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ABSTRACT

This thesis describes the perparaticna of seriss of
derivetives of tungsten (VI) fluorides, and experimental tochnigues,
used to investigate their physical and chemicel properties,

. 19 18 .
particularly “F ne.n.r spectroscopy =nd F tracer techniques.

The suvbwitituents X of the‘aeries WFG,an which are
investigated are -lMe,,-lEb,,~0CF 5,-oc(o)a (where R=lie or CF3),
CN,NCO and Cl. They were chosen to develop different aspects of
the chemistry of W(VI), in particular to investigate the effects
of ligands of different electronic and steric properties on the

reactivities and stercochemistry of the compounds,

Dialkyl: nino derivatives of tungsten hexafluoride ol the
type WF6_n(NR2)n(R=Me,n=1;R=Et,n=1, 2 end 4) are obtained from
the stoichiometric reactions of tungsten hexafluoride with
dialkylamino trimethylsilanes. Attemp?s to prepare WF3(NEt2)3
by this method were unsuccessful and led to the formation of
WF4(NEt2)2 or a mixture of unidentified species. The physical

properties of WF_.NR, and WF4.(NEt2)2 are consistent with their

b
being associated but WFZ(NEt2)4 appears to be monomeric.
Substitution of the fluoride by chloride, rather than W-N bond
cleavage, occurs in reactions of WFSNEtz with anhydrous hydrogeh

chloride, Analyses of the compounds obtained from the recactions

of WF NEt2 with Me_SiCl are consistent with the presence of more

5 3

than one species, which are not completely characterized,

WFBNE%,2

slowly decomposes to WF4(0Me)(NEt2). The N.m.r spectra of the

reccts with (1£e0),S=0 giving WF,(NEt,) fos(o)otie} which

productys from the reactions of Sfjt with trimethylmethoxysilene
are éonsistent with the presence of mcre than one species.
wr(om)z(m:tz)5 and WFc12(NEt2)3 are obtained from the reactions

of WF2(NEt2)& with Ye;Si0Me and 1933101 respectively.,



The reactions of tunzsten herafluoride with tris
(dimethylanino) jhosphine ond trimethylsilyl imidazole are also
described., Tungsten hexallucride wndergoes aminolyais with
diethylamine, which has been followed byrconductometric

titrations in acetone solution.

r \oT N N cNe [’ i
WF5006‘5 and h0P5006P5 are prepeared from the reaction

of WF, with Me 81006F5(1=1 nmole retio). The molecular weight

19

3

determinations and T n.nm.r spectrum of WF5006F are consistent

5

with its monomeric nature, The difference in the ortho and para
fluorine chemical shifts of pentafluorophenyl group in WF5006F5
is smallest among the pentafluorophenyl derivatives, which suggests

that ~OWF_ is an ¥ electron acceptor group. The colour of both

5

WF OC6F and NoF OC6F5 is ascribed to intramolecular charge transfer

> 5 5

from the pentafluorophenyl ring to the non bonding orbitals of
tungsten. The 19F n.m.r spectrum of the product obtained from the

reaction of WF6(1 mole) with Ne 31006F5(2 moles) is consistent

3
with a mixture including WF 006F and WF4(006F5)2

5 P

Carboxylato tungsten (VI) fluorides cannot be isolated

from the reactions of WF6 with Me_SiOC(O)R, where R=CH CF3'C

370
5Six(x=

3 3’

Tungsten hexafluoride undergoes substitution reaction with Me

CN or NCO), but the products are not completely charactrized.

A fluorine - 18 tracer technigue has been developed to
study the exchange reactions of WFS-an (where X=NEt2,0Me,OPh,

006F5;n=1-4) with Me_SiF. The rate of exchange depends on the

3
neture and number of substituents, concentrations, stoichionetry
of the reactants and the reaction conditionse The mechanism of

the exchange reactions can be related to the mechanism of

substitution reactions,



INTRCDUCTICN

Knowledge of the chemistry and technology of fluorine and its
compounds has expanded enormoucly in recent years. Since 1940, when
research into both organic and inorganic compounds of fluorine was
stimulated by their importence in the development of nuclear sciencs,
fluorine compounds have heen increasingly used as refrigerants, plastics,
elastomers, surfactants, and high energy rocket fuels. At the same
time the chemistry of fluorine has been shown to encompass some of the
most inert and the most reactive classes of compounds, namely the
fluorocarbons and halogen fluorides, and therefore presents a number of
challenging problems on the nature of the chem{;;i bonding,_structure,
and reactivity.

Being the most reactive member of the peribdic table, fluorine comb;nes
with most of the elements, even with some of the noble gaszs. Its
reactivity is attributed fo the low bond dissociation energy of the
fluorine molecule, The most recent determination, by photo~ionization
methods1 gives a value of 36,67 b 0.23 kcal.mol-1, compared with the
latest values for the dissociation energies of other halogens,2'3 of
012, 57.2; Brz, 45.4; and 12, 2546 kcal.mol-1. The large inter-
electronic repulsion forces of the fluorine molecule znd the absence of
orbitals of suitable symmetry ?or multiple bonding have been suggested
as £he possible causes of the weakness of the F-F bond,

Fluorine is the most electronegative of the elements and its high
ionization potential precludes the possibility of positive oxidation
states. Fluorine compounds with the elements are of two main types,
ionic and covalent, in both of which the fluorine has a complete octet

of electrons. The stability of the fluoride ion is reflected in the

estimated standard electrode potential for the system



F,(g) + e = F(aq)

of E® = 42,85 v. The co-ordination number of fluorine in covalent
fluorides is usually one, but an increasing number of compounds are
being shown to contain bridging fluorine atons (e.g. refs, 4.5). It
is also currently suggested that the filled 2p orbitals of fluorine can
engage in m-bonding where suitable orbitals exist in the heteroatom
(eege refse 6,7)

The small size of the fluorine atom is responsible for the highest
covalency of the element with which it combines, and also accounts for
many inorganic fluorides having physical and chemical properties different
from those of the corresponding chlorides, bromides and jodides,

Fluorine-19 is the only naturally occurring isotope of the element,
This nucleus, with a spin of %, has a gyromagnetic ratio very near to
that of protium, and hence 19F‘ nuclear magnetic resonance spectra are

19F chemical shifts and coupling

easily measured, Since the range of
constants is large compared with that obtained from 1H n.m.r., spectra,
much useful information about molecular structures may be obtained from
n.,m.r. spectral data. In this study of some fluorine compounds of
tungsten, a great use of 19F n.m,r, spectroscopy has been made in the
characterization of the reéction products,

Fluorine has a number of radioactive nuclides of which fluorine-18
has the longest half life (112 minutes).8 This half life is relatively
short in comparison with other nuclides used as radio-active tracers,
and effectively limits the period over which tracer experiments may be
carried out, This has been a serious limitation on its use, since it
cannot be stored, but must be prepared each day and used at the site of

preparation. With the increasing number of nuclear reactors and high

energy accelerators such as cyclotrons and betatrons the availability of



18F in mechanistic studies can previde a means of investigating

chemical bonding, from which a ¥knowledge of the strength and nature of
bonds in a molecule can be obtained. 18F Tracer studies have been
extensively used to investigate the nature of metal--ligand interactions
and the mechanisms of various reactions studied during the course of
this work.

Among the known binary fluorides, the hexafluorides form an
interesting, and in some respects an unusual class of compounds.
Hexafluorides are known for the group VI elements, sulphur, selenium,
tellurium and polonium, xenon, chromium and some of the second and
third row transition and actinide metals, In general, the non-metal
hexafluorides are considered to be less reactive than the metal
hexafluorides, In fact very liétle attention has been paid to the
chemical reactivities of transition metal fluorides, compared with the
non-metal fluorides. Early studies were restricted in the main to the
measurement of physical properties, and even in the case of the
technologically important uranium hexafluoride very little investigation
was made of its chemical properties and reactions prior to 1957.9'10
Still less was known about other higher transition metal fluorides.
Clark11 reported in 1958 that most of the hexafluorides had only been
studied qualitatively and the reaction products had not been identified.
They were assumed to be extremely reactive, however, for the only
property common to all of them appeared to be their ability to ;ndergo
violent hydrolysis reactions, |

Over the last decade, the discovery of suitable material such as
the polymers "Teflon" and "Kel-F" and the development of experimental

techniques have enabled the matal hexafluorides to be handled under

anhydrous conditions. A number of excellent reviews are available which



deal with the preparation and properties of transition metal fluorides,

13

Emeléﬁs12 and Peaccck ~ have summed up the earlier developments, while

15

more recent progress has been covered briefly by Simons,14 Weinstock,
Bartlett,7’17 Fergusson,17 Canterford, Colten, and 0'Donnell.6’9

The hexafluorides of second and third row transition metals are
monomeric and volatile at room tempsrature. They are characterized
by extremely short-liquid ranges., Absence of strong intermolecular ,
forces, between electronegative fluorine atoms is believed to be the
main reason for this unexpected high volatility of these fluorides.
Hexafluorides of the third transition series are more volatile than
the corresponding second row hexafluorides, this phenomenon cannot be
explained in terms of the conventional concept of an inverse relation-
ship between molecular weight and volatility. It has been suggested
that, entropy cdnsiderations are important at elevated temperatures
owing to the intermolecular forces being almost identical on the
periphery of the molecules.18 Tungsten hexafluoride, a colourless
liquid is the most volatile of the transition metal hexafluorides,
M, Po 2.00, bePe 17.1° (refe 19) and this property allows it to be
handled by conventional vacuum line techniques.

The hexafluorides form regular octahedral molecules, as has been

19

demonstrated by infra-red and Raman,6 F nem.r, spectroscopy20 and

21,22

electron diffraction. Force constants for the symmetric metal-

fluorine stretching vibrations of gaseous transition metal hexafluorides

23

have been recently calculated. The highest value is found for WF6,

vhich suggests that it is the moat stable and therefore the least
reactive chemically., The enthalpies of formation of molybdenum and
tungsten hexafluorides have been determined by fluorine bomb

24,25

calorimetry, and average bond energies of 107 and 121 kcal.mol-1



respectively can be derived.7 These values are much higher than those
of sulphur, selenium and tellurium hexafluorides which are 79, 73
and 81 kcal.molm1 respectively.7‘26

The available comparative studies of the chemical reactivities of
the transition metal hexafluorides confirm the above predictions.
Tungsten hexafluoride is the least reéctive, and has been used as a

27

solvent for n.m,r. studies of other fluorides., Platinum hexafluoride

on the other hand, is extremely reactive. It can oxidise molecular
28 29 : . . . : 30
oxygen, xenon, and bromine trifluoride to bromine pentafluoride.

From a study of the reactions of the hexafluorides of the third transition

series with nitric oxide and nitrosyl fluoride, Bartlett and

co-—workers7’31 concluded that the electron affinities are in the order
WF6 £ ReF6 <L OsF6 4 IrF6 < PtF6. They observed, however, that the
ability of the hexafluorides to accept fluoride ion to give MF, and

T
MF82- species decreases along this series, and they attributed the

effect to a sharp increase in ligand crowding from WF6 to PtF6.

In order fo account for the trends in the stability and reactivity
of the metal hexafluorides, it has been suggested that there is fluorine- _
to-metal m-bonding, and that the contribution of 7-bonding to the
total bonding decreases as the number of electrons in the metal t28
orbitals increases, resulting in decreasing stability and consequently
increasing reactivity from left to right across the series.s’7 It is
expected that m—bonding will be greater in the hexafluorides of the
third transition series than in thcse of the second transition series
because of the greater nuclear charges of the central atoms of the

7

former., Bartlett' has suggested that the constancy of the M-F bond

21,22

lengths in the third row hexafluorides may result from a

coincidental matching of the lengthening due to loss of multiple bond



character with a shortening from the transition series contraction,
Molybdenum and tungsten hexafluorides were long regarded as very
reactive compounds, and very similar in physical and chemicsal
properties,32 The assumption that their chemical properties are very
similar appears to have been based on the similarity of their hydrolysis
reactions, Recent work, however, ihdicates that there are considerable
differences in chemical reactivitye. O'Donnell and Stewart33 have
studied oxidation reduction and halogen exchange reactions of the
higher fluorides of chromium, molybdenum, and tungsten with lower
fluorides of some non-metals and some non-metal chlorides, and have
> MoF, » WF.. MoF,. is a

5 6 6 6
weak fluorinating agent towards PF3, 082 and WF,, giving PF5' (CF

found that the order of reactivity is CrF

30252
and WF6 respectively, the other product in each case being MoFs.
Halogen exchange‘occurs between M0F6 and PCl3, AsClB, SbClB, TiCl4,
0014, 81014, BCl3 and PBr3. WF6 is virtually inert as a fluorinating

agent, only reacting slowly with PF3 H

+ PF

WF6 + PF3 —> WF 5

4

4 and BCl3 to give

w016 and W013F3 respectivelys A slow reaction also occurs between

WF6 undergoes halogen-exchange reactions with TiCl

5 and PF3. The reactions of the hexafluorides

of molybdenum, tungsten and uranium with binary ionic chlorides have

HF6 and PBr3 yielding WBr

been studied by 0'Donnell and Wilson,34 and these provide further
evidence of the relatively inert nature of WF6 compared with MoF6 and

UFG' Halogen exchange was observed between WF6 and BeCl, to yield

2

W016 and Bero

Tungsten hexafluoride was prepared by Ruff and co-workers in 1905

by the reaction

WCl. + 6HF —) 6HCl + WF

6 6



and they carried out the first qualitative investigation of its
35,36

Direct fluorination of the metal is now

37,38

chemical behsaviour,

the preferred method of preparation, but despite the work done

on its preparation, purification and physical characteristics, in
common with the other metal hexafluorides, few investigations of its
chemistry have been made. |

The first quantitative investigation of tungsten hexafluoride
was undertaken by Clark and Emeléus°39 The adducts WF604.5303,

WFG.(NH3)4, WFG,(Py)3, and WF6 (CH3NH2)5were reported, but none of

these was well characterized, 1:1 Adducts of WF6 with pyridine,

PMe3 and NR3 and a 1:2 adduct with pyridine were later reported by

Muetterties,40 N.m.r. spectroscopic equivalence of fluorine atoms
has been observed from these complexeso41 It is proposed that
spectroscopic equivalence in these complexes results from intra-

molecular exchange. 1:2 Complexes of WT% with Et_S and Et_Se have

2 2
42 19

recently been isolated, The °F nuclear magnetic resonasnce spectra

of both these complexes are similar to those of other WF6, donor

complexes. Reaction of Me20, Et20 and Me3SiOSiMe3 with WF6 led to the

42,43

preparation of WOF, OMe WOF OEt2 and WOF, respectively, The

482 4 4
formation of thesg complexés demonstrates the great stability of a
multiple W-0 bond. ‘

Charge transfer interactions have been observed between WF6 and
the group IV compounds, MX4 M= Si: Gey Sny, X = alkyl; M =C, Si,
Sn;X = Cl1), Cglgs CgHsCHyy CoFe, n-hexane and cyclo—hexane.44-47
Charge transfer from solvent to the transition metal fluoride is
suggested to be the dominant electronic transition observed in these
so}utions, but the possibility of the fluoride also behaving as av

donor to non-bonding orbitals localised on Si, Ge or Sn cannot be



L i i ). J “C - a
excluded, Photolysis of sclutions of LFG in 6H6’ C6H5CH§ nd

(CHB)ASn leads to reduction of W(VI), but no discrete compounds are
24

igclated, Tungsten tetraflucoride, which, has been previously made ”

from the reaction of WF6 with C6H6 at 1100, was not observed in the

photolysis of WF6 solutions in benzene.47

y 33,48,49
-3

Following the preparation of WFBC interest in the

substituted derivatives of tungsten hexafluoride has increased, Other

members of the series WPy  C1 {n = 1-5) have been characterized.5o

A mixtore of cis and trans WClZFA isolated from the controlled fluorin-

ation of WCl6 with fluorire, decomposes readily to give other members

of the series, WF Cln, end these compounds were observed by n.m,r,

50

6-n

spectroscopy during the reaction of WF6 with Me,SiCl.

3

vibrational, and microwave spectra are all consistent with 2 monomeric
52

19F Nem.r.,

structure for these compounds?o
Series of methoxy tungsten(VI) fluorides and phenovy tungﬂten(VI)

fluorides HF6_n(OR)n (R =Me;y n=1-4; R=Ph; n=1or 2) have heen

reported from the reactions of tungster hexaflunoride with

R4_nSi(OR)n.43’53 2 very recent report described the preparation of

the corresponding methoxy ccmrpounds of tungsten hexachloride, and it

is svwegested thot the two serie= are interconvertible through fluorinstion

of W-C1l bhnpds with SkT, or chlorination of ¥W-F bonds with Me38101.54

Substitution beyond n = 4 ia not effected with VeSSiOMe but can be

achieved with cu3o“ to give the (Me0)5W01 and (Meo)5ﬁ spﬁﬂ*es.54

N.m r, studies indicate that, like the chlorofluorides, these species

are monomeric in solution and ir some cases gecmetric jaomere are

vrerant, Vhereas (CH30)2WF4 and (C6H50)?WF4 compoundg exists exclusively

in the cis configuration trana-tetramethoxytungstendichloride hz2s been

54

isolated from the selective chlorination of the d4ifluoride,
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Binary fluorides have been widely used as fluorinating agents,
particularly in organic chemistry (e.g. sulphur tetrafluoride)a55
Tungsten hexaflucride has been described both as a powerful fluorinating

32 56

agent” and as having no fluorinating action; Both of these conclusions,
however, are based on few experimentzl observations,

The work outlined above leads to the conclusion that tungsten
hexafluoride is the least reactive of the transition metal hexafluorides,
and is less readily reduced than molybdenum hexafluoride or uranium hexa-
fluoride, The formation of tungsten chlorofluorides and methoxy and
phenoxy fluorides suggests, that it is a mild, selective, fluorinating
agent with limited application.

The work described in this thesis was undertaken with the intention
of extending the chemistry of tungsten hexafluoride by preparing
some of its derivatives, particularly dialkylamino compounds, in order to
investigate their physical and chemical properties., The study of the

ne

compounds, of stoichiometry WF,XX', WF XX'x", wpzxx',x"x etc. where XX' etc.

4 3
are different ligands such as NRZ’ OR, Cl1l, was undertaken with the aim of
getting structural information, particularly about the ligands' electronic
‘and steric factors that determine the stereochemistry of substituted
transition metal fluorides, Comparison of the ease of formation and
chemical reactivities of various substituted derivatives of tungsten

hexafluoride may also lead to wuseful information regarding the nature

of metal-ligand interactions involving a metal in a high oxidation state,
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CHAPTER ONE

NITROGEN-TUNGSTEN-FLUORINE COMPOUNDS. THE REACTIONS OF
TUNGSTEN HEXAPLUORIDE VITH SONME ORGAHOSILICON COMPOUNDS.
THE PREPARATION AND REACTIONS OF DIALKYLAMINO DERIVATIVES

OF TUNGSTEN HEXAFLUORIDE.

INT RODUCTION

Interest in the substituted derivatives of transition metal fluorides
has in the past been mainly limited to those containing chloro and alkoxy
(or aryloxy) substituents, while potential nitrogen donors have been
ignored, The only dialkylamino derivatives of transition metal fluorides
reported when this work was started, were the dialkylamino titanium(1V)
trifluoridés, TiFBNRz, vwhich have been isolated from the reactions of
TiF4 with secondary amines.57’58

Previous efforts to prepare the derivatives of transition metal
halides have generally involved treating the metal chlorides or oxychlorides

5
59 or RNHZ,GO where R = alkyl

61,62

either with protic ligands, for example ROH

or aryl, or with salts such as RONa, R.NLi or C_H_Na, Even for an

2 55
individual element there is no obvious trend in these reactions, since

although substitution reactions may result in such products as (MeZN)6W61

3

other procedures produce reduced oligomeric products,
64

. 6
and (Me3810H2)6W,
for example (Et0)6W2014,
of SiX bond (X = OR or NR

54 .
and.[(06F5)3W(0Et2)3], Cleavage reactions

etc,) in Me_SiX by non-metal fluorides have

2 3
provided a versatile method for the synthesis of substituted derivatives
65,

by means of the general reaction

nRSSiX + MF6 > nRBSiF + MFB_an

Where R is an alkyl group and M the transition metal. These reactions
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are thought to proceed through an intermediate Lewis acid, Lewis base

. . 66
complex, which can in some cases be isolated,

€e8o MeSSiCN + BF3 > Me381CN°BF3

-> MeBSlF + BF2CN

The complex may dissociate before substitution occurs resulting in no

apparent reaction, The cleavage of a Si-X bond in Me. SiX (X = Cl, OMe

3
or OPh) by tungsten hexafluoride to yield a series of substituted

43,48-50,53,54

tungsten(VI) fluorides WF._ X and Me,SiF has been reported,

3

and in the present work it was hoped that the interaction of tungsten

hexafluoride with NN-dialkyltrimethylsilylsmine would provide a route

to hitherto unreported dialkylamino derivatives of WF6. The reactions of

tungsten hexafluoride and molybdenum hexafluoride with dialkylamino —

trimethylsilane have been briefly investigated087’105
A recent report has described the preparation of variousbdialkylamino

tellurium(VI) fluorides from the reaction of TeF, with Me SiNR2 (R = Et

6 3
or Me)67 but, zlthough one fluorine atom in the tellurium hexafluoride
molecule can be substituted readily by a dialkylamino group giving
TeF5NMe2 and TerNEtzvrespectively, only the dimethylamino ligand formed a
stable bis-substituted product. The mixed dimethylamino diethylamino-
tellurium tetrafluoride, TeF4(NEt2NMeZ) was s0 unstable that it could

19 19

only be characterized by its “F n.m.r., spectrum, The °“F n.m.r. spectrum

of both TeF4(NMe2)2 and TeF4(NMeZ)(NEt2) have been interpreted in terms of

a cis structure (1).

F
F NR2
i
7
F NR2
F
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Dialkylamino compounds of the type MF5~n(NEt2)n [M = Nb or Ta;

n=1or 2] have been recently isolated from the reactions of MFS or
. . 68

MFSOEt2 with HeBSlNEt2.

appear to be polymeric with bridging fluorine atoms, and like the penta-

From their vibrational spectra these compounds

fluorides and (MFS-nCIn)n comnpounds they form complexes with pyridine and
substituted pyridine bases. |

There has been growing interest in the use of substituted phosphines,
especially aminophosphines, as ligands towards transition metal, metal and

non-metal compounds.sg'70

Thionyl fluoride undergoes substitution with
tris(dimethylamino)phosphine giving Me?_NS(o)F, and sulphur tetrafluoride
oxidises phosphine to P(V) thus giving (MeZN)3PF2 and (MeZN)zPF3.
The sulphur species from these reactions could not be identified.71
Tungsten hexafluoride, being a very weak oxidising agent, is expected to
undergo substitufion reactions with tris(dimethylamino)phosphine.

The present reactions were undertaken to prepare tungsten fluorine
compounds with nitrogen substituents in order to meke comparisons with
other substituted transition metal fluorides containing metal-oxygen and
metal-chlorine bonds. Detailed study of the chemical reactivity of
dialkylamino tungsten(VI) fluorides was carried out for two purposes,
The first was to compare the Lewis acid character of dialkylamino tungsten(VI)

fluorides with that of tungsten hexafluoride itself. The second was to

xxx“etc.

!
prepare derivatives of tungsten hexafluoride such as WF XX, WF3

4
where X, X’etc are NR2, Cl, OR etcs, Such derivatives
were required to investigate how the stereochemistry of substituted transition
metal fluorides is determined by the ligand§ steric and electronic
requirements,

Covalent transition metal halides undergo solvolysis, for example, when

3

they react with liquid ammonia,72 or with primary or secondary amines,
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For a particular halide the degree of solvolysis decreases along the

series NH3’ NH2 >

organic solvents., Simple adducts are normally formed initially between

R, NHR, and the products become increasingly soluble in

halides and tertiary smines although prolonged interaction often results

74

in reduction of the metal to a lower valency state. Tungsten(VI)

chloride reacts with liquid ammonias to give the awmmoniates W016.4NH and

3

w016°6NH3, but these subsequently undergo ammonolysis with the formation

of WClSo(NHZ) and WC14(NH respectively;72 Aminobasic tungsten(Vl)

2)2
chlorides, WCIQ(NHR) 4 (R = Pr” or Bu") have been isolated from the reactions
of W016 with propylamine and butylamine, and enalogous compounds are
believed to be present in the products formed with methylamine and
ethylamine, With secondary amines initial co-ordination of the amine is
followed by reduction, giving the W(IV) complex salts, (NH2R2)2(W616),
aminolysis then produces the compounds WC%i(NR2).2.NHR20 On the basis of
elemental analysis tertiary amines also appear to give the adducts
WCl6°NR3 initially but subsequent reaction again leads to the production
of tungsten(IV) complexes, (NHR3)2(W016).60 Similar aminolysis reactions
have been described for Nb, Ta, Mo and Ti halides of the type MX5.72'73’7576
- Few aminolysis reactions of transition metal fluorides have been
reported., Titanium tetrafluoride undergoes aminolysis with primary and
secondary amines yielding TiF,NR, and [RzNﬁZ]Z[TiFsz-].57’58 Recent

77

attempts to isolate the reported adducts NbF5.(NHEt2)2 and Tan(EtzNH)2

led to aminolysis, Further investigation may show other fluorides undergo
aminolysis.78
Tungsten hexafluoride has been reported to form 1:3 and 1:1 complexes

with primary'and tertiary amines respectively,39’4o

but no aminolysis
products were noted in these reactions. The behaviour of tungsten hexa-
fluoride with secondary amines was investigated as it might be expected to

be intermediate between that of the primary and tertiary amine reactions.
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RESULTS AND DISCUSSION

INTERACTION OF DIALKYLAMINO TRIMETHYLSILANES WITH TUNGSTEN

HEXAPLUORIDE,

Formation of Dialkylamino Tunssten(VI) Fluorides

Dialkylamino trimethylsilanes react exothermically with tungsten
hexafluoride below 200 to give trimethylflubrosilane and viscous, dark
red brown liquids or solids, which are involatile at 20° and are readily
hydrolysed by water or alkali, These involatile products are formulated
on the basis of elenmental analysis and spectroscopic properties as
WF6_D(NR2)n (R=HMe, n=1; R=Et, n=1,2 and 4). The reactions of
dimethylaminotrimethylsilane with tungsten hexafluoride are less satisfactory
than the reactions of diethylaminotrimethylsilane, as the characterization
of the products from the former reactions is more difficult than for the
products of the latter reactions,

Reaction of dimethylaminotrimethylsilane witﬁ excess tungsten hexa-
fluoride gives dimethylaminotungsten(VI) pentafluoride, WFSNMeZ, which is a

dark red viscous liquid, AIt is deconposed by MeCN, MeNO, and acetone,

2
and is insoluble in most of the other organic solvents, Reproducible
analytical, density and viscosity data (see Table 1.4 and page 45)

for WFSNMeZ are consistent with the presence of a pure compound. Its
infra-red spectrum contains bands in the region 1155-955 cm-1 characteristic
of a -NMe2 group,86 but the occurrence of strong bands in the region
700-600 cmf‘, due to W-F stretching modes, makes the assignment of the W-N

stretchirg mode difficult, Due to its insolubility no n.m.r. studies

could be performed on this compound.
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Insufficient evidence is available to claim the isolation of

bis(dinethylamino)tungsten(VI) tetrafluoride, wF4(NMe Reaction of

2)2°
tungsten hexafluoride with two~fold excess of dimethylaminotrimethyl-

silane led to the formation of a dark red viscous liquid resembling

WF NMeZ. The analysis of this liquid is not consistent with the presence

5

of a pure compound,

Lack of a suitable solvent and the relatively higher viscosity of
dimethylaminotungsten(VI) fluorides compared with the corresponding
diethylamino compounds made their detailed study very difficult. Owing
to such difficulties, the isolation of the higher memhers of the series
WFG—n(NmeZ)n was not attempted, There is no reason, however, that such

compounds should not exist, particularly since the highest member of the

61

series i.e. W(NMez) is known.

6

The reaction of diethylaminotrimethylsilane with tungsten hexafluoride

is different from the corresponding reaction of TeF6 with Me3SiNEt2.

Whereas substitution beyond one fluorine atom was not achieved in the
latter case,67 up to four fluorine'atoms could be replaced in the former
case, lMoreover the tellurium compounds are monomeric in solution, whereas
the diethylaminotungsten(VI) fluorides appear to be associated,

Products obtained from the reaction of WF6 with Me SiNEt2 generally

3
correspond to the stoichiometry of the reactants used. Diethylamino-

tungsten(VI) pentafluoride, WF NEt2 and bis(diethylamino)tungsten(VI)

5 .
tetrafluoride, WF4(NEt2)2, are dark red viscous liquids which are slightly

soluble in C6F6 and toluene, The tetrakis(diethylamino)tungsten(VI)

difluoride, WFz(NEt , on the other hand is a dark red solid which is

2)4
freely soluble in CGFG and 0829 These compounds are all decomposed by

CHBCN, CH3NO2 and acetone. Tris(diethylamino)tungsten(VI) triflﬁoride,

WFB(NEtZ)B could not be isolated, Reactions designed to prepare this

compound led to the formation of either WF4(NEt2)2 or products which,from



their analysis appeared to be mixtures.

methoxy and chloro compounds [WCl3F3, WF3(OM9)3] are well characterized.

" nor characterized.
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These could neither be separated,

‘This is surprising, particularly when the corresponding

43,50

Under the experimental conditions used, substitution beyond the fourth

fluorine atom was not achieved, but there is no obvious reason why the last

two fluorines should not be substituted, particularly as WF(OMe)B,

W(OMe)s, WFC1, W(OC6H5)6, w(ocGF5)6, W(NMe2)6 and the very recently

reported W(CH

3)6

are known.49’54’5

9,61,89,90

PROPERTIES OF DIALKYLAMINOTUNGSTEN(VI) FLUORIDES

79

The densities of WF6 and dialkylaminotungsten(VI) fluorides are

in the order :

Since an increase in mass of the ligand X (x = F, NMe

NMe2 > VWF

5 5

NEt, > WF4(NEt2)2

101

Table

Compound
¥Fe

WF

WFSNEt2

WF4(NEt2)2

NM92

Density (g cm'3)

3.44
2.82
2,37

2’

- (Table 1.1)

NEtz) should

cause a decrease in the density of the compound, the observed order of

densities is not unexpected,

is not linear and the difference in the densities of WF6 and

However, the rate of decrease of densities

dialkylaminotungsten(VI) fluorides seems to be too big to be accounted for
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on the basis of mass effects only. Some other factors appear likely to

be involved in these density changes, One such factor could be the
association in these molecules, In the associated state molecules are
expected to be less dense than in the monomeric state, Having agsumed

that these compounds are associated, the relative difference in the

densities of these compounds can be used to discuss the degree of asgociation
in dialkylaminotungsten(VI) fluorides. The difference between the

densities of WF4(NE1: and WFS(NEtZ) is emall compared with the

2)2

difference between WFSNMe2 and WF5NEt2 and the difference between WF6

and the dialkylaminotungsten(VI) fluorides, This suggests a smaller

2)2 than in WFSNR2°

degree of polymerization would be expected to decrease with the increase

degree of polymerization in WF4(NEt In general the

in substitution of —NR2 ligands in WFG. In fact WFZ(NEt appears to

2)4
be monomeric on the basis of molecular weight determinations (Found, 360;
WFZ(NEt2)4 requires, 310). However, due to the lack of molecular weight
results for other dialkylaminotungsten(VI) fluorides, it is unsatisfactory
to say anything conclusively about the degree of association in these
compounds.,.

Dialkylamino derivatives of titanium tetra halides and 1:1 amine
conplexes of various meta1>f1uorides (e.g. T, Zr, Si, Ge, Sn, S, Te, ¥o)

have been found to be assbciated.57’58’81’82

Moreover, it has been
suggested £hat association in various metal dialkylamides of the type
M(NR2)n n = Ti, Mo; n=4; M=Nb, Ta; n = 5) is prevented by steric
interactions, and the degree of association in Zr(NR2)4 is reported to be
1.22.84’85

By analogy, association in the lower members of dialkylaminotungsten(VI)

fluorides and the monomeric nature of higher dialkylaminotungsten(VI)
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fluoride is not unlikely, The insolubility and high viscosity of

WP_NR. (R = Me or Et) and WF4(NEt also favours association in these

572 2)2
molecules, On the other hand absence of polymerization in WFz(NEt2)4

as a result of the steric repulsions of -NEt, groups, is supported by

2
61 . 60 .
the related complexes of W(NMe2)6, and WClz(NHR)4, which are known

t0 be monomerse.

Baving assumed that WFSNEt2, WFSNMe2 and WF4(NEt are assgociated,

2)2
the question remains whether such association is through fluorine bridges
or dialkylamino groups? The absence of polymerization in chloro
tungsten(VI) fluorides and alkoxy ard phenoxy tungsten(VI) fluoride favours
the likelihood of association through the dialkylamino groups. On the
other hand the dialkylamino group is the least electronegative in the
series F » Cl > OMe » OPh » NR2 and inductive effects will tend to
delocalise the charge towards the fluorine atoms of the dialkylamino-
tungsten(VI) fluorides. This would both strengthen the W-N bonds and
enhance the ability of fluorine to take part in intermolecular bonding.
Moreoever, fluorine bridges are very common in metal fluorides and their
complexes, for example 1:1 amine complexes of wetal fluorides menticned
above are believed to be fluorine bridged, and niobium pentafluoride and

tantalum pentalfuoridess’83

are also known to be associated through
fluorine bridges. It seems, therefore, more probable to assume that
association between the molecules of dialkylaminotungsten(VI) fluorides is
through fluorine rather than dialkylamino bridges.

The infra-red spectra of the dialkylaminotungsten(VI) fluorides in
the region 4000-400 cm-1 are remarkably similar. A broad band of variable
intensity at about 3200 cm"1 with a shoulder at 3130 c:m-1 was observed in
all cases, in addition to the three bands (two in the cése of WF ﬁMe at

5Me,
3035 and 2930 cn™') in the region 2995-2880 cm”' characteristic of
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y(C—H) vibrations, These absorptions may be due to a species containing
a N-H group985a but such an impurity must be present in very small
concentrations in view of the reproducible, analytical density and
viscosity data obtained.

The presence of a strong band at 1720 en”! with a shoulder at
1700 cm—1 in WF_lMe, and a weak band ét 1685 cm'"'1 with shoulder at

52
1708 cm"'1 in WF_NEt, is not understood, These bands are not present

572

in the infra-red spectra of other diethylaminotungsten(VI) fluorides.

Assignments in the 1200-400 cm-1 region are given in Table 1.2,
Bands in the region 1000-1200 cm'-1 are agsigned to diethylamino groups on
the basis of Bradley's work on metal dialkylamides and by comparison with
the corresponding assignments made for dialkylaminotellurium(VI) fluorides.67
Assignments in the region 800-400 cm'-1 are very difficult, as absorptions
such as y(w~F), )(W-N) and bridging fluorine are expected in this

region°51’67985&,86,85a

However it seems reasonable to assign the bands
in the region (esoo-sza,o)cm'1 to the Y(W-F) stretching vibrations by
comparison with the chlorotungsten(VI) fluorides and other related

compounds for example SFSCI878 and dialkylaminotellurium(VI) fluorides,

67
It is not possible however, to distinguish between y(w—N) and bridging
y(W—F) vibrations in the region (650-400 cm"1).

The molecular structure of W(NMe2)6 suggests that W « N a"e p'
bonding is important and a similar conclusion has been reached from the
infra~-red spectra of other transition metal dialkylamides.86 By analogy
it seems reasonable to expect N+ W pn-* & bonding in
dialkylaminotungsten(VI) fluorides, but due to the difficulty of
unambiguous assignments for tungsten-nitrogen stretching modes, it is
hard to draw any definite conclusions,

1 .
Th o '3 . L] &l 14
e H nom.r. spectra (Table 1.,3) of WFNEY . WP4(NEt2)2 and WF2(NEt2)4



Table 1.2

The vibrational frequencies (cm“‘) and the assignments for

diethylaminotungsten(VI) fluorides,

WP NES, WF4(NEt2)2 WF2(NEt2)4 Assignments
1185 m 1190 n 1185 s ch asym,
1159 w 1141 m 1145 w or
124 n 1130 w 1130 s CH3 rocking
1089 s 1090 n 1090 s
1064 s 1065 m 1065 s
sym, N02
1020 s 1012 m 1020 sh
1000 sh 992 s 1002 s
910 sh 908 m
895 m 895 m 895 s ?
855 w
797 s 795 m 800 s
779 sh
695 s 661 m 695 s Discussed in
(585-650)br, s 640 m the text.,
| 600s 600 br,s

555 w

508 w
465 w 460 w 465 m,br

420 sh

br = broad; s = strdng; m = medium; w = weak; sh = shoulder
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N.nm.r. Chemical Shifts

Compound . 1H Chemical Shifts™ 19F Chemical Shiftsb
(Pnpnnh) (p’Ptm-)
- ?
& CCH3 (5WNCH2 :
- /
WFNE 1.4()%  5.7(0)° 6.7(s) ~128 * 2(s)
wr, (NEt,) 1.3(t2)  4.2(pr) 6.3(s) -
WF, (NEt,) , 1.26(t?) 4.3(br) - +20.9(s); +16.0(s)
WFSNEt2
(Heated to 200° 1.13(c)  5.6(c) 3.0(c) -33.0(c), =61.4(c)
in vacuum)
-141,6(s)
a = 1low field of Me4Si; b = negative value low field of CCl3F and
positive value up field of CCL,F; ¢ = J(CH3—CH2) = THz.; ¢ =
complex; br = broad; t = tripletj(t?) = poorly resolved, appeafs

to be a triplet; q = quartet; s = singlet
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are consistent with the presence of -NEt, groups. The sharp

2

singlet often observed at ca. 6.7 p.pom. could be due either to
slight hydrolysis or to some W=NR species produced in secondary reactions.,

But the sharpness of the signal makes the second possibility unlikely.

19 o
F n.m.r, spectra of WF NEt, and WFZ(NEt2)4

broad peaks which is consistent with the occurrence of fast

The were always single

19

F exchange

processes, On one occasion the singlet due to WFSNEt2 was resolved to

a doublet at -500, but the quintet could not be observed, Since

WFSNEt2 appears to be associated, this anomalous result is not understood.
19

Reproducible °“F n.m.r. spectra for WF4(NEt
19

2)2 could not be obtained,

The °F n.m.r. spectrum of WFZ(NEt consists of two signals (both single

2)4
lines) at +21.0 and 16.0 PePolls On one occasion only the signal at

21 pspo.m. was observed. The signal at +21 p.p.m. was always the most
intense, The rélative intensities were different for different samples
but in most cases approximate relative intensities were 3:1, Although
the assignments of the single line n.m.r. signals are never satisfactory
it seems likely that the signals at +21 and +16 p.p.m. could be due to

cis and trans WFZ(NEt respectively, However, the broadness of the

2)4

1H signal for HFZ(NEt makes tentative assignments difficult.,

2)4

Some decomposition of WF NEt2, with the loss of ethylene and ethyl

5

flouride, occurs above 100°C but the 1E n.m.r, chemical shifts of samples
previously heated to 200°¢ in vacuo show that some W—NEt2 groups are still
present. The infra-red spectrum of the above product is also consistent

with the presence of ~NEt, group (band in the region 1160-1015 cm-1).

2

The thermal decomposition behaviour of WFSNEt2 is different from that of

WF501 and WFSOR (R = Me or Et). Decomposition of WFS

the rearrangement to other members of the series WFn016—n (n = 0-6), and

48,87

Cl proceeds with

WFSOR decomposes to give WOF, and RF, Moreover, the latter compounds

4



decompose at a much lower temperature (2OOC) conpared with WFBNEtZ which
decomposes slowly above 100°C.  Since these conpounds have different
structures, their ease of decoumposition cannot be used as a guide for

the comparison of the W-N bond stability in dialkylaminotungsten(VI)
fluorides with the W—Cland W~0 bond: stabilities in the chlorotungsten(VI)

fluorides and alkoxytungsten(VI)fluorides respectively.

Mechanisms of the reactions of Dialkylsninotrimethylsilanes with Tungsten

Hexafluoride,

Barger et a1.81 have described the reaction of diethylamino-

trimethylsilane with TiCl, as an SN2 type. They suggested the following

4
reaction scheme leading to the polymeric diethylamino 7i(IV) chlorides,

Me.,Si Cl Cl lMe.,Si o Cl
7N \_/ TN+ I
N: + Ti -+ N Ti Cl -
7~ / / /7 \
R Cl Cl R Cl Cl
2 2
Cl
Cl -
" " ll,’Clu,. "
Me3SiCl + Ne— Ti—Cl ¢— R21———Ti‘ ;Ti———NR2€———+
\ l ‘\~ o
Ry, c1 C1
Cl
Cl. N Cl Cl
~ | a_ | Lea | _a
i i oy il
c1-” | o7} e | -
NR2 ‘ NR2 NR2
The reection of WF6 with MeBSiCl has also been discussed in terms of
an SN2 displacement at tungsten by Me38101°50 By analogy it is reasonable

to assume that a similar kind of mechanism is involved in the reactions of

WF6 with Me3SiNR2. Undoubtedly an important factor in this type of

reaction wculd be the formation of & very strong Si~F bond. In comparison
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vith the Si~N bond energy, (7700 Kcalomol~1) the Si-~F bond energy is
high, (135.0 Kcalomol-1). Together with the good acceptor properties of
W(VI) fluorides this probably accounts for the eass with which replacement
of a fluoride ligand is achieved,

The mechanism of these reactions is further discussed in Chapter 3

in connection with 18F tracer studies,
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REACTIONS OF DIETHYLAMINO TUNGSTEN(VI) FLUORIDES

Reaction of Dimethyl Sulphite with Diethylaminotungsten(VI)pentafluoride

Diethylaminotungsten(VI)pentafluoride and dimethyl sulphite react
smocthly at 20o to give sulphur dioxide, methyl fluoride and a dark brown
viscous liquid. Analyses of different sémples of the liquid, prepared
under similar experimental conditions, are‘not reproducible, varying
between the extremes, WF,(Ole)(NEBt)) and WF,(NEt,).[05(C)0Me] .

In one of the reactions of dimethyl sulphite with WFSNEtZ, methyl
fluoride and a dark brown viscous liquid was obtained., The brown liquid
involatile at 20° is formulated, on the basis of analytical and spectroscopic
evidence, as WF4(NEt2)[OS(O)OMe]. It is soluble in C.F,, giving a brown
solution, and decomposes slowly above 20°¢ but rapidly at 100° to give
sulphur dioxide and methyl flouride.

The 'H nemer. spectrum of WF4(NEt2X:OS(0)OMe] (I) consists of three
broad signals at 5.4, 3.1 and 1.3 PoPele, and a sharp singlet at 3.6 popo.me.
The signals at 1.3 and 5.4 p.p.ms are characteristic of an -NEt2 group,

by comparison with WF NEt2 (Table 1.3)s The intense single line signal

> 2
at 3.6 p.pem. is assigned to —SOCH3, by analogy with the chemical ghift of

(MeO)28=O (3.6 pepems). The signal at 3.1 pepem. is the least intense.
It seems reasonable to assign this signal to small amounts of

WP4(NEt2)(OMe)80 produced from the slight decomposition of

WF Nt [05(0)0Me].  The 19

a weak signal at -59.8 p.p.m., which appears to be a doublet, Due to its low

F n,m.r. spectrum of product (I) consists of

intensity it is difficult to make any assignment for this signal,

The infra-red spectrum of product (I) contains a strong band at

1210 cn™ ' By comparison with the (S=0) stretching modes of (RO)2SO and

91a

ROS(O)F (R = Me or Et), at 1208 cm"1 and 126Ocm"1 respectively, it

seems reasonable to assign this band to an (S=0) absorption. Some doubt
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remains, however, because the characteristic absorption of the -NEt2
group cccurs close to this region. The bands in the region 1069--9¢0 cm"1

are anssigned to the =NEt, group by comparison with other metal dialkyl-

2
amides, o0 Y (¥W-F) and y(W-N) absorptions occur in the region
(800-455)cu™" of the spectrum.

A second reaction of dimethyl sulphite with WFBNEt2 led to the
formation of sulphur dioxide, methyl fluoride and a brown viscous liquid
which was slightly soluble in 06F6. The brown liquid involatile at 200,

58 formulated from its analysis as WF4(NEt2)(OMe). Its 'H n.m.r. spectrum
contains a sharp singlet at 3.5 p.p.m, characteristic of—SOCH380 in addition
to the signal for an -NEt2 group, at 1.2 and 5.2 p.p.m., and a WOMe group

at 2.9 p.p.m. This signal (at 345 p.p.m.) is thought to be due to some
undecomposed WF4(NEt2)[OS(O)OM@ or small amount of (Me0)28=0 complexed

19F NeMere spectrum of WF4(NEt2)(OMe) consists

with WF4(NEt2)(OMe). The
of three poorly resolved, weask multiplets at ~61,3, -51.0 and 34,9 p.pe.m.
Since the signals are very weak and not clearly resolved, any assignments
must be unrelisble,

The infra-red spectrum of WF4(NEt2)(OMe) contains strong and medium

bends in the region (1'190-995)cm"1 characteristic of an -NEt group.86

2
The strong band at 1210 cm”, assigned to y(S=0) in WF4(NEt2)[OS(O)OHe], is
not observed for WF4(NEt2)(0Me). This implies the absence of any (8=0)
containing species in the latter compound, which is consistent with its
analysis, The spectrum in the (900—‘460)<:m"‘1 region is similar to
product (I).

Products from other reactions appear to be mixtures on the basis of
the following observations., These reactions proceed with the formation

of 802, MeF and dark brown viscous liquids involatile at 20°,  This

behaviour is similar to reaction (2), and thus one of the products expected
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from these reactions is WF4(NEt2)(OMe). However, these products

decompose giving SO, and MeF and thus resemble the products of reaction

2
(I). On some occasions (MeO)ESO was also evolved from the thermal
deconposition. The analyses and nem.r. spectraof these compounds _
correspond to mixtures of WF4(OM9)(NEt2) (II) and WF4(NEt2)[OS(O)OMe] (1),
Their infra-red spectra are similar to that of product (1),

From the evidence so far presented, it seems reasonable to assume
thatWF4(NEt2)[OS(O)OMe] is the initial product of the reaction of WF,
with (MeO)2S=O but it decomposes slowly to WF4(NEt2)(OMe) and 50,. The
evolution of (Me0)28=0 from the thermal decomposition of some samples

of these compounds can be accounted for by considering that these compounds

.are weakly complexed by (NeOLS:O.

Reactions of Disthylaminotungsten(VI)pentafluoride with Dimethyldimethoxy~

silane and with Trimethylmethoxysilane.

Dimethyldimethoxysilane and trimethylmethoxysilane react with

281F2 or Me3SiF

and dark red viscous liquids or solids, which are involatile at 20°C. The

diethylaminotungsten(VI)pentafluoride at 20° to give Me

involatile products are slightly soluble in 06F6 giving light brown
solutions, and are readily hydrolysed by 520 or aqueous alkali, On the
basis of analyses, products from the reactions of WFBNEt2 with dimethyl-
dimethoxysilane, Me2Si(OMe)2 are formulated as HF4(NEt2)(0Me) and
WFz(NEt2)(OMe)3. The analyses of the compounds obtained from the reactions
of trimethylmethoxysilane, Me

SiOMe, with WF NEt2 correspond to

3
WF4(NEt2)(0Me) and WF3(NEt2)(0Me)2.

5

The 1H n.m,r, spectra of these compounds are very complicated and

suggest that more than one species is present. The spectra contain a



series of signala in the range 2.8 to 4.4 p.p.w. in sddition to the

signals characteristic of an -NEt, group 80 at 1.0 ¥ 0.2 and 5.0 b O¢4 DPeDomlo
No 19F n.r.r. signals are observed for the product formulated as
WF2(NEt2)(OMe)3o Spectra of the other compounds described apove

contain a coumon singlet at 417 Iy PePolls, in addition to a singlet at
+42¢3 PopPols Observed for WFB(NEt2),(OMe)2 onlys Due to the possibility

19F

of geometrical isomerism and the absence of fine structure in the
nem.r. spectra, assignments for the n.m.r. signals are difficult,
The infra-red spectra of the compounds described above contain a
series of bands in the region (1190-96O)cm-1. These bands are assigned
to -NEt2 groups by comparison with diethylaminotungsten(VI)fluorides and

86,852 pands in the region (800-450)cu” are

0)067 ,85&,86

other related compounds.

assigned to Y(W-F), y(W-N) and y(W-
The mechanism of the reactions of WFSNEt2 with dimethyldimethoxysilane

and trimethylmethoxysilane is not clear., Presumably the reactions are similar

t0 the corresponding reactions of tungsten hexafluoride with excess tri-

methylchlorosilane or trimethylmethoxysilane where a mixture of various

species is obtained.50’87

The two reactions are different, however, in
that, whereas satisfactory characterization of the various species obtained
in the latter cases is possible from n.m.r. spectroscopy, the viscous
nature and insolubility of the dialkylaminomethoxytungsten(VI)fluorides

preclude good n.m.r. studies and hence the complete characterization of

these products,

Reactions of Diethylaminotungsten(VI)pentafluoride with Anhydrous

Hydrogen Chloride or Trimethylchlorosilane.

Reaction of anhydrous hydrogen chloride, HC1l with WFSNEt2 was

expected to proceed with the W-N bond cleaved:
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3 1 : E
WI‘SNEt2 + HC1 WFSCI + t2NH

However, no evidence for such a reaction could be obtained. Analysis
end infra-red spectra of the products obtained from these reactions are

consistent with the substitution of fluoride in WFSNEt2 by chloride,

The use of trimethylchlorosilane, for substituting fluoride in

WP NEtg, was found to be more convenient than anhydrous hydrogen chloride

5

for the following reasons. Complications arising from the production

of HF in the reactions of HC1l with WFSNEt2 do not arise in the reactions

of WFSNEt2 with Me3SiCI. It is safer to work with large quantities of

Me3SiCI than with HC1, Drastic conditions, for example heating or shaking,

can be applied in the Me_SiCl reactions, but not in the HCl reactions.

3
Since Me38101 is a volatile liquid, it is easily handled under vacuum, and
reactions in the liquid phase are expected to proceed more smoothly than
liguid-gas phase reactions. Finally, the reaction of tungsten hexaflucride
with trimethylchlorosilane has been well studied and offers comparative
data.

The reaction of WFSNEt2 with Me3SiCI is slow at 20o and heating to

100° or shaking at 20° is necessary to increase the rate of reaction,

The products are Me SiF, and black sticky solids involatile at 200. These

3
solids are insoluble in most of the common organic solvents, for example
CeFo €S, CHCl3, cc1,, Me 4Si, CCI3F, benzene, toluene and hexane. They

are more resistant to hydrolysis by water or aqueous alkali than other
dialkylamino tungsten(VI) fluorides. Small quantities of an orange solid
are often observed in the products of these reactions but separation by
solvent extraction, using the above mentioned solvents, could not be
effected.

The analytical results, though they correspond to a mixture of

compounds in most cases, suggest that substitution by chloride of four
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fluorides in WFBNEtZ proceeds withouat reduction of tungsten(VI).
Substitution of the last fluoride of WFSNEtz, however, appears to

result in a ©0lid which analyses as WC1 (NEtz).

4
The infra-red spectra of these compounds contain weak or
medium strong bands in the region 1000-1200 cm—1 characteristic of the
-NEt2 group.86 The presence of strong bands at 789 cm_1 and 755 cm"1 even
in WC14(NEt2) suggests that a W-F species is still present in the final
products. In the (700-500)em” region both y(W-N) and y(W-F) modes
are expected so no definite assignments can be made, By analogy with the
chlorotungsten(VI)fluorides,51 the (W~Cl) stretching frequency is expected
below 400 cm"1 but no absorption is observed in this region,
No n.m.r. results are available for the chloro dialkylamino tungaten(VI)
fluorides, since a suitable solvent was not found,
Oxidation titrations did not give satisfactory results, ~ The
oxidation number of W was found to be 3.7, by reacting WCl4(NEt2) with
excess of standard potassium permanganate solution, and titrating unreacted
KMnO4 solution with sodium oxalate solution., It is presumed that the
ambiguity of the results is due to some oxidation of chloride ions to
chlorine in these reactioﬁs and better results may have been obtained by

91b

titrating with potassium dichromate solutions, However, reduction of
W(VI) to W(V) in these reactions seems likely in the light of the reported
reductions of W(VI) in the aminolysis reactions of tungsten hexachloride

by tertiary or secondary amines.6O It was proposed that, "Co-ordination of
a molecule of secondary or tertiary amine to W(VI) is followed by the
transfer of an electron from nitrogen to tungsten, and the elimination of

a proton by the splitting of an N-H (for secondary emines) or C-H (for

tertiary amines) bond.
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L] H "i
\ \‘1‘ " "
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\ o ] n‘l{ e
WC16G—TT~' NMeZ-————a W016 + oNi 5 + 0

\

' R "o +
i . .
WCl, <—}§\—N1 e, —— WCl, + NMe,.CH," + H

The radical formed could dimerise or react further with the solvent or
excessg of amine°"6o

The mechanism of reduction in the present case is not clear, but it
is likely that WClS(NEt2) or a seven co-ordinate intermediate

,SiCﬂ is reduced according to some similar reaction

[wrc1 40 (NEtz)Me 5

scheme,

Behaviour of Carbon Disulphide and Methanol towards Tetrakis(diethyl-

amino)tungsten(VI)difluoride and Diethylaminotunzsten{VI)pentafluoride.

Alcohols were reported1to react with metal dialkylamides producing

metal alkoxides according to the reaction.84

M(NR + 4ROH -~ M(OR)4 + 4R,NH

24
‘ .(M = Ti, 2r, and Mo)

The reverse reaction did not occur even under forcing conditions which
implies that M-0 bonds are stronger than M-N bonds,
Carbon disulphide reacts quantitatively with metal dialkylamides

giving N,N,dialkyldithiocarbamates.85

M(NR2)4 + 4Cs, - M(schR?_)4

The behaviour of methanol and carbon disulphide towards WFSNEt2 and
WFa(NEt2)4 differs from its behaviour with metal dialkylamides described

above, CS, does not react with WF

> NEt2 at 20° even after shaking.

5
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WFZ(NEt2)4 is soluble in CS,, witrout chemicel reaction, as indicatea

2
by the n.m.r. spectrum of the solution, (Table 1.4). The W NEY,
reaction with methanol is similar to its reactions with CH3N02 and

CH3CN in which decomposition occurs, WFZ(NEt2)4 appears to react very
slowly with methanol, (see n.,m,r. Table 1,4) but the products cannot be

jdentified,

Table 1.4

N.m.r. spectra of WFZ(NEt2)4 in various solvents.

Solvent '8 Chemical Shifts (pepeme)  '°F Chemical Shifts
-0033 WNCH, (pepem.)
CeFe 1.26(t) 4.3 br - +17,0(s), +21.4(s)
cs, 1.26(t) 4.7 br - +16.5(s), +21.1(s)
cs, + CcF, 1.26(t) 4.7 br - +20,9(s)
MeOH 1.37(t) 4.5 br 3.3(s), 5.87  +20.3(s)
(MeOH)

+49.8(s), +129.2(s)
(?) (?)

The different behaviour of diethylaminotungsten(VI)fluorides towards
082 and MeOH suggests a greater stability of W-N bonds in these ccmpounds

compared with the metal dialkylamides of Ti, Zr, Ta and Mo,S4+8%+86

Reactions of Tetrakis(diethylamino)tungsten(VI)difluoride with

Trimethylchlorosilane or Trimethylmethoxysilane

WF2(NEt reacts smoothly at 20° with Me3SiCI and Me,SiOMe, The

2)4 3

rate increases on shaking the reaction vessel. Whereas the W-N bond
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could not be broken in WF_NEt,.. One -NEt? group is replaced by Cl or

572

OMe in these reactions of WF?(NEtZ) hich suggests significent steric

4, W.

interactions in this compound, This 1S not unlikely and is in line with
the reactions of metal dialkylamides,84 where the substitution of dimethyl-

amino group, by LiNMe,, in place of diethylamino group occurs readily.

2!
In contrast, substitution of the diethylamino group by Li(NEtz) in metal

dimethylamides could not be achieved,

+ 4Li(NEt2)

M(NEt2)4 + 4LiNMe, = M(NMez)

4

M(NMez) + 4Li(NEt2)-%91+ M(NEt2)4 + 4LiNMe,

4

(M = M, Zr, Mo)

The products from the reactions of WF2(NEt2)4 with M935i01 and

Me,Si0OMe are red brown solids, soluble in 06F6' These are formulated

3
as WFC1,(NEt,) and WF(OMe),,. (NEt,); on the basis of their elemental

analysé#s,

The 'H n.m.r. spectrum of WP(OMe),(NEt,), contains signals assigned

2)3
80 + + . cps
to -NEt2 group at 1.1 = 0.5 and 4,35 = 0,15 pepem. in addition to a

signal at 3.3 pe.p.m. (single line), By comparison with the 1H NeMeTe
spectrum of WFéNEtQ{bMé}BO the latter signal is assigned to (W—OMe)
group, The 1H n.m.r. spectrum of WFClz(NEtZ)3 consists of only two
broad signals at 0.9 and 4.6 p.p.m., assigned to the -NEt2 group by

(Table 1.3).

comparison with the chemical shifts of WFz(NEt
' 19

, 2)4
Considerable difficulty was experienced in obtaining

19

F n.n,.r,

signals for WF(OMe)z(NEt and WF012(NEt F n.m.r, spectra could

2)3 2)3°

only be obtained for one sample in each case.

The '%F n.m.r. spectrum of WF012(NEt consists of a major signal

2)3

(single line) at -46,7 p.p.m., in addition to a miror signal (single line,

very weak in intensity) at +15.0 pep.m. The latter signal is assigned to
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19

unreacted WFZ(NEt?)4 by comparison with the “F nem.r. chemical

9

shifts of WFQ(NEt2)4, (Table 1,3)07%21 F n.m.r, spectrum of wF(OMe)Z(NEtz)3

containg only one singlet at +63.7 p.p.m. whic¢h may be compared with the
chenical shift of WF(OMe)5 (39.5 pop.mo)987

The infra-red spectra of both WFeClz(NEt and WF(OMe)Z(NEt

2)3 2)3
are very similar in the -NEt, region (1000-1200)cm—1o The bands at 799

and at 790 cm-1 for

51,67

and 772 cm™' in the spectrum of WPCL, (NEt, ) 5

WF(OMe)Z(NEt2)3 are assigned to W-F stretching vibrations.

Assignments for V(W-N) and W(w-0) [latter in WF(OMe)z(NEt are

2)3
difficult due to the reasons already expleined, [See diethylamino-

tungsten(VI)fluorides and methoxy diethylamino tungsten(VI) fluorides.]

The reason the last fluorine could not be substituted in these

reactions is not understood, particularly when the compareble cowpounds

and WC1(Ole)y are known, 2 2*61:89

W(OMe)6, W(OPh)6; W(NMe2)6

REACTION OF TRIS(DIMETHYLAMINO)PHOSPHINE WITH TUNGSTEN

HEXAFLUORIDE

and PF369“71'91

tris(dimethylamino)phosphine, (Me2N)3P was expected to react with WF6 in

By sanalogy with its reactions with SOF2, SF4, PF5

one of the three ways :
1. Reduction of W(VI) to W(V) or (IV)

2 Complex formation with WF6

WF, + n(MeZN)3P - WF6,n(Me2Nng
30 Substitution reaction with WF6 to form dimethylamino-

tungsten(VI)fluorides

WFg & (MeN)p WRg_ (We,)  + (MeN), PR

6

The first possibility, which would be accompanied by the oxidation



of P(III) to P(V), is most unlikely owing to the weak oxidising power

of WF In fact no PF5’ PF2(NN92)3 or related species are obtained in

6.
these reactions,

The reaction mixture containing (MezN)3P and excess WF6 golidifies
to a light brown maass on shaking at 200. On distillation of the

volatiles from the reaction mixture (PP, and unreacted WFG)’ most of the

3
brown mass decomposes to (Me2N)3P and a viscous brown liquid. No
suitable solvent could be found for the separation of the solid mass from
viscous brown liquid. Analysis of the residue, in the reaction flask
(after separating from (M62N)3P) cerresponds to a mixture of
WF6_n(NEt2)n and WF6.x.(MeZN)3P complex.7he N m,r, spectrum, of this
A residue in C6F6 in which it is slightly soluble, also suggests the
presence of more than one species.

The results described above suggest the initial formation of some
WFe.x.(Me2N)3P complex in the reaction of WF, with (1~1e2N)3P, This

complex appears to decompose slowly according to :

P)

1. WF6.XTDP -+ WP %

¢ + xIDP (TP = (MezN)

2. WRg.xTDP > WF,_ (Wde,) + PPy + P(NMe

6 3 2)3-nFn

REACTION OF TRIMETEYLSILYL IMIDAZOLE WITH TUNGSTEN HEXAFLUORIDE

The reaction of tellurium hexafluoride with tetramethyl-i,3diaza-

2-silacyclopentane (I) led to:

?e ?e,
: F
Me N—CH F l N——CH
N/ I ? AN 2
Si | Te\\\
Me’// \\\\? CH2 F///I T-—-CH2
F
Me Me



6r
the formation of (III) rather than the expected product (II). f

He Me H H Ma T

F
| I I I
F—8i—N—C-— ¢ — N— Te—F
| || | |
Me H H F
(111)

An attempt was made to carry out a comparable reaction with

tungaten hexafluoride using trimethylsilyl imidazole (1v),

I |
F
Me
C==N F C==N
| yd \\' v
Me — Si— N ' Fe—— W—0N I
& C=C—H F’/l Ng—c—x
° | F |
H H

(1v) (v)

Although Me,SiF was identified, no evidence could be obtained for the

3
expected product (V)e The product from these reactions is a light

brown solid insoluble in most of the common organic solvents such as
C6F6, CcCl

F, Me, Si, CSz, CCl4, CHCl3, acetone, toluene, benzene and

3 4
hexane, Analygis of the brown solid suggests the presence of more than
one species. Owing to the lack of a suitable solvent, no spectroscopic

studies were carried out on these compounds,

AMINOLYSIS OF TUNGSTEN HEXAFLUORIDE WITH DIETHYLAMINE

Tungsten hexafluoride rgacts with diethylamine below 200 giving a
light bréwn solid., 1Its elemental analysis corresponds to WF6-1.5Et2NH,
but its infra-red and n.m.r. spectra in acetone are more complicated than
expected and suggest that some aminolysis has occurred, This is

supported by the colour of the solid, since simple adducts of WF with

6
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primery and tertiary amines are colourless.39’4o
In an attempt to clarify the reaction of WF6 with EtéNH,
conductometric titrations of WF6 with Et2NH gere carried out in acetone
solution. Reproducible results were obtained from two experiments
using different initial concentrations of WF6 and the plots of the
variation of the specific conductance of the solutions with the mole
ratio of amine : WF6 are shown in Fig, 1.1.
The solution of tungsten hexafluoride in acetone shows an
appreciable rise in conductivity compared with the pure solvent, and this
can be explained by slight dissociation of the tungsten hexafluoride in

equilibria of the type :

WF oS T WF5+S + F (S = acetone)

The yellow solution turns Brown when amine is added, probably due to
the formstion of WFsNEtz, and then is a rapid increase in conductivity
which reaches a maximum when the mole ratio of amine : WF6 is about 0.7,
A rapid decrease in the conductance values is then observed until, at a
mole ratio EtzNH:WF6 of about 1:1. the decrease becomes more gradual and
a light green solid begins to precipitate from solution, Precipitation
continues until the mdle ratio is approximately 2:1, Elemental analysis
of the light green solid, obtained in a separate experiment by treating
WF6 with excess of amine in acetone solution, corresponds to

WFS NEtZ.HNEt 0.5 acetone. The infra-red spectrum of the solid contains

2
a weak, broad band, at approximately 3100 cmf1, assigned to))(N—H), in

addition to a strong band at 1708 cm-1 due to the complexed acetone.ssa

By comparing this reaction with the corresponding aminolysis reactions

of titanium tetrafluoride with secondary amines,57’58

the following
reaction scheme is proposed to account for the observations described

ebove,.
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Fig. 1.1 - Conductometric titration of WF6 solution in

acetone with diethylamine: ()

X

= IExperiment 1;

= Experiment 2,



o T = oy
2VF, + 2BLNH & 2WFNEtH (1)
- +
WF o NEt He + Et,NE =+  WFNEt, + Et,NH, (2)
WF, Nut_H (CH,).CO IF_NE (CH,,)..COMF~ (3)
Bt H 4 3)5 » WP NEt, + (CH,),COHF 3
WF NEt,, + WP > WE, o+ WENEL, (4)
- + % -
i - g
WR, 4+ B4NH, GLNE, WE, (5)
. acetone
ZWFSNEtz + 2BtV ———— 2WF5NEt2.NEt2H.xs (6)

It is quite likely that some secondary reactions, such as the
4+ -
formation of Et NH.,F also occur,. Moreover ,WF.NEt, has been found to

2772 52
deccmpose in acetone slowly and such reactions are also likely to
cohplicate the reaction scheme. Hence in a reaction as complex as this,
it is very difficult to propose any unique solution, e=zpecially on the
bagsis of the limited experimental results available. To confirm the
reaction scheme, a detailed study of the reaction involving a

57,58

continuous variation study, conductometric titrations by the
addition of WF6 to an amine solution, complete analysis of the reaction

products both solids and solutions is necessary,
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CONCLUSIONS

———

Dialkylaminotungsten(VI)fluorides of the formula WF6_n(NR2)n
[R =Me; n=1; R=Et; n=1, 2 and 4] are obtained from the

stoichionmetric reactionsof Me,jSiNR2 with WF6. WFB(NEtz)3 is not

obtained from these reactions, and the experiments aimed at its

2)2 or a mixture of unidentified species instead.

are believed to be associated, but WFz(NEt2)4

preparation give WF4(NEt
WFNR, and WF4(NEt2)2
appears to be monomeric in solution.

Diethylaminotungsten(VI)pentafluoride reacts with dimethylsulphite
giving WF4(NEt2)[OS(O)OMe] which slowly decomposes to WF4(NEt2)(OMe).
' The tungsten-nitrogen bond is not cleaved by the‘reaction of WFSNEtZ
with anhydrous HCl, substitution occurs instead. N.m.r. spectra of the
products obtained from the reaction of WF NEt, with He,Si0Me or MeQSi(OMe)Z
are consistent with the presence of more than one species., More work
is needed to establish the oxidation number of W in chlorodialkylamino-

tungstenfluorides obteined from the reaction of WF_NEt, with Me,SiCl.

5772 3

These are also mixtures and are not properly characterized.

One -NEt, group in WFé(NEt is replaced by OMe or Cl in its

2 2)q
reaction with Me_ SiOMe and Me.SiCl respectively. The products being

3 3

WF(OMe)2 (NEL and WFCIQ(NEtZ)s. More work is required to understand

2)3
the mechanisms of these reactions, Generally, diethylaminotungsten(VI)-
fluorides are less reactive than WF6 itself,

Tris(dimethylamino)phosphine forms a complex with WF6 that decomposes
to mixture of products which are not properly characterized, Trimethyl-
silyl imidazole reacts with WF, at 20° giving He,SiF but the tungsten

containing species could not be characterized,

Aminolysis occurs in the reactions of WFG with diethylamine, and this
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EXPERIVENTAL

Chenicsals

AnalaR or spectroscopic grade solvents and reactants were used
where available, others were purified.by standard methodso92

Tungsten hexafluoride (Allied Chemical Co,) was purified by low
temperature trap to trep distillation over sodium fluoride, Particular
attention was paid to the purification of the diethylaminotrimethylsilane
(marich) and dimethylaminotrimethylsilane (prepared from the reaction of

4

trimethylchlorosilane and dimethylamine).9 After several distillations
at atmospheric pressure these were degassed and dried over activated
Linde 4A molecular sieves, and finally distilled under vacuum. Their
infra-red spectra were identical +te¢ those previously reported.g3
Trimethylmethoxysilane (Pierce Chemicals), dimethyldimethoxysilane (Aldrich),
trimethylchlorosilane (B.D.H.) and dimethyl sulphite were all dried and
stored over activated Linde 4A molecular sieves, Trimethylsilyl |
imidazole (Peninsular Chem. Research) and tris(dimethylamino)phosphine
(Aldrich) were distilled several times at atmospheric pressure and then
stored over activated Linde 4A molecular sieves in an inert atmosphere

box. Dimethylamine (B.D.H.), twice distilled at -78° was kept one
P

month over fresh sodium before use.

EXPERTMENTAL PROCEDURE

All preparations were carried out in a vacuum system that could be
pumped to {10"4 mm mercury. By flaming out the apparatus to the
softening point temperature of the glass, traces of moisture were

rigorously excluded,
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Reactants and products were weighed in glass vessels fitted with
Teflon stop-cocks. Involatile reactants and products were handled in a
Lintott inert atwosphere box in which the concentration of moisture was
known to be less than 12 p.pe.me

Detsils of the appparatus end the instrumentation used are given in

the Appendix.

Resction of Tungsten Hexafluoride with Dimethylaminotrimethylsilane

(a) A mixture of WF6 (18.8 mmole) and HMe SiNMe2 (12,1 mmole) reacted

3

vigorously below 20° to give a dark brown viscous liquid, the reaction
being completed within half an hour. The reaction proceeded more
smoothly if the reactants were allowed to warm up slowly (from -1960 to
20%¢) over a period of 10 hours.

The fraction volatile at -80o was identified as Me_ SiF from its i.r.

3
9 and molecular weight determination, (Found 93,6; Me_SiF

3

requires 92,0). The i.r. spectrum of the fraction which was volatile at

96

spectrun

20° corresponded to a mixture of Me3SiF and unreacted WFG,

SiF was not possible., Total weight

but
complete separation of WF6 from Me

3

of WF6 + Me3SiF. Found (two samples from separate experiments),
3.1 gm. and 3.7 gm. Required for 1:1 reaction 3,1 gm. and 3.8 gm.
respectively,

As preliminary experiments had indicated that MeBSiF was weakly
complexed to diethylaminotungsten(VI)pentafluoride, WFSNEtz, the residue
a brown viscous liquid involatile at 200, was pumped overnight to ensure

the complete removal of the Me_ SiF.

3 :
The residue was formulated as dimethylaminotungsten(VI)pentafluoride
from elemental analysis. Found (two samples from different experiments)

c' 703’ 7.2; H, 2.1, 1.8; N, 40'1, 404; F) 2901, 2906; w’ 570'1, 56.7%
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CHF W requires, C, 7.4; H, 1095 N, 4033 F, 29.4; W, 57.0%

WFBNMe2 was insoluble in Me4Sis CCl3 4’ CHCl3 and

cyclohexane, It was only very slightly soluble in hexafluorobenzene and

F, CSZ’ cCcl1

toluene, while it decomposed in CH NOZ’ CH,CN and acetone, The nature

3 3
of the decomposition products was not investigated.

Due to its insolubility no infofmation could be obtained from ne.mor
studies. On some occasions the 1H n.m.r. spectra gave a single peak
of variable intensity at ~7.0 p,p.m., but this was supposed to be due
either to slight hydrolysis or to an impurity.

Densities (of two different samples) of WFSNMe2 given in Table 1.5

were obtained from measurements in vacuum using a dilatometer calibrated

with mercury.

Table 1 05
Densities of WF5NMe2 (g.cm-s)
Temp, Sample I Sample‘ II
°c
20 | 2,884 2,821
25 : 2,875 ' 2,804
30 2.866 2,787
35 2.857 2,770
40 2.848 2.753
45 2,839 2,736
50 2,831 2,719

The equations representing these densities are d4 = 2,92-0,00180 t
and d = 2,89-0,0034 t respectively, where d = density (g.cm-:) and

t = temperature (°c).



Times of viscous flow, (for two different samples) measured using
an Oswald viscometer adapted for vacuum use, were as follows: at
20°, 1020 and 1020; at 25°, 718 and 720; at 30°, 452 and 456 secs.

The corresponding times for glycerol are 1914, 1227 and 810 secs,
respectively. The measurements were made in a thermostafed bath,
which could be controlled to tOQSOC..

Infra-red spectrum (1iquid film 4000-400 cm-b 3390w, 3260m, 3160w,
3035w, 2930w, 1720s, 1700sh, 1595m, 145is, 1335s, 1255w, 1155w, 1145w,
1115w, 1070w, 10208, 955m, 935sh, 873w, 855w, 818w, 705s, 645br,s,
600br,s, H02w, 465w, 435sh,

(b) Tungsten hexafluoride (3.5 mmol) and dimethylaminotrimethyl-
gilane (9.3 mmol) reacted slowly at 0°.  The reaction took more than
24 hours to reach completion, The volatile materials were identified as
Me3SiF and unreacted MeBSiNMe2 by i.r. spectroscopy,%’g5 but no attempt
was made to separate them. The residue was a brown sticky solid.

The solid was involatile at 20° and was hydrolysed immediately by
water. It was insoluble in Me4Si, CCl3

toluene and hexane, and decomposed in CH

F, CS,, CC1,, CHCl;, CGFy,

NO,, CH,CN and (CI{3)2O.

3 3

Elemental analysis of the brown solid corresponded to a nixture of
dimethylaminotungsten(VI)fluorides. Found, C, 11.0; H, 2.9; N, 6.4;
F, 24.5; W, 54.0% C,H, ,F N W requires, C, 13.8; H, 3.5; N, 8.1; F,
21.8; W, 52.%.

A detailed investigation of this reaction was not attempted, firstly,
because pure products could not be isolated, and secondly,no solvent

was available for spectroscopic studies of these compounds,
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LR

REACTIONS OrF TUNGSTEN HEXARLUGKIDE WITH DIETHYLANINQO-

TRIMETHYLSILANE

(e) Formation of Diethyleminotungsten(VI)pentafluoride

The experimental procedure was similar to that used in the

preparation of WFSNHe2. The reactions leading to the formation of

WFSNEt2 and the volatile products obtained are summarised in Table 1.6

together with the analysis of the WFSNEt samples obtained,

2
The involatile product from these reactions, in every case, was a
dark red-brown viscous liquid. It was identified from its analysis

(Table 1.6) as diethylaminotungsten(VI)pentafluoride, WFSNEtz' It was

hydrolysed readily by water and aqueous alkali. Its behaviour towards
organic solvents was similar to that of WFSNMeZ, although it was slightly

more soluble in C6F6’ toluene and octafluorotoluens.

191“ n,m,r. spectrum of WFsNEt2 in C6F6 consisted of a single

The
weak pesk at -128 Io Pep.m, On one occasion this singlet was resolved
to a doublet at -50o (JF_F = 60 Hzo)o The signal from the one fluorine
atom trans to the -NEt_:2 group, expected to be quintet, could not be
detected even at —100°.

The 1H n.m.r. spectrum of WFSNEt2 consisted of a triplet assigned
to CH3~ group at 1.1 ¥ 0.1 p.p.m., and a poorly resolved quartet at
5.7 pepom. assigned to WNCH2- group [J(CH3-CH2) = 7 Hz.]f On some
occasions the 1H n.m.r. spectra also contained a sharp singlet at about
6:7 Pepem., but this was ascribed to slight hydrolysis.

-3 '

Densities (g.cm at various temperatures (tOC) of two

separate samples of WFSNEtZ are tabulated.
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‘T.&blg 1 07_
e -3
Densities (g.cm ) of WFSNEt2

Tempo Sample I Sample II
¢

20 2,366 2,365
25 2.360 ' ' 20361
30 2.353 2.356
35 2.347 24350
40 2,340 20343
45 2.330 2.339
50 _ 2.327 2,334

(d = 24393-0,001334t) (@ = 2,387-0,00107t)

Times of viscous flow, (for two different samples) verc as follows,
At 20°%, 321 and 315; at 25°, 243 and 241; at 30°, 183 and 183 secs.

The corresponding times for glycerol were 1914, 1227 and 810 sec.

The infra-red spectrﬁm of WFSNEt2 was as follows : (;iquid film
4000-400 cm”1) 3215s, 3130sh, 2985s, 2945m, 2881w, 1708sh, 1685w, 1589m,
1466sh, 1451s, 1392sh, 1381m, 1340w,br, 1311s, 1272v.w, 1185m, 1195w,
1124m, 1089s, 1064s, 1020s, 1000sh, 910sh, 895m, 855w, 797s, 779sh,
695s, 585-650s,br, 465w,

An attempt was made to determine the molecular weight of the sample,

by measuring the lowering of the vapour pressure of C6F6 by WFSNEtz, but
owing to the slight solubility of WF_NEt, no reasonable results could be

5772
obtained, Two different determinations gave the values of 158 and 646

respectively,



- 49 -

The therrmal decompositiion of WF NEt2 vas carried out in a glass

5
vessel (200 ml, volume) fitted with a Teflon glass stop-cock. The
progress of thermal decomposition was followed by recording changes in

pressure. The flask containing WFSNEt was heated slowly to 100° but

2
even after one hour no evidence for decomposition was found, The
sample began to decompose at 120° but after the sample had been heated
for about an hour at 200° the colour of the material in the flask
remained unchanged suggesting that only slight decomposition had
occurred, The decomposition products were identified from infra-red

97

spectra as ethylene” and ethyl fluoride.g8 The residue left in the

flask was identical in appearance with WF NEtz, but was found to be more

5

stable in solvents such as CH3N02 and CHBCN. Analytical and spectroscopic
evidence indicated that the W—NEt2 group was still present, Elemental
analysis of three samples obftained from three different experiments
vere as follows : found, C, 16,3 13.7 and 14.0; H, 3.3, 3.0 and 3.2;
N, 3.8, 4.4 and 4.5; F, 25.7, 25.0 and 25.3; W, 50,5, 51.5 and 51.7%
C,H (FNW requires, C, 13.7; H, 2.9; N, 4.0; F, 27.0; W, 52,4%

The '°F n.m.r. spectrum (in CH,NO, or C¢F, CCl3F external standard),
of this compound consisted of three signals at -141.,3 (single line);
~60 £ 2 (complex) and -33.0 (compleg)p.p.m. The 'H nem.r. spectrum
(in CH3N02, TMS external standard) consisted of a complex set of peaks
at 1,13 p.p.m. assigned to -CCH; and ~5.6 p.p.m. (complex) assigned
to WNCH2- and a very yeak broad signal at ~3.0 p.pom.

Infra-red spectrum (liquid film 4000-400 cm“1) 3225m, 3170sh, 2995m,
2942w, 1590s, 1475sh, 1452m, 1430sh, 1392w, 1380w, 1332w, 1312s, 1160w,

1115w, 1055w, 1035w, 1015m, 990w, 772m, 695w.

Formation of Tetrakis(diethylamino)tungsten(VI)difluoride

The experimental procedure for the preparation of WF2(NEt2)4 was
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similar to that already described.

WF, (8,1 mmol) and Me SiNEt,, (513 mmol) were allowed to react

3

at 20° for 24 hours. Material volatile at 200 was identified as

93,95

unchanged Me SiNEt2 and Me, SiF from its infra-red spectrum,

3 5

Separation was not attempted. [Weight of Me SiNEt2 + Me_SiF,

3 3

Found = 5,9 gm.; requires for 4:1 reaction, 5.7 gmal o

The residue was a brown, sticky solid involatile at 20° and quite
different in behaviour from the other dialkylaminotungsten(VI)fluorides.
It was characterized as tetrakis(diethylamino)tungsten(VI)fluoride,
WFZ(NEt2)4o

Elemental analysis : found, C, 37.,3; H, 7.7; F, 7.3; W, 36, 7%
016H4OF2N4W requires, G, 37.7; H, Te9; F, To5; W, 36.1%.

It was completely soluble in C6F6 and fairly soluble in CSz,
tolvene and octafluorotoluene, The molecular weight determinations,
from the lowering in vapour pressurc of C6F6 by WF2(NEt2)4, were
consistent with its heing monomeric, The results are given in the
Table 1.8,

Tts infra-red spectrum (solid pressed between AgCl plates
4000-400 om™') was as follows : 3215s, 3130sh, 2995s, 2945s, 2889m,
1590s, 1465sh, 1415s, 1381s, 1335m, 1312s, 1275sh, 1185s, 1145w, 1130s,

1090s, 1065s, 1020sh, 1002s, 895s, 800s, 695s, 600br,s, 465m,br,

Preparation of Bis(diethylamino)tungsten(VI)tetrafluoride

The preparation of bis(diethylamino)tungsten(VI)tetrafluoride,

WF4(NEt was attempted by the three different methods described below :

2)2

(i) From WFg + Me,SiNEt, (1:2 mole ratio)

A mixture of WF,. and Me3§iNEt2 iﬁ 1:2 mole ratio was allowed to warm

6
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up to 20° over a period of 12 hours to ensure complete reaction.

The voletile fluoride was removed by distillation at 20° under vacuum,
and was identified by infra-red spsctroscopy and molecular weight
determinations as Me.SiF.

3

Table 1.8

Molecular weight of WFz(NEtZ)4

(NEt,) WF_Ole

WF2 24 5 ie

Molecular weight required Molecular weight

if monomeric, 510 required = 310

Mole Fraction Molecular Mole Fraction Molecular

of WF2(NEt2) 4 Weight of WFONe Weight
0.152 562 0.118 358
0,117 564 0,073 341
0.075 566 0,060 344
0,065 556 0,050 328
0,052 558

* WFSOMe was used for the calibration of the apparatus, as it

. . 8
is known to be monomeric. 7

(i1)  From WFSNEtz and M.e3SiNEt2 (1:1 mole ratio)

0
These reactions were very slow and took about 10 days at 20 to

reach completion, The volatile product from these reactions was

95

Me3SiF identified from its infra-red spectrum”” and molecular weight
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determination,

(iii) From WF2(NEt2)4 and excess WF,
These reactions were very slow and took about 15 days at 20° to
reach completion. A mixture of excess tungsten hexafluoride and

WF2(NEt was warmed to room temperature snd kept for two weeks., The

2)4
only volatile product from these reactions was unchanged WFG'

The analytical results, reaction details and products : itdentified
from routes (i), (ii) and (iii) are listed in Tables 1.9 and 1,9a.
(Pumping of the residue overnight was necessary to ensure the complete
removal of volatiles from these compounds,)

In every case the involatile product was a dark red, highly viscous
liguid involatile at 200, characterized from analytical determinations
(Table 1.9a) as bis(diethylamino)tungsten(VI)tetrafluoride, WF4(NEt2)2.
It was hydrolysed readily by water and alkali. Its behaviour towards
common ofganic solvents was similar to that of WFSNEt2 although it was
slightly soluble in CS2.

Considerable difficulty was experienced in obtaining 19F N.M.Te
) signals for these compounds, A single peak signal (in 06F6’ CCl3F
external ref.) could only be obtained for one sample (product from reasction
2). 1H n.m.r. chemical shifts vary from sample to semple (Table 1.9).

The infra-red spectrum of all the samples were similar, A
typical spectrum (liquid film 4000-400 cu™') was as follows : 3150w,br,
2985s, 2942m, 2883m, 2500w, 1595br,w, 1530s, 1455s, 1378m, 1350m, 1310m,
1276w, 1190m, 1141m, 1130w, 1090n, 1065m, 1042w, 1012m, 992s, 908m, 895m,
795m, 661w, 640m, 600s, 555w, 508w, 460w,

Densities of the samples of WF4(NEt2)2 prepared by routes (i), (i1)

and (iii) are given in Table 1,10 in order.
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Toble 1.9a

No. Elemental Analysis
c H N F W
T
08920F4N2W
requires 23,8 5.0 6.9 18.8 45.5
1 Found 2359 408 791 1808 4502
2 23.8 5.8 6.8 18.7 45.5
3 25,7 5¢5 6.8 18.0 44,1
4 23,7 4.7 6.8 19.0 45.4
5 23.5 4.8 71 18.8 45.2
Table 1,10
Densities of WF4(NEt2)2 (d.gm.cm"3) at temperature t (°C)
Tempeo Sample I Sample ~ II Sample III
°c
- 20 1.972 2,157 2,103
25 1,966 2.151 2,097
30 1.956 1,146 2,091
35 1.953 2,140 2,085
40 10,946 2,135 2,079
45 1,940 2.130 2,073
50 1,933 2.124 2,067
(¢ = 1,998~ (d = 2,179~ (4 = 2.127-

0.00136t) 0.0011t) 0.0012t)
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Vigscosity and molecular veight determinsation could not be carried

out due to the highly viscous nature of the compound and the lack of a

suitable solvent,

ATTEVMPTED PREPARATION OF TRIS(DIETEYLAMINO)TUNGSTEN(VI)TRIFLUQRIDE

Reections of WF6 with Me3SiNEt2 in the mole ratio 1:3 were attempted,
in order to prepare tris(diethylamino)tungsten(VI)trifluoride. Somne
of these reactions gave solids whose analyses correspond to WF4(NEt2)2,
vwhile others appear to give mixtures. Reaction details, products
identified and analytical results of the solids are summarised in
Tables 1,11 and 1.11a.

Infra-red spectra of these products were similar, A typical
spectrun (producf from reaction 3) was as follows : (Nujol and fluorolube
mulls, 4000-400cm™').  3190s, 2995s, 2945s, 2890m, 1625w,br, 1375m,
1355w, 1300w, 1280w, 1230m, 1191s, 1150m, 11%2sh, 1091w, 1070w, 1050w,

1010m, 895s, 851s, 795s, 575br,w, 480w, 430sh,

Table 1.11a

No. Elemental Analysis
c H N F
« % % % %

Required for

. 6.6 o2 12, 0.2
WFB(NEt2)3 3145 9 5 4

WF4(NEt2)2 23.8 5.0 6.9 18.8 45.5
Found

23,6 4,9 6.8 19,1  45.4
23.8 5.0 6,9 18,8 45,5
34,5 6.9 ".9.5 18,2  40.6
26,4 5.1 7.0 15,0 36,6
8.7 5.5 9.0 12.9  43.8

NS~ W



Detailed investigation of these compounds could not be carried out

due to their highly viscous nature and the lack of s suitable solvéent.

REACTTIONS OF DIETHYLAMINOTUNGSTEN{VI)PENTAFLUORIDE

Reaction of Dimethvl Sulvhite with Diethvlaminotungsten(VI)pentafluoride

(a) WFNEL, (6.5 mmol) dissclved in dimethyl sulphite (6.4 mmol)
at 200. The solution was left at 20° for T2 hours. The volatile
material was identified from its infra-red spectrum and molecular
weight determination as MeF.gg (Molecular weight found 37.4, MeF
requires 34.0,)

The residue was a dark brown viscous ligquid, involatile at 200.
It was soluble in C6F6 giving brown solution, It was formulated on the
bagis of elemental analysis as WF4(NEt2)[OS(0)OMeJ, Found, C, 17.2;
H, 3.73 N, 3.4; S, To4; F, 18.3; W, 42,% CsRy 5740
C, 14.1; H, 3.1; N, 3.3; S, 755 F, 17.9; W, 43.1%

NV requires

The brown liquid was found to decompose slowly at 20° but rapidly at

100° to give 802 and HeF.gg

The 'H n.m.r. spectrum of the compound WF (NEtz)[os(o)OMe] (1)

4
contained three broad signals at 5.4, 3.1 and 1.3 p.p.m. in addition to a

sharp single line signal at 3.6 pepeMs Its 19

F n.m.r. spectrum consisted of
a poorly‘resolved, weak signal at -59.8 p.p.m. which appeared to be a
doublet, o

The infra-red spectrum of the product (I) (liguid film 4000-400 cn )
was as follows : 3100br,w, 2995w, 2960s, 2890w, 2840w, 1460s, 1390w,
1315w, 1210s, 1069w, 975sh, 960s, 800w, 739m, 695s, 620s, 590m, 455w,
4i5w,

(b) The above reaction was repeated under similar conditions, with

9.6 mmol of WF6 and 12,1 mmol of (Meo)zs = 0,  Sulphur &ioxide was



was identified in addition to HeF and brown liquidcg9

The jinvolatile brown liquid appesred to be different from the
one obtained in the above reaction as it was only slightly soluble in
CcFge  Its analysis corresponded to methoxydiethylaminotungsten(VI)tetra-
fluoride, WF4¢(NEt2)(0Me)° Found, C, 16,3; H, 3.5; N, 3.8; F, 21.4;
W, 50.5% CgH, F ONV requires, C, 16.5; H, 3.6; N, 3.9; F, 21.0;

Wy 5047%o

The 'H n.m.r. spectrum of WF4(NEt2)(OMe) (II) contained three broad
bands at 5.2, 2.9 and 1.2 p.p.m., in addition to a sharp singlet at
35 pepems Its 19F n.m.r. spectrum consisted of three poorly resolved
multiplets at -61.3,~51,0 and =34.9 p.po.m.

The infra-red spectrum of the product was as follows : (liquid
film 4000-400 cm-1) 3100br,w, 2980w, 2920w, 2880w, 2850w, 2500m, 2400w,
1608s, 1450s, 1395sh, 1378m, 1372w, 13123, 1190m, 1159m, 1132m, 1060m,
1038m, 1010w, 995s, 975sh, 908s, 870w, 793s, 694w, 680s, 620sh, 590s,br,
460br,w,

(e) Some other reactions with the WF NEt2:(MeO)ZS=O ratio

5
ranging from 1:1 to 1:4 were also attempted, Analysis of the products
from latter reactions suggested the presence of more than one species,
Their solubility in CGFG varied from sample to sample but was greater in
all cases than product (11). They all decomposed at 100° to 302, MeF
19

and blue sclids., Their 1H and “F nam.r. spectra were consistent with
the analytical results and indicated the presence of both product (I)
and (II) in addition to some unidentified species., Their i.r. spectrum

was similar to that of product (I).



REACTION OF DILTHYLAKINOTUNGSTEN(VI)PENTARLUORIDE WITH

DIMETHYLDIHETHOXYSILANE

(a) WFSNEt2 (4.8 mool) and dimethyldimethoxysilane (28.7 mmol)

vere left at 200 for 24 liours, The volatile material removed at
-80? was identified from its infra-red spectrum1oo and molecular weight

determination as dimethvldifluorosilane, Me, SiF,.. Molecular weight

27772

found, 98.0; MeZSin requires 96,0, The fraction volatile at 20o

was a mixture of Mezsi(OMe)2 and Me,SiF, as identified from its infra-red

2%+
100,101

spectrum, Molecular weight determinations of the latter

fraction suggested, however, that there was only a small quantity of

MeZSiF2° Molecular weight found, 119.6; MeQSi(OMe)2 requires 120,0;

Mezsin requires 96,0,

The residue was a red viscous liquid involatile at 20° and similar

in appearance to WF_NEt,. Its elemental analysis corresponded to

57772
methoxydiethylaminotungsten(VI)tetrafluoride, WF4(NEt2)(0Me)° Found,

¢, 16.5; H, 3.,6; N, 4.,1; F, 22.5; W, 50,9% 05H13F40NW requires,

C, 16.5; H, 3.6; N, 3.9; F, 21.0; W, 50.7%.

This compound was insoluble in most of the common organic solvents
and was only slightly soluble in C6F6° Its 19F n.m,r, spectrum
consisted of a singlet at 1642 pepom. (0013F external reference), No

Hn.,m,r, signals could be obtained for this compound .

The infra-red spectrum of WF (NEtg)(OMe) in the region (4000-400) cm™"

4
was as follows : (liquid film) 2140w,br, 2975w, 2925z, 2881w, 2825s,
2510m, 1615w, 1525w, 1410s, 1390w, 1375m, 1350w, 1300m, 1180w, 1150m,
1050br,s, 960m, 900m, 790m, 695s, 671s, 650-590s,br, 515m, 450m,

(b) WFSNEt2(9°5 mmol) was shaken with Mezsi(OMe)2 (44.5 mmbl) at

20° for 48 hours, Two layers were observed. A red viscous liquid
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geparated from a clear liguid.
The fraction volatile at -800 vas identified from its infra-red

spectrum1oo and molecular weight determination as Me Sino Molecular

2

weight found 97.4, reguired for HMe SiF2, 96,0, The other fraction

2
volatile at 20°C was unchanged Mezsi(OMe)z. Nolecular weight found
118.5, required, 120, |

The residue was a dark red viscous liquid involztile at 20%, 1t
was hydrolysed readily by water and alkali and its solubility in
organic solvents was similar to that already described. On the bagis
of elmental analysis it was formulated as trimethoxydiethylaminotungsten(VI)—
difluoride, Found, C, 21.5; H, 5.1; N, 3.4; F, 9.2; W, 47.6%
CoH, gF 0,V requires, C, 21.7; H, 4.9; N, 3.6; F, 9.8; W, 47.5%.

No 19]3‘ n.n,r. signals were obtained for this compound and.the 1H

N.m,Tr, (CGF6 solution, Me,Si external standard) spectrum consisted of the

4
following signals, (chemical shifts in pep.m.). 1.2(c), 2.8(c), 4.3(s),
4.4(s), 4.5(c), 4.6br, 6.98(s).

Its i.r., spectrum (liquid film 4000-400 cm’1) was similar to that
of WF4(NEt2)(OMe), and was as follows : 3125w, 3040br,w, 2980sh, 2930m,
2880sh, 2825s, 2500m,br, 1600br,w, 1529s, 1450br,s, 1390w, 1375sh,

1308s, 1155w, 1050br,s, 990w, 960w, 900m, 795m, 738m, 550br,s, 470br,w.

REACTION OF TRIMETHYLMETHOXYSILANE WITH DIETHYLAMINOTUNGSTEN-

(VI)PENTAFLUORIDE

(a) Me3SiOMe (18.9 mmol) and WFS

warm up slowly to 200. Since no reaction appeared to have taken place, the

NEt, (9.0 mmol) were allowed to

reaction mixture was shaken for a further 48 hours at 200. Initially

WFSNEt2 seemed to dissolve in MeBSiOMe, then a black sticky solid was
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deposited at the bottom of the flask, The volatiles were distilled
95

off at 20° and were identified by infra-red spectroscopy as Me3SiF
and unchanged Me3SiOMeq1O1 Their separation was not attempted.

The residue, a black sticky solid involatile at 200, was
formulated from elemental analvsis as methoxydiethylaminotungsten(VI)-
tetrafluoride, wF4(HEt2)(OMe)g Found, C, 15.2; H, 3.6; N, 3.7; F,
19.4; W, 51.9% C5H13F4ONW requires, C, 16.5; H, 3.6; N, 3.9; F, 21,0;
W, 5047%,

It was insoluble in most of the common organic solvents
mentioned above, and was only slightly soluble in C6F6. Its 1H N.MeTe
spectrum contained the following signals in addition to the signals
characteristic of —NEt2 group86 at 0,78 and 4.6 p.p.m.

4.0(8)? 4.2(c) and 4.4(c) (pepem.)

Tts '9F n.m.r. spectrum consisted of two signalé (voth single
lines) at -20.0 and +18.2 p,p.m.

The i.r. spectrum of WF4(NEt2)(OHe) (1iquid film 4000-400 cm")
was as follows : 3150br,m, 2980s, 2940m, 2880m, 2835sh, 1650m, 1590w,
1530s, 1450s, 1375m, 1350w, 1310s, 1190w, 1140w, 1060s, 991s, 905m,

7928, 730w, 680sh, 660m, 580br,s, 460m,

() wF NEt, (8.8 mrol) and Me.SiOMe (55.% mmol) after

5 3
shaking at 20° for 48 rours geve the same type of black sticky solid as

the one obtained previously. Me,SiF and unreacted Me Si(OMe) were

3 3

identified by infra-red spectroacopy.wo’m1

Elemental analysis of the solid suggested that it was
dinethoxydiethyleminotungsten(VI)trifluoride, WFB(NEtz)(OMe)2. Found
C, 18,3; H, 4.2; N, 3,7; F, 14.6; W, 47.00% CgHy (F50 MW requires
C, 19.2; H, 4.,3; N, 3.7; F, 15.2; W, 49.0%,

The 1H n.m.r. spectrum of this compound consisted of two singlets
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at 4.0 and 4.15 pepems, and a doublet at 4.25 pop.u. (JH—H = 2 Hz.),
in addition to two broad sigrals at C.76 and 4.34 p.p.m. assigned to
-NEt,, group. 86

20
The 19

F nem.r. spectrum contained twoc major signals at 18.0 and
42.3 p.p.m, (both single lines). Assignment of these signals was not
possible because of the absence of anj fine structure,

Its i.r. spectrum (liquid film 4000-400 cm_1) contained the following
bands : 3125w, 3040brw, 2980sh, 2930m, 2880sh, 2825s, 2500m,br, 160Cbr,w,
1529s, 1450br,s, 1%90w, 1375sh, 1308s, 1155w, 1050br,s, 990w, 960w,

900m, 795m, T3%8m, 550br,s, 470br,w.

Reactions Followed by N.M.R, Snectroscopy

(a) From a reaction of WF_NEt, with approximately five fold excess
pp ¥

5772
of MeBSiOMe a sanmple was removed after 20 hours and the variation of the
19F and 1H nem,r., spectra with time was studied. The results are
sunmarised in Tables 1.12 and 1,12b,

(b) A sample of the mixture was removed after 2 weeks from a
reaction of WFSNEt2 with approximately five fold excess of Me3SiOMe and
gave the following 1H.n.m.r. spéctrum (chemical shifts in p.p.m.) :
1.5br (-0033), 4.9(s) (siOMe), 5.0(s) ? , 5.2br,w (WNCHZ—), 5.4br (WNCHZ-),

T.2(s) impurity.

The 19F nem.r. spectrum of this solution consisted of two signals
(voth single lines) at -48.3 and 21.3 p.P.D.

(¢) A sample of the mixture from a reaction of WPNEt, with

approximately six fold excess of Me,SiOMe, removed after a week and gave

3
the following 'H n.m.r. signals (chemical shifts in p.p.m.) 1.4 (-can),
4,6(s) (sioMe), 4.8(c) (WNCH2 - 2) 7.2(s) impurity.

Its 195 n.m.r. spectrum contained the following signals (chemical

shifts in p.p.m.) -142.2(s) 7 , =120.0(s) (WFBNEtz ? ), -5C.0(s) 72,

+14,0(s) ? and +23.0(s) ? .
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1 . . .
H chemical shifts in p.p.m.

After 20 hours

1.0br (-CCH3)
3.2(s) (WOMe)
3.9(s) (WOMe)
4.8(s) (s5iOMe)
5.2br (WNCHZ-)

6.5(s) impurity

19

After 20 hours

-131,4(3) WFSNEt

(7 = 65 Hz,)

F-F
-67.4(t) 2
(JF—F
-53.4(t) ?

(7

F-F

= 65 Hz,)

= 65 Hz,)

After 4 days

0.9br (—CCHB)
4.35(s) ?
4.44(s) 2
4.6br (wncnz-)

4.9(s) (siome)

6.6(s) impurity

Table 1.12b

P chemical shifts in p.p.m.

Af'ter 4 days

-43,4(s) ?

-15.9(s) 2

After 10 days

1.4br (-CCH3)
4.9(s) (sioONe)
5.0(s) 7

5.2br (wNCH2-)
5.4br (WNCH,-)

7.2(s) impurity

After 10 days

-39,7(s) ?
-24.7(s) 2
+22.o(g) ?
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REACTION OF ANHYDROUS HYDROGEN CHLORIDE WITH DIETIYLAMINO-

PUNGSTEN (VI )PENTAFLUORIDE

Anhydrous hydrogen chloride (50 cm, pressure) was allowed to react

with WF_NBt, (15.24 mmol) at 20° for 24 hours, HCl was dried by

5

distilling three times through -100 traps before reacting with WF NEtZ.

5
The reaction was performed in a 500 ml. flask fitted with a Teflon
stopcock, Volatiles were distilled at 20° and identified by infra~red

spectroscopy to be unreacted HCl and SiF4°97'1O2 SiF, was presumably

4
formed by the action of HF on the glass,
The residue, a black viscous liquid, was involatile at 20o and was

more stable towards bhydrolysis than WF_NEt It was found to be

52"
contaminated with an orange powder. Separation by solvent extraction was
attempted, but was not successful, The black liquid was insoluble in

C6F6, TS, CCl.F, 0014, CHCIB, CSz, toluene and hexsne, Elemental

3
analysis of the liquid was consistent with the presence of more than one
species, Found C, 14.5; H, 3.5; N, 4.3; F, 18,9; Cl, 13.8; W,
43.45%.

| Atomic ratio, C:H:N:F:Cl:W = 5.1:14,8:1,3:4.2:1,.7:1,

Its.i.r. spectrumv(liéuid film 4000-400 cmq1) was as follows :
3100br,w, 2910s, 2845m, 1560m,br, 1525w, 1472w, 1450m,br, 1175w, 1150w,
1055w, 985w, 870w, 760w, 675w, 600s.

No n.m.r. studies were possible owing to the lack of a suitable

solvent.

REACTION OF TRIMETHYLCHLOROSILANE WITH DIETHYLAMINOTUNGSTEN-

(VI)PENTAFLUORIDE

Various reactions of WFsNEt2 and HeBSiCl were carried out (Table 1,13),
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The products were all black sticky solids which were difficult %o
handle, They were similar to those obtained from the reaction of

WF NEt2 and HCL. They were ingoluble in C6F6, toluene, CHC1 CCl

5 3’ 4’

CS 4Si, and hexane, They were probably mixtures, but

o7 CCIBF, Me
becsuse of handling difficulties their separstion was not attempted,

The elemental analysis of the products is given in Table 1.13b.

Table 1,13%b

Elemental analysis of the various products from the shove reactions

No. c H N c1 13 W
(%) (5) (%) (%) (%) (%)
1 Found 1204 2,6 4.6 34,1 3,2 42.8
Ratio (641)  (15.5)  (2.0) (5.7) (1) (1.4)
WFC1 NEt,,
I‘equires 11.5 2-4 304 3401 406 44,1
2 Found 12.6 206 308 2905 508 45:0
Ratio (4.3) . (10.4)  (1.1)  (3.4)  (4.3)  (1.,0)
3 Found 1.7 3.6 301 34,2 242 45.3
Ratio (8.5) (31.0) (2,0) (8.4) (1.0) (2.1)
4 Found 12.1 2.6 3.3 35,8 0.4 45.8
Ratio (4.3) (11.0) (1) (4) (=) (1)
WC1,NEY,
requires (12.0) (2.5) 3.5 35.7 - - 46,0
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All of these products reduced acidified Kﬂn04 solutions, In a
quantitative estimation of the sumple from last reaction 0.374 gm.
of the sample were found to be equivalent to 2,2 x 10—'6 nole of

KlinO Thig enrresponded to an oxidation nuwber of tungsten 3.7.

4°
Due to the lack of a suitable solvent no n.m.r. signals were
observed except in first case, vhere é singlet st +26.5 p,p.n. was
observed in the 19F n,m,r, spectrum &nd a broad peak in 1H NeM,Te
spectrum at =3.75 P.Pele

The infra-red spectra of all the samples was similar and contained -
the following absorptions (solid pressed between KBr plates,
4000-400 cm"1) 3160br,s, 2980s, 29%93, 2880sh, 2435w, 2340w, 2240w,
2120w, 1705s, 1685sh, 1635w, 1575s, 1529s, 1445s, 1415w, 1390w, 1375w,
1360w, 1340sh, 1320w, 1275s, 1185w, 1155w, 1125w, 1080m, 1050m, 1010sh,
985s, 942m, 88%s, T789s, 7558, 610br,m, 580sh, 510w, 460w,
These compounds when dissolved in water gave light brown solutions

compared with the blue of dialkylaminotungsten(VI)fluorides.

BEHAVIOUR OF CARBON DISULPHIDE AND METHANQOL TOWARDS WFSNE‘!:2

AND WFQ(NEt2)4

WF NEt2 was not miscible with CS2 even on shaking and was decomposed in

5

methanol,

WFa(NEt dissolved in CSE. It appeared to react slowly with

204

methanol (see n.m,r. apectrun Table 1.4) but products could not be identified.

REACTIONS OF TETRAKIS(DIETHYLAMINO)TUNGSTEN(VI)DIFLUORIDE
(i) WITH TRIMETHYLCHLOROSILANE

A mixture of Me,SiCl (39.1 mmol) and WFQ(NEt2)4 (10.7 mmol) was

3
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o 0 .
allowed to warm fron -196° to 20~ over a period of 4 hours, There
was no visusl evidence of any reasction, On shaking, WF2(N5t2)4

appeared to dissolve slowly in Me_SiCl, and after a week's shaking a

3
black sticky sclid settled at the bottom of the flask. The volatiles

from this reaction were identified as Me S:'LF95 and unchanged Me,SiClm3

3 3

from infra-red spectroscopy. Another compound was suspected to be
present among the volatiles from inspection of the infra-red spectrum of the
volatiles, But it could not be identified by n.m.r. snd mass spectroscopic
neasurements. Its nom.r. gave no signals at all while its mass spectrum
contained the following main peaks corresponding to m/e = 26-29, 31,
32, 39, 41-43, 45, 47, 49, 56, 57, 59, 63, 66, 71-81, 87, 93, 95, 118,
123, 133, 146, 154, 160, 171,

The residue, a black sticky solid involatile at 200, was souble in
06F6° It was formulated from its elemental analysis as dichloro-

tris(diethylamino)tungsten(VI)monofluoride, WFClz(NEt Found, C,

2)3'
27.7; H, 5.9; N, 8.7; Ci, 15.1; F, 3.8; W, 38,6% C, HCL RN

requires C, 29,4; H, 6.,1; N, 8.6; Cl, 14.5; F, 3.9; W, 37.6%

Its 1H,n.m.r. spectrum in C6F6 contained the signals assigned to
—NEt2 grovp, (by comparison with the chemical shifts of WF (NEt2)4)
0.9 and 4.6 p.p.m. Its 19F n.m.r. spectrum consisted of two signals,

one at +15,0 pe.p.m. (51ngle llne) asaigned to some unreacted WF (NEt
19

2)4!
and another at —46.7 (single line) p.peme An °F n.m.r. spectrum could
only be obtained for one sample

The i.r. spectrum of W(F)Clz(NEt (solid pressed between KBr plates,

2)3
4000-400 cm-1) contained the following absorptions : 3260v,w, 3085m,

2980s, 2940m, 2875w, 2825v.w, 2685w, 2475m, 1525s, 14558, 1375w, 1355w,
1325w, 1295m, 1275sh, 1185m, 1139s, 1089s, 1065m, 1000br,s, 892s, 842w,

799s, 772w, 589w, 520m, 455w.
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(ii) REACTION C¥ TRIMETHYLNUETHOXYSILANE WITH TETRAKIS-

(DIETHYLAMINO ) TUNGSTEN (VI ) TRTRAFLUORIDE

WF2(NEt (647 mmol) dissolved readily in He;SiOte (42.4 mmol)

204

giving a blood~red solution, The solution was shaken for 2 weelks at

20% to ensure the completion of the reaction, Volatiles from this

95

reaction were identified by infra-red spectroscopy as MeBSiF, unchanged

Me SiOMe‘o1 and an unidentified liquid,

3
The residue was a brown viscous liquid involatile at room temperature.
It was soluble in C6F6 and was formulated as dimethoxytris(diethylamino)-
tungsten(VI)monofluoride, WF(OMe)z(NEt2)3, on the basis of its elemental
analysis, Found (two samples from different experiments) C, 33.1 and
29.9; H, 6.8 and 6.,6; N, 8,7 and 8.5; F, 7.9 and 4.,0; W, 39.4 and
14H36F02N3w requires C, 34.9; H, 7.7; N, 8.7; ¥, 4.0; W, %8,2%,

The 1H n,m,r. spectrum of the residue (C6F6 solution, TMS external

38,2% C

reference) contained the following signals (chemical shifts in p.p.m.) :
1.1 £ 0,05(¢?) (CCH3); 3.3(s) (wome),86 4,35 £ 0,15br (WNCHz).
Its 19F ne.m.r., srectrum consisted of only one signal (single line)

¥ internal standard), (comparison with WF(OMe)5 which
19

at +63,7 p.p.m. (0013

has a signal at +39.5 p.p.m.). F n.m,r. signal could only be observed
for one sample° Its i.r. spectrum (liquid film 4070-400 cm—1) was as
follows : 2970s, 2955s, 2870s, 2609m, 1530s, 1462sh, 1450m, 1425sh, 1370m,
1348m, 1300w, 1189m, 1139m, 1075m, 1060s,1C00s, 83%Cs, 790s, 560m, 540s,

485s,

REACTION OF TUNGSTEN HEXAFLUORIDE WITH TRIS(DIMETEYLAHINO)-

PHOSPHINE

WF6 (14.4 mmol) was distilled on to tris(dinethylamino)phosphine
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(TDP) (13.6 mmol) under vacuum, The reaction nixture was alloved to

wern from 196D to -80° and then to 20° over a rericd of twelve hours,

A thin red crust formed at the top of a colourless liquid, It was
thought that the reaction was very slow erd needed vigorous conditions,
The flask was shaken and within minutes its contents solidified to =2

light brown mass, On distilling the volatiles, the solid appeared to
decompose (assumed from the white dense fumes coming off flack leaving
behind a clear liquid). On warming the flask containing the volatiles, a
dark red liquid ceparated from a pale yellow liquid, The red viscous

liquid was involatile at 20°.  The colourless liquid was identified from

3104 and WF6.96

liquid left in the reaction flask was identified as unreacted tris(dimethyl-

infra-red spectroscopy as a mixture of PF The light yeilow -
amino)phosphine by comparing its infra-red and n.m.r. spectra with those
~of the pure compound.
The -red viscous liquid left in the second flask was in small quantity
and was used for analysis.
Elemental Analysis., Found, C, 19.5; H, 5.1; N, 11.3; F, 19.5;
W, 49.1; P, 6.2% WF3[N(CH3)2]3, requires C, 19.3; H, 4.8; N, 11.3;
P, 15.2; W, 49.3; P = 0%,
(v) WP, (18,1 mmol) end tris(dimethylamino)phosphine (9,35 mmol)
were reacted at 20o for 2 weeks, A thin, brown-yellow crust formed =t
the top of a light yellow liquid during this time, Volatiles were
distilled at 20°C from the reaction flask, These were identified ae
PF3 and unrezscted WF6 from infra-red spectroscopy.96’1o4
The residue, involatile at 20° was a dark-red viséous liquid end a

pale yellow liquid.‘ The brown viscous liquid was separated from the

yellow liquid by decantation and was later dried by pumping for two days.
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The light yellcw liquid was identified from ite infra-red and n.m.r,
spectra to be unchanged (WQZN)BP.

The brown liquid was slightly soluble in hexalluorobenzene. Its
19}?‘ n.m.r. spectrum consisted of one weak signal at =143 p.p.m. (single
line), and its 1H n.m.r. spectrum conteined three signals at 5.0 (single
line), 2.9 (poorly resolved doublet) ard 1.9 (single line) PeD.I, These
results were consistent with the presence of more than one species.

Elemental Analysis, Found C, 10.9; H, 3,3; N, 6.8; F, 28,4;
W, 49.5; P, 1.1%.

The i.r. spectrum of brown mass (liquid £ilm 4000-400 cm—1) vas as
follows : 3500br,w, 3250br,w, 3030w, 2930s, 2870w, 2835w, 2790w, 1520w,
15258, 1450(s), 1420w, 1400w, 1325m, 1295w, 1238m, 1165w, 1120w, 1065w,

1020m, 990w, 950s, 865sh, 843s, 777w, 731m, 695w, 600br, 480w, 430m,
REACTION OF TRIMETHYLSILYL IMIDAZOLE WITH TUNGSTEN HEXAFLUORIDE

Tungsten hexaflucride (9.8 mmol) was distilled on to trimethylsilyl
imidazole (15.6 mmol) in a flask fitted with a 'Teflon' stop-cock. The
flask was slowly allowed to warm from liquid nitrogen temperature to
200. Two immiscible layefs separated out in the flask and after about
half an hour, licght brown fumes appeared, The flask was cooled
immediately to liquid nitrogen temperature. After warming the flask
again, a minute quantity of a light brown solid appeared at the bottom,
The flask was left at 20° for 24 hours and the quarntity of the solid
increased considerably. Volatiles were distilled off at 20° and were
95 102

and SiF4.

The residue, a light brown =olid, involatile at 20° was completely

identified by infra~-red spectrcscopy to be MeBSiF
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insoluble in CHZCN, CH3N0 ¢er,, CHC1,, C c3

o 4 toluene, hexans

3) 6 69 2!
and acetone,

Its elemental analysis (two ganples from different experiments)
did not correspond to a single product. Found, C, 14.5, 20.2; H, 2,0,

209; N) 14‘Ot 13'4; F, 2307) 18:3; w; 4505’ 4402%9
REACTION OF TUNGSTEN HEXAFLUCRIDE WITH DIETHYLAMINE

A mixture of tungsten hexafluoride (30,5 mmol) and diethylamine
(15.11 mmol) was kept at -60° for about six hours. The colour of the
mixture changed from colourless through red to purple and brown fumes
appeared in the reaction flask. The flask was maintained at -60°
for a further 24 hours, The only vclatiles obtained from the reaction
were SiF4 and unréaoted WF6 (17.0 mmol), The solid product was a mixture
of a white crystalline substance and a brown powder., An attempt was
made to separate them by solvent extraction but no suitable solvent could
4 M S C013F and C.F,,
while they both dissolved in acetone., Elemental analysis of the

be found since both were insoluble in CSz, CcCl

mizxture was consistent with the 1:1,5 adduct of tungsten hexafluoride,

Found, C, 17.9; H, 3.6; N, 3.7; F, 28.9; W, 45.%% WF . 1.58B¢ 1

requires C, 17.7; H, 4.0; N, 5.2; F, 28,0; W, 45.2%,
The 1H n.,m.r, spectrum of the mixture was consistent with the

Presence of a diethylamino compound (broad signals at 0.85 and 4.7 p.p.me

cf. WFSNEt? Table 1.3). Other signals observed in 1H n,mer. spectrum

were, a singlet at 1.55 p.p.m. assigned to solvent acetons, and a poorly

resolved multiplet at 2.6 p.p.m,
19

Its F n.m.r. spectrum contained one major signal (single 1ine) at

-158,9 p.p.m. assigned to WF, and two signals of low intensity (both single
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lines) at ~58.0 and =52.1 DePele which wefe Aifficult to assign due to
the absence of a fine struciture.

Jts i.r. spectrum (Nujol and fluorolube mulls) was 2s follows :
3150br,s, 2990n, 2945w, 2830w, 2820w, 2760w, 2480m, 2380w, 1700w, 1595s,
1465sh, 1452s, 1382s, 1375w, 1319s, 1270w, 1230w, 1185m, 1160m, 1130m,
1090m, 1065s, 1040m, 995m, G00s, 840w, 79%0m, 780m, 692m, 600br,s,

490w, 420w,

(b) Conductometric Titrations

The reaction of tungsten hexafluoride with diethylamine was followed
by conductometric titrstion. Electrical conductance was mesasured by
means of Universal conductivity bridge, model B,221, The cell used fcor
conductometric titrations was specially adopted for vacuum use (defails
in Appendix). Two flasks, one containihg the bright platinum disc
electrodes, and the other fitted with a Teflon stop-cock were separated
by & sintered glass disc. After evacuation of the flask, acetone was
~distilled into the cell, and its conductance noted, Tungsten hexafluoride
was then introduced and the conductance of the yellow solution again noted.
The measurements were made in a thermostated bath at 25°.  Conductance
measurements were made after various additions of EtzNH° The solution
turned brown on the addition of EtzNH and a light green sclid started

precipitating when the mole ratio of Et_ NH to WF6 approached about 1:1,

2
and continued until it reached about 1.5-2.0. This solid was prepared
later, in a separate experiment, for elemental anaylsis, WF6 was reacted
with four fold excess of EtzNH in acetone, The reaction mixture was left
at -60° for 24 hours and then warmed to 20°¢, Liquids were transferred
into a side flask and kept frozen by liquid nitrogen, The solid was then

bunped on for four hours to ensure the removal of all volatiles and
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finally sealed off under vacuum for analysis and infra-red spectrum.
Elemental =analysis of this solid corresponded to WFS.NEtz;IINEtZ.O.S
acetone. Found, C, 23.5; H, 5.5; N, 6.3; F, 21,0; W, 40.3%,
WFSBNEtZ.HNEt2,O.5 acetone. Required, C, 23.9; H, 5.3; N, 6.2;

F, 21.0; W, 40;7%. The i.r. spectrum of the solid (Nujol and fluorolube
mills 4000-400 cm™') was as follows : 3100br,w, 2900br,s, 2720w, 2400w,
1708s, 1590m, 1455s, 1375s, 1310w, 1210w, 1162m, 1150sh, 1070m, 1050sh,
955m, 945sh, 870m, 815w, 790w, 735n, 585w, 560s, 470w, 440w.

The results of the conductometric titrations are summarised in

Table 1.14.



Table 1.14

Specific conductance MHO. x 10'3

I II III
EtZNH Specific EtZNH Specific EtZNH : Specific
to conductanece to conductance to conductance
WE MHO, 10 WE, MHO, 10 WF, NHO, 107
mole ratio mole ratio mole ratio
Acetone 0,002 Acetone 0,0006 Acetone 0.0006
WFg
VT, 1,12 WF 2,68 (2.23 mmol) 1.92
(0,673 mmol) (2.7 mmol) 0,12 3,70
0.76 3,71 0,17 5.48 0.23 5,80
1.84 1.71 0.32 T.47 0.28 5.97
4,00 0.62 0,54 8065 0,42 6.59
6433 0,62 0,67 9,50 0,58 7.29
7433 0.62 1013 6.6 0.69 7.69
10.45 0.62 1.44 5+55 0,97 5.64
1,67 4,50 1,10 5432
2,0 3456 1.32 4.69
2,28 2.61 1472 3.57
2.49 1.69 2.10 2,57
2.31 é.o7
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CHAPTER TWO

THE REACTIONS OF TUNGSTEN HFEXAFLUORIDE WITH SOME QRCANOSILICON
COMPOUNDS.  THE PREPARATION AND PROPERTIES OF PENTAFLUORO-

PHENOXY TUNGSTEN(VI) AND MOLYBROENUM(VI) FLUORIDES

INTRODUCTION

The reactions of tungsten hexafluoride with Me_SiX, (where X is

3

0CF, OC(O)CHB, oc(o)cp3, 0c(0)C,F,,, CN and NCO), the reaction of

r
37
methoxytungsten(VI)pentafluoride with trifluoroacetic anhydride, and the

formation of pentafluorophenoxymolybdenum(VI)pentafluoride, are described

in this chapter,

107

Preparations of polyfluecroaryl Grignard reagents stinulated interest

in the polyfluoroaryl derivatives, and consideratle differences between

phenyl and polyfluorocaryl derivatives have been found.108 Although

phenoxy derivatives of metal fluorides,such as tungsten hexafluoride,and
non-metal fluorides, such as phosphorous pentafluoride and sulphur tetra-
fluoride, were well characterized, the corresponding pentafluorophenoxy

43,109

compounds were not known at the +time this work was started, A

very recent report described the preparation of pentafluorophenoxy fluorides
of phosphorous, (C6F50)3__HPRnF2 (R = Me or Ph; # = 0,1 ,2).110

In the present work the preparation of pentafluorophenoxy derivatives
of tungsten hexafluofide and molybdenum hexafluoride has been attempted in
order to compare them with the corresponding phenory compounds. It has
been stated that it is the electronic effects which largely determine the
properties and behaviour of pentafluorophenoxy substituents.111» The 19F

nemer, spectra of pentafluorophenoxy derivatives can provide a valuable

insight into the character of the bond between tungsten and the ~006F5
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ligands,

In an attempt to correlate the n.m.r. parameters of the pentafluoro-
phenyl group with the electrenic interactions at the bond between
substitvent and ring, it was suggested that coupling ceonstants emong
the fluorine nuclei, as well as their chemical shifts reflect changes in the
ring subsituent interaction. An empirical relationship between coupling con-
stants and chemical shifts was suggested to differentiate betweenmndonor and

127

1 acceptor substituents, Application of this relationship to the penta-
fluorophenoxy tungsten(VI) fluorides could lead to the same information about the
effect of the --OWF5 group on the electron density at the ortho, meta and
ara, positions of the pentafluorophenyl ring. Comparisong of the n.m,r.
parameters of pentafluorophenoxy tungsten(VI) fluorides with those of other
CGFSX systems were also desired

Acetic acid and acetic anhydride have been reported to react exothermally
with TiCl, giving T1012(oc(o)CH3)2° Polymgrisation occurred, however, when
further substitution reactions were attempted yielding a mixture of basic

13

. : 0
acetates; T1012(0020H3)2 + (CH300)2 - TiCl(0020H3)3 + CH_COC1

3

Tid (en0) » 1101(C0,CH5) 5 » (Tﬁd(COZCH3)30 + CH,COCL
2

3
TiCl(CO 3)2
TiCl(CO 3)3 + T1012(002CH3)2 + 0 + 2CH,C0C1
Tiol(co 3)2
T101(0020H3)2 : 'ri(cogcz%)3
0 + CH3COOH -+ 0 + 2HC1
T101(00 3)2 Ti(COZCH3)3

In contrast, successive substitution reactions of acetic acid- with
zirconium tetrachloride led simply to the formation of zirconium tetraacetate,

Zr(CH3002)4. This decomposed to the basic diacetate and acetic anhydride

on heating“114 The reaction of molybdenum pentachloride with mono-
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carboxylic acids or acid anhydrides in carbon tetrachloride, was reported

to give molybdenun trichloride dicarhoxylate, MoC1.

3(RCO?)2, vhere
R = Ph or Me, The benzoate was stable thermallyv, but the acetate

deconposed giving HC1 at about 8000.115

As no carbexylato derivatives of meisl fluorides appear to have been
reported, in this work, some atteﬁpts have been made to isolate
carboxylato tungsten(VI) fluorides nsing the reactions of tungsten
hexafluoride with Me3SiOC(O)CH3 or Me3SiOC(O)Rf (where R, = CF3 or c3F7)°
- By this means it was hoped to compare the properties of these compounds with
carboxylate derivatives of titanium, zirconium and molybdenum chlorides,
Spectroscopic studies of these compounds would provide a method of
investigating their stereochemistry and the metal-ligand interaction. It
oc(0)cH

vas also hoped to compare the behaviourkof WF and WFSOC(O)CFé.

5 3

The perfluoroalkyl groups are exceptionzl in that, despite their large size,

they are of high electronegativity. For example, the CF, group is more

3

electronegative than the CH3 group, and its electronegativity is between that
of chloride and fluoride. Because of this anomolous size, electronegativity
ratio, they differ both from halogens as well ss from ccrresponding alkyl
groups. Compounds containing perfluorcalkyl groups zre thermally more
stable than the corresponding alkyl substituted compounds, and their
decomposition is supposed to be by a different mechanism.106 The thermel
decomposition of carboxylato tungsten(VI) fluorides was thus desired for

two purposes; firstly,to compere the behaviour of the two types of

compounds (WFSOC(O)CH3 and WF5OC(O)CF3) anéd secondly, for the formation of
organometallic compounds of tungsten of the type FSWCH3 and'Fs‘fICF3 by the
elinination of CO,. |

It has been reported that alkyl and aryl cyanides react with non-metal

halides such as BX (X = F or C1) to form addition compounds of the type



=
RCN. BX,, (R = Me or Ph). o8 1 obium pentefluoride also forms 1:1

68,1184

or 1:2 ccmplexes with CHBCH, 1:2 Alkyl cysnide complexes of

tungsten(IV) chlorideg =nd bromides were cbiained, however, from the
reactions of alkyl cyanides with W{(VI) and WGO halides°119

In contrast to the reactions of alkyl and aryl cyanides, the
reactions of RBSiCN (assumed to be a cyanide), where R = H or Me,with
the boron halidee led to the formation of addition  compounds which
decomposed spontaneously with the elimination of silyl halides and the
formation of a s0lid residue of general formula (BX2CN)n according te the

reaction scheme:120

R,SiCH + BX; RBSiCN,BXS +  R,SiX 4 1/n(Bx2<:N)n

(R =Hor Me, X=TF, C1, Br)

Cyanato and thiocyanato derivatives of metal chlorides of the type,
MCInXS—n (vhere M = Nb or Ta; X = CNO or CNS; n = 0-4), have been
prepared by the reaction of metzl chlorides with KX.121’122
Since no tungsten halides with pseudo-halogen substituents are known,
‘the reactions of R,SiX (R = Me or Et; X = CN or NCO) with tungsten hexa-
fluoride have been attempted with the intention of substituting CN or CNO
groups for fluoride in WFS' The isolation of cyanotungsten(VI) fluorides
would make it possible to attempt reactions on the C:iN bond, and to
investigate the nature of W-ligand interactions. It was also of interest
to find.out if the normal oxidation state of tungsten (i.e. VI) would be

retained in these reactions in view of the reduction of W(VI) and W(V) to

W(IV) in the reactions of alkyl cyanides with tungsten halides.
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RESULTS AND DISCUSSICH

REACTIORS OF TUNGSTEN HEXATLUORIDE WITH TRIMETHYLPENTAPLUORO~

PHENOXYSTLANE

Formation and Spectrosconic Properties of Pertafluorophenoxytungsten(VI)

pentafluoride

Pungsten hexafluoride and trimethylnentafluorophenoxysilane, Me,SiOC_F

3 6757

react smoothly below 20° to give Me_ SiF and a dark red liquid, which is

3
slightly volatile at 20°c.  This liquid is formulated from its analysis and .

spectra as pentafluorophenoxytungsten(VI)pentafluoride, WF5006 5°

Molecular weight determination in 06F6 are consistent with the monomerie
nature of this compound in solution,

The 19F n.nm.r. spectrum of WFSOCGFs (Fig. 2.1.) can be interpreted on the
basis of a monomeric structure, with an octahedral arrangement of ligands

around tungsteq,(l).

F | F
v

F

(1)

The 19F n.m.r. spectral parameters of WF 006F5 are summarized in

5
Table (2.1). By comparison with the spectra of‘SFSX, (rig. 2.2), where

X = C1 or OPh, the spectrum of the -OWF5 part of WF5006F5 corresponds to an

AB4 spin System. The AB4 peak freguencies are used to obtain QAB and
' . 1
J,ps using analogous numbers to those previously used for SFX. 23
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19

F n.n.,r. parameters of WFSOC6F5

Chemical Shifts
Assignuents

(popome)
~145,15 (doublet) B, nuclei Jup = 69.64 Hz,
-141,28 (complex) A nucleus b,p = 223.03 Hz,
J
YAB
+150.75 (triplet) para fluorine of C6F5 T 0.312
AB a
+151,76 (br. doublet) ortho fluorines of C6F5 IJ23| = }J34l = 19,8 Hz,
+160.48 (br. triplet) meta fluorines of 06}5 IJ54 + J52| = IJ12 + J14} =
a
18.0 Hz,
The signe for the coupling constants are not
OWF5
known. Numbering is clockwise around the ring F P
‘ e ’ , .5 1
with the ortho-fluorines at 1 and 5. P F
: 4 5
The appropriate equetions are :- F3

-— - 1 puey 1}
SAB = E, E7 + §(E7.E4)

3(T,p) = 2(E8-E3) - (E7-E4)

where Ei is the position in Hz of the ith line relative to CC13F.

Assignments for the spectrum due to the pentafluoropehnyl part of

WF5006F5 (Fig. 2.3) are made by comparison with the spectrum of CgFisCL,

124
(A2B2X system).
The comparison between 19F chemical shifts of the -OWF5 group of
WFSOCGFS with corresponding chemical shifts of various WFSX (where X =

NEta,Cl, OPh, OMe) compounds (Teble 2.2) indicates the fairly strong
electronegative character of the -006F OC.F_.

group in WF5 6'5

5
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Compaund Chemicel Shiftis
) Y
(povams) S{r(1) - 7(2)) Ref,
a a
F(1) F(2) (pepoma)
WFSOCGFS "‘1 45-2 “‘1 41 o3 309
WFCL ~182,0  =126.5 55,0 50
WECNE -126.0 86
WFSOMe -118.5 -89,5 29,0 43
% P(1) trens to P, F(2) trans to X (X = 0CcFg, C1, OPh, NEt,, OHe).
b

Chemical shift difference between F(1) znd F(2) in p.p.m.

Although the fluorine trans to the substituent is still shielded more
than the fluorine trana to fluorine, S{F(1) - F(2)] iseminimur in

WF_OC_F_ and increases in the order WF.OC . F_. £ WF Ci.

57765 57765 5 5

The relative deshielding of the fluorines in WFSOC6F5 compared with other

WF_X compounds may be explained in terms of a combination of steric and

5

inductive effects,

0Ph < WFSOMe { WF

The chemical shifts of the phenyl group are believed to be a measure
of the electron density at the nucleus.126 Substituent effects on the
electronic distribution can therefore be inferred by the chemical shifts of
nuclei at different pocitions in the benzene ring, Thus it has been
found that tre ortho fluorine shift is influenced by a combination of
inductive, steric and resonancc effects, the meta shifts meinly by 125,
126

inductive effects and the para fluorine shift mainly by resonance effects,

Moreover rara 19F chemical shifts have been shown to be more sensitive to
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122a, 125

. . ‘ 1 . . o
resonance interaction than griho 9F cremical shifts, Thus

19

F chemical shifts for para fluorine in pentafluorcphenyl derivatives
has been supggested as a possible probe for indicating dp - pyp interacticn
between C6F5 and substituents. Relatively large paras shiftsto low field

. . . . . 108
means greeter dg - pyg interaction in the pentafluorcphenyl derivetives,

The ortho, meta and para fluorine chemical shifts of the C6F5 group
in WFSOCGFE are at a lower field thar the corresponding shifts in
MeSSiOC6F5n The relative difference of the ortho and meta chemical shifts
(7.0 and 5.1 p.p.m. respectively) in the two compounds are small .com-
pared with the difference in para chemical shift (17.7 p.p.m.).
WFSOC6FS appears to be a unique example among penfafluorophendxy derivatives

in two resrects. Firstly, the para chemical shift is at a lower field

than the ortho and meta fluorine chemical shifts. Secondly, the differerce

between ortho and para fluorine chemical shifts is smallest (1.01 p.p.m.)

of any of%ho-gara shifts observed, The relatively large para shift to low

field which is ohserved for WF5006F5 indicates that 0 » W pn - dn inter-

action is significent in this compound.
Generally, with the decreasing electronegativity and increasing size of

the substituent X in pentafluorophenyl derivatives, C6F5X, the ortho

125

fluorines move to a far lower field than para fluorine, The difference

between the ortho and nara fluorine chemical shifts, &OP’ is small however,
in compounds where resonance effects are more significant. Comparison of
SOP in some pentafluorophenyl derivatives (Table 2.3), suggests that

resonance effects dominate in WFSOCGF over the inductive and steriec effects

5

of the -O‘:JF5 group.

Recently, Grahen et 31126'127

19

have investigated the “F n.,m.r. spectra of
a large number of pentafluorophenyl derivatives., They have found a linear

relationship between J

OP’ the coupling constant between the ortho and parsa
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Table 2.3

Compound SOP & Ref,
(pepom.)

CGFSOWF5 1.7

C6F50Me -6.0 125
C6F50H -6.8 125
C6F50F3 ~T.6 ' 126
C6F5()SiMe3 -8.9 126
CGFSCN -11.2 126
C6F58nMe3 =30.5 125
CeFgHctie ~31.6 125
C6FSSnPh3 ~33.3 126
CgFsT 33,5 T

& - Difference between ortho and para fluorine chemical

shifts,

fluorine atoms of the pentafluorophenyl group, and GP the chemical shift

of the para flvorine. They suggest that the straight line relationship,

JOP -SP distinguishes between W electron donation to the ring and 7 electren
withdrawal from the ring by thé substituent group. Thus substituents

giving the low JP and the high J (e.g. -CN) are considered strong 7 electron

0]
acceptors, while the substituents giving high 6P and high JOP (e.g. -NHQ)
are regarded as # donors. Intermediate SP and low'JOP valves imply & weak
7 interaction (e.g. -033).

The doublet assigned to ortho fluorines and the triplet assigned to

meta fluorines, in the spectrum due to pentafluorophenyl part of WF5006F5,
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are broad, By anslogy with the spectrum of G, P_C1 these signels are

6'5
expected to split further, However, due to the lnck of fine structure in

the present case, complete analysis of the spectrum is not possible,

Thus accurate values for JOP are not krown for WF5OC6F5. Appropriate

values can however be csleulated using general equztion relating JOP

with Sm and 5;, the chemical shifts of meta and para fluorines respectively,

127

These relations were established by Graham et al;

Pas-ay

and were found to be
applicable to all the 61 pentafluorophenyl derivatives investigated by them.

The appropriste equations are:

Jop = =0.453 SP + 71,98
Jop = =1.4746, + 239.3

= = N . 2 .
Iop 0.524 6P + 0,262 &+ 40,69

The values of JOP for WF5006F5 calculated from above equations are

3.7, 3.4 and 3.7 Hz. respectively, The average velue is 3.6 Hz,

Following the apnproximate value of JOP for WF5OC6F5, it can be compared
with the corresponding values for some other pertafluorophenyl derivatives
(Table 2.4). It is not reasonable to drav any definite conclusion from

such comparison since J_ . is chemical shift dependent and not the

op
experimental value as for other compounds, However, the value of JOP
calculated is consistent with the previous finding; that the —OWF5 groun

is a 7 electron acceptor group.

Tentative aszicnments for the infra-red and Raman spectra of WF5OC F

6°5
are listed in Table (2.5). The sssignments for C~F and aromatic absorptions
. 1 .
have been made by comparison with C6F6’ 29 C6F5X (where X = Cl, Br, I)130

1
and some other pentafluorophenyl derivatives, 21 Metal-0-C stretchesin

132 133
2)2.(EtOH)4.Gl4 and metal

alkoxides of the formula M(OR)4 (M = ™, Zr, Hf, Ge, Al, Si; R = Me,

Et4N[w(0R)1015 (R = ¥e, Bt, Pr), °° W,(0Bt
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Teble 2.4

Compound SP J()P . Ref,

(p-p.m.) (Wz.)

OGP OWF, 150,0 3.6
C4FPF, 147.4 5.9 128
C4F N , 143,2 5.8 126
CqFyCF.; 147.8 5.8 126
C4F 00, H 151,6 4.0 126
CGFSP(NM92)2 155.7 2.6 126
CgFs 1 | 153,0 2.0 125
CGFSH | 154.3 1.3 126
06F53r 155.2 101 126
CqF 01 156.5 | 0,7 125
CqFiCHg 159.1 0.0 126
CgF 0SiMe, | 167.6 -4o4 126
C4FOfePh, 169.2 -5.0 126
C4F,OH 171.2 ~641 125
C_F_NHSiMe 1741 -7.0 126

65 3
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Infra-red and Raman spectra of pentaflucrophenoxytungsten(VI)pentafluoride.

Infra-red Raman Assignment Ref.
(Liquiad) (Liquid)
1642 m 1633 s
1530 s Ring Stretch 129-13%1
1515 s
1470 gh 1472 v.s.
1365 m Y (C~F)Sym
1332 s 1332 8
1260 w Ring Stretch
1192 s 1198 vos.  Y(C-F)Antisym
1050 s 1051 s )KC—F)Symxg 129-135
1001 s YV (w-0-C)
767 s
722 8 724 W V(W-F) 51,86a
670 8 . S(C—F)Antlsym 51,864
¥ (#-0) 129135
V(W~F)Asym
502 w 498 m Ring Stretch 129+131
455 w Antisym Ring deformation
285 w §(c-F)Sym 129131
b (v-F) 51,86a

Ring angle deformation
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a2 2
154,125 . . . 7 . .
*'22 have been assigned in the region (967—;155}om . Thne

Et),

choice for W-0-C in WFSOC6F5 appezrs to be 1051 or 1001 cmm1 in the iprfra-
red and 1051 in the Raman, Since V(C-¥) is aleo expected in this

. 129-131 .. . . .
region, 29-13 distinetion between the two absorptions is not possible.

Y(W-F) at 767 and 724 cm—1 in the Raman and 722 cm‘.1 in the infra-red is

assigned by compsrison with WF C151 and WF60863 Definite assignments for

5

the bands at 670 cm~1 in the infra-red and 285 cm'-1 in the Rawan are
difficult due to the possibility of meny absorptions in this region
(see Table 2,5).

The colour of WF5006F5 is due to the presence of &#n inten=se elecironic

abgorption in the near U.V, region which tails into the visible region

(vmax' Table 2.6), The electronic spectrum of WF 0(‘-6F5 is similar to that

5
of WFSOPh° Both spectra are solvent independent, ard have broad band in
approximately the same region. By analogy with the spectrum of WF5OPh,

the electronic absorptions in WFSOPh are assigned to iniramolecular charge

transfer between the ﬁ'systém of the pentafluorophenyl group, and the non

bonding orbitals of tungsten.

Table ‘2.6

Electronic spectra of WFGOCGF and other asubstituted derivatives. of

5

tungsten hexafluoride

- -1 ‘
Compound Solvent )%mx. x 10 3 cm Ref.
WF;C1 Gas 37.0 49
86
WF_NEt, Me ,S1 36.5
W(NNez)s (toluene ?) (30.0-33.0) 61
: 8

WFBOPh CgFg O Me4Si 27 47

28,60
WF5006F5 06F6

Me ,Si 29.0

4
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REACTION OF TUNGSTEN HEXARLUORIDE (1NOLE) WITH TRIMETHYLPENTA~

FLUOROPHENOXYSTITANE (2 MOLES)

The reaction of tungaten hexafluoride with trimethylpentaflucro-

phenoxysilane (1:2 mole ratio) occurs smoothly at 20° giving Me_SiF, and

3

a red liquid, which is slightly volatile at 20°¢. The red liquid

analyses to bis(pentafluorophenoxy)tungsten(VI)tetrafluoride, WF4(OC6F5)2.
19

F n.m,r. spectrum of this liquid (Pig. 2.4 - 2,6), however, indicates the
19

presence of more than one species. Assignments for the F spectrum are

The

summarized in Table (2.7).
The signelSat -=144,0 (doublet) and ~137.5 PoDeM. (multiplet) are

assigned to WF5006F5 by comparison with the spectrum of pure WF5006F5

(Figo 2.1)e The symmetrical multiplet of 14 at -123.1 p.p.m. is characteristic

of an A2B2 type spectrum (Fig., 2.5). It is thus assigned to cis

WF4(OC6F5)2. Since fluorines trars to fluorines are expected at a lower
field than the fluorines trans to some other substituent, the singlet at

-132,2 p,p.m, is assigned to trans—WF4(OC6F The weak doublet at

5)2’
-113.5 p.p.m. is assigned to g;ggg-WF3(006F5)3 with the assumption that
either the triplet expected for the axial fluorine is too weak to be
observed or is masked by the singlet at -105.3 p.p.m. Assignments for

the singlets in n.m.r. spectra are never satisfactory, Hence only tentative
assignments are made for the singlets at -132.2, -105.3 and -68,9 p.?.m.

The spectrum due to C6F groups (Pig. 2,6) is too complex to make any

5

unambiguous assignments., However, it indicates the presence of more than

one species.

19

Dean end Evans,136 have shown that ~“F chemical shifts, relative to
SHF6-2, in substituted hexafluorostanates may be represented by S(F) =
PC + qT, where C and T are constunts characteristic of a substituent, and

P and q are the numbers of substituents cis and irans respectively, to the
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Spectral parameters are given Mbremﬂwm (2.7)
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Cherical Shifts bssignments
Pep.M.
-144,0 (doublet) _ WF50C6F5(B4)
-137.5 (multiplet) WFSOC6F5(A)
(si W b
-132,2 (singlet) trans-hF4(OC6F5)2
-123.1 (qymmetrical cis—WF4(OC6F5)2
multiplet of 14) = 64,8 Hz; 'Lﬁvo = 0,35
- 3 -'(\‘l 4 ’ 9
113.5 {(doublet) trans 'r3(0r6r5)3 Jror < Sqn,
-105.3 (singlet) cis-WFB(OC6F5)3t
: t
~AR ino
3,9 (singlet) WF(OC6F5)5
156.3 (triplet) ara-fluorine of C6P5 in WF5006F5
157.3 (hroad doublet) ortho-fluorines of C.Fy. in WFSOCGFS
t
166.3 (broad triplet) meta-fluorines of C.F. in WF_OC_F
* — 6°5 5765
158.8 (br. doublet) orthn-fluorines of 06F5 in cis and trans WF4©CGFR)2
. ' ' t
159,8 (multiplet of three) para-fluorine of C6F5 in cis and trsns WFA(OC6F5%
' t
167.5 (br. triplet) . neta-fluorines of CgFy in cis and trans WF4©C5F5E

162,3 (multiplet)

164.3 (br, complex) ?

169.3 (complex multiplet)

——

t = tentative s=ssignments
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19

T nucleuz, The chormical chifts in WF6—n(OC6F5>n pay be similarly
represented if C = 18 and T = 24. The erperimertal and czlculated
gshifts relative to WFG ere shown in Table (2.8), The assignment of
the singlets =t =132,2, =105.3 and -£8.9 p.p.m. (relative to 0013F) are
based on these calculations, The agreement is by no means perfect but
average difference between the calculated and experimental values

(263 pepema) is not lerge and thus supports the assignments made.

The infra-red spectrum of this liquid differs from that of WF5006F5

in the 1200-660 cm | region, In sddition to the sbsorption due to

WFg0C,Fe (Table 2,5), there are additional bands at 920 w, 785 w, and
1

690 v,s. cm—1. The strong bands at 1192, 1050, 1001 and 670 em = in

WFSOCF, are shifted to 1169, 1035, 999 and 660 en”! (21l very strong) in

this case, The assignments are the same as for WF.OC.F_. and esre listed

57765
in Table (2.9).

Unlike WF4(OR)2 (R = Me or Ph),43 WF4(oc6Fr exists in both cis

))2
50

and trans forms. It thus resembles WF, 6 Cl The mechanism of the

472

reaction of WF, (1 mole) with Me3SiOC6F5 (2 moles) is not known, Hovever it
appears that cis and trans WF4(OC6F initially formed undergo

5

572

redistribution reactions as does WF,(Cl

4772
series, WF6-n(006F5)n°' The following scheme is proposed for redistribution

0 to give other members of the

reactions :

2WF4(OC6F5)2 r— WF5006F5 + cis and trans WF3(006F5)3
, —_
2‘.IF3(OC6F5)3 = WF5006F5 + WF(OC6F5)5

REACTION OF MOLYBDENUM HEXAFLUORIDE WITH TRIMETHYLPENTAFLUORO-

PHENOXYSILANE

Molybdenum hexafluoride reacts smoothly at -60° with Me3SiOC6F5 giving



S
(Y]
|

Table 2.8

. . 19, .
Comparison of the experimental snd calculated 9F chemical

shifts.
Compound Experimental Calculated
Chemical Shifts Chemical Shifts
a
b
(p.p.o.) (p.p.m.)
F(1)° F(2)¢  F(1)C F(2)°
WrSOC6F5 21 28 18 24
trans-WF, (OC P 3% 36
—~—ff",4 6 3)2
g;g—WF4(OC6F5)2 40 44 36 42
tranS—WFB(OC6F5)3 52 ? 54 59
g;g—JEB(OC6}5)3 ' 60 60
B » 6
wr(oc6 5)5 96 9

from WFG, calculated from the relation, 6(WF6) =
8(CC15F) + 165 p.p.m; b .lculated from 6(F) = 18p + 24q;
© F(1) trans to F, F(2) trans to OC Py with monomeric structures

assumed.
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Table 2.9

Infra-red spectrum of the red liguid obtained from the

reaction of UF (17?ole) with Ee3SiOC6F5 (2 moles)

1642 m
1530 sl ring stretch
1512 v.s.

1365 m
1335 s ] y(C-F) Sym.
1169 s
1035 v.s. i
y(C=F)Sym.
999 v.s.
)’( VW-0-C )
920 w
785 w
: V(U-T)
722 s
690 v.s.] V(C-F)Antisyn.
660 v.c. U W-0)
v (W-F)Asyn.
505 w ring stretch

455 w ring angle deformation.
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Tabhle 2.10

The infra-red spectrum of MOFSOC6F5
1640
- ring stretch
1515 s
1410 s ¥(C-F)Sym.
1325 w |
1265 w
1225 w Y(C-I)Antisym,
1190 w
1169 w )
1035 m ) v(C—F)Sym.]
1001 s W(11o-0-C)
800. w - 7
767 w
| V(Ho-F)
755 w
725 w
675 m 9
Y (C=F)Antisymn.
635 m
620 s v(lio~0)

589 w Y(Mo~F)Asym.

460 w . ring angle deformation
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metellic dark green crystals, which are soluble in C6F5; NGASi and

06H6 giving orenge solulions, These crystals are involatile at 200 and
hydrolyse readily in moist air. Thé crystalline s0lid ig formulated
from its analysis and infra-red spectrum as, pentefluorophenoxymolybdenum(VI)-
rentafluoride MOFSOC6F5°

The infra-red spectrum of MOFSOcéFS is gimilar to that of WFSQC6F5
(Table 2.10), but no n.m.r. spectrum could be obtained in C6F6' There
appear to be two possibhle reasons for the absence of‘num.r. sigrals,
Firstly,reduction of Mo(VI) to Mo(V) which is paremagnetic, can cause
larger line broadening, to the extent that no spectrum can he observed,
Secondly, the rapid fluorine exchange can also resulf in line broadening,
Oxidation titrations will have to be cérried out to decide about the first
possibility and low tempcerature studies are required to prove the second
possibility.

The electronic spectrum of M0F5006F5 in Me4Si shows a broad band at"
19.4 x 10° ox™ (18.9 x 10° o' in C6F6). This band occure at a longer
wavelength than the corresponding band for WF, 006F5. This is consistent

5
with the stronger ovidising power of Mo(VI) in comparison with W(VI).

REACTIONS OF TUNGSTEN HEXAFLUORIDE WITH TRIMETHYLSILYLACETATE

Tungsten hexafluofide rescts eroothly with trimcthyleilylacetate,

Me 3100(0)(:33, et -80° giving Me_Si¥, MeCOF, and a viscous orange liquid.

3 3
The orange mass shows a band at 1790 cm"1 in the infra-red spectrum
characteristic of a2 carbonyl grouppss‘a and gives off 002 and MeCOF at 200,
the rate of evolntion of 002 and MeCOR increasing with temperature, The
analysie of the compround indicates the presence of more than one sfeoies.

These resulta sugceat that the reaction is more complex than the

expected substitution reaction @



- 102 -

WF. + MNe,sioc(o)on

6 3 + Me, SiF

- onf{cln
> WfSO&(O)uH 5

3 3

It is proposzed that WF5OC(O) H3 forme initially, but ic *thermally

unstable, decomposing according to the rewction :

wr.oc{o)eH COF
50C( Yo 5 > WOR, + CHg

and as the temperature increasesg; a secondary decornoeition resction

hecomes possible,

»_oc{o)¢ OB_WR
WPS c{0) H3 > CHR, €O,

Unfortunately this scheme is based only on the identificaticn of
the volatiles, for the =0lid products could not be characterized.
However, the presence of a strong band at 1025 cm_1 in the infra-red
spectrum of the =nlids favours the nresence of W=0 spoeies.87

Urusually large amounts of SiF4 were detected in these resnctions,
So it is also likely that come fluorination of the methyl groups of
Me3SiOC(O)CH3 takes place during the course of these reactions, e
decomposition of WF50H3' proposed as one of the decomposition products of
these reactiong, can also result in large amounts of SiF4.
REACTION OF TUNGSTEN HEXAFLUORIDE ¥WITH TRIMETHYLSILYLTRI-

FLTTOROACETATE

The reaction of WF6 with Me3SiOC(O)CF3 differs from its reaction
with M933100(0)033 jn that trifluoro acetic anhydride, (CF3CO)20,
rather than trifluoro acetyl fluoride, CF_COF, forms. The other
producte of this resction include HeBSiF, SiF4 (trace) end a white
crystalline materiel mixed with trace amounts of a brown substance,

Elementel =nalysis of the solid corresponds to oxotetrafluoro tungsten(V1),
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WOF,, but the n.m.r. spectrum in C(?6 solution, in which it is eparingly
)

soluble, is consistent with the presence of more than one spscies.

The quantity of the volatiles recovered is greater thun that expected

from reaction (I) (see Table 2.11)

WP, + He Sioc(o)CF3 > wsoc(o)cz«‘3 + Me,SiF (1)

3
It is very difficult to necount for the excess, particularly as no
unreacted I'IeBSiOC(O)CF3 and volatile tungsten containing epecies other
than WF6 are detected, It appears that WFBOC(O)CF3 initially forns

but being unstable decomnoses, The decomposition of WF OC(O)CF3 is

5

however different from that of WF5OC(0)CH The following reaction schene

3.

is cdnsistent with the observations made,

Table 2,11

Reactants Weight of the volatiles
(mmol) Found Evpected
(gms) Reaction Scheme Reaction Scheme

(1) (ems) (2)  (gme)

wp6(12.1) + Me3Sioc(o)0F3 S 4.2 2.1 4.0
(7.44)
WF6(9.26) + MeBSiOC(O)CF3 3,0 2.2 3,0
(2.73)
wp6(1o.3) + MeBSiOC(O)CFs 4.0 1.0 _ 3.6

(10.4)
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(i) LD M033100(0)0F3 > HFSOC(O)CFB + HeBSiF
FFFF ]
\/ A/

(ii)  2wF.0C(0)CF, - | FP-ii=0-¥-F| + (CP.00).0 (2)

2 ? N\ o e
FPFFP
l———9 WOR,  + WE
The reection of WP, with MeBSiOC(O)C3F7 is too slow to isolate eny

products other than a trace emount of an orange powder and ecme MezSiF.

4

The powder could not be characterized,

REACTION OF METHOXYTUNGSTEN(VI)PENTARLUORIDE WITH TRIFLUDROACETHC

ANHYDRIDE

WF5OMe dirsolves in (CFBCO)é)giving a yellow solution which darkena
on heating, The n,m,r. gpectrum of the solution,both before and after
heating, is very ccmplicated, and though the absence of fins structure

precludes any definite conclusions, it suggests a much more compiex reaction,

REACTIONS OF TRIALKYLSTILYL CYANIDES WITH TUNGSTEN HEXAFLUORIDE

Reactions of WF. with RBSiCN (R = Et or Me) yield MesSiF and a black,
fluffy powder insoluble in 0014, CHClB, CHBCN, CH3N02, CClBF, Me4Si, acetone

benzene, hexafluorobenzene, toluene, and hexane. Analysis of the solid
1

corresponds to Wz(CN)S.RC}I}“:ﬂg/Kgﬁ) The presence of a medium band at 2150 em
in tﬁe infra-red spectrum of this compound is congistent with the presence
of a cyanide groupossa Hydrolysis of the product leads to the formation
of HCN and an unidentified compound whose i.r. spectrum contains a strong

»band, at 1745 em~| characteristic of & carbonyl group.esa



The evidence presentel ahove suggests that some svbstitution

has occurred in these reactions of 'HF6 with R,SiCM¥, but products

3

obtained are not pure, Sone further work, such ss X-ray analysis, and
search for a sujtable sclvent for n.m.r, studies, appears necessary for

the characterization of these compounds,
REACTION OF TRIMETHYLSILYL ISOCYANATE WITH TUNGSTEN HEXAFLUCRIDE

The reaction of WF6 with Me,SiNCO at 20°C gives Me_,SiF and an orange

3 3

s0lid. The orange solid is insoluble in 0014, CH013, CH3CN, CH3

CCISF, Me4Si, acetone, bengzene, toluene, hexane snd C6F6° The analysis

NO,,

vof the so0lid suggeats the presence of more than one species. Its infre-
red spectrum containsa broad band at 2180 cm'"1 wkich can be assigned to
the -NCO group°858

The results described above lead to similar conclusion as drawn for
the reaction of WF6 with R3SiCN. Failure to isolate pure fluoride
cyanides or cyanates of tungsten is not surprising in view of the similar
resulte obtained for the reactions of Nb and Ta pentafluorides with

Me,SiX (x = cN, neo, SCN).68
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CONCIUSICHS

WF.0C F. and MoF_OC_F_ can be isolated from the reactions of WF
57765 5 6

6°5
and MoF, with Me331006p5 (1:1 mole ratio). The reacticn of P, (1 mole)

with H6331006F5 (2 moles) gives a mixture of rentafluorophenoxy

tungsten(VI) fluorides, including WF.0C F_ and WF4(OC6F Unlike

57765 5)2'
. 87 . . .
= Me ¥ " b i trans TS o
WF4(0R)2 (R = Me or n), HF4(006P5)2 exists in both cis and trans form

. . . 1
The simplest interpretation of 9F NeM,r. spectra of pentafluorophenyl
tungsten(VI) fluorides is that they have monomeric, coctehedral structures,
displaying geomeitrical isomerism in some cases, The differencer in the

ortho and para fluorine chemical shifts of pentaflucrophenyl group in

WFSOCGFS is the amallest among the reported pentafluorophenyl derivatives,

which sugeests that OWF. is an % elcctron acceptor group, 'The colour of

5
these compounds is ascribed to intramolecular charge transfer from The
ventafluorophenyl ring to non-bonding orhitals of tungsten, Further =
work can be directed on the nucleovhilic substitution reactions of the
pentafluorophenyl ring,

Carboxylato tungsten(VI) fluorides cannot be isolated from the
reactions of WF, with MeBSiOC(O)R R = CHg, CF, or 03F7), even at -80°
the products,being unstable,decompose. The decomposition of acetates
end trifluoroacectates of tungsten appears to proceed by different routes,
and more work is required to confirm the mechanism for decomposition,

Tungsten hexafluoride undergoee substitution reactions with

Me.SiX (X = CN or NCO) but the producte are not characterized.

3



Chericals

¥elybdenun hexafluoride (£11ied Chemicel Co.) was purified by low
temperature trap tc trap distillation, over NeF. Tvngstcen hexefluoride
(A1lied Chemical Co. ), and trimethylchlorosilane (B.D.H.) wers purified
as descrihed previously (chapter one). The finely ground gilver per-
fluorocerhoxylztes (Peninzular Chem. Reseérch Inc.), AgCH (B.D.H.) and
AgOC(O)CH3 (B.D.Ho) vere dried covernight under dymamic vecuum,
He,SiCOR (vhers R = CH,, CF, and C F7) was prepared frcm the resction of

3 3" 73
137

Ne 3iCl on the appropriate silver carboxylate. Me SlOC(O)R was dried

3

over activated Iinde 4A molecular sieves and degassed before use. As

vy

a further check on purity their i.r. and mass spectra were compared wit
. 1 . .
those reported 37 and were found identical, he3 iTI was prepzred by

refluxing a mixture of (He3Si)20 (19 mmol Xoch Light Lab. Ltd.), Al

) 138

fillings (5.4 gms) with 12 (26 mmol B.D.H.), The prcduct from this

reaction was distilled twice at atmospheric pressure and once over copper

powder under nitrogen in diffuse light, Its boiling point was 107-108/
1
) 39

760 mm. mercury., (Lit. value 106.8/742 mz. of mercury. It was

stored in a brown flask under nitrogen, The reaction of Me,5iCl with

141

AgCN was reported to give 405 of Me.SiCN, This reaction did not work

3

in the present case; even after refluxing the mixture for a week, no

Me3SiCN could be isolated, MeSSiCN was prepared by refluxing MeBSiI

vith AgCN at 100-10500 for 10 hours.139 The product was purified by

fractional distillation, Its h.p. was 116.5-117.5°C/760 mn. Hg, which
139 Me

agreeswith the literzture value. ,3SiCN was degassed and stored

over activated Linde 4A molecular sieves under vacuum, Its infra-red

spectrum was identical with the reported spectruma14o Et_SiCN was

3
Prepared by the reaction of EtBSiBr (Phase separation) with AgCN.139
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It was dried over activated Linde 4A wolecular sievea, Tta i.r,e
1 85a
spectrum showed the characteristic CIN  vibration at 2195(s) cm .

143

Me,Si0C_ F¥_ woe prepared by Oliver's method »

5 6" 5
(Relph N. Emanuel Ltd.) with excess Me3SiCl° It was purified by

by refluxing pentafluorophenol

fractional distillation and dried over activated Linds 4A moleculer sieves,

127

9 . )
Tts 1"F n,m.r. spectrum was ccmpared with the one reported ~' and was
found to be identical, (CF3CO)20 (Fluorcchenm. Lta,) was degassed and
distilled under vacuun over activeted Linde 44 molecular sieves,

Exverimcntal procedures for handling reactants and productsg have

been described previously (chapter one).

NOTE : The sample of Me

3S:'LNCO was provided by J.C. Fuggle and

used as such,

REACTION OF TUNGSTEN HEXAFLUORIDE WITH TRIMETHYLPENTAFLUORO-

PHENOXY SILANE

(a) WF6‘(24.6 mmol) was condensed on to H9331006F5 (15.6 muol).
in a glass flask fitted with a Teflon stopceck and kept at —1960. The
flask was allowed to warm slowly to 0°C when the reaction mixture changed
from yellew to red. AReaction was smooth at 0° and took about half an hour
to reach completion, . The volatiles were removed at 200, and were
vellow, They were identified from i.r. spectroscopy us & mixture of
MeBSiF and unchanged WF6.95’96 Weight of(Me3SiF + WF6),Found, 3.87 gm;
Rquired for 1:1 reaction, 4.0 gm, The residue was a red liquid slightly
volatile at 200. It was pumped overnight to remove any unreacted

Me,_Si0C

13
65° _
The red liquid was identified from its analysic as pentaflworophenoxy-

3

tungsten(VI)pentafluoride, WFSOCGFS. Found C, 15.8; F, 40.9; W,
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40. %3 O oPW requires, €, 15.6; F, 41.1 and ¥, 39,5%, Aralyees
for H and Si were zero,

The molecular weight of HFSOC6F5 vas de#ermin@d from the lowaringz in
vaponr presgsure of C6F6 hy C6F50W°5. The results are given in

Table 2,12,
Table 2,12

Malcoular weight of WF5006F5

Mole fraction of Molecular weight
WFSOCGFS in C6F6‘ Found
0.74 518
0.56 501
0.51 ‘ 496
0.50 491
0.45 479
Average = 497
Wp_OoC P
JF5~06P5
Requires = 462

(if monmﬂeric)

The i.r. spectrap of the lignid in the region 20N0-400 cm-1 was

as follows :-  1642m, 1535sh, 1520s, 1515s, 147Csb, 1365m, 1332e,
1329sh, 1260w, 1192s, 1185sh, 1165sh, 10505, 1010sh, 1001s, 722s, 670s,
650sh, 635sh, 502w, 455w,

The Raman spectrum of the liquid contained the following sbsorptions
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- § -1
(2000-250 ¢ ) 16330, 1472v,s, 13332, 119%v,a, 1051e, 7hT3, T24w,
455m, 285w,
Its electronic spretrun (800-%00 man’) was recorded in MeASi erd
06F6a The abgsorption in He4Si s¢intion was observed zt 345 nm,
3 -1 . . > . 3 -1
(29.0 ¥ 10”7 em ') =nd in 06F6 sclution at 350 nm (28,6 x 107 em ).

The solutions were very 4ilvute and were prepered in the inert
atmosphere box. Details of the experimental procedure are given in

the Appendix.

19

The “F n.m.r, spectrum of the neat liquid was characteristic of an

AB, spin systen. The results and aessignments are given in Teble (2.1).

4
(b) The reaction was repez=ted using 3.67 mmol of WF6 and 6,8 mmol

Mo Si .
of Le3 1OC6F5

9 . . . X
scopy 5 and molecular weight determinations (molecular weight, Found,

_ The products were MezSiF, identified from i,r. spectro-

92.3; PFe_SiF requires 92,0), and g red liquid which was slightly

3

. (o . . Qs R .
volatile at 207, Total weight of Me, SiF recovered, 7.3 mmol; reguires=

3
for 2:1 reaction (MeSSiOC6F5:WF6; 2:1), 6.8 mmol,

Elemental analysis of the liquid corresponded to bis(pentafluoro-

phenoxy)tungsten(VI)tetrafluoride, WF4(006F5)2. Found, C, 22.8; F,"42.2:
W, 29.8%; C,,F 0W requires C, 23.0; F, 42.5; W, 29.4.4
The 19F n.n.r. spectrum of the neat liquid was consistent with the

rresence of more than one sapecies. The results are summarized in
Table 2.7.

The i,r. spectrum of the neat liquid in the region 2000-400 cm-1
contained the following absorptions : 1642m, 1530sh, 1512v.s, 1470sh, 136°5n,
13358, 1195sh, 1169s, 1035v.s, 999v.s, 920w, 785w, T24sh, T722s, 690v,s,

660v,s, 630sh, 605sh, 505w, 455w.
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REACTION OF MOLYRDENUIY HEYAFPLUORIDE vIH TRIMKTHYLPENT4&-

FLUOROPHENOXYS1LANE

MoF, (21.0% mmol) and MGSSiOC6FS (5.2% mmol) were allowed to

0

react at =60 for stout 10 hours. The fla=k wag then allowed to
0 ) . ' . o

warm to O over a period of Fowr hours aznd materials removed at O,

The volatiles were colourless and consisted of a pixture of Me_SiF and

3
95,86a

unreacted M0F6, identified from i.r. spectroscopy. Total weight

of Me3SiF + MOF6° Obtained = 4.0 gms; required for 1:1 reaction =
. 3.8 gms,
The residue was a metallic dark green erystalline material, It

was involatile at 20° snd was soluble in C6F6’ T™iS, tcluene and benzene

giving orange solution, Its elemental analysias corresponded to

pentafluorophenoxymnolybdenum(VI)pentafluoride, M0F5006F5, feund, C, 19.0;

F, 50.6; Yo, 25.80; CcF,  OFo requires, C, 19.3; F, 50.8; Mo, 25075

The electronic spectrum of M0F5006F5 (800«300 m;n) was recorded in

Me Si and C6F6° The sbgorption in Ye,3i solution observed was at 515 nm

4
(19.4 x 10°

4

en™') and in C.F, solution at 530 nm (18.9 x 10° em '),  Roth

676
solutions were very dilute and were prepared in gn inert atmosphere box.
No n,m.r. signals coﬁld be observed for this compound in CGFG
solution,
The i.r. spectruﬁ of M0F5006F5 in the 2000-400 cm ™ region (Mjol
and fluorolube mulls) was as follows : 1640m, 15158, 1410s, 1325w,
1265w, 1225w, 1190w, 1169w, 1035m, 1001s, 977sh, 800w, 767w, 735w, 725w,

675m, 635m, 620s, 589w, 560sh, 460w,
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REACYTTION CF TRIMETIYLSILYLACETATE ¥WITH ©UNGSTEN HEXAPLUORIDE

He3SiOC(0)CH3 (17.2 mmol) was distilled on to WP, (15.0 mmol) in a

flask kept at -19600. The reaction wixture was allowed to warr to 20°
over a period of 10 hours, when the reactants formed a colourlesz solution.
The golution vas kept at 20° for a week but no visible aigns of reaction
were observed, On distilling off the volatiles however, an orange viscous
liquid involatile at 20° was obtained. The volatiles vere identified

from infra-red spectrosccpy to be unchanged WF6,96 ¥e SiF % SiF 102,

37T, 4’

44
CH300F1" and CO?,97 Total weight of the volztiles obtained = 2,609 gm.,

requires for the 1:1 reaction of WF6 with MeBSiCO2CH3 = 2,119 gms.

The orange liquid dissolved in C6F6 giviﬁg a green solution, A
reddish brown viscous material separated from the sclution after 30 minutes,
The 1H n.,m.r. spectrum of the green solution showed only a singlet at

2.2 pop.u. The 19

P n.m.r, spectrum contained three signals, all single
lines at -62.4, -47.0 end 24.9 pepem.

The orange liquiq,kept at 20° for a week evolved 002 which was
identified botﬁ from i.r. spectroscopy97 and molecular weight determinations.
Molecular weight found 43.2; CO2 requires, 44,0, Although decomposition
was slow st 20°, above 40° rapid decomposition of the solid took place
, which were identified from infra-red

giving €0,, CH,COF and SiF

97,102,144

4

spectroscopy. The residue from the decomposition reaction was
a dark red solid which was not investigated,

Elemental analvsis of the orange liquid : C, 7.3; H, 0.6; F,.29,9;
W, 58,0%. Ratio of the atomas C:H:F:W = 2:2:6:1,

The infra-red spectrum of the liquid pressed between KBr plates vas

as follows (4000-400 cm_1) :  3400-2940br.s, 2880br.m, 2870sh, 2305w,

2195w, 2045w, 1780br,w, 1670w, 1615w, 1440br,m, 1220br,m, 1170w, 1030sh,



1020a, S90gh, 932w, 895w, KR50w, 700w, 620br.m, 55Chr.w, 450br.m.
(v) WP, (21.2 mrol) end Me sion(Clon, (20.9 mnol) were kept at
') -
0 . . . .o
-R0" for 24 hours,. The fraction velatile at -807 was identified =zs a

85,144

mixture of le,SiF and CH,COF by i.r. spectroscopy. The fla=k

3 3
0 . . .
was warned to 07 and the volatiles whieh separated at this terrerature
were identified as Me,3iF, MeCOFW, CO, and mwmabanged WF. hy i.r,
- )

a5 07,144
Ppectrosccpv.“3’96”7’14‘

Total veight of the volatilea obtained =
3.06 gws; requires for 1:1 reactior = 2,07 soe,

The regsidue was an orange oily lignid, It dissolved in C6F6
giving a green solution and finally a reddish brown mees. The 1H N.M. T,
spectrum of the solution consisted of a complex set of signals at

2.2 DPepem, and a very wezk broad cign=l at 6.4 p.p.m, Its 19?

n.m,r.
spectrum conteined three signals, all single lines at -62.4, -47.0 and
24.9 p.pom.

Elemental analyeis of the liquid wes es follows : C, 6.4; 1,

0.7; F, 25.8; W, 50.6; 0 (by difference), 16.5%.. Ratio of the

atomg CsH:FeWe) = 2:%:5:1:3

s

. s ea s . -1
The infra~red gpectrum of the neat liquid in the region 4000-400 ecm

conteined the following absorptions : 3350br,s, 3160w, 2040w, 2990w,
2550w, br, 23555, 2250s, 1700w, 1670sh, 1665s, 1520, 1550s, 1510eh,
1405w, 1320sh, 1330w, 1285w, 1135br,r, 1185w, 1040sh, 1025s, 990w, 920w,
855w, 650s, 605sh, 556m, A65m,

The above resction was repeated three times and similor results

were obtained,
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REACTION OF TUNGSTEN HEXAFLUORTDE VITH TRIMSPIYILSILYLTRI-~
FLUCRCACETATE

A mixtnre of WF, (12,1 mmol) end He 3500(0)0F3 (7.44 ma0l) gave a

3
. o .
colourless solution 2t O and no change in the solution was observesd, even
0 . . .
efter 15 daye ot 207, A mixture of light bhrown ©o0lid and white needle
like crystals vas obtained after disiilling off unrescted WF6 and other

9 .
volatiles at 20%, e SiF,“5 SiF 102 and (CF300)20145 were identified from

3 4
9% nom.r. spectroscopy.  (The 19

infra-red and F n.mer. chemnical =hift for
(CF3CO)20 found was 75 p.p.m.).

The solid gave a green aglution in C6F6’ but the erystalline portion
was apparently insoluble, Yo 1H n.m,r. signal vas observed for the

19

solution and i%ts “F n.m.r. spectrum consisted of five singlets at
"7103, "‘4‘9‘5, "'1['”3’ 20,5 and 74.5 PePolle
Elemental analysis of the solid mass corresponded to oxotetrafluoro-

tungsten(VI), WOF Found, F, 27.8 =nd W, €6,5%; WOF, requires, F, 27.6,

4° 4

Wy 66,7%

The i.r. spectrur of the solid in 2000-400 cm-1 region (Nujol and
fluorolube mulls) was as follows : 1748m, 1680s, 1462sh, 1458s, 1443,
1430sh, 1380w, 1267s, 1245w, 1195s, 1048s, 860s, 790w, 76Tm, T728sh, 718m,

660s,br, 630s,br, 620sh, 569m, 540sh, 438w,

REACTION OF TUNGSTEN HEFXAFLUORIDE WITH TRIMETHYLSILYLPERFLITORO-

BUTYRATE

WP (8.7 nmol) was reacted with Me3s100(0)03F7 (5,0 mmol) at -80°
for a week, On digtilling off the volatiles at 20° & trace amount of

orange powder was left on the walls of the reaction vessel. The volatiles



P . ‘o s 95,102
were he581F and SiF, identified from their i.r. spectra,gs’ 02

Unreacted WF6 and I—?eBSi.OC(O)CBF7 were recovered from this reactionc_

The powder wasg partially soluble in 06F6 giving a pgreen solvtion,
The 19F nem.r. 8pectrum of this solution ccntained two singlets at
-46,6 and +26,0 pep.m; 3 sets of complex peaks st 116,8, 120.1 and
124.3 p.p.n. and a complex weak signal at 80,00 p.p.m.

Since the amounts recovered were insufficient, further investigations

of the powder by i.r. spectroscopy or elemental analysis were impossible,

REACTION OF HETHOXYTUNGSTEN(VI)PENTAFLUORIDE WITH TRIFLUORO-

ACETIC/ANHYDRIDE

WFSOMe (6.1 mmol) dissolved in (CF3CO)2O (7.8 mrol) giving a pale

yellow solution.  The 1H n.mor. of this solution consisted of a

ginglet at 3.91 p.p.m. Its 19F n,m,r. spectrum contained the signals

at -65.6(3), -14.8br, 74.7(s) and 145.6(s) DePeMe The reaction mixture

darkened to brown on heating. There was no change in the 1H n,n,r, of

this =solution but 19F n.m.r, spectrum contained two additional signels,

both single lines, at -114.1 and 133.0 pep.m. A low nelting brown

solid and white crystels were left after distilling volatiles off from the

reaction falsk, The volatiles were identified as CFBCOF and unreacted

(CF3CO)20 from their i.r. spectrao145'146
The.residue was partially soluble in C6F6 giving a green solution,

The 1H n.m.r. spectrun of this solution consisted of two singlets at

3.6T7 and 5,28 p.p.mes Its 19F nom.r. spectrum had thre= sigrals, all

single lines at -68.4, -48.4 and 17.0 p.p.m.
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REACTION OF TUNGSTEN REYAFLUORIDE WITH TRIALKYLSILYLCYANIDES

(e) WP, (13.3 mmol) and Me SiCH (5.7 mmol) reacted within 30
minutes at 20° to give a black fluffy powder. The volatiles separated

at 200 were Me_Si¥, SiF4 and unreacted WF6 identified from i.r.

3

C
apectr08c0py°95:15,102

The residue was insoluble in 06F6’ toluene, 082, CClA, CHClz,

CH3CN, CHBNOZ' acetone and hexane, Tts elemental analysis was consistent

with the presence of some MeBSiCN. Found, C, 14.2; H, 1.6, N, 12.4, F,

11,5, W, 55.1 and Si, 1.3%.

Oxidation titrations with KNnO4 golution gave irreproducible results,
but indicated that the oxidation number of W was less than =iy, The
magnetic moment of residue, was found to be 0,0 B.HM,

Its i.r. spéctrum (Nujo] and fluoroluhe mulls) in the 400-400 t::m'-1
region was as follows : 2970w, 2940w, 2150m, 1650br,w, 1300w, 1258w,
1210w, 1160w, 905w, 970w, 890w, 850w, T30m, 600br,w.

(b) The products of the reactions between BEt,SiCH (7.8 mmol) and

3

SiCN and WF6 were similar, The volatiles from the
147 96

WE (12.3 mmol), and Ve,

former reactions were found to be EtBSiF, unreacted WFG and an
unidentified compound coniaining a2 CN group (not EtBSiCN) characterized by
a band of medium intensity at about 2280 cm“1 in the i.r. spectrum, The
total weight of the volatiles obtained was 4.02 ams .

Elemental analysis of the black powder (two samples from sep-rate
experiments) was as follows : Found, C, 15.3 and 15.7; H, 1.1 and 1.6:
N, 1%3.2 and 10.9; F, 11.8 and 9.9; W, 57.4 =und 48.9%,

The products of resctions (a) and (b) hehoved similarly towards

colvents and oxidising agents, and geve similar infra-reod wvectra.



The hydrclycio of the powder -as inveatigated by dissolving it

Y
. c s 0 . . s
in degasced, diotilled weter. At 207 volatiles vere distilled from the

9 17

Tl

and an urnidentified compeund

1

brown solution and were found to be H?O,

containing the carbonyl grcup, chesracterized by a broad hand at 1847 cm
in the infra-yrod apoctrum. The following possihilities for the
vnidentified product were excluded on the basis of the compariscon of the

i,r., spectra with reported spectra.

HCCF, HCO_R; 40 c0;19 00,0 wew, mwco;t?!

152

(FCO)Z, F,

R SiCH

5 and (R,54),0."7

The mess spectrum of the veolatiles contained the following
main peaks corresponding to m/e : 11-16, 26~29, 45, 47, 48, 52, T2, 73,
7, 83~92, 97, 105, 117, 134 and 145,

No n.m.r. signals could be obfained for these volatiles,

The black powder gave (CN)z, (identified by i.r. spectroscopy)!97

on heating ahove 80° but the nature of residue was not invegsticrated,
REACTION OF TUNGSTEN HEXAFLUORIDE WITH TRIMETHYLSILYLISOCYANATE

L (18.4 mmel) and Me,SiNCO (18,5 mmol) reacted smoothly at 20°

3
giving an orange solid. The resction was complete within half an hour,
' . .o ]
The volatiles identified from i.r. spectroscopy were Me331F,95 SlF4 02

and unreacted wF6,96 The total weight of the volatiles obtained was
1 095 é‘,‘mS.
The residue was insoluble in CH3H02, CH3CH, (CH3)200, CHCl3, 0014,

C6F6' CSZ’ CCl3F, Me4Si toluene and hexane,
Elerental sanalysis (two samples from separate experiments). Found
¢, 9.3 and 7.9; H, 0,0 and 0.8; N, 6,9 and 8.8; F, 0.0 and 6.5; W,

46.% and 46,0; 0 (by difference), 37.5 and 30.0%.
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Ratio of fthe atomg 3 CiH:N:¥:W:0 = 3.1, 2,7:~, 3.,1:2,0, 2,57 o
1.4:1, 1:9.%, 7.5

Its infra-red spectrum in the 4000-400 region (Nujol and fluorolube
mulls) was as follows 2970m, 2950w, 2220sh, 21&0br, 1550br,w, 12€0br,w,
1140br,w, 1C70hr,w, 1010w, br, 830v,w, 850v.w, T790sh, 770sh, T722m, 650sh,
605m,

ary 7 . ) . .
It pove (CH)2~ on heating above 80°C. The residue from the

thermal deccmposition reaction was a red solid, which was not investigated



R

CHAPDER  THRER

FLUORIVE-18 EXCHAUCE BETVLNY FPRIBLUTHYLFLUORCSILANE AND

SUBSTITUTED DERIVATIVES OF TUNGSTIEN HEXAFLUGRIDE

THTRODTICTION

N . . - 21@: .
Naturally occurring rodiocactive isotopes such as Pb and

2 . - . .
3aTh were used before 19%4 to investigate the movement of atomas

. . . 112 . _ . -
during suitable cherical reacticn, Since then redicisotorce of
the rore femiliar and uzeful lighter elerents have been obtained fron
ruclear rescticns, This has led to many experiments in which radio-

- : ; ; 142
isotopez have been used to obtain information on rezction mechanisms,
Mueh of the. early work was desizned to obteain irformation regsrding

the noture and strength of bonds, It was essumed that an ionic bond

vould interchange groupes or atoms more readily than e covalent hond and thet,
for & gseries of bonds of eimilar type, the weekect bond would interchange
most readily. Many reactions, for exemple, the reactions of Co(II) with
suhstituted salicylaldehyde and phthaloeyanine, were interpreted on such

. 154

a basis, 54
nigme of izotopic exchange reactions are closely related to

S

those of substitution veactions. In the former ators of a given elerment

1o
()

terchange hotween two or more gpecies, without the forration of new spee

-]

or alteration i~ concentration, A *typiral reaction ic deccribed by the

equation @

X + BX = B7 + a*x

.

ard may cccur either by exchenge of an atom or a group,or by erchange of

112,142

elentrons, for exanple
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4
4 Do
Foft 4 *et = pedt 4 ¥

Isotepic lehelling (indicated hy an asteriskimthe ejutions
prevides cne of the few technigues for distingviching atonz of the sore
plemant, Tt i= a convernient method of stndying such resctions,

In this work o technique has been develnped for ipvestigeting the
exchange of fluoride lipgands between *rimethylfinoresilsne and substituted
tungsten(VI) fluorides usipg 18F radinactive tracers, Dearite the l2rge
emount of work on fluorine and its compounds since 1940, little use has
been rade of fluorine isotopes for studying chemical reacticra and

physical changes.155

19F

Fluorine occure in nature only in the form of the

17F, 18

stable nuclide . The radioactive isotopes F and 2OF have been

prepared but 18F is the only isotope of fluvorine which is sufficiently

long-lived (half-life 112 mins.) to serve as a tracer.156

This nuclide
" was first described by Snell157 in 1937, as a product of the bombardment

5R
of neon gas with 5-MeV deuterons and by Pool, Cork and Thornton1‘“ from

the reaction 19F(n, 2n)18F. Since that time,it hee been shown thot 18F
55 50
can be produced by a wide variety of nuclear reactions°1'3’156’1’9 Only

a few of these methods, however, yield a product of high radiochemical
purity and relatively high specific activity. The choice of preprrative
method and tearget material depends upon the high-energy mechine availsble
and the subsequent treatrernt of the sample for extractior of the 1817‘. The
most useful method of obtaining Carrier free - 18F is from the sequence of
reactions,156 6Li(n,J.)t; 160(t,n)18F.

The nuclide 18F emits an 0,65 MeV positron which_is usually detected
by means of the associated pair of ennihiletion gamma rays, Any method

normally used for detecting ¥ -rays may then be employed. 18F has been

counted in the form of a solid as PbClF, or NaF, a liquid es HF, and in




. " £0
various geses such as HRF, F?, Cl¥.,, Br¥F. and 1F7,1'
= - 2
One of the oarliest nces of 18F in chemieal exchance studies was by
.., 161 iy
Dodgen and Libby who employoed this isotone in the study of the gas-
phage exchange between fluorine and hydrogen fluoride. This preliminary
s as . o
study indicated that at 200°C there was a measureable amont of evchange,
probably taking place on the walle of the brass container,
' 161 . —

Rogers and Katz examined both the liquid phase and ges-~phase exchange

reactions of HF with SbF5 and the helogen fluorides, CIF3’ BrFB, Rr

The exchange was rapid in hoth the gas-vhase znd the liquid-phase at room

Fg, TP,

temperature. It was postulated that the reaction took place via a
homogeneous mechanism involving the formation of intermediate donor
acceptor ccmplexes..

Quantitative kinetic studies of the gas-phase exchange between F2
162

5 5 IF7) and between F2 and HF have
o, 163

been carried out in the temperature range of 200~300°C.

and the halogen fluorides Cl1F_, BrF

It was

rostulated that for the C’F3-F2 and IF7 F2 raaotnons the exchange occurred

by a combined heterogeneovs mechaniem of the competitive type, and a

homogeneons mechanism involving the dissociation of the halogen fluoride,

¥ > CIF *p
01 Fy 5

Y b
C].I_* + F2 > C_F3

* *F
gnd I F7 > IF‘5 + 5

IJF. + T > IF

5 2 7

In the case of the BrF -F reaction,the exchange was suggested to take

5

place by heterogenecus catslysis invelving the metal fluoride coating on

1
the walls of the reaction vessel.‘62

164

Gens studied the isotopic exchange between solid inorganic fluorides
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end sone gasenus fluorcearhons, Aong the irorg=nwic {luoriden,
~exchunge was found to be moct rapid with the alksli metal fluorides =nd
inceressed with increasine gtoric runber of the slkali metal, The rate

of excharrse of the gaseous fluorocarbons followed the order

C ke > (C2FS)20 > CFg > CF,

Sheft and Hyman165

exanired the exchange reacticns of the hexa-
fluorides of SL’phu » Xenon, rolybdenun, tungsten, csmium, iridium and
uranium with fluorine in the gas phace. ‘The least reactive fluoride was
sulphur hexafluoride vhich did not exchange at termpcratures up to 3500.
(The exchange between isotopically labelled HF and SF6 at 270, hovever,
has been forrd to be 104 after 3 minutes, in the gaseous phasé).161

The most reactive vas zenor hexafluoride for which the rates of exchange

at 1000 &nd 150o have heen measured, The rate of excharnge was fecurd to be
a linear funcition ¢f the fluorine corcentration, sc that the reecticn , if

c s . 166 .
homogeneovs, appearcd to have an associative mechanisnm, Qemium

1)

hexcfluvoride exchanged under similar conditions and the reaction was
strongly dependent on the fluorine concentration : the recults for
iridium hexefluoride did not chow thic depenlence and the dissociative
nechenisn had an activatién energy of about 12 Kcal.mol‘,"1 Tungsten
hexafluoride and molybdenum hevaflueride have been reported to exchange

rapidly with fluorine in the grns-phuse, hut the resuilts have not been

. . 66 ,
rublighed in full.1 No exchange vas observed between gaseous UF6 and

Li 18?, F1RF, Zr18F end Ag F up to 35000. Significant exchange was noted,

4
however, betweox TP, ond N°18F and Ca18Fq at 250 C.  The results in the

former cose were explsined in terms eof a compound Na2UF8, but no such

' 165
corpcund was formed in the latter casc.

18

F labelled RF,, SiF,, PF., POFB, “~_5, SFA, SOF and SeF, have been

3! 4 5 4
Prepared by pascing the gases over heated Li'eF at sbout 200°C,  In these
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reactions the exchange was eurgesteld 10 occur via the formation of gn
+ . vs o . \ 5 . 167
vnctehle intermadiate betweer LAF and the covalent fluoride. Very

reccntly the evchange between group I fluorides (Cs-li inclusive) and

Q

. . (o] .
trifluoroacetyl fluoride or SF/1 at 1507 and 50" has been obhserved Thre
T

order of exchange in these reactions ha° reen found to he
>Rb>K>Na>Li.

Aas deccribed in the pr°V1ous two chapters the organosilanes,
R,SiX (R = ¥e, Bt; Z = C1, OMs, OPh, 0CgFy and NR2) hewo been extengively
uced for the preraration of suhstituted derivatives of covalent »~lides,
These reactions have been propoced by some workers, to rroceed through on
intermediate Lewis =acid, Tcwis base ccnplex, Thus the reaction of WF6

with MeZSiCW is believed to irvolve the formstion of 2 seven co~ordinate

1
e

F l

intermedizte, F

S
W Si - Me
F

e

which dis=sociates o L-SCI + Me3SiF. (Further ranction of WFSCi with

Me,SiC) or the re-arrangement of the rhlorcfluorides of tungsten gives

~

. 0 A . '
other membors of the series WF6 nCln, n = 0—6),5 ™~ formetion of such

complexes of WF6 is not surnrieins since seven co-ordinate complcres of

tungeten are lcnowzrx.d'1 Howvever, there have been no attempts to verify

thoge postulated mechanierms experimentally.  The precent work inwolving

.18
the ctudy cf the exchange reactions hetween ¥Me C1 "F and substituted

Aerivetives of tungsten hexafluoride wes undertaken with the irtention of

Aevelopine a technique %o ohtein quantitative kinetic datzs whiech renld

lend to the elucidstion of the mechenigma of *he reactions of tungeten
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