging using
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the program sHELXts gave 2876 unique reflections with I > 2.5o(I).

3.5.2 Structural Solution and Refinenent

The réhenir:m atonic position was determined from a Patterson map'

A least-square refinement based on the rheniu¡n atom gave a conventional

R value of 0. t23 arrd a difference map revealed the position of all the

non-hydrogen atoms. A subsèquent ful1-natrix least-squares refinement

with the rhenir:m aton anisotropic and with all the other located atons

isotropic gave an R value of 0.054. In the third calculation the

inter-layer scale factors vJere refined, while the tenpelature factors

of all the l0cated atoms remained fixed. In the next calculation all

the located atoms were refined anisotropically reducing R to 0'049' In

the final full-matrix least-squares refinement the trnen hydrogen atom

positions were calculated assuming a tetrahedral geonetry about the

carbon atoms at a fixed (C-H) bond length of 0.97 Â. The methyl

groups were refined as rigid groups and'group temPerature factors hlere

enployed for all hydrogen atoms. The final calculation also included

an isotropic extinction correction (chapter s.1). The refinement

converged with an R value of 0.037, Rî¡ = 0.042, k = 1.0, g = 1'5x10-3'

The largest peak (f.S eÂ-3) in the final difference map was associated

with the rhenium atom.

In the above refinenents the scattering factors for the

corresponding neutral atoms were used and these were obtained fron the

International Tables Volume IV. The tabulated observed and calculated

structure factors and hydrogen atomic parameters are given on the

microfiche. The final non-hydrogen atomic parameters, bond lengths and

bond angles are given in Tables 3.5.1, 3.5.2 and 3.5.3,respective1y'
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TABLE 3. 5.1

Atonic par¿rmeters for Re (C0) 3 (tnen) F

Urr
þ

Uzz

- 13 (1)
-s (2)

-4s(4)
-4 (3)
o(2)

- 1s (3)

Re

-3(2)
5 (3)
4(2)
t(2)

16 (3)
1 (3)

-4(3)
-7 (3)

3 (4)
7 (3)

x

22580 (3)
33Ls (s)
664 (e)

-12s3 (e)
2676 (7)
1308 (e)

88 ( 11)
2s34 (e)
2160 (6)
487L (8)

69ss1 (2)
7701(3)
60ss (s)
6e36 (s)
4801 (4)
64os (s)
6e68 (s)
s654 (6)
8614 (4)
TLsL(4)
8727 (6)
e2s8 (s)
8s36 (4)
8134 (4)
7t60(7)
63r.7 (s)

266s0(2)
148e (3)
44e7 (s)
1 188 (7)
1eo6 (8)
5853 (s)
1737 (6)
278e(7)
3246(4)
37 46(s)
4r73(6)
22s0(7)
3611 (6)
4373(7)
306e (e)
4600 (6)

284(2)
47 (2)
e1 (s)
5s (4)
s8 (4)
so (4)
5e (4)
s3 (4)
5e (5)
2e(3)
ss (s)
68 (s)
s6 (4)
4s (s)
45 (s)
s0 (4)

Ug¡

2s8(2)
33(2)
s2 (3)
70 (s)

Lsz(
3s(
33(
67(
56(
44(
46(4)
s1(4)
s3 (4)
47 (4)
70 (6)
47 (3)

340(
s6(
es(

1os (
48(
48(
s7(
43(
33(
42(

2)
2)

Uz¡ Ur¡

68 (1)
17 (2)
2t(3)
-8 (3)
27 (4)

6 (3)
2(

18(
s(
s(

17(
7(
4(

-4(
24(

Urz

3)
4)
2)
2)
5)
4)
3)
3)
4)
5)1(

(1)
(2)
(3)
(3)
(4)
(2)
(2)
(3)
(2)
(2)
(3)
(3)
(2)
(3)
(4)
(5)

15

-1
9
1

35
3

-8
-9
-1

5

-4
7

-1
-1

0
L7

L247 (LO)
15s8 (11)
3909 (10)
48eo(11)
6Ls2(12)
s288 (10)

F

o(1)
o(2)
0 (3)
c (1)
c(2)
c(3)
N(1)
N(2)
c (4)
c (s)
c (6)
c (7)
c(8)
c (e)

7)
3)
3)
s)
2)
3)

4)
s)
5)
3)
4)
3)
2)
2)

se (4)
48 (3)
34(s)
48 (3)
72(s)
s4 (3)

d Re positional paraneters x10s and the others x104.

b R" a"*perature factors x10b and the othersx103.

o\
oo
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TABLE 3.5.2

Interatomic Distancesa for Re(CO) s(tmen)F

(a) Bonding distances C,&l a¡rd their standard deviations

(b) Sone non-bonding distances

II

Re-F

Re-N(1)

Re-N (2)

Re-C (1)

Re-C (2)

Re-C (5)

c(1) -o(1)

c(2)-o(2)

01..- F(1)

c7 -.. F(1)

2.03e (4)

2.2s0 (s)

2.27s (6)

1.s13 (6)

1.8s4 (8)

1.s10 (8)

L.746 (s)

1.160(11)

c (3) -o (3)

N(1) -c (4)

N(1) -c(s)

N(1)-c(6)

N(2) -c (7)

N (2) -c (8)

N (2) -c (e)

c (6) -c (7)

o(1) ... 0(1)

c(6) ...0(3)

L.162 (s)

1.480 (e)

L.So2 (e)

L.472 (e)

1.4s8 (e)

1.461(11)

1.4ss (8)

1 . s16 (s)

II
3.334

3.273

r s.sos
III 3. 196

osrrp""r"tipts in Roman refer to the following equivalent

positions, with respect to the unique asymmetric unit at

X, /, z:

I = -X, -Y, -z

II = x, .5-)¡, .5+z

III = -x, .5+y, .5-z
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TABLE 3.5.3

Bond Angles (') for Re(Co)s(tmen)F

F-Re-N(1)

F-Re-N(2)

F-Re-C (1)

F-Re-C (2)

F-Re-C (3)

N(1) -Re-N(2)

N(1)-Re-c(1)

N(1) -Re-c (2)

N(1) -Re-c (3)

N(2)-Re-c(1)

N (2) -Re-c (2)

N(2) -Re-c (3)

c (1) -Re-c (2)

c (1 ) -Re-c (3)

c (2) -Re-c (3)

Re-N(1) -c (4)

80.4(2)

82.s(2)

L76.s(2)

s4.7 (s)

e7. 1 (5)

80. 0 (2)

s6.2(2)

s6.4(2)

L7s.3(3)

es.4 (3)

t7s.8(2)

es.7 (5)

87.2(3)

86.2(3)

87 .7 (3)

LL2-8(4)

Re-N (1) -c (s)

Re-N (1) -c (6)

c (4) -N (1) -c (s)

c (4) -N(1) -c (6)

c (s) -N(1) -c (6)

Re-N (2) -c (7)

Re-N (2) -c (8)

Re-N ( 2) -c (s)

c (7) -N (2) -c (8)

c (7) -N (2) -c (e)

c (8) -N (2) -c (e)

Re-c(1)-0(1)

Re-C(2) -o(2)

Re-C (3) -0 (3)

N (1 ) -c (6) -c (7)

N (2) -c (7) -c (6)

111. s (4)

10s .6 (4)

108.1 (6)

111.2 (6)

107.4 (s)

106.1 (4)

ttz.4(6)

112.4(4)

110. o (7)

108 . o (6)

107.8 (6)

t76.7 (6)

178. 3 (8)

L78.7 (7)

10e.s(s)

110.3(6)
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FIGURE S.5.1. The molecular structure of Re(CO)g(tnen)F (ORTEP díagran
with 2 5% probabi lity ellipsoids).
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The nolecular structure of Re(CO)a(tmen)F was drawn using the programme

ORTE/8 and is shown in Figure 3.5.1.

3.5.3 Description of the Structure

Crystals of Re(CO)e(tmen)F consist of discrete nolecules separated

by a ninimun dista¡rce of 5.196 Â. Figure 3.5.1 shows the atomic

nunbering scheme enployed for all non-hydrogen atoms of the nolecule.

The rhenium atom assunes an approximate octahedral geometry with the

carbonyl groups in a fae-configuration and with the fluorine aton c¿s

to the nitrogen atoms of the tmen ligand. This stereochemistry is

consistent with the three stlong carbonyl bands (2At + At') observed in

the infrared spectra (Table 3.5.1). Ttre fluorine atom resides at a

distance of 2.040(4)Â from the rhenium which is essentially the same

(i.e. within three standard deviations) as observed for the Re(1) - F(1)

bond in [Re(co) 3 (tmen)F)2H'HOBF3, 2.076(9)Â (Table 3.5.3).
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3.6 DISCUSSION

This chapter has shown that, by using rrplasticrr reaction vessels,

fluorinated solvents, anhydrous,sil.ver bifluoride and a dry nitrogen

atnosphere, the halide abstraction reactions will produce rhenium

tricarbonyl fluoride cornplexes in good yields and free of any by-products'

The use of the nplastic'f vessels eli¡ninates the introduction of the

trifluoroborate anion into the system, while the use of fluorinated

solvents and dry silver bifluoride prevents the formation of by-products

such as Re(CO) 3(12)Cl, [Re(CO) s(12) (H2O)]+ and Re(CO) ¡(Lz)OH' Ttre

abstraction technique is easily extended to the preparation of metal

fluoride complexes using the respective rnetal carbonyl chlorides,

bromides and iodide as Precursors.

When the rhenir:m halide Precursors are dissofved in the minimum

volume of solvent and the excess silver bifluoride is added three

general observations can be made. Firstly, as desclibed in Chapter 3'2

and 3.3, precipitation of silver bro¡nide commences and is conplete

within ninutes. Secondly, crystallization of the less soluble rheniun

fluoride does not occul till 15 to 20 nin. later. And, thirdly, on

introduction of a foreign halide (i.e. c1-, B1-, I-) into the system

during this period leads to the formation of the respective rheniun

halide by-products. These observations are consistent with the

formation of a labile solvento intermediate i¡nnediately after the

abstraction of the halide from the parent complex:

Re(C0) g(Lz)Br + AgF2H + S +

[Re(CO) s (Lz) (S)]* + F- + FHt + AgF*

(where, S = solvent molecule e.g. CHzClz)
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Thus, the final and rate deter¡nining steP is the replacement of the

solvent nolecule by a fluoride or other halide anion:

lRe(co) s(Lz) (s)l* å, [Re(co) ¡ (tz)F] + s
F-

+
rapid x X

lRe(c0)s(Lz)Xl +S no reaction

(whererX=ClrBr-,X-)

This scheme, therefore, offers an explanation for the relative lability

of the solvento intenrediate as compared to the rheniu¡n fluoride, which

undergoes no observable halide (X) substitution within 24 hr. It is

essential, therefore, to use calcium fluoride solution cells as

opposed to sodiun chloride cells when recording infrared spectra to

avoid the rapid chloride substitution in the solution ce1ls. The scherne

also points to the source of the chloride in the Re(Co)3(L2)Cl

by-product, nanely chloroform and dichloromethane when used; and,

suggests that an equilibrium exists between the solvento interrnediate

and the rhenium fluoride, even if it lies far towards the latter'

In the [Re(co)3(tmen)F]2H.HOBF3 structure the assignment of atoms

F(2) and 0(7) requires further explanation. The presence of the

motecular ion [Re(CO)3(tmen)F]+ and the absence of [Re(CO)3(tmen)(oHz)]*

in the nass spectrr.¡m is not strong enough evidence to assign both F(1)

and F(2) as fluorine atoms (i.e. only one, at least). The nicroanalysis

results (Chapter 3.7) requires the Structure to have five fluorine atoms'

Consider the following diagran, where the atoms of interest are

additionally numbered fron O ao t
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\
(1)

Re
I
(1)

I

Re(2)
2)

H ---

H

F(4
F(s

0(7)- B

\csl@

Fron the microanalysis requirement one of the six atoms (i.e. e to

@l must be an oxygen atom. 0f these, atom @ can be identified as

a ftuorine by a conparison of the (Re-F) bond length in [Re(CO)g(tmen)F]

and rhe (Re-g) bond in [Re(co) 3 (tmen) (ogz) ] 
*.npu- (Table 3.6.1) . since,

the molecular ions [OBF3]+, IOBF,]* and [BFz]* "* be identified in the

nass spectra, and since the infrared spectrum shows v(B-F,0H) and

v(O-H) stretching bands, the trifluoroborate anion [HOBF¡]- is thus

characterized. Hence, atom @ is required to be a fluorine atom. Now,

by elinination any of the atoms O, and @ could possibly be

an oxygen atom. But, because the atom pairt O - O and are

both at hydrogen bonding distance then the [HOBF3]- anion must provide

its hydrogen. Hence, atom O can be assigned as the unique oxygen'

atom. one would have expected that the oxygen atom could be identified

by conparing the (B-F,OH) bond lengths in this structure with those in

[lvlri(CO) 3 (diphos) (HOBFT)].å(dpeo), IRe(CO) s (tmen) (HzO)]*'BFu- and

literature values. However, due to the generally large standard

deviations in the (B-F,OH) bond lengths no atom characterisation can

be made on this basis.

The coordination geometry around the rhenium atom in the

Re(CO)3(tmen)F molecules of both structures studied in this chapter is

the same and is consistent with the carbonyl groups in a fae confíguraticrll

as predicted fron the infrared spectra. However, the rhenium-fluoride

bond length increases from 2.03g(a)Â to 2.24G)& as the bond order of
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TABTE 3.6.1

A conparison of rhenir¡m fluoride and oxygen bond lengths cÂl

Conpound Bond length

(tnen) (C0) ¡Re-F

(tnen) (C0) 3Re-F"'H

(tnren) (C0) sRe-FH'''HOBF ¡

(tnen) (C0) ¡Re-OHr o o r$[5Pu

(tnen) (CO) gRe-0H2' ' 'BF4

(C0) sRe-OHr" 'P[5þt

.2.03s(4)

2.076(e)

2.24 (t)

2.268(8)

2.24 (L)

2.206(8)
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the fluorine atom is increased (Table 3.ó.1). In fact, the bonding

properties of fluorine are seen to approach those of an oxygen atom,

which makes an average bonding distance of 2'.246(5)Â with rheniu¡n(I)

(Chapter 5). In Chapter 6 a detailed comparison of ¡netal-fluoride and

-oxygen bond lengths is presented showing how the value of the bond

length identifies the atom t)?e.

3.7 EXPERIMENTAL

General

All preparations, reactions and reagent transfers were carried out

in a dry box containing a high-purity dry nitrogen atrnosphere. The

preparations of the starting materials are described in Chapter 7.2.

0n1y solvents of analytical grade purity which had been dried over

Linde 4A molecular sieves were used. The conpounds prepared below ürere

stored in a desiccator containing dry nitrogen at ca. 5"C. The

description of the instrtrments used for recording the physical

measurements is given in Chapter 7. The reactions were monitored by

the periodic measurement of the carbonyl stretching frequencies of

samples of the respective mixtures using calciun fluoride solution

cells. On isolation of the compounds their conplete infrared spectra

were recorded as nujol mulls using calcium fluoride plates.

lRe(C0) g (bpy)Fl zH'HOBFs

To a glass flask containing 90 mg (0.18 mmol) of Re(CO)s(bpy)Br

dissolved in dichloromethane (18 ml) 160 ng of silver bifluoride

(1.09 rnmol, 5 fold excess) was added and stirred at room temperature for

40 minutes. The silver bromide, whích precipitated within mínutes, and

the excess silver bifluoride r{ere removed by filtration. The solution
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was then concentrated to ca. 5 ml; light petroleum (40"C) added to

precipitate very fine yellow crystals of the Product (yield, 60'70%)

which were washed with petroleum (ca. SoC); and then dried in a vacuum'

(Found: C, 32.08; H, L.94; F, 9'5; N, 5'79

Cze Hrs BFsN+OzRe2 reguires : C, 31 . 96 i H, 1 .86; F, 9 '7 t N, 5' 74eo) '

Mass spectrum [m/e,* assignment (intensity) ] : 446, [Re(C0) s (bpy)r] +(rOO);

4LB, [Re(co)z(bpy)r]+(zg); Seo, IRe(co)(bpy)r]+(rss) ; 362,

[Re(bpy)r*lzos¡ ; 343, [Re(bpy)]*(zg) ; 206, [Rer]+(s) ; L87, [R"]*(s7);

lsó, (bpy)*¡ross¡ ; 85, IHoBFg] 
* çtlsz|i 49, IBFzJ*(rzso)'

Re tmen F H.HOBF

Finely divided silver bifluoride (188 mg, 1.28 nmol, 5 fold excess)

was added to a glass flask containing a dichloromethane (12 ml) solution

with Re(CO)g(tmen)Br (100 mg, 0.21 mrol) at room temperature and the

nixture was stirred for 30 minutes. The AgBr precipitate and the excess

unreacted AgF2H vrere Temoved by filtration. The solution was

concentrated to ca. 4 ml and the white product (65e") was precipitated

and washed with light petroleum spirit-

(Fonnd: C, 24.10; H,4.04; F, 10'8; N,6'38

CrsHs¡BF5Na07Re2 lequires: C, 24-lLi H, 3.82; F, 10'6; N, 6'25eo)'

Mass spectrum [rnle, assignment (intensíty)]: 406, [Re(C0)3(tmen)n1+¡fOOl;

378 , [Re (CO) 2 (tnen) r] + (zos) ; 350, IRe (CO) (tnen) F] 
+ (632) i 322 ,

IRe(tnen)r]+(gs) ; 303, IRe(tmen)]*(ss) ; 206, IReF]*(ro) ; L87, IR"]*

(170); 116, (tnen)*¡sss¡ ; 84, [oBF31*çzso¡; 65, [oBF2]*(rze);

36, IBFz]*çSAS¡ .

* All n/e values are based on 187Re and 118, and the intensities are
relative to the Parent ion.
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Re (C0) e (bpy) F

A mixture of dichloromethane (20 ml), Re(CO)3þpy)Br (90 ng,

0.18 nnol) and AgFzH (51 mg, O.zL nmol, 17% excess) was stirred for

50 min. in a plastic vessel at room temperature. The solution was then

filtered, concentrated to ca. 5 ¡rI and the yellow product (yieLd,70u")

precipitated and washed with light petroleun'

(Found: C, 34-gsi H, L'87; F,4'18; N' 6'32

C13HsFN2O3Re requires: C, 35.06; H, 1.81; F, 4'26; N, 6'29eo)'

Mass spectru¡n [m/e, assigrunent (intensity)]: 446, [Re(CO)s(bpy)f]+(fOO);

418, [Re (CO) z (bpy) r] + (zso) ; 390, [Re (CO) (bpv) 11 
+ 

çros¡ ; 362 ,

[Re(bpy) r]+Qsz); 343, [Re(bpv)]*(ss) ; 206, [ReF]*(g), L87, [Ru]*(63);

156, (bpy)*(rs¿o).

Re (C0) 3 (dpe) F

This cornpor.:nd (yieLd, 65%; white) was plepared from Re(co)3(dpe)Br

(40 ng, 0.058 nmol) and AgF2H (10 rng, 0'068 mmol, 17eo excess) in

dichloronethane (6 ml) sinilar to Re(C0)sGpy)F'

(Found:

C zs Hz,* F0 3 P 2Re requires :

c,50.72;

c,50.65;

H, 3.45;

H,3.52;

F , 2.69;

F, 2.76;

P, 9.08

P, gl-eo).

Re(C0) 3 (SbPh3) 2F

The title conpound (yield, 75eoi white) was prePared from

Re(CO)g(SbPhg)2Br (90 mg, 0.11 mnol) and AgFzH (19 rng, 0'13 mmol' LSeo

excess) in dichloromethane (s ml) , in a plastic vessel, similar to

preparation of Re(C0) s (bPY)F) .

(Found: C, 56.81; H, 3.57; F, 2'3

Cag HeoFReSb requiresl C, 56.73; H, 3'66; F, 2'30e") '
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Re(C0) g (tnen)F

Ttris conpognd (yield, 60eoi white) !{as prePared using the nethod as

described for [Re(c0)3(üren)F]2H.HoBFa with the exception that here

plastic reaction vessels were used-

(Fonnd: C, 26.75; H, 4.10; F, 5'2; N, 6'98

CgHreFNzOgRe requires: C, 26.66i H, 3.98; F,4'68; N,6'9Le")'

Mass spectruur [n/e, assignment (intensity)]: 406, [Re(CO) 3 (Ûnen)f1+qfOO¡:

378 , [Re (co) z (turen) F] 
* 

¡szs; ; 550, [Re (co) (tnren) r] + (zso) i 322 ,

[Re(tnen)r]+(roo); 305, [Re(tnen)]*(so) ; L87, [Re]*(rso);

116, (tnen)*laoo¡.
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CFIAPTER 4

MANGANESE CARBONYL COMPLEXES

4.L INTRODUCTION

The perchlorate ion is a pool coordinating ligand. It has been

successfully coordinated to a linited number of trairsition metal

ions.31r117'118-120 Until the work reported by Snow and co-workers Lr+'Is

the only known uretal carbonyl complexes containing coordinated perchlorate

were Co(CO)z(PPh3)2OC1O3 and M(CO)(PPh3)2OC1O3 (where, M = Rh, Ir)'

The investigations resulted in the developnent of an efficient nethod

for the coordination of the perchlorate anion to metal carbonyl complexes.

One of the ains in preparing these conplexes was to use then as precursors

of metal fluoride complexes and this is discussed in this chapter' The

knowledge of the pfeparative conditions gained fron'the rnetal perchlorate

preparations led to the nodification of techniques and apParatus for the

preparation of the fluoride conplexes (chapters 2, 3 and 5) . The crystal

structure of [lrfir(Co) 3 (P(OPh) 3) 2 (0C1Os) ] presented in this chapter serves

to provide direct evidence for the coordination of the perchlorate anion

and thus to verify the infrared and nass spectra results.Ì4'15

Following the successful preparation of the metal perchlorato and

difluorophosphato complexes it was proposed to investigate the

preparation of the analogous fluoride conplexes. These cornpounds are

produced by reacting both the pentacarbonyl (chapter 2) and substituted

(chapter 3) precursors with the reagents AgF.ô(Hz0) (where, ô = 0.4-1.0),

AgFrH and PhnAsF. During the initial reactions using the last two

reagents and pyrex glass vessels the trifluorohydroxy borate anion,
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IHOBF.] , was forrned in an unexpected side reaction on the glass surface.

In the previous chapter this anion has been identified as a non-

coordinating group in the crystal structure of [Re(CO)3(trnen)F]2H'HOBF3.

This chapter includes the details of the preparation and structural

characterization of the conplex [l{n(co) 5 (diphos) (HoBF3) ] 'I (dpeo) ' in

which the anion is found to coordinate to the netal centre.

The halide abstraction nethod deveLoped in Chapter 5 is applied to

the substituted manganese carbonyl system. Thus, the subject of a minor

part of this chapter is the preparation and characterization of the

manganese carbonyl fluoride complexes.
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4.2 PREPARATIONS

4.2.L c0 {p oPh ] 0c10

This compound was prepared by the general method as developed by

snow and co-workerl¡+'lsfor the preparation of metal carbonyl perchlorates,

M(CO)e(Lz) (OC1O3) (where, M = I{:¡, Re; L = PPhg, P(OPh) g; Lz = bPy)'

The reaction of Agc10,+ (30% molar excess) with lr4n(co)e{p(oPh)3}2Br in a

dry dichloromethane methane solution and under an atmosPhere of dry

nitrogen is complete after ea. 30 min. of stirring at room temPerature'

mer-l,tr (Co) g {p (oprr) s } zBr + AgCloa ffi-er-lr'ln(Co) g {p (oph) g } zoclo¡ + AgBr*

The reaction progress vras ¡nonitored by periodic infrared measurements in

the carbonyl region of the sa^urple of the solution. The excess AgClOa and

the AgBr precipitate was removed by filtration. Suitable crystals for

x-ray analysis ""r" gtorn fron the remaining solution by concentration

and the addition of light petroleum (30-40") ' A sample of the product

(ca. 70% yLeLd) was subsequently used to prePare a nujol mulI for a fu1l

infrared Spectrum and the coordinated perchlorate was characterized by

the (C1-0) stretching bands ( S 4.S ¡.

4.2.2 [I,ln(C0 ) 
" 
(diphos) (BF ?OH) I . å (dpeo)

The title compound $ras preparedlo3 by reacting tlvln(C0) r(diphos)Cl]

with tetraphenyl arsoniu¡n fluoride (PhuAsF) under dry conditions using

dichloronethane as the solvent. The source of the trifluorohydroxy

borate anion (BF3OH) was traced back to the PhaAsF sample, which

contained the impurity (Ph,+As)*(gpsoH)-. The presence of the (BF3OH)-

ion was identified by the author as a quartet in the Fts N.M'R' spectra

at a chemical shift of 1934 Hz from the F- signal of PhuAsF (Diagran

4.2.L). The tetraphenyl arsonium salts ü¡ere preParedl2l from a reaction
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-H->

16Hz

-l F- (a)

FIGURE 4.2.L. A proton decoupled Ie F N.M.R. (84.67 l,rÉlz) sPectrum of a drY

cD2cr2 solution (298 'K) saturated with the tetraPhenyl arsonium salts
IPhuAs]

+
[H0BF3]- and [Ph,* As]+f-. The coupling constant J( 11B-leF) of

16 Hz identifies the quartet (chemical shift w.r.t. Ce Fe , -627 Hz) as

resulting from the HOBF3- anion.l 2r The upfield singlet (a) arises from

the fluorine anion (chernical shift w.r.t. CeFe, -256I Hz).
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between AgF and Ph+AsClOr+. (PhrAs)*(gfeOH) was formed as a by-product

resulting from a surface reaction involving AgF and the pyrex glass

reaction vessel ( s +.s ;. The dpeo in the above formula is believed to

have originated from uncoordinated diphos which was oxidized during the

chloride abstraction reaction.

4.2.3 Preparat ion of fae-lûn(C})¡(Lz)F (where, Lz = diphos, Phen, tnen)

These conplexes were PrePared from the respective manganese(I)

carbonyl brornides using the halide abstraction method developed for the

rhenium fluorides (Chaptei 3). When finely divided silver bifluoride is

added to dry dichloronethane solutions containing the nanganese bronides

good yields of the respective fluoride complexes are obtained according

to the following equation:

fac-lrfrr(CO¡, (Lz)Br + AgF2H #Ht fae-ttn(Co) s (Lz)F + HFt + AgBr*

After stirring the reaction mixtute for ca. 30 nin. in a dry nitrogen

atmosphere the silver bronide precipitate is easily filtered off leaving

behind a clear yellow solution in each case. The conpounds are then

isolated by renoving the solvent and recrystallized from dichloronethane-

petroleun spirit (100 - 120oC).

,b/
All compounds were initially characterizedlsolution infrared spectra

in the carbonyl absorption region. The v(C0) stretching nodes of the

manganese fluorides occur at higher frequencies than for the bronide

pTecursors (Table 4.2.L). A cornparison of nunber and relative

intensities of the v(CO) absorption bands indicates that the fluoride

conpounds have an octahedral geometry with the carbonyl groups in a

fac-confíguration.sT The ful1 nujol infrared spectrum of the isolated

conpounds is given in Appendix 1.



TABLE 4.2.L
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Mediu¡t

CHzCLz

CHzCIz

nujol

CHzCLz

nuj o1

CHzCIz

CHzCl z

nuj 01

CHzCl-z

nujol

Conrpound

fac-ltln (C0) s (diphos) Br

fac-lvln (C0) s (diphos ) F

fac -\rtn(CO) g (Phen) Br

fac-t'frr(CO) s (Phen) F

fac-lrfrr (C0) s (tnen) Br

fac-ltr(C0) g (tnen)F

ye 1 low

yeI low

ye I low

ye1 low

ye1low

yellow

2010s,

2028s,

2020s,

2043s,

20t7s,

2018s,

2019s,

2O20s,

t042s,

1939s,

1945s,

1949s,

1937s,

1950s,

L944s,

1950s,

1910s, 1860w

1923s

1920s, 1890wsh

1935s

1900s

1898s

1905s

191 2s

2085msp,

2022s, 1960s, 1919s

2090w,

2090w,

Colour v(c0)
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The nanganese fluoride conplexes absorb water when exposed to the

atmosphere. They can be stored for ¡nonths in a desiccator at room

tenperature without decomposition. Slow halide substitution will occur

if the conpounds are left dissolved in chloroform or dichloronethane'

The by-products forned are the respective chloride complexes,Mn(C0)g(Lz)Cl

(Chapter 3). Hence for crystallization experinents which extend over a

nr¡mber of days monofluoro- or hexafluoro-benzene solvents should be used'

4.3 STRUCTURE DETERMINATION OF [Mn(CO) a {l ¡Onrr¡ s } zocto3- ]

4.3.1 Crystal DaJa

The yellow needle-like crystal prepared ( s 4.2.1 ) are elongated

along the a axis. The cell constants were refined using 25 high angle

reflections and from the absences in the data collection the space group

was unambiguously determined to be monoclinic P27/c. The density was

rneasured using a fIoÈtation ¡nixture of petroleum spirit (40-60") and

carbontetrachloride.

crystal Data: cgsHaoclMnOraPz; M.W. = 859.0i Monoclinic space group

P21/c, ê = 8.963(2),b= 22.516(4) ' c = 19.943(3), ß = 93'85(1)';

U = 4016(2) Ãt; Z = 4; Dc = L.4zlg.cm r, Dm = l.4l(2) g.cm-t;

ÀMoKo -- 0.7107 Â, n¡ooo¡ = L760 electrons; u = 5'21 cm-l'

A crystal of dimensions 0.24x0.30x.64 mm3 was mounted on the cAD4'

3505 unique reflections in the lange I.2 < 0 < 20" with intensities

I > 2.5o (r) were collected using a u-n/30 scan ¡node (where, n = 3)

(chapter 7). A comparison of the intensities of three standard

reflections measured every 50 ninutes showed that the crystal had not

decomposed. The intensities were colrected for Lorentz, polarization s8

and crystal absorptiones effects. The maxinu¡n and ninimum transmission
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TABLE 4.3.I

Crystallographic details for [lrtr(Co) s{P(oPh) s}z0c10s]

Temperature 298oK crystal di¡rension -L2 x .14 x '29 nn5

(Sin 0r¿¡)/tr 0.48 Â-t crystat faces: [100], [-100] , l02Lf ,

Radiation MoKo t0-2'Ll, [02-1], [0-21]

Scan nethod w/20 Aperture width 2.4 + 0.5 * tan(o)

Scan range (') Sis(I)/I (pre-scan) 0'4

0rir, = 1.2,0¡¿¡ç = 20 Sig(I)/I (final scan) 0'08

Ar¡ = 1.0+0.S5*tan(0) Speed (pre-scan) 6'7 deg/nin

Slit Í¡idth 3 nnr Scan tine (nax) 350 sec

Total number of independent reflections collected 3505
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factors were estinated to be 0.61 and 0.45, respectively. Further

experinental details are given in Table 4.3.L'

4.3.2 Structure Solut ion and Refine¡nent

The structure u¡as solved by the Direct lvlethods routine in SHELX.TS

The associated EEES nap gave the location of the manganese, chlorine,

phosphorus and some of the oxygen atoms. A difference Fourier synthesis

based on the manganese, chlorine and phosphorus contributions gave a

difference maP which revealed three phenol rings and all the perchloráfe

oxygen atoms. A ful1 matrix least-squares calculation at this stage

gave an R'va1ue of 0.41. The diffeÏence map, based on all previously

located atoms, revealed all the non-hydrogen atoms. In the next cycle

of refinenent the phenyl groups were modelled as rigid grouPs with the

hydrogen positions calculated at a carbon-hydrogen distance of 1'08 Â

from the respective carbgn atoms. In addition, only the manganese atom

was nodelled anisotropically and a conmon group tenperature factor was

used and refined for the hydrogen atoms. The final weighted (Chapter 7)

Block-matrix least-squaïes refinement converged with R = 0.064, Rw = 0.069,

k = 12 and g = 4.5x10-s. The largest peak in the final difference map

was 0.7 eÃ.-3. The tabulated observed and calculated structure factors

and the hydrogen atomic Parameters aÎ.e given on nicrofiche. The final

non-hydrogen atonic parameters, bond lengths and bond angles are

tabulated in Tab1es 4.3.2, 4.3.3 and 4.3'4, respectively'

4.3.3 DescriP tion of the Structure

The geometry of tyans-Nfti (CO)s{p(Opfr)¡}z0C1Og and the aton numbering

scheme are given in Figure 4.3.L. The coordination geometry about the

manganese consists of a distorted octahedra . However, only the three



TABLE 4.3.2

Atonic positional and thernal paraneters for ll\fir(C0)r{p(Opfr)t}tOCtOtl

Atona x v z u?, Uzz Us¡ Uzs Ura Urz

-39
t3

-10

I\fui

C1

P(1)
P(2)
o(1)
o(2)
o(3)
0(4)
o(s)
0(6)
o(7)
0 (8)
0(e)
o(10)
0(11)
o (12)
o (13)
c(1)
c(2)
c (5)

2 1 14so (s )
2230(L)
13eo(1)

e26 (1)
-60 (3)

r474(3)
7os (3)

2oo7 (2)
1826 (3)
2260(4)
2787 (3)
2o6L(2)
10e1 (2)
11s6 (2)
ss4(2)
s10 (2)

L466(2)
4t6(4)

Ls76(4)
8e4 (4)

2228s(s)
2tr7 (L)
t27s(L)
5238 (1)
2103(3)
3018 (3)
1361 (3)
233s(3)
2320(3)
1403 (4)
2403(s)
Lo64(2)
t287 (2)

610 (2)
3s42(2)
3607 (2)
3727 (2)
2r6L(4)
2708(4)
1700 (4)

428(7)
67 (2)
48 (1)
48 (1)
87 (s)
70 (s)
6e (s)
s4 (5)
s3 (4)

110 (6)
e8 (6)
68 (4)
so (3)
7t(4)
s5 (3)
66 (4)
63(4)
64 (6)
61(6)
s1 (6)

3s4 (8)
s2(2)
42G)
45 (1)
44(4)

LL7 (6)
sl (s)
34(3)
78 (s)

166 (8)
se (s)
31 (3)
60 (4)
s3 (4)
47 (3)
6s (4)
s4 (4)
42(6)
s2 (6)
46 (6)

-62(6)
-7 (1)
-6 (1)
-8 (1)

-31 (4)
16 (4)

s (3)
-7 (3)

- 1s (4)
2s (s)
22(7)

s (3)
- ls (3)

1 (3)
-14(3)
-3 (3)

-24(3)
-10 (s)
-12 (s)
-s (s)

7 (6)
11 (1)

0 (1)
-1(1)
t4(4)

3 (4)
-s (4)
-3 (5)
I (4)

72(6)
-s7 (7)

1 (3)
-3 (3)

6 (5)
r-11(3)

4 (3)
-12(s)

11 (s)
-2(s)

2 (s)

3e6 (7)
s8 (2)
40 (1)
42 (1)

108 (s)
68 (s)
62 (4)
7t (4)

118 (6)
103 (6)
314(12)
s2 (3)
4s (3)
28 (3)
s7 (3)
38 (3)
48 (3)
ss (6)
45 (6)
se (6)

-2(6)
14(1)
1(1)
4 (1)

14 (4)
22(4)
22(4)
1o (5)

3 (4)
-4 (s)

8 (3)
t2(3)
-1(3)
1r (3)

1 (s)
3 (s)
1 (s)

(4)
(3)
(3)

o lrtn 
"ootdinates 

x 10s, and the others x 10'r.

b nt ah"tmal paraneters x 10" and the others x 103' roo
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TABLE 4.3.3

Atomic Distances for ll\frt(Co) 3tP(OPh) r]rOCtOrl

Atons
a Distance (Â,) Atons Distance(Ã,)

(a) Bond lengths (and standard deviations)

P(1)-Iftt(1)
o(4) -l!frt(1)

C(2)-l\'tui(1)

o(4)-cl(1)
0(6) -cl (1)

o(8) -P(1)
o (10) -P (1)

0(12) -P(2)

c(1) -o(1)
c (3) -0 (3)

c (ls) -o(e)
c(27) -o(11)
c(3s) -o(13)

o(7). ..c(2s)rr
H(1e)...0(7)rr

P (2) -l!ftt (1)

C(1)-l\ftt(1)

C(3) -l\frt(1)

0(s) -cl (1)

o(7) -cl (1)

o(s)-P(1)
o(11) -P(2)

o(13) -P(2)
c(2)-o(2)
c(e) -o(8)
c(2L)-0(10)
c(33) -o(12)

2.2ss (2)

t.76L (e)

1.88s (e)

L.423 (6)

1.384 (8)

1.601 (s)

1.604 (s)

1.s74 (s)

1.144(11)

1.37L (7)

r.372 (8)

t.384 (7)

2.248 (2)

2.066 (s)

1.843 (e)

1.483 (6)

7.42L (s)

1.s8s (s)

1.s7s (s)

1. see (6)

r.162(LL)
1. 125 (11)

1.37t (7)

1.361 (7)

L.383 (7)

(b) Some non-bonding distances

z.ts (2) c(2s)...c(30)r 3

2.42 (2) H(rz)...H(3)rrr 2

44 (2)

ls (2)

o Srrp"tr"ripts in Ronan refer to the following equivalent
poiitiottt, with respect to the unique asynmetlic unit at
x, I, zi

r = -x, -y, zi Ir = -X, .5+L .5-Y; IrI = xr .5-y, .5+z
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TABTE 4.3.4

Bond angles (") and their standard deviations for ll\ftl(CO) r{p(Optr) r}rOCtOrl

P (2) -luri (1) -P (1)

0(4) -l\ftt(1) -P(2)
c(1)-r\frr(1)-P(2)

c(2)-l\frt(1)-P(1)

c (2) -lvlri (1) -0(4)
c (3) -Iüt (1) -P (1)

c (3) -rftI(1) -o(4)
c (5) -Nfft (1) -c (2)

o(6) -c1(1) -0(4)
o(7) -c1(1) -0(4)
o(7) -c1 (1) -o(6)
0 (e) -P (1) -Ntui (1)

0(10)-P(1)-ln'ln(1)

0(10) -P(1) -0(e)
o(Lz) -P (2) -l'frt (1)

0(13) -P(z)-lnftt(1)

o(15) -P(2)-o(12)
c (e) -0(8) -P (1)

c(zt)-o(10) -P(1)

c(33) -o(Lz)-P(2)
0(1)-c(1)-Ifrt(1)
0 (3) -c (5) -l\frr (1)

c (8) -c (s) -0 (8)

c (14) -c (1s) -0 (s)

c (20) -c (21) -o (10)

c(26)-c(27)-o (11)

c(32) -c (35) -o (12)

c (38) -c (3e) -0 (13)

L7 4.8(L)
8s. 1 (2)

s0.4 (3)

8s. o (3)

86. e (3)

88. 5 (3)

es.0 (5)

t76.8(4)
107. s (4)

L06.2(4)

111 . 7 (6)

Log.4C2)

11s. 1 (2)

1os. 1 (3)

10s.4 (2)

tL6.L(2)
10s .4 (3)

L27.s(4)
tzs.s(4)
126.5(4)

178.2(7)

t73.s(7)
117.6 (s)

117.8(s)

t22.0(s)
120.4 (s)

t2L.7 (S)

120.6 (s)

s0. s (2)

8s. 8 (5)

L77.8(s)
8s.8 (3)

e1.o(4)

e6. s (3)

87.2(4)

1os. e (3)

108. 6 (4)

LLz.8(4)

rzL.8(2)
10s.7 (3)

ee. 2 (3)

L24.6(2)

L04.7 (s)

e8.e(3)

12s. s (3)

rzs.6(4)
L24.2(4)

L2s.7 (4)

174.6 (8)

t22.3(4)
L22.2(S)

118.0 (s)

1le. ó (4)

118.3 (s)

11e.3(s)

o(4) -Nfrt (1) -P (1)

c(1)-rfrl(1)-P(1)
c (1) -l\h (1) -0(4)
c(2)-l\frl(1)-P(2)
c(2)-lun(1)-c(1)
c (5) -l\ftt(1) -P(2)

c(3)-l\frr(1)-c(1)
o(s) -c1(1) -0(4)
o(6) -cl (1) -o(s)
0 (7) -cl (1) -o (s)

o(s) -P (1) -Ntut (1)

o(e) -P(1)-0(8)
o (10) -P (1) -o (8)

0(11) -P(2)-l'4n(1)
o(12) -P (2) -o (11)

0(13) -P(2)-0(11)
cl (1) -0 (4) -Mn (1)

c (1s) -0(e) -P (1)

c(27)-o(11) -P(2)

c(3s)-o(13) -P(2)

0 (2) -c (2) -l{n (1)

c (4) -c (s) -o (8)

c (10) -c (1s) -0 (s)

c(16) -c(21)-o(10)
c(22)-c(27)-0 (11)

c (28) -c (33) -o (12)

c (34) -c (5s) -0 (13)
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013

o11

012

o6

o4

o5

c2

o3
c3

o8

P2

P1
02

o9 c1

o1

FIGURE 4.3.L. The molecular structure of Iún(CO) g (P{OPh} 3) 20C103 (30eo

p"'ffi"11ipsoids).Forsirnp1icitythepheno1groupsontheoxygen
ãtons 0B - 015 have been omitted.
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angles C(2)-N/hl(1)-P(2), C(3) -ln{n(1) -P(2) and c(2) -Iftt(1)-0(4) deviate

(ave. 5.4") notably from 90o. This distortion is due to the steric

repulsion effects of the two trans P(OPh)3 ligands and the coordinated

perchlorate on the carbonyl groups. The carbon atoms of the carbonyl

groups and the phosphorus atoms are at the expected bond distances of

1.830 and,2.254 ß,, respectively, from the manganese atom. The

perchlorate coordinates with a m¿rnganese-oxygen distance of 2.066(5) Ã

and with an C1(1)-O(a)-Mn(1) angle of 125.5(5)". A list of the closest

intermol.ecular contacts is given in Table 4'3'2(b)'

4.4 STRUCTURE DETERMINATION OF IÌ\4n ICO) ¡ (diphos )(BFc0H)1.å(dpeo)

4.4.L Crystal Data

Needle-like to prismatic crystals of this dichloronethane soluble

yellow compound vtere grown by vapour diffusion using petroleum spirit

(80-100'). The cell constants and the sPace group (P21/n) were

determined from reflections collected on the CAD4. The crystal density

was measur,ed by the flo/tation technique using a solution nixture of

petroleum spirit (40-60') and carbontetrachloride'

crystal data: c+zl-l¡zBF¡MnoqPz, M.W. = 790.5, Monoclinic space group

p2t/n, â = t5.t2s(2),b= 20,503(2), c = 13.199(2) Ã, ß = 101'55(1)"

U = 4013(2) Â3 , Z = 4, Dc = 1.308 g.cn t, Dm = !.32(2) g.cil-], ÀMoKo =

0.7!07 Â, r¡oool = 1670 electrons, u = 42'L cm-r '

A crystal with dimensions 0.03 x 0.03 x 0.11 m¡n3 was coated and not¡nted

using epoxy resin, 2932 reflections with intensities -r > 2.5o (f) were

collected using a u-n/se scan ¡node (where , n = 3). The intensity of

three reference reflections was checked at 1.4 hour intervals and the

data was corrected fot LSeo decomposition. The intensities ütere corrected
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TABLE 4.4.I

Crystallographic details for [lr{n(CO) , (diphos) (BFTOH) ] ' | (dpeo)

Temperature 295oK Crystal dimensions .03 x .03 x .11 nns

(Sin 0*"*)/À o.27 R'L Crystal faces [100], [-100], [010]

Radiation Cu [0-10], [001], [00-1]

Scan nethod u/2A Aperture width L.25 + 0.5 * tan(o)

Scan range (") Sig(I)/I (pre scan) 2-0

0-.- = 2.0,0---- = 25.0 Sig(I)/I (final scan) 0.03m]-n ' max

At¡ = 0.53 + 0.15 * tan(O) Speed (pre scan) 6.67 deg/mín

Slit width 3 rmr Scan time (nax) 120 sec

Total unique reflections collected 2932
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for Lorentz and polatízation effects and for crystal absorption'ss

The naximum and minimum transmission factors were estimated to be 0'75

and 0.53, respectively. The experinental clystallographic details are

given in Table 4.4.L.

4.4.2 Structure Solution anil Refinement

The nanganese coordinates as deduced from a Patterson map were

refined in a least-squares calculation, which converged with an R value

of 0.59. A difference Fourier synthesis based on the manga¡rese atom gave

a difference maP which revealed the phosphorus atoms, one carbonyl grouP

and the oxygen atom of the coordinated borate anion, [BFsOHl-. A full

matrix least-squares refinement based on the above atoms reduced R to

0.49 and the associated difference ¡naP revealed all non-hydrogen atoms

with a dpeo group located on a centre of symmetry. The R value reduced

to 0.11 in a full matrix refinenent with manganese, phosphorus and oxygen

atons anisotropic and all other non-hydrogen atoms nodelled isotropicalLy'

The phenyl groups u¡ere refined as rigid glouPs with their hydrogen atoms

at a calculated carbon-hydrogen distance of 1.0S Â. The renaining

hydrogen atom sites for dpeo and diphos were calculated for the

respective carbon atoms assuming tetrahedral geonetry (i.e. C-H, 0'97 Â)

with the hydrogens modelled with a different group temperature factor'

when enploying the weighting scheme the refinement converged at 0'097'

In the subsequent least-square refinements all the borate, carbonyl,

dpeo and diphos atoms were refined anisotropically the respective

difference map revealed the hydrogen atom of the [BF3OH]- anion' In the

final blocked least-squares calculation all non-hydrogen atoms were

refined anisotropically and the refinement converged with R = 0'084,

Rw = 0.087, k = 2.5 and E = 2.2x10-3. The observed and calculated

structure factors and the hydrogen atomic parameters are given on
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nicrofiche. While, the final non-hydrogen atonic parameters, bond

lengths and bond angles are tabulated in Tables 4.4.2, 4.4.5 and 4.4'4,

resPectively.

4.4.3 Description of the Structure

Figure 4.4.1 shows the nolecular structure of

cis-tvtn(C0)3(diphos) (HOBF3) and the atom numbering scheme enployed- A

distorted octahedral coordination geonetry exists about the nanganese

ato¡n with the bite angle of the bidentate ligand being 83.9(1)'. The

carbonyl carbon atoms a¡rd the two cis phosphorus atoms are at the

average distances of 1.79 and 2.34 ß., respectively, fron the nanganese.

While, the trifluorohydroxy borate group coordinates via the oxygen

(i.e. O(S)) at a distance of 2.094(9) Â from the manganese atom.

The B-o(S)-l\,tn angle is 125(1)". The notable feature of the structure of

leis-l[n(co)g(diphos)(HoBF3)l.l(dpeo) is that the dpeo grouP is located

on the centle of symrnetry (0,å,0) and is involved in hydrogen bonding

with two I{n(CO) 3 (diphos) (HOBF3) nolecules (see below) . The oxygen atoms

(c0)

FsB
to

\
CHz

(Ph) z
CHa- P

\P-
(Ph) z

BFs

(c0) a (diphos IUn

of dpeo hydrogen bond. to the hydroxy group of the coordinated trifluoro-

hydroxy borate at a distance of 2.77Q) ß,. The hydrogen atom was

0
\
\
H



TABLE 4.4.2

Atonic positional and ther¡nal para¡neters for [Ifrr(CO)3(diphos)(BF3OH)]'](dpeo)

U,P UzzLvAtond x

2 (L)
4 (2)

-s (2)
-7 (2)

-se (7)
-18 (8)
-63 (8)
-2 (7)
-1 (7)
-2 (7)
-1 (s)

-10 (s)
-8 (e)
-7 (8)

-10(10)
ls (7)

-13 (7)
-1 (e)
-1 (8)

UvUrsUza

-8
-7
-9
-4

(1)
(2)
(2)
(2)
(6)
(8)

(10)
(8)
(8)
(7)
(s)
(6)
10)
(7)
11)
(e)

11 (1)
L4(2)
L6(2)

7 (2)
4L(7)
s1 (e)
38 (7)
L3(7)

-16(6)
1s (7)
21 (s)
11 (s)
-2(s)

-14(8)
-7 (8)

2 (8)
7 (e)
7 (8)
2 (s)

2169
L234
s42

-733
3ó91
2476
2895
4151

2823(to)
2366(tt)
1,108 (e)

t64 (e
23L(t2
e4 (8

Ues

60
66
65
7l
76

t32(
t77 (
65
87 (e)

108 (10)
s3 (6)

-55
-32

-32
e(

-16
-22(

(2)
(5)
(3)
(3)
(7)
10)
11)
(8)

70 (7)
s3 (11)
43 (e)
62(tt)
61 (10)
s5 (13)
6s(L2)
87 (13)

88 (8)
67 (7)
sl (8)
80 (6)
se (7)
71 (10)
87 (11)
se (10)
32 (8)
40 (8)
61 (10)
58 (8)

(1)
(2)
(2)
(2)
(e)
(8)
14)
(e)
11)
(7)
(6)
(6)
11)
(8)
L4)
(e)
10)
r2)
15)

53
45

44 (1
40 (1
44 (2
47 (2

)
)
)
)
)
)
)

(2)
(3)
(5)
(3)
(7)
(8)
(e)
(e)
(e)
(e)
(6)
(7)
L2)

2L26(L)
2143(2)
1e81 (2)
42ss(2)
3465 (s)
42Ls(s)
3627 (6)
2Ls3(6)
201s (6)

717 (6)
3748(4)
3t3e(4)
zrsL(7)
2oee (6)
126s (e)
136s(4)
1 148 (4)
sss (4)
18s (4)

-s74 (1)
-zoss (2)
-20s (2)
-s67 (2)
-367 (7)
-474 (8)
76s (7)

-t2t7 (7)
72s6 (7)
-s31 (7)
-834 (s)
-ss4 (s)
-ess (10)

s61 (10)
-s7o (e)

-26s6 (s)
-sLzs (s)
-3see (s)
-sses (s)

I{rì
P1

P2
P5
F1
F2
F3
01
02
o5
o4
o5
C1

C2

C3
C4
C5
C6
c7

51
47

124
68

24s( -l4t
-8

-2L
-r3

8

-3
7
2

-18

(e)
(e)

(12)

(e)
(s)
(e)

115
14e(
63
62
48
76(
35
e6(
49
s2(
7r(
8e(

330L
2578

64
t975
337s(

ts2
78
96

ro
oo
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TABLE 4.4.2 (Continued)

Urr

72(12)
s0 (e)

Uzz Us¡ Uz¡ Urs Up

c28
c29
c50
c31
c32
c33
c34
c35
c36
c37
c38
c39
c40
c4t
c42
B

t697
1 10L

-TOZL
- 1599
-L687
-1196
-618
-530

-2024
-2462
-3301
-370L
-3263
-2424

- 109
-r82

3388 (4)
2s48 (4)
5es1 (s)
342t (s)
315s (s)
3378 (s)
3eo8 (s)
4Le4 (s)
46s7 (s)
s01e (s)
s2s8 (s)
szts (s)
48s3 (s)
4s74 (s)
4862 (8)
3s78 (1 1)

(6)
(6)
(7)
(7)
(7)
(7)
(7)
(7)
(6)
(6)
(6)
(6)
(6)
(6)

(t2)
(1s)

s07 (10)
822(10)

-2026 (7)
-22st (7)
-3264 (7)
-3s73 (7)

,, -3708 (7)
-2734 (7)

-7 43(tL)
-1s86(11)
-ls77 (11)

-71e ( 1 1)
L27 (Lt)
1ls (11)

-610 (11)
27L8(22)

-20 (e)
3 (8)

-s (7)
-1 (e)

-16 (e)
-8 (r0)

-14 (11)

38 (13)
11 (10)
2 (7)
8 (8)

53 (11)
t4(t2)

2(12)
-1(11)
0 (8)

-12 (s)
6(12)

-8 (1 1)
-14(12)

1s (11)
s (10)

-t(t2)

4e (8
s8 (e
80(11
96 (15
93 (15

-7
6

78
51
26
22

2e)
27)
18)
L2)
2s)

78(11)
sl (e)
el (13)
8e (1s)
68 (13)

106 (17)
e1 (14)
88 (12)
87 (17)

L66(2t)
102 (13)

62 (10)
s4 (11)

110 (ls)
ee (1s)
es (1s)
76(t2)
e2 (13)
s7 (1s)

1so (20)

( 11)
(10)
(10)
( 11)
(13)
(17)
(18)
(t2)
(10)
(16)

-23 (e)
ls (8)
37 (t2)
s1 (14)
s2(13)
34 (ls)
26(11)

-24 (s)
-16 (14)

- 14 (1s)
-t2(20)

16 (18)
4(Ls)

-r.8 (e)
-6 (18)

)
)
)
)
)

47 (rt)
61 (10)
ss (8)
e8 (13)
70 (11)
86 (14)

114(16)
82(12)
7s (11)

1le (ls)
1s8 (20)
13e (21)
r48(2t)
108 (1s)

6e (11)
71 (18)

50
27

-L4
7

242(
222(
156 (
76(

153 (

o All atomic positional paraneters x 10+.

b Rtr. thernal parameters x 103.

ro
ro
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TABLE 4.4.2 (Continued)

Urr Uzz Uss Uz¡ Ure Up
Atom

C8
c9
c10
c11
cL2
c13
ct4
cr_5
c16
ct7
c18
c19
c20
C2L
c22
c23
c24
c25
c26
c27

-3121(s)
-26s2(s)
-2874(6)
-2623(6)
-3267 (6)
-4t62(6)
-44t3(6)
-377o(6)
- 1e85 (8)
-r270(8)

568 (6)
63 (6)

s70 (6)
1381 (6)
1686 (6)
1 17s (6)

s2s (6)
s44 (6)

1140 (6)
t7L7 (6)

400 (4)
e8s (4)

27oe(4)
31s6 (4)
36s3(4)
5s82 (4)
50s4 (4)
26s8 (4)
2370(6)
1e4e (6)
L244(4)

8so (4)
56e (4)
200 (4)
ss4 (4)

1076 (4)
2s76(4)
2643(4)
5083 (4)
34ss (4)

lele (s)
tee2 (e)
lssL (8)
228s (8)
2s1o (8)
rssz (8)
t2s4 (8)
1034 (8)
-87 (e)

-423(r0)
287 (8)

-6L7 (8)
-871 (8)
-222 (8)
682 (8)
e37 (8)

8e (10)
-es8 (10)

-t272(10)
-s40 (10)

1os (14)
s7 (11)
70 (1 1)
68 (10)
46 (8)
7s (10)
38 (8)
6s (11)
80 (12)

101 (1s)
61 (11)
s4 (10)
60 (10)
se (10)
8s (12)
84 (15)

se (11)
61 (11)
s3 (10)
ee (15)
se ( 11)
eo (13)
e8 (14)
64 (10)
s2 (e)
s8 (10)
6s (10)
5s (s)
83 (14)
60(12)
86 (14)
63 (11)
38 (s)
72(Lr)
e7 (1s)
7t(14)

L02(r4)
ss (14)
84(t2)
s7 (e)

49
46
55
63

s2(14)
8e ( 13)
3s (e)
72(L2)

101 (14)

(e
(e

(10
(10

)
)
)
)

-4 (8)
14 (8)
1 (7)
s (10)
s (10)
s (10)
e (11)

22 (e)
-4 (7)
4 (8)

-10 (7)
s (8)

-3 (10)
1 (11)

2s (1 1)
24 (s)
e (7)

11 (e)
3 (10)

-6 (10)

36 (e)
11 (7)
3 (7)

32 (e)
se (12)

8(10)
7 (10)

23 (10)
t2 (7)
2s (8)
2 (7)

2s (11)
28(11)
76(12)
23(r2)
-7 (10)
26 (s)
28 (e)
71 (15)
s1 (16)

10 (e)
-4 (10)
-8 (7)

-2s (10)
-26 (10)

s(12)
2(12)

-90 (e)
-1 (7)

-10 (8)
-e (8)

-11 (10)
s (11)
2(L2)

- 10 (13)
-30 ( 10)
-3 (e)
-3 (e)
le (13)
26(t4)

)
)
)
)
)
)
)
)
)
)
)

4s (e
s7 (10

tzo(16
94 (15

tt7 (t6
L72(20
to7 (t4
74(12
77 (L4

tzr(L6
lss (20

H
Oo
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TABLE 4.4.3

Atonic distances for [['ln(CO), (diphos) (BFsOH) ] 'l ( dpeo)

Atonsa
o

Distance (A) Atoms Distance (Â.)

P(1) -lvln

P(2) -Ifrt

0(s) -Nfti

C(1) -l\frt

C (2) -Ì,frt

C (3) -l\4ri

C-l\frr

c(4)-P(1)
c (10) -P(1)
c(16) -P(1)
c(17) -P(2)
c(18) -P(2)

c(24)-P(2)

H(57) -0(4)

B...H(37)
F(2) . . .H(37)

o(3) . . .P(1)

F(1)...0(1)
F(3)...C(6)rr
F (2) .. .H(ss)

7.46s (8)

1 .803 (10)

1.7ss(10)
1.781 (17)

r.387 (s2)

1 .3e1 (26)

1 .40e (2s)

1 .3e6 (28)

L.36s(26)

r.L64(2L)
1. 178 (18)

L.rs6(22)
1.L66(20)

L.677 (2e)

(a) Bond length (and standard deviations)

o (4) -P (3)

2.339

2.094

1.809

L.765

1.786

ave. L.787

B-F (2)

B-F (3)

B-F

o (s) -B

c (1) -0

c (2) -0

c (3) -o

c-o

1"826 (8)

1.802 (10)

1.831(13)

7.843(12)

1.80e (s)

1.827 (Lo)

c(30)

c (36)

c(42)
B-F (1

(3

(4

(s

(L7

(1s

(le
(L7

402.3

)

)

)

)

)

)

-P(3)

-P (3)

-P (3)

)

ave.

(1)

(2)

(3)

ave.

c(42)-c(4Ðr

(b) Hydrogen bonding distances

1.47 (20) H(37)-0(s)
0(4)...0(s)

(c) Shortest non-bonding distances

c(41)...0(4)r
F(3). . .F(2)

c(6)...c(4)
c(1)...P(1)
H(2s)...c(41)
F(3)rr...H(1)
H(s). . .H(22)rr

L.4t (18)

2.770 (23)

3.2L

2.20

2.4L

2.99

2.63

2.48

2.43

2.37

2.s7

3.07

3. 08

3.3L

2.46

(4)

(3)

(3)

(3)

(4)

(3)

(5)

(3)

(3)

(3)

(3)

(4)

(3)

o S.rp"tr.ripts in Ronan refer to the following equivalent
po-ritiottr, with respect to the unique asymnetric unit at
i, y, zi f = -x,'Y,.-zi II =.5+x, '5-Y, '5+2



L02.

TABLE 4.4.4

Bond angles (") for [lvln(C0) 3 (diphos) (BFr0H) ] '] (dpeo)

P(2)-l\frt-P(1)

0(s) -Ntui-P(1)

0(5) -l\frt-P(2)

c(1)-l{n-P(1)
c (1) -Ifrt-P (2)

c(1) -l!frt-O(s)

C (2) -l\frt-P (1)

C (2) -l\frr-P (2)

c(2)-Nfrt-o(s)

c (2) -Nfrt-c (1)

c (3) -lvtt-P (1)

c (3) -l{n-P (2)

C (3) -l\frt-0 (5)

C (3) -l!ftt-C (1)

C(3) -l\frr-c(2)

c (4) -P ( 1) -I{rt

c(10) -P(1) -l\frt

c (16) -P (1) -l\frt

c(16)-P(1) -c(4)
c (16) -P (1) -c ( 10)

c(17)-P(2)-l{ri
c (18) -P (2) -l\ftI

c(18) -P(2)-c(17)
C(24) -P (2) -Nfri

c(24) -P(2) -c (17)

c(24) -P(2) -c (18)

c (30) -P (3) -o (4)

83. s (1)

87.s(2)
eo. 1 (3)

e1.3(4)

L7 4.2(S)

e2.s(6)
777.4(s)

e5.6 (s)

es.2(4)
eL.2(6)

s3.8 (4)

e0.8 (s)

178. s (s)

86. 3 (7)

8s. s (6)

LL6.2(3)

103.7 (4)

10s .6 (4)

10s .0 (6)

103. 4 (s)

108. 0 (s)

l1s. 1 (4)

103. 1 (s)

118.e(4)

107. s (6)

e8.6 (s)

114. 1 (s)

c (36) -P (3) -o (4)

c (56) -P (5) -c(30)
c(42)-P(3) -o(4)
c(42) -P (3) -c (30)

c(42)-P(3) -c(36)
F (2) -B-F ( 1)

F (3) -B-F (1 )

F (3) -B-F (2)

0(s) -B-F (1)

o(s) -B-F (2)

o(s) -B-F (3)

B-0 (5 ) -N'lrr

0(1)-c(1)-lnfrI

0(2) -c (2) -lnftt

0(5) -c (3) -Nkt

c (s) -c (4) -P (1)

c (s) -c (4) -P (1)

c (11) -c (10) -P (1)

c(ls) -c (10) -P (1)

c (17) -c (16) -P (1 )

c(16)-c(17) -P(2)

c(23)-c(18) -P(2)

c(2s) -c(24)-P(2)
c(2s) -c(24)-P(2)
c(51) -c(50) -P(3)

c(5s)-c(30)-P(3)
c(37) -c (36) -P (3)

c(41) -c(36) -P(3)

10e. 1 (6)

106.1(1)

1ls.8 (6)

103. 0 (6)

L08.2(7)

10s. 1 (1.e)

104. 0 (1.7)

103.8 (1 . 7)

114. e (1.8)

tLz.s (1 .8)

11s . 3 (2.0)

L25.4(1.2)

L7L.s (1.4)

I72.7 (L.2)

L7 4.2 (1. 3)

121.0(8)

11e .0 (7)

L21.3(7)

118.7 (7)

108.4 (8)

110. s (8)

1ls.5 (7)

t21.6(7)
118.4 ( 1. o)

114.6 (8)

12s.4 (8)

t22.1(1.0)
117.8 (8)
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Ca9

Crr
C14

C'r3

Ca7

Cac

C¡CtoCt Cr
Car Ca2

Ca3

Ca

CO

Or Os

C2

Ca

Cao

Cz't

Cas Caa

Fr

C2s
C21

F3

C29

C23

c28

C26

C20

Oz

C22

FIGURE 4.4.t The nolecutar structure of cis-lvln(CO) g (diphos) (BF3OH)'] (dpeo)

renmp¡rc-r-ith 50s¿ probability ellipsoids) showing the hydrogen bonding

interaciion (----) between the manganese complex rd dpeo. For sinplicity
only one half of the dPeo is shown.
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located at an average distance of 1.44.8 between 0(4) and 0(5). some of

the shortest non-bonding distances are given in Table 4.4.3(c).

4.5 DISCUSSION

4.5.1 Metal Carbonyl Perèhlorates

An iniriat characrerization of [lr4n (CO) ¡ (diphos) (OCIO3 ) ] ' å (dpeo) based

on an infrared spect#ri of a sanple in nujol was shown to be in conplete

agreement with the molecular structure presented in this chapter'

Firstly, the evidence for the monodentate coordination of the [C10ll

anion is exhibited by the splitting of both the asynmetric bending and

stretching bands into two bands (41 + E), as a result of the lowering of

the point group sFrunetry of the tetrahedral perchloÎate ion from T¿ to

C,u.tr, '!2s 'L24 Secondly, the weak (nlbl and the t$ro strong (Ala + Br)

carbonyl absorption bands characterize the coordination geometly as

mer-tt æts (chapter 17 .r25 ' tzs

The study 1r+ 'Is of the reactivity and stabitity of the netal

carbonyl perchlorates initiated two precautions for the preparations of

metal fluoride complexes. Firstly, the instability of the forner

conplexes in a noist atnosphere lead to the strict precaution of drying

all reaction reagents and solvents, as well as, the reaction atmosphere

(chapter 7). Secondly, due to the high reactivity towards halide

exchange, the presence of free halide ions was avoided. In particular,

during the initial characterization of the compounds using infrared

solution celIs, the sodiUn chloride cells were abandoned in favour of

calciun fluoride ce11s. This can be understood when considering the

reaction steps (A and B) involved in the formation of the metal

perchlorates.
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tAl

(where, L2 = 2(PPh3), bPy, etc', S = solvent)

In step A halide (x = c1, Br) is removed by halide abstraction and the

ilfreeil coordination site at the metal (M = Irfir, Re) centre is filled by a

solvent nolecule (S = CH2C1z, CHC13) resulting in the solvato

internediate, [M(CO) ¡ (Lz) S] 
*.

M(co)s(Lz)x+AgCloa -#Ð [M(co)s(Lz)s]* *clo; + Agx*

S

lM(co)a(Lz)Sl* * c1o4- + M(co)s(Lz)0C10g + S
s lowtBl

In the second step' (B), the perchlorate anion competes with the solvent

for the nfreen coordination site. The equilibriun is forced to the right

by removing the solvent by evaporation. However, any water or halides

present during the reaction will also compete for the sixth coordination

site and form the more stable hydroxy or halide complexes' [M(cO)3(L2)0H]

or [M(C0) s (Lz)X], resPectivelY.

Their suscePtibility tov¡alds halide attack makes the netal carbonyl

perchlorates possible precursors for the respective fluoride analogues '

The conversion is best achieved when reacting the corresponding netal

perchlorate with AgFzH in plastic vessels containing hexafluoro benzene

(Appendix 2).

M(CO) s (Lz)0C10¡ + AgF2H -C;¡7 M(CO) t (Lz)p + AgCl0r+* + FHt

where, 1. M = l,fn, Lz = 2(P(OPtr)g),

2. M = Re, Lz = diphos, 2PPh3'

The reaction progress can be followed by nonitoring the carbonyl bands

and on completion (ca. 30 min.) the Agcloa is easily removed by

filtration. Failure to use plastic vessels and fluorinated benzene will

result in the formation of the by-products M(co)3(L2)c1 (Lz = bpytot)
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andM(CO)s(Lz)GOBF3)(Chapter3andS4'4)'However,byfarthenost

efficient way of preparing the metal fluoride complexes is via the direct

halide-abstraction frour the netal halides (chapter 5).

4.s.2 Metal Carbony 1 Trifluorohydroxy borates

Ttre origin of the [HOBF3]- anion in the compounds

lrftl(co) s(diphos) (HoBFs)l.l(dpeo) ( s +.+ I and [Re(c0) a (tnen)F] 2H'HOBF3

(chapter 3), has been traced to a surface reaction involving fluoride

(F-) ions and glass. In the case of the mãtganese conplex the [HOBFal

anion was formed during the preparation of Ph,{AsF in a pyrex glass vessel'

While, in the rheniun case the fluoride ion from AgFzH reacted with the

glass during the halide abstraction reaction. Pyrex glass contains

12.6 percent (w/w) boric oxide and it is the fluorination of this oxide

that produces the trifluoroborate. Reactions of Bz0g with fluorine are

know*ra to yield the difluorodihydroxy borate anion, IBFz(OH)z]-:

ZBzOs + 9H+ + 9F + SHIBFz (OH) z] + BFg

Trifluorohydroxy borate is formed by fluorination of the [BF2(0H)2]-

anion according to the following reaction scheme:

[BF2(OH)z]- * F- *H+ + [BF¡(OH)]- +H2O

The trifluoro borate (BFg) fron the former reaction above is readily

hydrolysed fonning the stable trifluorohydroxy borate species according

to

Hence, the following overall equation for the reaction occurring at the

glass surface for both the manganese and rhenium systems can be postulated

-+
BF3+H20+ [BF3(0H)] *H

as
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2BzOs+ 8H+ + L2F E- 4[BFa (OH)]' + ZtIzO

where, the sPectator cation (c+) is M+ (= lntn*)' [PhaAs]* or H*'

Exchange and equilibriu¡n studies r-27 '!28 have shown that the

fluoroborate species, [BFn(OH)q-n]- (where, D = 1-4), are in

equilibriu¡n and that [BF3(oH)]- is forned from solutions containing

[BFn(OH)u-n]- (where, D = L and 2) and F- within minutes. This is well

within the reaction times (30-45 mins.) of the halide abstraction

reaction. However, under the reaction conditions prevailing (i'e' with

AgFzH or PhqAsF) only the species [BF3OH] was obsen¡ed in both reF

n.m.r. (S 4.2.2) and structural analysis (Chapter 3 and S 4.4) suggesting

that this fluoroborate is favoured in our systems.

The coordinating abilities of both F- and IHOBF3]- in non-agueous

solvents are of the same order, but favouring the former. Thus, one

would expect that the reaction product to be predominantly the metal

fluoride if excess AgFzH is used. However, this is not the case as has

been seen in this chapter ( s 4.4). An explanation would be the

proposal that an equilibrium exists between the netal fluoride and metal

trifluoro borate comPlexes:

M(C0) s (Lz)F + HOBF3-? M(C0) e (Lz) GOBFs) * F

The factor that determines which of the conplexes is isolated first or

predominantly during crystallization is their relative solubility' In

the work-up procedures (Chapter 3 and S 4.2) or crystallization,

therefore, the nore insoluble conplex is isolated first and exclusively

r:¡rtil the respective anion is depleted. In the case of the cornplexes,

[Re(CO)s(Lz)F]2H.HoBF3 (where, L2 = bpy, tnen)' their relatively greater

insolubitity than the corresponding Re(CO) s (Lz)F and Re(CO) s (Lz) (HOBF3)
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co¡q)lexes resulted in their crystallizing first and predourinantly until

all of the IHoBFg]- anions wele depleted. subsequently, the crystals

forned by concentration of the reaction solutions contained the netal

fluoride conplexes only because no [HOBF3]- anions were left for the

formation of the next nost insoluble complex, Re(CO)s(Lz)(H0BF3)' In the

nanganese system ( S +.2 ¡, llvln(Co)s(diPhos)(HOBF3)]'å(dpeo) is found to

be less soluble than lvfn(CO)3(diphos)F. Hence, the former is expected to

be isolated first. However, when F- and [HQBF3]- are in relative excess

then only the trifluoro borate conplex'is isolated if manganese is

depleted before the anions. Thus, in the examples described above' the

product isolated is determined by its solubility and the relative

concentration of the anions and netal complexes'

4.5.3 Mangane se Carbonyl Fluorides

The preparation of fac-v,ftt(co)g(Lz)F complexes was successful for

compounds with the bi-dentate ligands diphos, Phen and tmen' However,

decompositÍon occurred in each of the three cases where the ligand (L)

of the l'ln(CO)r(Lz)Br was PPh3, P(OPh)s and SbPhg' In each case halide

abstraction resulted in decarboxylation of the precursors fonning

uncharacterízed. dark brown to black insoluble products.

As a by-product of the preparation of manganese ftuoride complexes

it was hoped that structural data on the (lt'ln-F) bond length could be

obtained for comparison with the (lvfn-Q) bonds ( Ss ¿'5 and 4'4)'

unfortunately, no suitable crystals for x-ray analysis could be grown in

the available tine.
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4.6 EXPERIIi,IEMAL

The preparations of the ¡n¿rnganese fluoride complexes were carried

out in an atmosPhere of dry high-purity nitrogen. Only plastic vessels

were employed for the reactions. The solvents r4lere dried with Linde 4A

¡nolecular sieves before use. The complexes isolated were stored in a

desiccator and sent for elemental analysis in sealed sarnple tubes

containing dry nitrogen. The results are given in Table 4.6-I. The

solution infrared spectra were recorded with calcium fluoride cells and

the conplete sPectra were recorded as nujol nulls between calcium

fluoride plates.

I\ftr (CO) ¡ (Phen) Br

To a 30 ml solution of petroleum ether (120-160"c) containing

0.07 gm (O.18nmol) of lvln(CQ)sBr a 10eo nolar excess of Phen was added'

The reaction nixture was heated (ea. 100oC) and stirred for ca' 20 min'

0n cooling the filtered product (yield, 80eo) was washed with diethylether,

recrystal lízed fron chloroforn'light petroleun (40-60oC) and dried in a

vacutrm.

I\h(CO)r(Lz)F (where, L2 = diphos, Phen, tnen)

In each case, 0.08 - 0.12 grn of I'ln(co) s(Lz)Br and a 50% nolar excess

of finely divided AgF2H were addeð to ea. 10 nl dichloromethane' The

above quantity of lvkr(co)a(Phen)Br used will not completely dissolve in

10 ml dichloromethane. However, all the lr{n(CO) s(Phen)F formed will

dissolve due to the increased solubility of the latter' The reaction

níxture was shielded fron light and stirred at room temperature for

ca.. 30 nin. The filtered solution was concentrated to 5 nI and the
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yellow product was precipitated and washed with light petrolern spirit-

The lrfir(C0)¡(Lz)F conplexes were recrystal]-ízed (yield, 65'75%) frout

chlorofom-light petroleun (40-60'c) and dried in a vacu¡:m.

rl
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Elenental AnalYsis Results

Conpound

fac-Mn(C0) 3 (diphos)F

fac-lttur(C0) ¡ (Phen) F

fac-Mn(C0) 3 (tnen)F

P Ie"]

Found Required

rt.2 11 . 15

lJ
H
ts

CztHz+ FMNO¡Pz

Cr sHsFMnNz0 ¡

CgHre FNtnNzO¡

cÍe"l

Found Required

62.7L

s3.22

39. 35

62.60

53.28

39.43

H[%]

Fot¡nd Required

4.5 4. 35

2.3 2.38

5 .9 5.88

F [%]

Fotmd Required

3.5

5.6

7.1 6.93

5.62

3.4L

N[%]

Found Required

8.32 8.28

9.9s r0.22
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CHAPTER 5

METAL CARBONYL AOUA COI'IPLEXES

5.1 INTRODUCTION

After the unsuccessful attenpts to coordinate hexafluorophosphate to

netal carbonyl complexes 14 ' Is the research was directed towards

coordinating hexafluoroarsenate and tetrafluoroborate' Silver

hexafluoroarsenate was used as an alternate to the phosphate salt in the

halide abstraction reaction wíth the hope that the former would be stable

towards hydrolysis in the presence of a metal centre or' at least be a

source of fluoride giving lise to the netal fluoride conplexes of the

type reported in chapters 2 and 3. As reported in this chapter, the

hexafluoroarsenate was found to be stable towards hydrolysis and could in

fact be coordinated.

In the last ten years many transition metal compounds containing

coordinated tetrafluoroborates have been prepared' 2s 
'32 'L2s ' 

130 r 13r r

:-32 The decomposition reactions of these compounds have been studied

wittt interest in recent yeaTs. The deconposition of the tetrafluoro-

borate anion has resulted in a number of novel compounds. Among these

hrere monomeric and dineric netal fluorides as well as cubane-tyPe

1ââ -1âOclusters.'""

The attempts to coordinate hexafluoroalsenate and tetrafluoroborate

to metal carbonyl centres resulted nainly in the formation of aqucr-

conplexes. This chapter reports their preparation as well as the

isolation of the metal complexes containing coordinated hexafluoroarsenate

and tetraflt¡oroborate. The conpounds we1'e characterized by elenental

analysis, infrared, N.M.R. and crystal structure deterrninations.
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5.2 PREPARATIONS ATID PROPERTIES

5.2.t tM(co) ¡ (Lz) Gzo) I 
*.Y-

(where, 1. M,= I\rtn, Lz = 2P(0Ph)3, Y = AsFe ' BF,, i

2. M = Re, Lz = z(CO), bpy, 2(P{OPh}3), tnen, Y- = AsFs, BF,*-)

These aquo-comPlexes were PrePared from the resPective bronide

precursors by halide abstraction using the hexafluoroarsenate and

tetrafluoroborate silver sa1ts. In each case the netal carbonyl bronide

complex was dissolved in dichloronethane followed by the addition of an

excess of finely divided hydrated silver salt as shown by the equation:

M(Co)g(Lz)s3 + Agy.(Hzg)n CH2C1I 
[M(CO)g(Lz)(Hzo)]*Y- * n-1(Hzg) + AgBr*

(where, D = 1 + 2.5)

The respective Teaction mixture was stirred at roon temPerature (ca. 25"C)

under an atmosphere of dry nitrogen for 30 - 40 minutes. Within minutes

the solution becane cloudy due to the precipitation of silver bronide'

The progress of the reaction was monitored in the carbonyl region by

infrared spectroscopy using calcium fluoride solution cells' The

precipitate and any unreacted silver salt (lgy'(H2O)n) were removed fron

the reaction mixture by filtration. The product was isolated as

nicrocrystals or a fine powder by an initial concentlation of the

reactj-on nixture followed by its addition to light petroleun' Crystals

suitable for x-ray diffraction studies wele grown by cooling (ca' 0"C) or

by slow solvent evaporation of the concentrated solution.

The rhenium pentacarbonyl complexes, [Re(CO) s(HzO)]*'Y-, are

hydrascopic and will slow1y decompose when dissolved in dichlotot"qL""

or fluorobenzene to for'n [Re(co)g(0H)]+. In the case of the arsenate

compound, decomposition occurs in the solid state resulting.in the diner

species [Re(Co)aF]2 at reduced pressure and a tenperature of about 170oC'
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presumably the soulce of fluoride ions is the hydrolysis of

hexafluoroarsenate:

ÆFJ + 2HzO + AsFzOz + 4HF

This t¡rye of hydrolysis has also been observed with hexafluorophosphate

in the presence of the conplexes [M(CO)s(Lz)(S)]* (where, 1'M = [ún'

Lz = 2(c0), bpy, 2(PPh3), 2(P{oPh}r);tu 2' M = Re, Lz = 2(co)' bPy;1'

and, s = Hzo or cHzclz), where the reaction half-life is of the order of

5 hours at room temperature. However, in sharp contrast, hexafluoro-

arsenate is nore stable and will not undergo any observable hydrolysis

even under reflux condition (ca. 120oC). The isolated pentacarbonyl

complexes are also hy¡lroscopic aird should be stored in a desiccator'

The metal 
"tricarbonyl 

complexes, [M(CO) s(Lz) (HzO)]*'Y-' were for¡nd to be

stable in a nildly hunid atmosphere and have shown no decomposition over

a period of six nonths r.¡hen stored in sealed sanple tubes.

All of the aqua:complexes were characterized by their full nujol

infrared spectra (Table 5.2.t and S 5.2.3) and microanalysis ( S S'Z 1'

The compounds, [Re(CO) s(Hzg)]+.AsF5- and [Re(CO) 3(tnen) (Hzo)]+'Y (where,

Y = AsFe-, BF;) were also characterized by their crystal structures

( s s.3, 5.4 and 5.5 ). With the exception of the decomposition products

of the rhenium pentacarbonyl complexes, no molecular ions or their

fragmentation ions were obsen¡ed in the nass spectra of any of the aquo-

complexes. Hence the absence of mass spectra data'

5.2.2 Re(C0) a (Lz)Y'HzO

(where, Lz = bPY, Y = AsFe !

Lz=tnenrY=BF;)

The conplexes, Re(C0)s(Lz)Y'(HzO)' were also prepared fron the

bromide complexes by the abstraction nethod using the corresponding silver

1

2
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salts, according to the equation:

Re(c0)g(Lz)Br + AsY'(Hzo)n J+*tl.jq Re(c0)s(Lz)Y + n(H2o) + AgBr*

Ttre preparative ¡nethod differs from that used for the synthesis of the

aquo-conplexes. Instead of isolating the respective compounds after the

filtration steP, the reaction mixture was cooled to ca. -10oC, stirred

and the solvent (CeHsF or CeFe) allowed to evaporate over a period of

7 d,ays in a desiccator containing an atnosphele of dry nitrogen over

phosphorus pentoxide. Fluorinated benzene was used in favour of

dichloror¡ethane to reduce the rate of evaporation and to stoP the

fo:mation of the chloro-courplexes (i.". Re(C0)s(Lz)Cl) during the

reaction. The isolated products, Re(C0)s(Lz)Y' (Hzo), l{ere characterized

by their full nujol infrared spectn:m (Table s.z.L and s s.2-3). Only

powders or microcrystals of the products were formed in the above

procedure and crystallizati'on at room temperature (18 - 25'C) resulted in

their conversion to the corresponding aquo-conplex. For these reasons

no x-ray studies could to date be undertaken to ve.rify the coordination

of the anions, AsF5,- and BF,*-.

5.2.3 Characterization by Infrared SpectroscoPY

All conplexes- presented in this chapter have been characterized by

their infrared SPectrum and the crystal structures of those analysed by

x-ray diffraction (S5.5, 5.4 a¡rd 5.5) are consistent with the results

given in this section. Three ty?es of absorption bands are considered

(Table 5.2.L), namely the v(o-H) bands due to water, v(c=o) bands due to

carbonyl groups and v(As, B-F) bands resulting fron the anions Y-(AsFe-,

BF,*-). Metal fluoride absorption bands are expected in the region

200-480 cm-1. However, the long-wavelength linit of the spectrorneter

(250 crn-I) and the use of KBr plates nade the observation of v(M-F) bands
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difficult. Thus, no v(M-F) band assignnents were undertaken.

(a) Water absorption bânds

The water molecule exhibits anti-symnetric and symmetric (0-H)

stretching in the region 3100- 3700 cn-1, (H-O-H) bending at 1550- 1650cm-1

and librational modes (rocking, wagging and rotational oscillations) in

the region 300-600 cm-1.5t In the coutpounds described in this chapter

lattice and coordinated water is best distinguished by their respective

(O-H) stretching and (H-Q-H) bending absorption bands, since these do not

overlap with any other bands exhibited by the rest of the conplex' As

shown in Table 5.2.L all aquo-conplexes, [M(CO)r(Lz)(HzO)]*'Y-, have a

broad absorption na:ci.ma at 3390 -3520 cm-l and a sharp peak at

1SS0 - 1610 cn-I. These bands have been assigned to the stretching a¡d

bending nodes of coordinated r.rater. The cornplexes ' [Re (C0) e (Lz)Y] ' (HzO) ,

have the stretching band maxima at the lower region 3325- 3330 cm-I, but

lack the bending ¡node near 1600 cn-I. Thus,the absorption maxina in the

range 32OO - 3400 c¡n-I which are also observed in the infrared spectra of

some of the aquo-complexes are due to the (O-H) stretching modes of

lattice water.

(b) Tetrafluoroborate absorption bands

The "freen or uncoordinated BFç- anion has the tetrahedral symnetry

T¿ and exhibits four normal modes of vibration (v1-u). ut The vibrations

vr(Ar) and v3(F2) are stretching nodes while, vz(E) and va(F2) are

defonnation modes. Of these nodes only v3 and iu are infrared active'

AgBFn has a very strong absorption band at 1045 cm-I (v3, stretching

mode) and a weaker band at 528 cm-t (vu, bending mode). The theoretically

infrared inactive stretching node V1 is seen as a weak absorption peak at

765 cm-l butr vz wâs not observed. The aquo-complexes,
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[M(CO)3(L2)(HzO)1+.BF,r-, !ìrere characterj-zed by the absorption maxima at

1040 - 1050 cn-l which was assigned to the stretching nrode (v¡) of the

rrfreerr BFq an10n

When the BF,r- anion coordinates to a netal ion via a single fluorine

aton its sytûnetry is lowered to C3y. This result"s in the splitting of

each of the triply degenerate asynmetric modes (v3 and v,f) into two bands

(Fz + A1 + E). In additiOn, the infrared inactive modes vr aJId v2 become

infrared active. In the region 1200 - 400 c¡n-l of its infrared spectrum

the complex [Re(CO) 3(tnen)FBF3]. (HzO) exhibits v(B-F) absorption bands

at LL42, 1054, 995, 960 and 760 cn-l. This is consístent with the

monodentate coordination of the BF*- anion. The bands at 1140 and

1054 cn-I are assigned to the high energy (E) comPonents of the V3 node

of vibration. While, the bands at 995 and 960 cn-I are assigned to the

low energy (41) components of the v3 rlode (41 + E). The band at 760 cm-l

is assigned to the v1(41) node of the coordinated BF+- anion' Absorption

na:cima in the region 500 - 550 cm-1 could not be assigned to the V4 mode

(41 + E) due to the presence of tmen bands. The further splitting of the

v3 mode which can be observed is due to the isotopic effect and the

intensities are approxinrately consistent with the natural abundance of

Boron (toB, 20% and LtB,80%). With both the obsen¡ation of the splitting

of the v3 mode and the absence of the (H-o-H) bending mode of water near

1600 cn-r, the conplex [Re(CO)3(tmen)FBF3]'(Hzg) is unambiguously

characterized as containing a coordinated BF'r- anion.

(c) Hexafluoroarsenate absorPtion bands

The uncoordinated AsF5- anion has an octahedral structure (Oh) and

six norrnal modes of vibration (vr.-.). tt For CsAsF5 the two triply

degenerate infrared active vibrations v3 (F1¿) and va (Fru) are observed

at 699 afrd 392 c[-1, respectively.tt's7'sB However, from the infrared
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spectra of the aquo-conplexes, IM(CO),(Lz)(HzO)1*'AsF5-, only the

stretching node (v3) in the region 680 - 730 c¡r-I ¡Table 5.2.L) can be

identified. This indicates that the AsFe- anion in these compounds is

rrfreerrwhich is consistent with the PÌesence of the sharP ô(H-O-H)

bending node at 1580 - 1610 cm-1 due to the coordinated water molecule'

The uronodentate coordination of AsFe- lowers the local symnetry of

the molecule fro¡n O¡ to Cay and as a result four new infrared active

v(As - F) vibrations (341 +E) are exPected. The spectrr:m (Fig. s.2.I)

of the conplex [Re(CO)s(bpy)FAsFs].(Hzo) shows four absorption maxima at

765, 705 (Fru * A1 + E), 530 (Arg * Ar) and 590 cn-l (eg * Ar + Br

(inactive)). This observation and the lack of a ô(H-g-H) bending peak

near 1600 cm-I is consistent with the AsF; anion being coordinated to

the rhenium metal through a single fluorine atom'

(d) c I absorption bands

The monosubstituted carbonyl complexes, [Re(co) s(HzO)]*'Y- (where,

Y- = AsFe-, BF;); each exhibit three carbonyl stretching bands

(2A1 +E) in their solution infrared sPectrun (Table 5.2.1). The nunber

and relative band intensities are consistent with Cay s/nrmetry (Chapter

L.2). All the tricarbonyl complexes with bidentate ligands show carbonyl

bands in their spectrum consistent with i-he fac-isomeric form (Chapter

t.2). while, the complexes with the ligands PPh3 and P(OPh) 3 have

carbonyl bands consistent with mer-isomer. The carbonyl bands (Table

5.2.1) of both pentacarbonyl and tricarbonyl complexes are at higher

frequency relative to the respective metal carbonyl bromides' This is

presr,unably because the coordinated water and fluoride ligands (AsF5-,

BF;) are mo'e electron-withdrawing than the bromide ion.
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Colour

White

White

Yel low

Ye 1 low

Yel low

YeL low

White

White

White

White

Yellow

Yel low

v(c0) MediumConpound

Re (CO) sBr

lRe(co) 5 (Hzo)1+'Rsnf

[Re (co) 5 (Hzo) ] 
*'Br;

cis-Re(CO) e (bpy)Br

eis-fke(Co) s (bpy) (HzO) I 
+'AsF-

cis- [Re (C0) a (bpy) (Hzo) ] 
*'nr;

cis-Re(CO) e (bpy) FAsF s'HzO

cis-Re(C0) a (tnen) Br

cis-lke(Co) s (trnen) (Hz0) ¡ 
+'AsF5-

czis- [Re(Co) s (tnen) (HzO)1+'nn,.

cis-Re(CO) a (t¡nen) FBF3'H2O

trans -þhn(Co) g { P (oPtr) g } zBr

trans- [l'foi (Co) 3 {P (oPh) e } z (HzO) ] 
*'RsrJ

trans-lMn(co) a il ¡onnl e ] z (HzO) I 
*'spu-

White 2160vw

2153n

216lvw

2035s

2035s
2026s

2037s
2025s

2037 i
2028s

2027s

2040s
2029s

204ts
2028s

2030s

2067w

2088w
2O78w

2088w
2098nr

2045s

2056s
2025s

2O57s
2028s

1920

1930s
1939s

1929s
1940s

L927s
1942s

1922s

1935s
1944s

1935s
1945s

1940s

1996s

2Ot3s
2000s

2013s
2005s

1990s

20'08s
1960s

2004s
1962s

1900s

1897s

1895s

1910s

1883s

1908s
1902s

1907s
1900s

191 2s

1958s

t972m
1920rt

1970s
1955s

CHzCI z

CHzCIz
nuj o1

CH2C12
nuj oI
CH2Cl2

CHzCLz
nuj o1

CHzCI z
nuj ol
CH2C1 2

nuj ol
CHzClz

CHzCl z
nujol
CHzCl z
nuj ol
nuj ol
cH2cl2

CHzCI z
nuj ol
CHzCIz
nuj o1 H

ts
ro

Ye1 low



cis-lRe(C0) s (bpy) (Hzo) I 
*'BF;

cis -Re(CO) s (bPY) FAsF s'HzO

cis- [Re (CO) s (tmen) (HzO) ] 
+'Rspi

cis-lRe(CO) s (tnen) (HzO) I 
*'sPu

cis-lRe(CO) e (tnen) FBFa'HzO

tt ans-lMn (co) a {l ¡oetrl e } z (Hzo) 1 
+'AsF5-

trans- [I,ln(co) a {lloeh¡ a } z (Hzo) ] 
*'gp;

TABLE 5.2.I (Continued)

v(oH), ô(HOH)

3390b 1600s

3400b 1600s

3410b L602s

342Ob 1600s

3325b

3410b 1595s

3520b 1597s

s320b

3450b 1582s

3520wb 1585s

v(Y-F)y=¡r, g

710s

1050s

710s

1040s

765s, 700s, 530n, 390s

710s

1050s

1140¡ns, 1054n, 995nw, 960n, 760mw

760s

1045s

Mediu¡r

IRe (C0) s (Hz0)

IRe(co) 5 (Hzo)

cis- [Re (C0) s (

Compound

'BFq

bpy) (Hzo)1+.AsFf

l*
l*

As Fe
nuj ol
nuj ol
nuj ol
nuj ol
nuj ol
nuj ol
nuj ol
nujol
nuj ol
nuj o1

F
N
O
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l*s.2.4 Reactions of [M(C0) g (tz) .y- and Re(C0) ¡ (Lz)Y. (HzO)

Both types of comPlexes undetgo rapid (seconds - ninutes) substitution

leactions in solution with halide ions (i.e. c1-, Br-, I-) to forn the

respective netal halide conplexes. In polar organic solvents (e'g'

acetone, methanol, nitromethane) the corresponding solvento complex,

[M(CO)s(Lz) (Sotvent)]*Y-, is fo:med. This susceptibility towards

substitution is in sharp contrast to general stability of the rheniun

fluoride comPlexes (ChaPter 3).
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5.3 STRUCTURE DETERMINATI ONOF I Re lCo) s [Hzo) I 
+'AsFs-

5.3.1 Crystal Data

crystals of this compound ütere gÍown by slow evaporation of a

dichloromethane solution at ea. OoC in a delsicþtor containing phosphorus

pentoxide and dry nitrogen. The colourless crystals formed were needle-

like in norphology with the b axis along the needle axis. The space

group was c2/c deter¡nined fron the reflections collected on the cAD4'

The cell constants were calculated by a least-square refinement using 25

high angle reflections. A floy'tation solution of 1,2-dichloroethane

containing iodoform indicated a crystal density gleater than 2'4 gn/cc'

The crystal data is given below:

CsHzAsFsQeRe; M.W. = 533.2i Monoclinic space grouP C2/c, a = 27 '085(5),

b=7.208(1),c= t3.404(5) Â, ß=105.50(1)"; tJ=2522(2) Ã'; z=8;

Dc = 2.803g.cn-l,0* ) 2.4g.cm-r; ÀMoKo = 0.7107 Â; F(000) = L943

erectrons; u = L24'3 cm-r'

A crystat of dinensions 0.05 x 0.06 x 0.30 mn3 was coated and mounted

using epoxy resin. 1514 unique reflections in the range 1.5<0<23"

with intensities I > 2.5o(I) were collected using a u-¡/3 scan mode

(where, n = 3) (Chapter 7). The intensity of three standard reflections

!üas measured at 50 minute intervals and the orientation matrix (refer

to Experimental Chapter) was checked after every 100 reflections during

the data collection. A conparison of the standard reflections showed

that deconposition had occurred. The intensities were corrected for

Lorentz and polarizationeB effects and for crystal absorption' ss The

maximum and ninimun transmission factoÏs were estinated to be 0'65 and

0.16,respectively. The crystallographic details are given in Table 5'3'1'
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TABTE 5.3.1

Crystal lograPhic Details

Temperature

(Sín 0^"*)/À

Radiation Mo

Scan Method u/2e

Scan ranges (')

O*ir, = 1.3, 0r"* = 23

Ao = 1.0+0.35*tan(O)

Slit width 3 nn

Crystal dinension 0.05 x 0.06 x 0.30 nn3

Crystal faces: [101] , [-10-1] , [010] '
[o-10] , Í82s1, l-8-2-31

Aperature width 2.4 + 0.5 * tan0

Sig(I)/I(prescan) 0.40

Sig(I)/I(final scan) 0'08

Speed (prescan) 6.67 deg/nín

Scan tine (max) 250 sec

290"K

o.so Â-r

Total nunber of rurique reflections collected 1514
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TABLE 5.3.2

Atonic coordinates and ther¡naI parameters for [Re(CO)s(HzO)]*'AsFu-

Urr þ Uzz Us¡ UzszAtona

(2)
(0)
(e)
(0)
14)
10)
(0)
(6)
(7)
(8)
(6)
(s)
(s)
(6)
(6)
(s)
(7)
(6)
(6)
(6)
(6)

U¡2

-58
140

50
4L4
s2(
3s(

4r4
33

-49
7s
15

-5
5

-6
-22
-12

5

-9
-8
11

-15

4
Lzo (2)
131 (8)
74 (8)

-s7 (2s)
ee (10)

-28 (8)
e2(20)
4 (s)

-7 (7)
s6 (7)
3L (6)
s2 (s)
30 (s)
27 (6)
23 (s)
6 (4)

1s (6)
2s (6)
16 (6)
2t (7)
2t (7)

(2)
(0)
(e)
(0)
11)
1s)
(0)
(6)
(8)
(8)
(7)
(6)
(6)
(6)
(6)
(4)
(7)
(6)
(6)
(7)
(7)

4L4
2t
19

-45
-16
-15

8

-2t
10
11

-6
-3

5

9

-7

vx

2953L
3s391 (

1266s (3)
2so0o (o)
s0000 (0)
2s00 (0)
13e8 (10)
3134 (15)
2so0 (0)
'3s22 (7)
473s (e)
s713 (8)
1618 (10)
2s23 (8)
844 (8)
163 (8)

-800 (8)
2763 (6)
lsos (11)

-17
4L40
-80
4L4
-20(
-20(

417 (4)
s01 (12)
s33(L2)
Lse(24)
110 (10)
224(t6)
17s (1e)
7e (6)

146 (10)
103 (8)
140(11)
88 (7)
e6 (7)

to2 (8)
60 (7)
48 (s)
7e (10)

(3)
10)
14)
10)
18)
L7)
(s)
(7)
(e)
11)
(8)
(6)
(6)
(6)
(7)
(6)
(e)
(8)
(e)
(8)
(s)

51842s (3)
473 (s)
38e (8)
szr(47)
224(t4)
87 (7)

3s6(32)
104 (6)
L14 (7)
r32 (8)
62 (6)
86 (6)
60 (6)
8e (7)
8s (6)
81 (s)
40 (7)
68 (8)
so (7)
s8 (7)
ss (7)

(7)
2s)
(0)

(24)
(2s)
(26)
(1e)
(14)
(16)

L2o4s(2)
s0000 (0)
2s000 (0)

s00 (0)
s140 (6)
s607 (4)

s00 (0)
2144(3)
2os2(4)
2t6s(4)
2380 (4)
14ss (4)

22(4)
e7s (4)

LL37 (3)
t244(s)
1e64 (4)
1361 (4)

4s2 (s)
1060 (4)
1170(4)

(
(
(
(
(

595
808

68
309
284

59
136
1s6
225

25000
L363
3621
3660
5840
5598

8L2
3s97
2336
6859
3559
-92L
493L
L602
2558
5443
3348

Re
As (1)
As (2)
F (1)
F (2)
F (3)
F (4)
F (s)
F (6)
F (7)
o r1)
o(2)
0 (3)
0(4)
0 (s)
o(6)
c (1)
c(2)
c (3)
c (4)
c (s)

((1e)
(1s)
(13)
(15)
(13)
(14)
G2)
(18)
(18)
(16)
(18)
(18)

4s (s)
s2 (8)
65 (e)
6s (10)

115
68
89
67
99
87
78
59
66
65
74

(e)
(e)
10)
11)

1970
1038

s63 (
-58 (

0
8

46
164

a Re and As coordinates x 105, others x 10'+'

b R".rrd As thermal paraneters x 10+, others x 103'
F
N
5
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TABTE 5.3.3

Atonic distances CÂl for [Re (CO) s GzO) ] 
*Rsf 

e-

Atoms Distance (Â) Atours Distance (Â)

(a) Bond lengths and their standard deviations

0(6)-Re 2.206 (8) c(l)-Re 2.0L6(L2)

C(2) -Re 2.01s(14) C(3) -Re 1. ss8 (12)

C (4) -Re 2.01e (14) C (5) -Re 1 . s36 (1s)

F(1)-As(1) 1.s6e(18) F(2)-As(1) 1.ó21(10)

F(3)-As(1) 1.638(10) F(4)-As(1) 1'ós8(14)

F(s)-As(2) L.702 (8) F(6)-As(2) 1'687(10)

F(7)-As(2) 1.674 (8) c(1)-0(1) 1'108(14)

c(2)-o(2) 1.12s(13) c(3)-0(3) L.132(13)

c(4)-o(4) r.t26(L4) c(s)-o(s) 1.143(1s)

(b) Hydrogen bonding distance

F(3)...0(6) 2.s60(L2) F(s)..-0(6)

(c) Selected interatomic distances

o(3)...F(1) 3.02 (2) o(2)...F(3)
o(4)...F(2) 3.1s (2) o(3)...F(4)

o(4)...F(6)

2.soo (12)

3.08

2.96

3.r2

(2)

(2)

(2)
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TABLE 5.5.4

Bond angles (") for [Re(Co)s(HzO)l*Rsfã

c(1)-Re(1)-o(6)

c (2) -Re (1) -c (1)

c(3) -Re(1) -c (1)

c(4)-Re(1)-0(6)

c(4)-Re(1)-c(2)

c (s) -Re (1) -0 (6)

c (5) -Re (1) -c (2)

c (5) -Re ( 1) -c (4)

F (3) -As (1) -F (1)

F(4)-As(1)-F(1)

F(4)-As(1)-F(5)

F (7) -As (2) -F (s)

F (2) -As (1) -F (2)

F (6) -As (2) -F (6)

0(1)-c(1)-Re(1)

0(3)-c(3)-Re(1)

0(s)-c(s)-Re(1)

8s.7 (s)

88.4 (s)

L7s.7 (2)

8s.3 (4)

17e.0 (4)

L7s.3 (4)

88.4 (s)

el.4 (s)

e3. 1 (6)

180.0 (0)

86.e (6)

8e.8 (s)

17s.8 (13)

180.0 (0)

178. 8 (13)

17s .6 (11)

177.4(LL)

c(2)-Re(1)-0(6)

c(3) -Re (1) -0(6)

c (5) -Re (1) -c (2)

c(4)-Re(1)-c(1)

c(4) -Re ( 1) -c (3)

c(5)-Re(1)-c(1)

c (s) -Re (1) -c (3)

F(2)-As(1)-F(1)

F (3) -As (1) -F (2)

F(4)-As(1)-F(2)

F (6) -As (2) -F (s)

F (7) -As (2) -F (6)

F (3) -As (1) -F (3)

F(7)-As (2)-F(7)

0(2)-c(2)-Re(1)

0 (4) -c (a) -Re (1)

so.e (4)

s0.1 (4)

s1.4 (s)

e0.6 (s)

8e.6 (s)

eo.s (s)

8e.7 (s)

s2.r (7)

e1.4 (8)

87. e (7)

86.8 (s)

8e.8 (7)

L73.9 (ts)

180.0 (o)

176.e(11)

t7s.2(1L)



o3

o2

o6

L27.

o4

o1

c3 c4

Re

c2 c1

cs

os

FIGURE S.S.1. The molecular structure of the [Re(CO)s(Hzg)]+ cation

f0fpro6ãFfrity e 1 liPs oids ) .



128.

5.3.2 Structure Solution ând Refinement

The strrrcture was solved using the heavy atom technique. The

unique rhenir:m coordinates were deternined fron the strongest Peaks in

the Patterson maP. A subsequent difference Fourier synthesis based on

the rhenil¡m atom gave a difference Fourier map which revealed all the

non-hydrogen atoms, with the arsenic atoms located on the s)mrietry sites

( O y 1 ) and (i i i). A full natrix least-squares calculation, including

all located atoms and nodelling the rhenium and arsenic atoms

anisotropically, refined giving an R value of 0.045. when applying the

weighting scheme (chapter 7.1) and with all the non-hydrogen atoms

modelled anisotropically the refinement converged with R = 0.027,

Rw = 0.02g, k = 0.gg and g = 5.1x10-4. The largest Peaks remaining in

the final difference map was 0.S eÂ-3. The hydrogen atoms of the water

nolecule were not located. The non-hydrogen ato¡nic paraneters, bond

lengths and bond angles are given in Tables 5.3.2, 5.5.3 and s.3.4

respectively. The hydrogen par¿rmeters are given on nicrofiche.

5.5.3 Descript ion of the Structure

Figure 5.g.1 is an ORTEPTo plot of the [Re(CO)s(Hzg)]+ cation

showing the atom nunbering scheme employed. The geonetry about the

rhenium atom is octahedral with all deviations fron 90o and 180o being

less than 3 o. Although the standard deviations in the (Re-c) bond

distances are large, the aveTage equatorial distance of 2.01S(S)Ã' is

significantly larger than the axial distance (i.". Re-C(S)) of 1.94(2)Ã"

This observation is not unusual and is seen in a nurnber of other metal

carbonyl systems.l40 '1\1 r142 r1431¡" average (C-O) dista¡ce of 1.12(f)Â is

as expected for rheniu¡n carbonyl systems. The (Re-O) bond length (i'e'

Re-O(6)) in [Re(CO)s(HzO)1*.AsFu- is found to be 2.206(8)Ã' which is



I

Ee

I

FIGURE 5.3.2. A pLUTO unit celt ptot for [Re(CO)s(HzO)1*.RsFf showing the hydrogen bonding

ween the rhenium nolecule and the AsF6- anion'

P
N)
ro

\

\ \

I
¡
I
I

c

interactions bet



130.

considerably larger than rhe (Re-F) bond length of 2.040(4)Â observed in

Re(CO)3(tnen)F (Chapter 3). The AsFs- anion is disordered and this is

reflected in both the large thermal paraneters and the slight deviation

from an octahedral geonetry. The average (As-F) bond length is 1.65(1)Â.

The crystal lattice of [Re(CO)s(HzO)]*'AsF.- is nade up of the ions

[Re(co)s(Hzo)]* and AsFo- held together by hydrogen bonding. Two AsFe-

anions are hydrogen bonded to the coordinated watet molecule (i.". 0(6) )

of each [Re(CO)s(HzO)]+ cation at the distances 2.86(L) artd 2.90(1)Â

(Table S.g.3). This is illustrated in the PIUTOlnhplot of the unit cell

(Fig. 5.3.2). Other non-hydrogen bonding intramolecular contacts are

listed in Table 5.3.3.
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5.4 STRUCTURE DETERMINATION OF a (trnen) (Hzo) 1+ .AsF.-[Re(

5.4.1 Crystal Data

A portion of filtered solution containing the reaction product,

[Re(CO)3(tmen)(HzO)]*.Rsff, was allowed to crystaLLíze at OoC in a

dessicator containing dry nitrogen. The white crystals formed were

prismatic to needle-]ike, with the elongation extending along the b axis'

The reflection data collected on the CAD4 indicated the centered

monoclinic system while the nean Abs(E*E-1) (Chapter 7.1) calculation

using the SHELX progra¡mlr deternined the sPace group as.P?¡. The celI

constants were calculated and refined using 25 high angle reflections'

The density was measured by the floatation technique 100 usíng a

1,2-dibromoethane solution containing iodoform'

crystal data: csHreAsFsN203Re; M-I/[I. = 577.3; Monoclinic space grouP

P27, a = 7.858(1), b = 15.68(1), c = 7.887(2) Â and ß -- LL7'11(1)';

u = 864.8(9) Â3; z = 2; Dc = 2.2L7 É.cr-l, Dm = 2'23(2) 8'cn-1;

ÀMoKo = 0.7L07 L; F(000) = 560 electrons; u = 90'87 cm-l'

A crystal of dimension 0.04x 0.06x 0.22 mm3 '¡Ias coated with epoxy

resin and nounted on a glass fibre in a¡ atmosphere of dry nitrogen' The

intensity of three reference reflections vrere checked at 50 ninute

intervals and these indicated that no decomposition had occurred during

the data collection. L877 reflections were collected in the theta range

1.5<e<2So of which LS62 wíl'h I>2.5o(I) were used in the calculations.

Each reflection was measured using a u-¡/30 scan mode, where n (=1) was

optinized by ur/o profile analysis (Chapter 7.t). The intensities were

corrected for Lorentz,ss polarization effectssB and for absorption' ss

The maximum and minimum transmission factors l¡eÎe estinated to be 0.73

and 0.55, respectively. Further experimental details are given in

Table 5.4.1.
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TABLE 5.4.1

Crystallographic details for [Re(G0) g (tnen) (HzO)1*'AsF5-

Tenperature 290"K

(Sin or"*)/À 0.59 Â-1

Radiation MoKo

Scan nethod w/20

Scan range (o)

0¡nin = 1 .50, 0¡¿* = 25. 0

Atrr = 1.00 + 0.35 * tan(0)

Slit width 5 nn

Crystal dimension 0'04 x 0.06 x 0-26 nm3

Crystal faces [100], [-100], [010]

[o-10], [oo1], Ioo-1]

Aperture width 2-90 + 0.5 * tan(O)

Sig(I) /I (prescan) 0.40

Sig(I)/I(fina1 scan) 0'50

Speed(prescan) 6.67 deglmin

Scan time (max) 250 sec

Total number of unique reflections collected 1466
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s.4.2 Strt¡cture Solutíon arid Refinement

The stnrcture vras solved by the heavy atoms method. The rhenium

atom coordinates were deter:nined from a three-dimensional Pattelson nap'

A least-squares calculation with the rheniun atom gave an R value of 0'51

and the associated difference naP revealed the arsenic, four fluorides,

a carbonyl group and the two nitrogen atoms of the tmen ligand' The

difference Fourier synthesis based on the rhenium and arsenic atoms gave

an R value of 0.14 and the difference nap revealed all the non-hydrogen

aton positions. In subsequent calculations the located atoms were

systematically refined with anisotropic temperature factors and the

position of the hydrogen atoms of the tmen ligand was calculated

assuming tetrahedral geometry about the respective carbon atoms at a bond

distance of 0.98 4,. The nethyl groups were refined as rigid groups and

the hydrogen atoms were refined with a rmique grouP temperature factor'

A full-natrix least-squares calculation, employing the weighting scheme

and modelling all non-hydrogen atoms anisotropically, converged with

R = 0 .0212 and Ry¡ = 0.022+. However, when the signs of all the atonic

coordinates vrere changed, the above calculation convelged with R = 0 '020s

and Rs = 0.0220. Hence establishing the absolute configuration (Chapter

7.1). The final least-squares refinement converged with R = 0'020s,

Rw = 0.02Ls, k = 0.27 and g = 1'8x10-3'

In the final difference naP the highest peak renaining was equal to

0.9 eÂ-3, which re spurious peaks about the rhenium aton. The atonic

parameters, bond lengths and bond angles of the non-hydrogen atoms are

given in Tables s.4.2,5.4.3 and 5.4.4. The hydrogen atom parameters are

given on ¡nicrofiche.
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TABLE 5.4.2

Atonic coordinates and thermal parameters for [Re(CO)3(trnen)(HzOI+'Rspã

U
b Uzz Uss Uztl1z Urz

-42634 (s)
37 (84)

-Ls82(44)
-Ls02(32)
-L487 (37)
Lsos(27)
1sso (23)
1 160 (58)

-s82s(s7)
4t4o(4t)
t770(r2)

-1336(10)
-2s6t(36)
-3043(27)
477s(24)

-s247 (43)
3313(t6)

-4s44(4e)
- 18 30 (40)
-L6er(27)
-2s30(2s)
-43e2(3s)
- 12s3 (39)

7s000 (0)
-80 (30)

-40s4 (17)
-ss32 (ls)
-szes (18)
-4s4e (11)
-466s(L2)
-s920 (11)
-3776(21)
-rL27 (t7)
-246s (18)
-23e9 (23)
-5584 (1s)
-1s24(16)
-32s4(rs)
-1ss1 (le)
-2s28(40)
-4004 (18)
-40es (17)
-2s61(r2)
-210e (14)
-1082(21)
-Lr23(t7)

-2847 (s)
-s0060 (83)
-se23(43)
-710e (30)
-4217 (36)
-2867 (31)
-se18 (21)
-4226(3s)

1s36 (44)
t420(s0)

-56s0 (12)
-773t(LO)
-1s78 (56)
-161s (34)

807 (3e)
801 (33)

-2377 (17)
-2887 (48)
-26e(3e)

-2184(31)
-2s23(27)
-3276(44)

-2s3 (58)

33o (2)
ssz (4)
72(12)
74 (s)
78(13)
4s (7)
43 (8)
86 (10)
s1 (13)

L32(20)
42 (4)
44 (4)
77 (17)
le (8)
20 (8)

tsz(2s)
40 (s)

101 (20)
87 (16)
62(12)
87 (14)
36 (e)
s4 (18)

283 (2)
33r (4)

82 (16)
76(12)
e1 (20)
3L (6)
83 (12)
34 (8)
7s(23)
80 (16)
63 (6)
46 ( 13)
L7 (8)
s6 (16)
ss (ls)
23 (8)
36 ( 16)
82 (1e)
s7 (14)
27 (e)
s2 (10)
82(17)
70 (18)

Urg

174 (1)
160 (3)

3e (11)
23 (6)
s8 (12)
t6 (6)
18 (6)
t2 (6)
30 (15)
62(12)
s (4)

L2 (3)
s2(13)
s (8)

22 (e)

s0 ( 10)
-s (3)
34 (10)

-4t (8)
-4(t4)

-13 (6)
-23 (8)
22 (7)

-23(Ls)
1,7 (14)
32(Lt)
e (7)

-20 (e)
-le (8)
-8 (7)
-s (10)

-1s (10)
-s4 (1s)

2s (11)
14 (8)

=36 (11)
-2(71)

-s3 (14)

x v

36 ( 10)
18 (3)
12 (10)
-e (7)
14 (13)

-t7 (s)
-24 (8)

3 (6)
7 (18)

-37 GL)
1 (16)

16 (8)
-16 (8)

-1 (10)
-ls (11)
-17 (8)

2(to)
-8e (18)

I 2 (10)
L2 (e)

-2s(10)
ls (13)

-1e(12)

sse (2)
sss (4)

8s (14)
46 (7)
s7 (16)
s2 (8)
5e (7)
40 (7)

124(2t)
62 (10)
75 (s)
44 (4)
37 (1s)
41 (15)
7s (1s)
56 (13)
48 (s)

106 (21)
41 (e)
ee ( 16)
78(12)
s3 (17)
s4 (11)

Re

As
F (1)
F(2)
F (3)
F (4)
F (s)
F (6)
o(1)
o(2)
0(3)
o14)
N(1)
N(2)
c(1)
c (2)
c (3)
c (4)
c (s)
c (6)
c (7)
c (8)
c (e)

s2(14)
20 (s)
64(17)
26 (10)
s7 (11)
68(11)
26(LL)
48 ( 13)

ø Re and As coordinates x 10s, others x 10'+'

b R" .rrd As thernal paraneters x 10+, others l-03' ts(^
Þ
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TABLE 5.4.3

Atomic Distances for [Re(CO) 3 (tmen) (HzO)1*'Rstf

Atomsa Distance(Â) Atoms Distance (Â)

(a) Bond lengths (and standard deviations)

0(4) -Re

N (2) -Re

C (2) -Re

F (1) -As

F (3) -As

F (s) -As

c (1) -o (1)

c (3) -o (3)

c(s)-N(1)
c (7) -N (2)

c (s) -N (2)

2.268 (8)

2.2s4(24)

1 . s88 (28)

1.7s6(t7)
1.611 (18)

1 .761 (16)

t.zLs(43)
1.175 (1s)

L.502(37)

1 . s63 (31)

1 .4s6 (33)

N(1) -Re

C (1) -Re

C (3) -Re

F (2) -As

F (a) -As

F (6) -As

c(2)-o(2)
c(4) -N(1)

c(6)-N(1)
c (8) -N(2)

c (7) -c (6)

2.22s(26)

1.813 (28)

1 .866 (12)

L.7 45(L6)

t.678(2L)
1 .6s2 (18)

1. 100 (3e)

t.s43(32)
1.447 (2s)

L.432(3s)

1.484(22)

r z.zs (s)

I

(b) Hydrogen bonds

o(4)...F(1) 2.e6 (3) o(4)...F(6)

(c) Selected non-bonding distances

c (1) . . .F (1) .3. le (3) 0 (3) . . .F (2)

H(s). ..F(2) 2.4s (3) c(8)...F(3) I
3.11

3.18

(3)

(3)

os,rp"tr"tipt in Ronan refers to the following equivalent
poiitiott, with respect to the unique asyrunetric unit at
XrLzz

I = -x, 0.5 +y, -z
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TABLE 5.4.4

Bond angles and standard deviations for [Re(co)3(tmen) (HzO)1*'AsF5-

Atoms Angle (o) Atoms Angle (")

N(1).Pe-s¡41

N(2) -Re-N(1)

c(1) -Re-N(1)

c (2) -Re-0 (a)

c(2) -Re-N(2)

c(3) -Re-o(a)
c(3) -Re-N(2)

c(5) -Re-c (2)

F(1)-As-F(3)

F (1) -As-F (s)

F(3)-As-F(a)

F (s) -As-F (2)

F (6) -As-F (2)

F(6) -As-F(a)
F(6) -As-F (s)

c(s) -N(1) -Re

c(6)-N(1)-Re

c (6) -N(1) -c (s)

c(8)-N(2)-Re
c (e) -N(2) -Re

c (s) -N (2) -c (8)

0 (2) -c (2) -Re

c (7) -c (6) -N(1)

c(3)-Re-c(1)
F(1)-As-F(2)

F (1) -As-F (a)

F(2) -As-F(3)
F (a) -As-F (s)

F(6)-As-F(1)

F (6) -As-F (3)

c (a) -N(1) -Re

c (s) -N (1 ) -c (4)

c (6) -N(1) -c ({_)

c (7) -N(2) -Re

c(s)-N(2)-c(7)
c (s) -N(2) -c (7)

0(1)-c(1)-Re
0 (3) -c (3) -Re

c(6)--ç(7)-N(2)

87.6 (s)

80.2 (4)

100.e(10)

e0.2 (10)

e2.6 (11)

t77 .3(2s)
e4.7 (14)

87 .6 ( 16)

8s.3 (7)

88.6 (6)

87.8 (8)

e2.t (8)

88.4 (7)

e0.s (s)

e2.L (7)

Lrs.4(17)
113.4(ls)
106. s (20)

116. 8 (16)

11s.3 (17)

LzL.r(26)
17s . s (28)

106.e(17)

N(

c(
c(
c(
c(
c(

2) -Re-o(a)
1) -Re-o(4)

1) -Re-N(2)

2) -Re-N(1)

2) -Re-c (1)

5) -Re-N(1)

83.9

95 .5

L78.7

L72.7

86.2

(8)

(e)

( 11)

(10)

(6)

s4.4(14)
8s. e (ls)
88.s (7)

s1.6 (8)

87.0 (7)

e5.1 (6)

L78.3 (8)

e0.0 (8)

107 .4 (18)

s2.2(23)
t22.2(23)
101 . s (14)

8e.1 (20)

10s.6(17)
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118.0 (20)
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FIGURE 5.4.1. The molecular structure of the cis-[Re(CO)e(tnen)(HrO)]*
cation (50% probability e11 ipsoids) .
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5.4.3 Description of the Structure

The 0RTEp78 plot (Fig. 5.4.1) of the [Re(CO)¡(tmen)(HzO)]+ cation

shows tine fae¿aZ stereochenistry of the nolecule as predicted fron the

infrared data ( S 5.2 ).

The geonetry about the rhenium atom is that of a distorted

octahedrä with the carbonyl grouPs in a mutuaL|y cis stereochemistry'

The distortion results from the restriction of the bite angle of the tmen

ligand to 80 .2(4)". Further deviations fron the ideal octahedral angles

of 90 and 180" are seen in some of the axial and equitorial bond angles.

The average (Re-C) and (C-O) bond lengths are usual for rhenium carbonyl

systems and are in the ranges 1.87 - 2.02 ß, and 1 .07 - L.61 Â,84 '14s 
-1b7

respecrivety. The (Re-g) bond length in [Re(CO)s(tnen)(HzO)]*.it

2.268(8)Â which is slightly larger but conparable to that found in both

[Re(co)a(Hzg)1*.AsF5- ( S 5.r ¡ and [Re(co)s(tnen)(Hzg)]*'spu- ( S s.s ). 
.

The AsFe- anion has an octahedral geonetry and no substantial

deviation fron 90 and 180o bond angles occurs. The anion is disordered

about the arsenic position resulting in both the high fluorine thermal

palaneters and the high standard deviations. The average (As-F) bond

length of 1.7tQ)ß, is unexceptional for an AsFs-anion and is equal to

that found in [Re(CO)s(HzO)]*.AsFs- ( S S.S¡ within experinental error.

The crystal lattice consists of an equal number of

[Re(co)3(tnen)(Hzo)]+ and lsFo ions. The coordinated water nolecule of

the cation is hydrogen bonded to two AsFe- anions at the respective

distances 2.96(3) and.2.75(3)Å, ¡faUfe 5.4.3). The closest non-hydrogen

bonded intramolecular contacts are also given in Table 5-4.3.
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5.5 STRUCTURE DETERMINATION oF tRe (C0) a (tnen) (HzO) I 
*'BFu-

5.5.1 Crystal data

Crystals grown by the diffusion of petroleum spirit (30" - 40"C) into

a solution of dichloronethane and IRe(CO)3(tnen)(HzO)]t'BFu- are white

prisnatic to needle-like in morphology. The initial cel1 constents were

deterrnined from Precession photographs ((orr), (1K1), (K01), (K11)). The

systenatic absences in the photographs:

hKl: h+K=2n+L h01: (h=2n+1) 0K0: (K=2n+1)

are in accord with the extinctions of the C-centered sPace groups C2, Cm

and, C2/m. The statistical test ( I e' - f | , Chapter 7.L) for centric and

acentric distribution of intensities preformed in SHELXTS incorrectly

determined the space gToup to be noncentrosynmetric. The refinements in

ìh" ,pt"" group C2 failed to converge and did not allow anisotropic

modelling for the carbon and nitrogen atoms. While, refinernent with

rhenium in the special position ( x,0,y ) revealed two further rhenium atoms

in equivalent positions consistent with the space grouP C2/n. The

refinement in this space group converged srnoothly ( s s.5.2). Hence,

correctly determining the space grouP as C2/m.

The final cel1 constants were obtained by the least-squales

refinement routine on the CAD4 using 25 high angle reflections' The

crystal density (Dr) was determined by the floatation technique using a

solution mixture of carbontetrachloride and 1,2-dibromoethane'

Crystal data: CgHreBF*Nz0+Re; M.W. = 491.26; Monoclinic Space group,

c¡/m, ã. = L4.L34(4), b = 16.010(4), c = 7.729(1) .&, ß = 113.L6(2)";

u = 1608(1) Â'; z = 4; Dc = 2.029 g.cr-1, Dn = 2 '04(2) g'cm-l;

ÀtvtoKo = 0.7L07 &; F(000) = 830 electrons; U = 76.78 cn-l.

A crystal of dinensíons 0.03x0.08x0.11 mm3 was nounted about c on

the STOE (Chapter 7.t). The intensity of reflections, with the indices

fron hKO to hK9 in the theta range of 1.5<0<25o, were measured using
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the trl scan technique. A step count time of 0.1 second at each 0'01o of

the scan range (At¡) wäs used for each peak and a total tine of 6 seconds

was spent on the background. Further experimental details are given in

Table S.S.1. The Lorentz and polarization corrections were applied by

the data reduction progra¡nme AUPTP.74 The absorption corrections and

symmetry averaging were comPuted by the prograrune SHELXTS for all 1850

reflections (1374) with I >2.5 (I). The maxinum and nininr¡n transmission

factors were estinated to be 0.78 and 0.69, respectively.

5.5.2 Struc tural Solution and Refinement

The initial rhenir¡m atomic coordinates vrere determined fron a

Patterson synthesis ( x,0,Y ). Three cycles of least-square refinement for

the rheniun aton gave an R value of 0.48. The diffelence map based on the

rheniu¡n position revealed all non-hydrogen atons. The positions of the

hydrogen atons of tnen were calculated for the respective carbon atoms

assuming tetrahedral geonetr'y at a fixed carbon-hydrogen bond length of

0.97 Â. The nethyl groups were refined as rigid groups with a unique

conmon hydrogen glouP temperature factor. The inter-layer scale factors

were subsequently refined (with all atoms isotropfic) in a full-natrix

least-squares calculation, which gave an R value of 0.148. In all

additional calculations the inter-layer scale factors were fixed' Wh"T

applying the weighting scheme (Chapter 7.L) in the SHELXTS programme to a

refine¡nent with only the rhenium and fluoride atons anisotropþic the R

value reduced to 0.075 and R* to 0.084. In the final full-natrix least-

squares calculation all the non-hydrogen atoms were modelled

anisotrop|,fically and the refinement converged with R = 0.064, Rw = 0.070,

k = 1.35 and E=2.9 x 10-3. The largest Peak remaining in the final

difference nap was 2 eÃ.-3 and identified as a spulious peak around the

rhenium atom. The absolute configuration was deterrnined by changing the

sign of all coordinates and penforming a least-squares refinement (chapter

7.L). The R values converged at R=0.061 and R*=0.064, with k=0.94 and
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TABLE 5.5.1

Experinental details for [Re(CO) r(tnen) (HzO)]*'gpi

Tenperature

(Sin 0r"*)/À

Radiation

Rotation axis

Scan method

Scan range (')

295"K

1.2 Ã, L

MoKo

c

(¡

2.5<2e<55

Ar¡# = 1.2+0.7(sinu/ta¡r Qt)/2))

Levels hk! + ¡¡9

Crystal dimensions .26x .86 x 1.32 nn3

Grystal faces [100], [-100], [010],

Io-10], [011], Io-11], Io-2-1]

Background scan time 6.0 sec

Step scan tine 0.1 sec

Nr¡mber of unique reflections

collected 2662

# u i, the equi-inclination angle and V is the detector angle.
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E = 6.2x10-3. The atonic parameters, bond lengths and bond angles of

the non-hydrogen atoms are given in Tables 5.s.2, 5.5.3 and 5.5.4. The

hydrogen atomic para¡neters a¡rd the structure factor tables are given on

nicrofiche.

5.5.3 Description of the Structure

The crystal structure of [Re(CO)3(tnen)(HzO)]*'BFu- confirms the

coordination of the water molecule and verifies the facially substituted

octahedral stereochenistiy. Figure 5.5.1 is an ORTEP plot of the

[Re(co)3(tmen)(Hzo)]+ cation showing the atom numbering sche¡ne.

The overall coordination about the rheniun aton approxinates an

octahedral geometry. The (N-Re-N) angle (bite angle of the tmen ligand)

of 81(1)" is the only angle which deviates substantially from an

octahedral geometry and is comparable with that forrnd in Re(CO)g(tmen)Br

and Re(c0)s(tmen)F (Chaptel 3). The three carbonyl groups are in a fac

arrangement which is consistent with the v(c0) stretching absorption bands

observed in the infrared sPectrum ( s 5.2 ). The water molecule

coordinates at a distance of. 2.22Q)Ã, fro¡n the rhenium atom. The

non-planar tnen ligand is disordered as shown in Figure 5.5.1 by the

operation of the mirror plane. Separate sites exist for the C5, Cst, C6

and C6' atoms, but the methyl substituents generally exhibit high

tempelature factors. The unusually high standard deviation in the bond

lengths and bond angles is due to the disordered BF; anion. The anion

has the expected average (B-F) bond length of 1.50(7)Â. In the crystal

lattice each BF+- anion is hydrogen bonded to the watel nolecules of two

[Re (CO) 3 (tnen) (HzO) ] 
+ cations (+ft#) . The hydrogen bonding

distances are equat to 2.62(7) and 2.64Q)Å., respectively. The closest

non-hydrogen bonding intranolecular contacts are listed in Tab1e 5'5'3

and are of the normal van der Waal distances'



TABLE s.5.2

Atonic positional and thermal paraneters for IRe(CO) r(tnen) (HzO)]*'gpu-

Atomd x zv U¡b Uzz Urs Uzg Ur¡ Urz

Re
F (1)
F (2)
F (3)
F (4)
0(1)
o(2)
0 (3)
c (1)
c (2)
c (3)
c (4)
c (s)
c (6)
N(1)
B(1)

2L3st (6)
-24s(20)

44 (ee)
643(3r)

Lo82(34)
ls88 (17)
-ts2(14)
sTsB(1.2)
1787 ( 1s)

7s7 (16)
17s6 (1e)
348s (18)
26s7 (34)
3262(2e)
2606 (11)

oo (o)

o0 (0)
27es (ls)
32L2(84)
3e33 (51)
3s08 (28)
13s4 (11)

oo (0)
o0 (0)

834 (14)
00

1446(
146e (

36e (
-40e (

909
3515 (1e)

46e1s (10)
tt28(32)
ts62(e7)
733(82)

1 104 (s8)
6s28(26)
2O78(34)
6662 (1e)
6067 (26)
303e (28)
1784 (36)
4044 (5s)
L2s8(47)
2t4r(47)
2es1 (19)

oo (0)

s68 (s)
104 (14)

110 (12)
246(s3)

o0 (o)
18 (11)

so (10)
110 (1s)
1s7 (23)

86 (14)
12s (1s)
84(22)
76 (18)
73 (8)
s2 (1e)

3s7 (4)
14s (18)
3L2(s7)
170 (30)
108 (12)
1e3 (1e)

s1 (10)
64 (e)
eo (12)
47 (rr)

rzt(17)
106 ( 16)
t20(3t)

8s(22)
80 (8)
6s (13)

00
52

106 (2)
s4(t2)

347 (4)
ee (13)

(0)
(13)

(0)
14)
L7)
23)
21)
(e)

2st(43) 387 (64) -21s(47) 16s(3e) -15s(51)

42(t2)
o0 (0)
0o (0)
e(11)

oo (0)
1e (13)

-47 (rs)
-s (21)
10 (17)
s (7)

00 (0)

e4 (14)
3s (6)
67 (10)
4e(11)

tzr(r7)
117 (18)

38 (ls)
s1 (17)
72 (8)
37 (10)

ro2(Ls)
e (10)

-t7 (6)
s7 (e)
13 (s)
37 (14)
27 (14)
-s (17)
37 (16)
38 (7)
17 (e)

- 10 (10)
00 (0)
oo (o)

e (10)
oo (0)
66 (13)
36 (14)
10 (14)
18 (1s)
3 (7)

oo (0)

L20(r2)

lRe coordinates x 10s, others x 10h
þnã ttu"tal paraneterÃ x 10a, others x 103.

tsÞ
(,.l
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TABLE 5.5.3

Atomic Distances for [Re(Co) r(tnen) (Hz0)1*'rru

Atons Distance (Â) Atons Dista¡rce (Â)

0(3) -Re

C (2) -Re

B(1) -F (1)

B(1)-F(3)

c(2) -o(2)
N(1) -c (4)

N(1) -c(s)

2.2ss(t4)
1.867 (2O)

t.34s(26)
1.51s (3s)

L.L82(26)

1 .48e (2s)

1.64L(4s)

(a) Bond lengths (and standard deviations)

C (1) -Re

N(1) -Re

B (1) -F (2)

B(1) -F (4)

c (1) -o (1)

N(1) -c (5)

c (6) -c (s)

N(r1 IIr-.,u,

1.8s1 (21)

2.228(r4)
t.20 (L2)

t.46s(44)
1.L67 (24)

1.47s(24)

L.4s3(42)

1. ss3 (34)

2.s2 (7)

2.64 (e)

(b) HYdrogen bonds

o(3)...F(3) 2.s2 (7) o(3)...F(3)rr

(c) Selected non-bonding distances

o(1)...H(s) \ z.to (s) H(4)...Hr

F (1) . . .H(2) rr 2.78 (8)

Superscript in Roman refers to the following equivalent
pã"itio"t, with respect to the unique asymmetric unit at
X, Yt zi

I = -x, -Y, 'z
II = -x, Y, -z

III = x, -y, z
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TABLE 5.5.4

Bond angles and standard deviations for [Re(CO)r(tmen)(HzO)]*'BFn-

Atomsa Angles (') Atoms Angles (')

c (1) -Re-o(3)

c (2) -Re-c (1)

N(1) -Re-c (1)

F(2)-B(1)-F(2) r

F (3) -B(1) -F (3) r

F(4)-B(1)-F(4) I

c (1) -Re-c (1)

N(1) -c (s) -c (6)

c(a)-N(1)-Re

c(s)-N(1)-Re
c(s)-N(1)-c(4)
F (2) -B (1) -F (1)

F (3) -B (1) -F (2)

F(4) -B(1) -F(2)

s3. 1 (7)

87 "0 (8)

e4"3 (7)

164. s (s6)

81. e (s7)

lss.3 (41)

8e. 8 ( 12)

10s. 4 (21)

116.6(t2)
10s.e(1s)

116. s (20)

3s .4 (63)

8s.1 (66)

7e "2(64)

c (2) -Re-o(3)
N (1) -Re-o (5)

N(1) -Re-c (2)

F (1) -B (1) -F (1 )

0(1)-c(1)-Re
o(2) -c (2) -Re

c (3) -N(1) -Re

c(4)-N(1)-c(5)
c (s) -N(1) -c (3)

N(1) -Re-N(1)

F(5) -B(1) -F(1)
F (4) -B(1) -F (1)

F (4) -B (1 ) -F (5)

17s.8 (3)

8s.8 (s)

s4.o (6)

105

t78

176

115

L07

95

.8(32

.7 (2L

.3(2L

.s(L2

.0 (17

.6 (1e

)

)

)

)

)

)

81.6 (7)

119.8 (2e)

103. 3 (20)

36.8 (27)

osrp"tr""ipts in Roman refer to the following equivalent
poritiotttl with respect to the unique asymmetric unit at
x'Ytzzr=-xryr-z
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FIGURE 5.5.1. The molecular structure of the cation [Re(CO)3(trnen)(HzO)]*
f0ã-profffiflity ellipsoids). Superscripts in Roman refer to the
ioffowing equivalent position with respeèt to the unique asymnretric unit
atxryrzz 

I=xrI, z
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s.6 A IsF N.M.R. sruDY

Fluorine is found to be an ideal nucleus for N.M.R. investigations

since 1sF is the only naturally occurring isotope, has a spin number of

one half (I = å) and hence does not Possess a quadrupole moment. However,

a number of difficulties can be encountered due to the elementrs lower

sensitivity to N.M.R. detection, the low solubility of most complexes,

the signal broadening at room temperature and the large range of lsF

chemical shifts.148 'lr+s This section reports a semi-quantitative and

by no neans an exhaustive lsF N.M.R. study of the equilibrium between

coordinated and uncoordinated BF,*- as rePresented by the following

equation:

Re (CO) 3 (tmen) FBF3 + HzO ? [Re (CO) 3 (tnen) (HzO) 1+ + BF+-

5.6.1 1sF N.M.R. spectra

Solutions of the conplexes (Table 5.6.1) were prePared by penforning

the halide abstraction reactions in deuterated dichloromethane. On

completion of the reaction the saturated solutions were filtered into 5 nn

glass N.M.R. tubes and the Proton decoupled spectra recorded within an

hour to minimize the formation of the species SiOnF (where, û = 3 - 0,

n = 1 - 6) due to rrglassrr attack. All spectra were recorded on a Bruker

HX90E N.M.R. Spectrometer (chapter 7.2). The chemical shifts with resPect

to hexafluorobenzene (external reference) are given in Table 5'6'1'

The 1sF Fourier Transforn (FT) N.M.R. (84.67 MHz) spectra were

recorded with low resolution (5-10 Hz/pt.), hence all signals due to the

BF; anion are seen as single peaks and not as the expected quartet or

quintet because of the snal1 coupling constant (.¡(ttB- lsF) = l- 6 Hz)'1s0'

Is] The respective leF N.M.R. spectra (Table 5.6.1) of each compound

shows two signals due to coordinated and uncoordinated BF; . In each



TABTE 5.6.1

Chenical Shifts of Selected Aquo-complexes

Concentration
(rnoI drn- 3)

0.018

0.013

0.011

0.016

0.024

0.034

Temperature
('K)

300

500

500

300

280

300

Che¡rical Shift*
(a) Coordinated BF - (b) Free BF

-2846

LL72

981

-7108

-6900

-2852

-3809

936

962

-7242

-7018

- 3066

Peak Ratio
(a) : (b)

5

IzS

1:6

4zS

lz3

Conpound

[Re (co) s (Hzo) 1*'nr+

[Re (C0) g (bpy) (H20) 1*'AsF5-

[Re (C0) s Gpy) (Hzo) ] 
*'sPu-

lRe (C0) s (dppe) (HzO) 1 

*' 
nr u

[Re (C0) 3 (tnen) (Hzo) ] 
*'¡Pu

[Fe (c0) z (Cp) (HzO) ] 
*'sPu

1

1

4

*The chemical shifts were neasured with respect to hexafluorobenzene as the external reference'

HÞ
@
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-H+

c

2OO Hz
l-l

FTGURE 5.6.1. IH decoupled lsF (84.67 lvlHz) FT N.M.R. spectra of a CDzC12

çnm-n ot ¡e(CO)2(Cp)bf ¡ (C.03 mol dm-3) containing varying amounts of
Cl-, I- ions '"ù H;0. The latter were added in_order to displace the
coordinated BFf tniott. Ilence, identifyin-g the lsF signals as being due

to the coordinated (a) and "free" (b) !F;,_ respectively. A is the
spectTum of the Fe solution with no cl-, r- or H20 present. B represents
the solution with Cl-, I- and HzQ also present. With nore H2O added

spectrun C is obtained.
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case the signal down field was identified as the coordinated BF¡- anion

by its disappearance on addition of traces of halide ions (c1-, I- and

Hzg) to the solution. This is illustrated by the lsF spectra of

[Fe(CO)z(Cp)(HzO)]*.gff in CDzCtz. Figure 5.6.1 shows the displacenent

of the coordinated BF,- anions by the halide ion and/or water.

5.6.2 Variable TemPerature tt F N.M.R.

The relatively high solubility of [Re (CO) g (tnen) (HzO) ] 
*'gp'*- in

dichlorornethane nade it a suitable candidate for a variable tempelratule

lsF N.M.R. study. The conplex vlas prepared in dz-dichloronethane and the

solution (cø. 0.024 nol dm-3) filtered into a 5 mn N.M.R. tube' Figure

5.6.2 shows the resulting lH decoupled lsF N.M.R. (84-67 M Hz) spectra

recorded on the Bruker HX90E Spectrometer equipped with a variable

tenperature rmit (ChaPter 7 .2) -

The reF FT N.M.R. spectrum of [Re(CO) s(trnen) (HzO)1*'ff f at 240"K

exhibits two singlets (a) and (b) which are assigned to coordinated and

free BFf, respectively ( S 5.6.1 ). With increasing tenperature the

equilibrir¡n of the following equation

Re (co) 3 (tnen) FBF3 + Hro P'c]g [Re (c0) 3 (tnen) (Hz') 1+ + BFf

(a) (b)

is shifted to the right. The signal due to the free BFf anion increases

til1 the singlets coalesce at 510oK. The broad signal at coalescence is

consistent with rapid exchange between the species ( ("), (b) ) and their

lifetime was approxinated at 0.1 sec. Further increase in tenperature

results in the disappearance of the signal (Fig' 5'6'2)' This explains

some of the difficulties in detecting or finding the respective leF signals

for the other aquo-conplexes in solution studied at room tenperature' The
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330'K

320

310

300

290

280

260

(a) (b)

240

H -2749

FIGURE s.6.2. rH decoupted teF FT N.t!í.R. (84.67 MHz) spectra of a solution
õFTRilO) 3 Cmen) (H2O)l+ef ; @.024 rnol dn-3) at various temperatures. The

sinlfeis Cáj an¿-iU) ttã.r" been assigned to coordinated and uncoordinated
BF;, respectively,
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experinent is reversible a¡rd a decrease in tenperature resulted in the

Teappearance of the two singlets. Ttre existence of the described

equilibrir¡¡r is consistent with the infrared data of solids obtained fron

the above reâction which shows both coordinated and tmcoordinated BF''- '
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5.7 DISCUSSION

Attempts to remove all the water from the silver salts (AgY,

Y = AsFe-, BF,.-) by their treatment with high temperatures, molecular

sieves and high vacuum have failed. At best at least one half of a

nolecule of lattice water per silver atom remains behind. It is

believed that the renaining water is held in the lattice by strong

hydrogen bonding interactions with the fluoride atoms. water (0(gto))

was always introduced into the reaction systen(s) when these wet silver

salts were used and thus inevitably the compounds prepared always

contained so¡ne water. Infrared and N.M.R. results of the complexes

reported in this chapter are consistent with the existence of an

equilibrium between the three species, [1] , l,2l and [3], in the following

general scheme.

M(CO) g (Lz)Br

lM(co) 3 (
¡-

Lz)(S)l'*Y +H20

t1l

[M(co) ¡ (Lz) (Hz0) ] 
* +Y + S 

- 

M(CO)g(Lz)Y+HzO+S

l2l t3l

fast X- = Cl, Br, I

M(CO)3(L2)X+Y +S+HzO

At roon temperature slow (L - 2 days) evaporation of the solvent

(s = cHzclz, csHsF, CeFe) results in the crystallization of the aquo

species l2l exclusively. This is because the aquo conplexes are the

most insoluble of the three species and thus on evapolation of the

solvent the equilibriun is pushed towards l2l. However, if the solvent

is removed quickly (mins.) then the product isolated consists of a
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nixture of the species Í21 and [3]. on the other hand, slow (cø ' 7 days)

evaporation of the solvent at low temperatures (ca. -10oC) in the

presence of phosphorus Pentoxide results in the isolation of only

M(CO)a(Lz)Y.ô(HzO). It is believed that the cornbination of factors such

as the change in the solubility pToPeIties, the decrease in the amount

of water and the increased stability of [3] at low temperature is

responsible for the last observation.

Unlike the coordinated fluoride in the metal fluoride complexes

(chapters 2,3 and 4), the coordinated s, Hzo and Y- nolecules in [1],

l2l and [5] are very labile. In solution the three species [1] ' Í2) and

t3l ate susceptible to rapid (secs.) halide (X- = C1-, Br-' I-)

substitution. Potentially, therefore, the analogous netal fluoride

conplexes could be prepared from solutions containing [1] ' l2l and t3l

by adding a soluble fluoride salt such as tetraphenyl ammonir¡n fluoride'

Fron the crystal structure determinations of three aquo-co¡nPlexes

(ss s.3, 5.4 and 5.5) the water molecule coordinates to rhenium(I) at an

average distance of 2.246(5) Â. This is significantly larger than the

rhenium-fluoride bond length of 2.040(4) Â (Chapter 3). Hence, for the

rhenir¡n complexes a coordinating atom can be identified as a fluoride or

oxygen atom on the basis of the bond length (Chapter 6)
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5.8 EXPERIMENTAL

Al1 preparations ü¡ere calried out under dry conditions to ninimize

the introduction of any further water to the reaction solutions. However,

the aquo complexes can be prepared under norrnal atnospheric conditions

without influencing the Teaction yields. The elemental analysis results

are given in Table 5.8.1.

lM(c0 s ILz) (HzO) I
¿-'ol

(where, 1. M = l&t, L2 = 2P(OPh)s, Y = AsFe-,

2. M = Re, Lz = 2(C0), bPY, 2P(0Ph)3,

BFr i

tmen, Y- = AsFe-, BF;)

To a 10-15 ml dichloronethane solution containing ca'0'15 mmol of

the respective M(CO)r(tz)Br a 50eo molar excess of finely divided AgY

(where, Y = AsFe , BF+-) was added. The solution was subsequently stirred

for 30 - 40 min., filtered and concentrated to 5 - 10 nl. Microcrystals

of the products (yields, 60 - 80e") formed on addition of petroleum spirit

(100 - 120'C) and cooling (ca. 0"C). RecrystaLLízation was carried out

fron chloroform-light petroleum spirit (40 - 60"C) '

Re (C0) g (Lz)Y' (Hz0) o . s

(where, 1. Lz = bPY, Y = AsFs i

2.Lz=tmen,Y=BF;.)

These complexes were Prepared in a sinilar way to the aqua-comPlexes'

After the filtration step, however, the t'plastic'r reaction vessels were

transferred to a dry nitrogen fi1led desiccator' The solution was stirred

and allowed to evaporate over a period of 7 days at ca. -10oC in the

presence of phosphorus pentoxide. The products were isolated in good

yields (70 - S0%) and not further purified'
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Elenental AnalYsis Results

Compound

IRe (Co) 5 (llz0) ] 
*'RsP.-

IRe(co) s (Hz0) I*'BFu-' (Hzo) o. s

[]tn (co) ¡ { p (optr) ¡ } z (HzO) I 
*'AsFe-' (Hz0) o, s

Irrrn (co) I { e lOen¡ ¡ ) z (HzO) ] 
*' BF.-' (HzO) o. s

lRe (Co) ¡ (bpy) (ll20) I 
+'AsF; ' (Hz0)

IRe(Co) ¡ (bPY) (1120) ]+'BF\-

IRe(co) ¡ (tnen) (H2o) ] 
+'AsF;' (Hz0)

IRe (Co) ¡ (t¡nen) (ll2o) ] 
+' BFr- ' (Hzo) o . s

Re(C0) 3 (bpy)FAsFs'(Hz0) o. s

Re(CO) 3 (tmen) FBF¡'(llzO) o. s

C sH¿AsF¡OoRe

C sH ¡ BF,.0s . iRe

C21 H¡6AsF5,lúroro . sPz

CzrH¡s BFt Þln0¡s . 5P2

C13H¡¡AsF5,N2O,,. 5Re

C¡3H1e BF¡N2OqRe

CellleAsF6N2O¡.3Re

CgHrg BF,.NeO¡ Re

Cr¡HrrAsFsNzO'.. sRe

CgH¡g BFr,NzO,.. sRe

cIt]
Found Required

tt.26
13. ó5

33. 90

39.29

23.96

29.s9

17.95

2t.60
2s.01

22.42

39. 75

24.49

29. 50

18.05

21.ó5

24. E9

22.57

lr.r5
L3.62

33.91

HII]
Found Required

o.42

0. 75

2.5r
2.80

1.66

r.99
3,20

3.84

I .50

3. 50

0. 38

0.69

2.43

2.83

1.8ó

1.90

3.r8
3. 83

l.7E
3. 97

F It]
Found Required

2t.2
t7.2

15.3

1l .9

t7.2
14. 1

r9. r

r5.3
18.3

15.6

2t.37
t7.26

15.31

11. 83

r7.4q

14. 50

18. 92

15.18

18.25

15. 75

N Ie.l

Found Required

4.15

5 .02

4. ó8

5.54

4.52

4.30

s.27

4.65

5.60

4.49

PIe.]

Found Required

8.40

9. 79

8. 53

9. 65

As [e.]

Found Required

t4.2 14.05

ll.ó 1r.50

11.87 12.00

H
lJr
Or
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CHAPTER 6

CONCLUS I ON

The nain objectives of this work have been achieved. Nanely, to

estabLish a facile pathway for the synthesis of netal carbonyl fluoride

complexes and their characterization. Most of the success has been due

to the use of anhydrous silver bifluoride. The other silver salts

(Rgf.û(HzO), AgAsFe.ô(HzO) and AgBFa.ô(H2O)) used always retained some

lattice water (ô = 0 .5 - 2.5 nole) despite heating in a high vacuun and

extensive drying over phosphorus pentoxide. At best only a ¡nixture of

metal Carbonyl aquo- and fluoro-complexes were obtained at roon

tempeTature when the hydrated salts were used. The role of hydrogen

fluoride in silver bifluoride is therefore important in solvating the

silver fluoride. Thus, Preventing water solvation and the subsequent

forrnation of aquo complexes. Furthernole, the lability of the carbonyl

and triphenylphosphate ligands of the reaction intermediates, N{n(C0)5F'

Re(CO)sF and Rh(CO)(PPhg)zF (Chapter 2) has resulted in the formation of

the interesting metal fluoride cluster complexes, in whJ-ch the fluorine

atom is involved in Ug-bridging. The crystallographic data obtained from

the rhenium system has allowed a comparison of the (Re-F) and (Re-o) bond

lengths (S6.1).

6.1 RHENII.JM-FLUORIDE A},ID .OXYGEN BOND LENGTHS

On an electronic count the fluorine and oxygen atons differ by one

electron. This sma1l difference usually does not enable X-ray crystal

sttucture analysis to distinguish between the atoms on the basis of their

scattering poü¡ers. Hence, a combination of analysis results (i.e.
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infrared absorption, nass spectroscopy, microanalysis) were required to

characterize the coordination of the fluoride ion, fluoro- and oxy-anion

ligands. However, with the data present in Table 6.L.L the coordinated

fluorine and oxygen atoms can be distinguished by the bonding distances

to the rheniun atom. The Pauling covalent radii of the fluorine and

oxygen atoms are 0.7t and,0.74 Ã,, respectively. While, the rhenir¡¡t radius

is of the order of 1.52 Â, as calculated by halving the (Re-Re) bond

lengths observed in'polynuclear rheniun carbonyl conpounds' 2s'1s2 -1s4

Thus, based on these values one would predict the (Re-F) and (Re-o) bonds

to be equal to 2.23 and 2.26 Ã., respectively. while this prediction is

approximately of the correct order where the (Re-O) bond is concerned' the

value for the (Re-F) bond is too large (Table 6.1.1). The avelage (Re-F)

bond length found in the fluorine complexes, Re(Co)3(tnen)F and

[Re(CO)3(tnen)F]2H.HOBFs is 2.05S(7) Ã,. While, the avelage (Re-g) length

in the aquo complexes, IRe(CO)s(HzO)1+.AsF5-, [Re(C0) 3(tmen) (HzO)1+'nsf f

a¡rd [Re(CO)3(tnen) (HzO)]*.BFu- is 2.238(10) Ã,, which is significantly

larger than the (Re-F) bond. However, when the coordinated fluoride is

involved in other bonding (e.g. hydrogen bonding and ¡-t2- or U3-ty?e

bridging) the (Re-F) bond increases towards the (Re-o) distance, as is

seen by conparing the respective bond lengths of the rhenium clusters'

lRe (CO) eFl + and [Re (C0) s (OH) ] ,-.
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. TABLE 6. 1. 1

Rheniu¡n-fluoride and -oxygen Bond Lengths

Compounds (Re-F,O)Bond tyPe Length(Â)

Re (CO) g (tnen) Fa

[Re (CO) 3 (tnen) F] zH'HOBFaø

Re(C0) sF'ReFs
b

lRe (co) ,Fl uc

2.236(L0)
'HOBF a

(CO) sReJ(uz)-Re 2.L7 (3)

Re-F (p3 ) 2.20o (s)

Re-F

cÎl ftg-po o o[l

H

2.0se (4)

2.076 (s)

2.207 (8)

2.206 (8)

2.268 (8)

2.zss(L4)

cÎÎl Re-F

d

Re

Re

Re

Re
lRe(c0) s (0H) l,*

[Re(co) s GzO) ]*'AsFs- 
¿

[Re(co) 3 (tmen) (HzO) 1*'AsFf 
¿

IRe (CO) 3 (trnen) (HzO) ] 
*'BFn- n

Re-9(u¡

Re-0Hz

Re-0Hz

Re-0Hz

4Chapter s, bRuf"tence 24, @Chapter 2, dRufe"ence 49, ¿chaPter 6.
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6.2 SUGGEST IONS FOR FURTHER RESEARCH

The use of fluoronated solvents, inert reaction vessels and silver

bifluoride enables pure metal (Mn, Re, Rh) fluoride complexes to be

readily prepared by the halide abstraction method. However, to prove

the generality of the method other metal carbonyl fluorides need to be

prepared and fully characterized (Appendix 2). When applying the ¡nethod

to non-carbonyl metal conplexes the initial characterization of the metaL

fluorides rnay be nade by ¡retal-fluoride absorption bands in their

ínfrared sPectra in the region 2OO. 600 cn-l. However, this will Prove

to be nore difficult than the characterization using the v(CO) ba¡rds'

Since, absorption due to ligand bending and f'rocking'r modess2's7's6 also

occur in this region. Low temperature 1sF N.M.R. spectToscopy could be a

possible alternative.

Due to the linited crystallographic data available for the manganese

systen no (Nffi-F,O) bond length comparison could be made. Thus, the

crystal structure determination of a number of manganese carbonyl fluoride

complexes would be useful in determining whether the trend in the bond

lengths exists as is observed for the rhenium system.
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CHAPTER 7

CRYSTALLOGRAPHY AND EXPERIMENTAL

7.L CRYSTALLOGRAPHY

7 .t.I Instru¡rental

Ttris chapter includes descriptions of the equations, instrunents,

methods and preparations used during the couÌse of the work presented in

this thesis. The descriptions in some cases are sunmaries only since

detailed reports ale availeble fron instrumental nanuals a¡d in the

literature.

X-ray PhotograPhy

Precession photographs were recorded with zirconiu¡n filtered

molybdenurn ko radiation (À = 0.7107 Â,) using a supper Buerger pÎecession

camera. whi1e, weissenberg filns were recorded using a Nonius

weissenberg equi-inclination camera. The space group and unit cel1

parameters were determined from zero and upper level precession and/or

weissenberg films. 77 
' roo ' rss

The STOE

A STOE auto¡nated Weissenberg diffractometer equipped with a graphite

monochromator was one of the diffractometers used to collect intensity

data. The prelininary preparations involved the approximate alignment of

a suitable crystal using the photographic technique. The crystal was

then accurately centered such that a reaL crystal axis was aligned with

the r¡-20 rotation axis. The cell constants were refined using axial
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reflections. For the data coLlected with the sToE diffractometer only

MoKo radiation was used.

Integrative reflection intensity neasurements were carried out by

the t¡ scan technique according to the equation:

^."=A+B [r#]

where, (1) A and B are constants chosen depending on the reflection

half-widths,

(2) y is the equi-inclination angle, and

(3) Ú is the detector angle.

In addition, background measurenents before and .tt"" each reflection

were recorded. Attenuators were inserted for all reflections with

intensities greater than 4000 courts Per second. The count tine for the

final scans for reflections with lower intensities was either adjusted

by factors of two to eight or the final scan omitted and the reflection

assigned as weak for a prescan count rate less tha¡r 8 counts per second'

A standard reflection was measured at regular intervals to monitor the

instrumental stability and afiy crystal deconposition.

The CAD4

A fully automated Enraf-Nonius four-circle diffractometer (CAD4)

also equipped with a graphite nonochromator was the second machine used

to collect crystal data. As indicated in the text both copper and

molybdenum radiation was used. No prelininary photographic crystal

alignment procedure was required for the CAD4. The crystals were sinply

centred in the X-ray beam and then the systematic search routine collected

up to 25 reflections, which were used to determine the initial lattice
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paraneters. These were later refined by a least-squares calculation

using the setting angles of 2s independent high angle reflections

(5 < e < 20") chosen from the data collections'

The data collection was carried out by a o - ! Cel scan technique'

The value of n was detennined by a ul/o profile and scan angle analysis

which ¡naximized the reflection to backgrormd intensity ratio for 10

reflections in the theta range 7.2 < e < 20o. The (l) scan angle and

horizontal counter aperture were varied according to equations

A¡¡ = (A + B tan 0)"

AA = (C + D tan O)run

where, the values of A, B, c and D depend on the half-width of the

individual reflections and the wavelength of the radiation used'

As with the data collections recorded using the SToE, the cou¡tt

ti¡nes for the final scan measurements were determined by a prescan'

Reflections with intensities I ( 2.5o(I) were assigned as weak and no

final scan was penformed. The count tine for the final scan for the

stronger reflections (t > Z.5o(I)) was determined by the nininum required

accuracy. when the ratio o(I)/I was less than a pleset value then the

¡neasurenent made during the prescan was accepted and no final scan vtas

executed. At constant intervals of x-ray exposure (ca. t hr) the

intensity of three standards were neasured to check for instrunental

stability and crystal decomposition.
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7.L.2 Computing

All calculations described in this section were executed on the

University of Adelaiders CYBER 173 computer.

Data Reduction

Lorentz and polarization corrections vrere applied to the STOE data

collections by the reduction progran AUPTP. 
Ta This program calculates

the corrected reflection intensities (I) using the relation:

f= (P-{ /tgj- {Br + Bz}).S

where, (1) P is the uncorrected reflection intensity;

(2) tp and tg are the peak scan and total background cor.rnt tines,

respectivelY;

(3) Br and 82 are the backgrotmd counts on either side of the

reflection;

(4)LnistheLorentzandpolarizationcorrection;and

(5) A and s are the attenuation factor and the scan speed,

respective 1y.

The standard deviation (o(I) ) of the reflection intensity was estimated

by the equation:

1 (P+{ t ]2{Br + Bz}).s212
1

2

o(I) = Lp

For data collected on the CAD4 the plogran SUSCAD 
e8 was used to

preform the data reduction. The proglam produces a list of structure

factors (F) using the relation:

(P - 2{Br * Bz})'p=
Lp A

1

2
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In addition, SUSCAD corfects for any crystal deconposition and/or any

long term intensity variations resulting from instrumental instabilities.

Absorption corrections for the ST0E were applied trith the prograÍl

SHELX. 
TS While, for the CAD4 data the corrections were preforned with

the progran ABSoRB. 
ee In both cases the dimensions of the crystals used

in the calculations were measured with microscopes equipped with

calibrated scales

Solution and Refinenent

The systernatically absent reflections were rejected and the

equivalent reflections averaged for both types of data sets (STOE, CAD4)

using the progra¡r SHELXIS Reflections for which the intensity was

L < 2.5o(I) were also omitted.

SHELXTs has allowed for both a least-square full-matrix or blocked-

matrix refinement of the atomic parameters by minimizing the function:

rw(lrel - le"l)'

where, Fs and Fs are the observed and calculated structure factors' The

anisotropic notion of atoms were ¡nodelled as ellipsoids of the form

expl-2n2(U11h2a*2 +lJzzkzb*z + Ugs 12c*2 + ZlJ,¡¡ka*b* + 2Urghla*ct' + 2lJzgklb*c*)]

ar¡d estinates the respective standard deviations (o(e)) as:

1

2

In final refinement calculations the following weighting scheme was

employed

w=#
and the values k and g vreÏe refined. The residual indices (R, R*) or
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discrepancy factors were determíned as

* = 
¡l(lrol - lr"l)l

rleol

R" _ rl(lrol - lr"l)1./ñ
r(lrol6)

The absolute configuration of a molecule (Chapter 5) deternined by

re-calculating the final refinement with the signs of all the atomic

coordinates changed. ls6 The correct configuration was chosen on the

basis of the lower R value using Hamiltonts significance test.ls7

The centricity of the distribution of reflection intensities was

deternined from the E-statistics (where, E is the normalized structure

factorlss ). The StlELXts progran was employed to calculate the value of

lg'- fl as a function of sinO. A structure was considered centro-

symmetric and non-centlosym¡netric if the average l 
gt - f I was

approximately equal to 0.968 and O-736, respectively.ttt

In the final calculation SHELXTS was also used to determine the

bond lengths, bond angles, the respective standard deviations and the

non-bonded distances. The observed and calculated structure factors for

each structure as tabulated by the program are given on microfiche in

the back of this thesis. The molecular structures were plotted by the

programs ORTEPT8 and PLUTO.laa
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7.2 EXPERIMENTAL

7.2.L General

The preparatíons and reactions described in this work were carried

out in a nitrogen aturosphere, dried using phosphorus pentoxide' A dry

box equipped with a connection to a vacutlm line was used for al1 reaction

transfers and for the isolation of the ploducts. All non-volu¡netric

glassware was dried in an oven at eq,. L?O"C for a rninimum of four hours

before use. For short tern stolage (2 - 3 weeks) the compounds were kept

in a desiccator in the dark at room temperature. For longer periods

the compor¡rds were stored at ca. 0"C over phosphorus pentoxide'

Crystallizations vrere carried out in either the dry box environment at

room temperature or in a desiccator placed in a refrigerator at OoC'

Precautions Should be taken when r:ndertaking large scale preparations

involving the potentially hazardous silver bifluoride to ensure that the

laboratory is sufficiently ventilated to remove afiy hydrogen fluoride

gas given off during the reactions.

7.2.2 Physical Measureñents and Instrumentation

Balances

A lvlettler H16 balance was used to measure the weights of the

precursors and reagents for the preparation of the fluoro-complexes.

While, for the routine pleParations of the precursors a Sartorius 1202 MP

balance with a precision of 10.005 g was used'

Elenental Analyses

The elemental microanalyses (C, H, B, F, N, P) were executed by the

Australian Microanalytical Service, Melbourne. The sanples were sealed
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in tubes filled with dry nitrogen and protected from light before they

ürere sent to Melbourne.

Infrared Spectra

AIl infrared spectra were recorded using a Perkin Elmer 457 double

bean grating spectrometer calibrated with carbon monoxide gas and

polystyrene. Solution spectra wefe lecorded in the range 2500 - 1500 cm-1

using calcit¡sr fluoride cells. complete sPectra (4000 - 400 cn-1¡ were

recorded as nujol nulls between Nacl or KBr plates. The nujol and

solvents (cHzclz, c5H5F, CeFs) were dried over Linde 4A molecular sieves

before use.

Mass Spectra

Mass spectla utere recorded on an AEI MS 30 spectrometer with a 70 eV

bean. No satisfactory spectra were obtained for the aquo-conplexes'

Their spectra showed no signals corresPonding to the molecular ions or

the fragnentation sPecies.

N.M.R. Spectra

1eF broad band proton decoupled Fourier transform N.M.R. spectra

Írere recorded at g4.67 MlIz on a Bruker HX-90-E spectrometer. Spectra of

the compounds dissolved in dry deuterochloroforrn or deuterodichloromethane

were recorded on the spectrometer (with 2H tock) using 5 mm tubes' For

the variable temperature work a coPPel-constantan thermocouple 
160 was

ernployed to maintain a stable temperatule (t 0'3' K)
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7.2.3 Gas. Ligands . Reagents and Solvents

Gas

The high purity nitrogen supplied by Conrnonwealth Industrial Gases

(CIG) was dried using phosphorus pentoxide and concentTated sulphuric

acid.

Ligands and Reagents

The ligands listed below were stored in the dark and used without

further purification.

Ligand Origin Purity

bpv

DIPHOS

PPh3

P{OPh} ¡

sbPh3

tmen

Ènn

Stream Chemicals

BDH

BDH

Stream Chemicals

Fluka

LR

AR

LR

LR

AR

AR

Reagents

Manganese and rheniurn carbonyl (Stream Chemicals) were stored at

-15'C and used as supplied by the nanufacturer. Silver bifluoride

(Ozark-Mahoning), silver hexafluoroarsenate (Ozark-Mahoning) and silver

perchlorate (Pfaltz-Bauer) were stored in a desiccator protected from

direct light and used in a dry box environment'

Silver Fluoride

Brauerrs methodtt6 was used to prepare silver fluoride from silver

carbonate and hydrofluoric acid. The reaction was carried out in a

plastic vessel, the solution was then filtered, dried ín Uacuo and the
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yellov, product I^Ias subsequently stored in a desiccator in the dark'

However, despite extensive purnping on the vacuum line (6 - 8 hrs) and

heating to ca. 60"C, some lattice water (6(HzO) ) always renained.

Sitver Tetrafluoroboràte

Silver tetrafluoroborate Ítas prePared from silver carbonate by

adding aqueous fluoroboric acid C4O%) r:ntil the evolution of carbon

dioxide had stopped. The solution was then filtered a¡d dried on a

vacuttrn line to give the white product.lla As in the case of silver

fluoride, warning (50 - ó0'C) the product under high vacuum for a period

of six to eight hours failed to remove the lattice water. The reagent

was stored in a desiccator over phosphorus pentoxide and maniPulated in

an atmosphere of drY nitrogen.

Solvents

All the solvents (AR grade) used were dried over Linde 4A nolqcular

sieves for a mini¡rum of three days before use'
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7.2.4 PreP aration of the Precursors

M(CO)sBr (where, M = lvfn, Re)

Manganese and rhenium pentacarbonyl bromide $rere prePared by the

method described by Abel and Wilkinsonl'162 Bronine (1.48 g, 9.26 mmol)

was added to the respective metal carbonyl precursor (6'41 nmol) dissolved

in carbon tetrachlorid.e (ca. 30 ml) and the mixture was then stirred for

one hour at ca. 40oC. The product was removed from solution by

filtration, dried in oaauo and finally sublimed (50'C, 0.1 mn) giving

yields of the order of 85eo.

(f . Ir4n(CO) sBr: v(CO) 2145w, 2060vs , 2OL7s cm-I;

2. Re(CO)5Br: v(CO) ; (CH2C12 solution))

M(CO) ¡ (Lz) Br

(where, 1. M = Mn, Lz = bPY, DIPHos, 2(PPh3) ' 2(P{oPh}s)' tmen;

2. M = Re, L2 = bpy, dpe, 2(P{OPh} ,) ' 2(sbPh3), tmen)

These compounds r¡irere prePared by the general rnethod developed in the

literature6s'163,164 for the preparation of substituted carbonyl halides

of nanganese and rhenium. In each case a molar excess (75-2Oe") of the

respective tigand was added to the pentacarbonyl bromide complex

(0.2 - 0.5 g) dissolved in petroleum ether (25 - 50 mI) and then the

reaction mixture was stirred for ca. 30 min. at 110-t20"C' After
wev'e

cooling the tricarbonyl bromides\filtered and washed with diethylether

to remove the excess ligand. Recrystallization was carried out fron

chtoroform - light petroleum (40-60"C) to give the product with yields

ranging fron 60 to 80eo. The compounds were subsequently dried ín uacuo,

stóred in a desiccator over phosphorus pentoxide and shielded fron light'

All complexes wer,e characterized by their infrared absorption spectra

in the carbonYl region.
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Rh(c0) (PPhg) zCl

The title conpound was plepared fron Rhc13.(Hzo)3 using the

nethod reported by Evans, Osborn and Wilkinson.164 A hot ethanol

solution (44. 8 nI) containing RhCls'(HzQ)s (ea.0.20 g) was added to a

boiling ethanol solution (ca. 30 ¡rl) containing triphenyl phosphine

(ca. o.72 g). Formaldehyde (38%, 1.5 url) was added causing the red

solution to turn yelIow. On cooling the yellow product was isolated and

recrystalLized from benzene (yield, ea- 4Seo)-

(v(CO) L972 cm-I (CHzClz solution))

0s(Co) (cp) (PPhg)Br

This complex was kindly prepared by A.G. Swincer from CpOs(PPha)zBr

using the literature nethod. I6s The precursor vtas carbonylated

(70"/150 atm) in benzene for ca. 48 hr. Filtration and evaporation of

the solution preceded the crystallization of a mixture of orange and

yellow crystals (CpOs(PPh3) (CO)Br) from acetate-methanol. The yellow

product was separated fron the starting naterial by recrystallization

frour CHzCI z /n-hexane.

(v(co) 1940 s, CHzClz)
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APPENDIX 1

SELECTED SOLID STATE INFRARED SPECTRA

The conplete nujol spectÎa (4000 - 4OO cn-I) of a selected nunber of

previously unreported complexes al.e presented in this Appendix. Ttre

nunber to the left of the spectra collespond to the conplexes given below:

1. lfac-Re(CO) sFl a'(HzO) +

2. lfac-Re(CO) gFl,*

s. fae-Re(cO)¡(bPY)F

4. lfae-Re(CO) s (bPY)Fl zH'HOBFa

5. fae-Re(CO) s (dPe)F

6. mer-Re(CO) s (SbPha) zF

7. fae-Re(CO)a(tnen)F

8 . lfae-Re (C0) s (trnen) Fl zH'HOBF3

9. [Re(Co) s(HzO)]*'RsPe-

10. lfae-Re(CO) s (bpy) (Hzo) 1*'AsF5-'ô (HzO)

11. fae-Re(CO) ¡ (bpy) FAsF s'ô (Hz0)

t2. lmen-ttur(C0) g (P{OPh} a ) z (HzO) I 
*'nsrs-

L3. lfae-Re(co) s (bpy) (HzO) 1 
*'nru-'ô (HzO)

L4. lfae-Re(Co) g (tmen) (H2o) I 
*'BFn-'ô (FIz0)

15. fae-Re (CO) s (trnen) FBF 3 ' ô (H2O)
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APPENDTX 2

OTHER POSSIBLE METAL CARBONYL FLUORIDE COMPLEXES

The halogen abstraction technique described in this thesis was used

with a few other transition ¡netal carbonyls to test its generality for

coordinating fluoride. The products of the reactions given in this

Appendix have only been characterized by infrared spectroscopy and/or are

rm-identified decarbonylation by-products. In both cases further analysis

or experimentation is required.

PREPARATION oF MICO) (CP) (PPhg)F

(where, M = 0s and Ru)

To dichloromethane solutions (ca. 5 ml) containing 0.05 - 0.10 ¡runol

of the dissolved Os(C0) (Cp) (PPhs)Br and Ru(C0) (Cp) (PPha)Cl conplexesl6u

finely divided silver bifluoride (0.1 - 0.2 nmol) was added. The reaction

mixtures were stirred in polyethylene vessels f.or ea. 30 ninutes under

the dry nitrogen atmosphere of a dry box. The silver halides (F(excess),

Cl and Br) were moved by filtration and the solutions dried in uacuo- In

each case the v(CO) stretching band of the osmium and ruthenium|tfluorides"

was observed at a higher frequency than the respective bronide and

chloride conplexes, as expected (Chapter 1.3). This change in the v(CO)

stretching frequency was also accompanied by a colour change (see below) '

The full nujol spectra of the "fluoriderr complexes showed no absorption

due to either coordinated or lattice water (Ctrapter 5.2.3(a))

v(CO) ("t-t) mediurn

Os(CO) (Cp) (PPhg)Br (yellow) 1940s CH2CI2

'r0s (C0) (Cp) (PPhs)Fr' (yellow/orange) 1957s CH2C12
1946s nujol

Ru(CO) (Cp) (PPh3)C1 (brown/red) 1963s CH2CI2

"Ru(C0) (Cp) (PPhg)F" (ye1l0w/brown) 1976s CHzClz
1976s nujol
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REACTIoN 0F Re(III)(C0)z(Lz)Bra WITH AgFzH

(where, L2= bPY, diPhos and Phen)

All reactions of the seven coordinated rhenium (III) carbonyl bromide

complexes166 with silver bifluoride resulted in decarbonylation and the

fonnation of unidentified insoluble black products:

Re(rrr) (co)z(Lz)Brs + S.5AgF2" åffi 2(co)t + SAgBr* + 0.SAgF2H

dry N2 atmosP.

+ Itblack productsrr.

Hence, no further work was carried out.

REACTION 0F Fe(C0)z(Cp)I WITH AgFzH

When Fe(CO)z(Cp)I (ca. 0.10 n¡nol) was reacted with silver bifluoride

(ea. 0.15 mmol) in dichloromethane at room temperature the solution

changed fron a dark brown to a red colour. The initial precipitation of

silver iodide was followed by the rapid fornation of an insoluble brown

product, which exhibited no v(CO) or v(OH) stretching bands in the

Infrared spectrum. The infrared spectrr:m of the reaction nixture in the

carbonyl region indicate the presence of two soluble species. The two

v(CO) absorption bands at high frequency are consistent with the

presence of the iron fluoride complex, "Fe(CO)z(Cp)F". Whi1e, the

absorption band at 1960 cm-l is most likely due to an iron-carbonyl-

fluoride dineric species. With time the filtered reaction mixture

became lighter in colour (brown-red) and the v(C0) bands disappeared.

Presumably, the species in solution were the intennediates in the

fornation of the brown-red product, which is postulated to be the iron

fluoride cluster complex, ttIFe(Cp)F]u". The proposed reaction scheme

leading to the forrnation of the cluster is given below:
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Fe (Co) z (Cp) I

CHzClz
AgF2H

AgI* + HFt

lFe(co) z (cp) (CHzClz) I 
+F-

R.tenp. fast (secs.)

" [Fe (C0) z (Cp) F] "

R.temp. fast (secs. )

F

" (Cp) (C0) F
"\ F./

Fe (C0) (Cp) "

R. tenp. s low (urins . )

r'IFe(Cp)F],+"

Further work is required in this system. Firstly, to attempt to isolate

the internediate species by p9nforming the above reaction at lower

tenperature (ca. 0'C). Second1y, to fully characterize the iron rrclusterrl

by a crystal structure determination and microanalysis.

v(CO) , (cn- t) nediun

Fe(CO)z(Cp)I brown 2035s,1999s CH2C12

"Fe(CO)z(CP)F" red 2054s,20t6s CH2CL2

"[Fe(CO) (CpF] z" red 1960ut CHzCIz
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LIST OF PUBLICATIONS

The publications containing some of the naterial reported in this

thesis are given below:

1. rrTetranuclear Carbonylfluorohydroxymanganese(I) Clusters,

[lût4(C0)rzFx(OH)q-x]", Horlt, E., Snow, M.R. and Ze1eny, P.C.,

Aust. J. Chem., 1980, 33, 1659.

2. I'Perchlorate and Difluorophosphate Coordination Derivatives of

Rhenir¡¡r Carbonyltt, Hofli, E. and Snow, M.R., Aust- J. Chem-, 1980'

33, 2369.

3. I'A Tetranuclear Carbonyl Fluoro Rhenirm(I) Cluster, [Re(C0) 3F],r'(HzO),"',

Horn, E. and Snow, M.R., Aust. J. Chem., 1981 , 34, 737.

4. I'Coordinated Fluoride in Rhenium(I) Carbonyl Complexesr', Horn, E. and

Snow, M.R., Aust. J. Chem., 1983, (in print).

5. rrManganese(I) and Rheniun(I) Carbonyl Aquo Conplexesr', Horn, E. and

Snow, M.R., 1983, (nanuscript in Progress).
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