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SUMMARY

In this.work, tungsten hexafluoride dérivatives have
.Eéen prepared containing the strong 1 -donor ligands, the
‘ oxé,.the imido énd the alkylimido groups, with the main
emphasis of the work being on the alkylimido derivatives.

The compounds 'w’FuX(MeCN), where X = O or NH, have
been prepared by the reaction of WF, with (MeBSi)ZX in
écetonitrile. When X = NH, the product is unstable to
further reaction,

The reactions of primary amines and their trimethyl-
silyl analogues with tungsten heiafluéride have been
investigated. This has resulted in the identification
of compounds of the type, WFhNHe(L), where L = MeCN,
EtCN, (MeO)ZSO, EtOC(O)CH3 and (MeO)}P(O0)Me, apd the salts

n

RNH3 + UF5NR ~, where R = Me, Et and Bu . The reaction

of the amine, Me_ SiNHMe, with WF6 gave salts of the anions

3

WF5NMe ~ and H2F9(NMe)2 -, In addition the compound,
WFB'(OMe)(NMe) [(MeO)ZP(O)Me] , has been identified.
t

The reaction of WF6 wvith BuNH, gave a very insoluble

1:3 adduct,

The following techniques have been used in the
study of these compounds; elemental analyses, low and
high resolution mass spectrometry, infra red spectromeiry,
Raman spectrometry and n.m.r. spectrometry. The n.m,.r.
spectra of these compounds have been extensively studied.
Thq n.m.r. evidence shows that the W = N - C skeleton is
linear 6r nearly linear, This is explained in terms of

the lone pair of electrons on the nitrogen being fed

into empty d-orbitals on the tungsten atom,



The reaction of T1WF7 with (Me,

investigated. The products were Me

Si)zNMe wvas
3SiF and an inspl-
,ﬁble cream solid of the composition, T1VWF)NMe. The
étructuré was not found, but i.r. and low temperature
Raman evidence suggested that it contains the WFhNMe
moiety. Related reactions were also investigated,
X~-Ray powder diffraction was used in these investig-
ations along with the previously mentioned techniques.
The reactions of WF6 with MeBSnCF3 and MeBSnC6F5
gave charge transfer complexes. The reactions of M0F6
withiﬁehSn or Me_SnCF_ in acetonitrile'gave’insoluble

3 3
ﬁhite solids and MeF, or MeF and CFh'
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(i) The Position 6f Tﬁggsten in the Periodic Table.
Chroﬁiuy, molybdenum and tungsten constitute Grpup VI
of the d-block of the pericdic table. There is a
marked differencé between the chemistries of chromium
and molybdenum, and a lesser difference between the chem-
istries of molybdenum and tungsten. This is a property
of the d-block transition metals and is due to the lanthanide
contraction, which has the effect of decreasing the atomic
radii of the third row with respect to the second row.
There are, however, important differences between the
chemistries of molybdenum and tungsten,’for example tungsten
hexachloride and tungsten hexabromide are known and readily:‘
prepared, whereas the corresponding molybdenum hexa-
chloride is little known (1) and the hexabromide is
unknown.
There are many differences between the chemistries
of the group VI d-block elements and the group VI p-block
elemehts (i.e. 0,S, Se, Te and Po), for example S, Se and
Te fofm bivalent hydrides, whereas Cr, Mo and W do not.
This reflects the very different relative energies of
the 4 orbitals. In the p-block elements, the d-orbitals
are of high energy and fake little or no part iﬁvchemical,
‘bonding; but in the d-block elements the d-orbitals are
of low energy and are readily available for chemical
bonding.
Many. older books classify uranium along with the
chromium group, but its chemistry is quite distinct.
This is due to uranium posscssiné low energy fmorbifals

which are available for chemical bonding. All modern



books place uranium in the actinide group where it more
properly belongs.

Table 1 : 1 shows that element 106 is exﬁeéted.fo
be eka -tunésten, the element below tungsfeﬁ in the
periodic table. Unfortunately it is unlikely that this
element will ever be available in quantities of more than
a few hundred atoms.

This will permit only tracer studies of its chem-

istry.

(ii) . Elemental Tungsten.

Tungsten is a hard, luétrous, silvery-white metal.
It has the highest melting point (3,410°C) of any known
metal and its boiling point is probably greater than
6,000°C at atmospheric pressure, since tungsten has a
very high heat of vaporization, 853.4KkJ mole-l-(Z).
it has a high density, 19.3 g cm-B, which is exceeded
onl& by rhenium, iridium, osmium and platinum and equals
that of gold.

Tungsten constitutes about 10'“% of the earth's
crust. It is very important industrially and is used
extensively in the production of alloy steels. Even é'
small amount of tungsten produces a large increase in
the hardness and mechanical strength of a steel. Its
very high melting and boiling points make it an ideal

material for the filaments in electric light bulbs.

/



TABLE 1 : 1

.. The Identity of Eka-Tungsten'

Cr
24
D = 18
Mo .
k2 - ,
D = 32 (i.e. includes the
14 lanthanide elements)
W
74
D = 32 (i.e. includes the
14 actinide elements)

106
106




(iii) The Chemistry of Tungsten.

The chgmistry of tungsten is very extensive and
spéns almost 200 years, The work up to 1928 hés béen
'éxhaustively‘reviewed by Mellor (3). The more recent
work has been reviewed by Parish (4).

The chemistry of tungsten covers nine oxidation.
states from -2 to +6 and its development has occurred
in distinct phases as new skills and techniques have
become available and new interests have arisen.

In the early 178055 the tungsten ores wolfram and
scheelite were shown to be saltsof an unknown acidic
metai oxide, In 1783, J.J. and F. de Ellsuyer isolated
the metal as a dull grey powder, by reducing the oxide
with carbon.

The nineteenth century saw developments in the
higher valent state chemistry of tungsten with thé
preparation of tungsten oxide tetrachloride in 18273,
tungéteﬁ hexachloride in 1857 and finally, at the turn
of the century, tungsten hexafluoride, WF( (5, 6).

The early twentieth centufy workers extended the aqueous
solution chemistry with the preparation of anionic halides
and cyanide complexes, but very few compounds with a tung-
sten oxidation state less than W (IV) were prepared.

In 1928, tungsten hexacarbonyl, the first tungsten
(o) compound, was prepared. The next thirty-five years
saw a large expansion in the low valent chemistry of
organometgllic (8, 9,- 10) and carbonyl (7) tungsten com- .
pounds.” The higher valent states were relatively

neglected except for work on the isopolytungstates (ll).



The last decade has seen a renewal of interest in the
higher valent states of tungsten and it is withAfhese,
particularly the fully oxidiséd'tungsten (XE) State,‘that

this work is concerned.

(iv) The Tungsten (VI) State.

Tungsten is very readily oxidized to tungsten (Xl)
compounds, This is the oxidation state in which it is
found in nature, and chlorine, fluoriﬁe, oxygen and even
bromine all give this oxidation state by direct reaction
with;the metal, This direct combination of the elements
provides the most convenient route for the preparation
of the hexahalides (12). The halide and oxide halide
chemistry has been extensively reviewed (12, 13, 14, 15,
16). The hexahalide molecules consist of tungsten atoms
octahédrally surrounded by the halide atoms. The
hexachloride and hexabromide are both black, sublimable,
crysfalline substances, whereas the hexafluoride is
colourless and has a boiling point just below room tem-
peraturel All are rapidly hydrolysed in the atmosphere.

Tungsten hexéchloride is an important starting
material for other tungsten (XI) compounds. Although
it is. relatively easily reduced, for example with methanol
and ethanol it gives tungsten (V) compounds (17), it can
successfully be used in the preparation of many tungsten
(VI) compounds. For example, tungsten (VI) aryloxides,
W(0Ar)g, are pfepared by reacting the hexachloride with
phenols (18, 19, 20, 21). The compounds W(NMe, )¢ (22),

w(cnzsiMé3)6 (23) and»WMe6 (24) can be prepared by



reacting the hexachloride with the corresponding lithio
derivativg, provided the reaction conditions are care- |
fully controlled to minimise reduced products.
Monomethyltﬁngsten (VI) pentachloride, WClSMe is prepared
from the hexachloride and the milder alkylating agents,
trimethylboron, dimethylzine, tetramethyltin and dimeth-
ylmercury (25, 26, 27). In the tungsten (XI) compoéunds
which have been described where the structure has been
determined, it is found that the central tungstén atom
is octahedrally surrdunded by substituenté. To date,
the corresponding molybdenum (VI) compounds are unknown.
;Tungsten hexafluoride is the most wvolatile transitian
metal hexafluoride, and is the least reactive as a
fluorinating and oxidizing agent. Its physical pro-
perties, with those of molybdenum hexafliuoride for com-
parison, are given in Table 1:2, The Trouton constanfs’
6f both compounds show that they are little associated
in the liquid state.

The vibrational spectra (34) of both hexafluorides
unambiguously demonstrate their octahedral, O, _, symmetry.
Latef electron diffraction studies also show an octahedral
structure (33).

The chemical properties of tungsten and molybdenum
hexafluoride are distinct, Molybdenum hexafluoride acts
as bofh a fluorinating and an oxidizing agent whereas
tungsten hexafluoride is much less reactive. For
example;. carbon disulphide reacts with molybdenum
hexafluoride to give bis (trifluoromethyl) disulphide,

(CF3)2 Sé, and molybdenum pentafluoride, whereas it is

10

.



11

TABLE 1:2

The physical,properties'ofjWF6 and M0F6.

MoFg. ref, WFg ref.
colour colourless - colourless -
m.p.°C 17.4 28,2§ 2.0 29,30
b.p.°%C 34,0 28,29 17.1 29,30
ATrouton Constant 20.5 31 21.5 | 31
M~F mean bond energy | |

kJ mo1~tl 439.3 32° 506.2 32

length pm 182.0%0.3 33 183.2%0.3 33
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unaffected by tungsten hexafluoride (32); and nitric
oxide (35) or nitrosyl chloride (36) reduce molybdenum
hexafluorlde to a molybdenum (V) compound, No* M0F6 ,

' whereas there is no reaction with tungsten hexafluoride.

The comparative reactivities of transition metal hexa-
fluorides have been discussed (12, 37).

The reactivity of transition metal hexafluorides
decreases down the periodic table and increases in going
from left to right. The higher oxidation states are
increasingly sfable ih going down the periodic table.

The increase in reactivity in going from left to right is
due to the increasing occupation of the d-orbitals which
prevents p1m -df” overlap stabilising the metal-fluorine
bonds.

Tungsten hexafluoride forms adducts with various
donor ligands and is probably the strongest Lewis acid
aﬁongst.the d-block transition metal hexafluorides (37).

To dete, adducts with the following ligands have been
reported; Me,.P, Me,.N and C_H_N (38), Me

5 3 55
(39, 40) and P (41).

S and Me, Se

2 2

Both molybdenum and tungsten hexafluoride form
highly coloured solutions, involving contact chargeitransfer
complexes in a variety of organic or organometallic solvents
(42, 43, b4, 45, 46, 47). Contact charge transfer is
the interaction of the donor orbitals on one molecule with
the acceptor orbitals on another as thermal motion brings
them momentarily into contact. It is thus a donor-

acceptor interaction and is probably due to the acceptor

propertiee of WF6.
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Tungsten hexafluoride undergoes ligand substitution
reactions with the replacement of one or more fluorines
ﬁy a chléro, alkoxy,aryloxy and dialkylamino group. Some
'typical reactioné and products'are shown in Table 1:3.

The corresponding reactions of molybdenum hexafluoride
have been less studied. The compounds MoF(OMe)5 aﬁd
MOFZ(OMe)h have been prepared (59), but the less sub-
stituted compounds appear to be unstablé., The series
(CFBCHZO)nMoFs_n (n = 1 - 6) has been prepared by the

reaction: -~

N (CFBCHZO)nMoF6_n+ Me,SiF

MoF6 + Me 3

SiOCHch

3 3

the products depending on the stochiometry and reaction
time. When n = 1 - 3, the compounds are unstable to
decomposition (60).

A selection of mean bond energies is shown in
Table 1:4. This indicates that the thermodynamic
driving force for the substitution reactions isithe

greater bond energy of the M-F bond (M = Si, S and P).

(v) Bonding in the Transition Metals.

For the transition metals, the d-orbifals are of a
suitable energy for involvement in bonding. In octahedral
complexes, one s-orbital, three p-orbitals and two
d-orbitals are of the correct symmetry for o-bonding.

The photoelectron spectrum of hexamethyltungsten (VI)
indicates strong d and s character.for the o-bonds, but
a much less pronounced p character (63). ,

The remaining three d-orbitals are available for W

bonding with ligands.,
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TABLE 1:4

Average bond energies.

Average bond inergy

Bond (kJ. mole Compound | Ref.
Si-C 305 Me,Si 61
Si-N 335 514N, (s) | oo
Si-Cl Loz : . 8iCl, "
Si-0 460 si0,(¢c) -
Si-F 598 . MejSiF w
P-C1 330 PCl, "
P-F 498 PF, ..
s-C1 272 sC1, ' "
S-F - : 326 SF), ez
Sn-C1 7 31l Me,Sn, Me,SnH s

Sn-C1 - 209 snC1, .o
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For 1TLagceptor ligands, eg. CO, No* etc., the
lpw valent states are stabilized, since the d-orbitals
are'filled"and can thus act as_ T ~donors. Convérsely
for A¢-donor ligands, eg. -F, -OR, =0 etc. the high
valent state will be stabilized, as the d-orbitals are
empty and can thus act as qr-acceptors. It is with the

latter type of ligand that this work is_cohcerned.

(Yi) Oxo0, Nitrido and Imido Complexes of Transition Metals.

The pTr -dqr interaction in mono-oxo compounds of

transition metals has various structural and chemical

consequences., X-ray crystallography znd electron dif-
. . . 0 1 2

fraction demonstrate in d , d° and d

transition metal mono-oxo compounds that the M = 0O bond

is generally very short (c.a. 160 pm) consistent with

it having a bond order greater than two (64). Chemically
‘the group is unreactive and has little donor properties
(64).

-These effects can be illustrated by comparing
tungsten oxide tetrafluoride with its p-block ;nalogue,
tellurium oxide tetrafluoride. The structure of
tungsten oxide tetrafluoride is shown in Figure 1:1 (a).
It exists as a fluorine bridged tetramer (65). Attempts
to prepare tellurium oxide tetrafluoride give:- a series
of polymeric products (66, 67). These are all oxygen
bridged. The simplest product, the dimer, is shown
in Figure 1:1 (b).

The nitrido (= NS and imido (= NR)} groups are

isoelectronic with the oxo group and form similar complexes



17

Figure 1:1

(WOFQ)Q; after Bennet,

ham (65).




with high vaient state transition metals. There is
s#rong evidence that they are even better 47r-donors
thaq the oxo group. For examp;e, a comparisonlof fhé
" rhenium - oxygen, bond stretching force constants in
the anions Re03N2' and Re_ou' (68, 69) indicates that
replacement of 02- by NB- weakens the remaining Re-0
bonds. This implies that nitrogen is competing more
effectively for the vacant d-orbitals than the oxygen.

Extensive vibrational spectroscopic studies have
been carried out on ﬁitrido complexes and some of the
i;r.:,daﬁa are given in table 1:5.

Table 1:6 lists metal-nitrogen bond distances of
nitrido and imido complexes. These have been obtained
from X-ray diffraction studies, The majority of metal-
nitrogen bond lengths are shorter than expected for a
double bond and suggést a bond order greater than two,
The (Rfﬁ-M) bond angles in imido complexes are generally
very' close to 180°. This is consistent with the
lone pair on the nitrogen atom interécting strongly

with the vacant d-orbitals on the metal.

The imido complexes of Re(V) are prepared from the

corresponding mono-oxo compounds by reaction, either with

substituted anilines (87) or with 1, 2 disubstituted
hydrazines (88). The displacement of the oxo group

can also be used to prepare other imido compounds, eg.

(1) 0s0, + H,NCMe, > OsOBNCMe3-+ H,0 (70)
(ii) vq¢13 + (MeBSi)zNR ____._._._>v013NR + (MeBSi)zo (89)
-~ (R = Me, Ph).

Other more specific routes have given some novel

\

18



"TABLE 1:5

2

THE v (MN) STRETCHING FREQUENCY (cm'l) TN d° AND d

NITRIDO COMPLEXES.

" Compound d"  v(M=N)(cm™ Ref.
K050 N ) 1023 70,71,72,73,74
K051803N 0 1023 72
K050315N 0 992 71, 72,73
K,0sNC1, 2 '1073 ' 70,71,72,75,76
K20515N01 2 1041 71,73
5
osN013(Pph3)2 2 1058 77
15
Os N013(Pph3)2 2 1027 77
[PhuAs]"' [osvc1] = 2 1123 73,76
2 1085 73,76

(PnAs]? fos*7xc1,]”

-----



TABLE 1:6

)

'METAL—NITROGEN BOND LENGTHS IN SOME d° AND d~ NITRIDO

AND IMIDO COMPLEXES, -

a) NITRIDO COMPLEXES.

Ref.

Compound d (M=N) pm
K,0sNC1, 2 161(1) 78
ReNClz(PEtZPh)3 2 179(1) - 79
ReNClZ(PPhB)z 2 160(1) 80
‘KZReN(NC)u,HZO 2 153 81
b) IMIDO COMPLEXES.
, Compound a’ (MéN)pm 'R—ﬁeM Ref,
° 82
w01unczc15,00130N _ o 170{(3) 180
(01502NW012)F-012 ‘ o 171(2) 177(2)° 83
ReClB(p-NC6Hu0Me)(PEtzPh) 2 170.9(4) 175.8° 84
ReClB(p-NCGHhC(O)Me)(PEtzPh)z 2 169.0(5) 171.8° 8l
Rec13(NMe)(pph2Et)2 2 168.5(11) 173.4(10)° 85
2 173 171° 86

+. -
[, Mvwc1 (aiphos) ] "BPHy,
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imido compouﬁds:

1ii)
(1ii) weig(or WC1.) + CC1,CN ———> w01hN02015‘[(cc.lch)](90)

g CW(N, )(di ' |
(iv) ( Z?Q(dlph-"s)g + 2HC1T ——> BJClNNHZ(diphos)z * e1”

+ Ny (91)
(v) '.l}aCls + LiNEt, > EtN = Ta(NEt2)3+ LiCc1
(92,93)

If molybdenum pentachloride is used in reaction (iii)
,above then a Mo (V) and not a Mo (VI) product is obtained
(90), again illustrating the weaker oxidizingpower of

W (VI) compared with Mo (VI).

(vii) The Object of this work.

The object of the present work was to study tungsten
hexafluoride derivatives of two different types of ligandsé
a) derivatives where the‘ligand has no 1r-acceptor or
donor properties but forms only a pure o-bond, and b)
defivatives where the ligand is a very strong 4f—don§r.
Uhf;rtunately, no satisfactory preparative route could
be found for the former and so only the latter types
of compounds have been characterized and examined,

For the former, attempts were made to prepare perfluor-
omethyl derivatives of tungsten hexafluoride, it being

expected that the high electronegativity of the ligand

would stabilize the W (VI) oxidation state. This work
is described in Chapter 5.

The remaining chapters describe the work on the
preparation and investigation of derivatives containing
strong AT-donor ligands, the imido and alkylimido

groups. The analogy of these groups with the oxo group

has already been described. One object of this work



was to find the extent of this similarity and to find
if.there were any significant differences, ‘For example,
fhe oxo groﬁp has a markedly higher electronegativi£§ than
the imido of alkylimido group and this should affect

the relative chemical properties of their respective
derivatives. For structural investigations, the
alkylimido group is particularly suited to nuclear

magnetic resonance studies (see Chapters 2 and 3)

22



CHAPTER TWO

.0X0-~-IMIDO AND ALKYLIMIDO-~-TUNGSTEN QVI)‘

TETRAFLUCRIDE COMPLEXES.

23
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(I) INTRODUCTION

(a) Generélf
‘ . The purpose of this part'ofvthe work was to study

defivatives of tﬁngsten hexafluoride involviné 17 -donor
iigands. The ligands investigated were the oxo, the imido
and the alkylimido (where the alkyl was methyl, ethyl,
normal or tertiary butyl) groups.' ?hefe has been a
great deal of previous work published on oxo ligand
derivatives of tungsten hexafluoride (4, 94, 95, 96),
however for the imido and alkylimido derivatives there
has oniy been limited previous work (96; 97, 98), and
soﬁe of this was'reported after the completion of the work
presented here (98).

The main compounds studied are those of the type
WFhXOJ(wheré X = 0, NH and NMe, and L is a donor solvent

or ion). Substituted species of the type W(OR)th—£O

(n = 1-4) have been previously described (94, 99, 100,
101,‘102), and a corresponding methylimido complex has
been prepared in the present work. |

Many preparative foutes ﬁave been pre&iously reported

for WOFh complexes.,

eg. WF, + Me,0 > WOF,, Me,0 + MeF (49)

+
WF OMe + (MeO)BP > (MeO)BPMe onS (103)

In the present work the imido and alkylimido complexes

have been prepared by the two general reactions shown
below: -

(1) (Megsi)zNR + WFg ——> (WF,NR) + Me ,SiF
+ -
(i) 2H,NR + WF, H NR™ WF_NR™ + HF



The comparable preparative routes to the analogous
oxo complexes have been briefly studied. Tungsfen
Hengluoridé reacts slowly with hexamethyldisiloxané;
.(MeBSi)ZO, éo give tungsten (VI) oxide tetrafluoride,
trimethylsilyl fluoride and a brown solid which contains
reduced tungsten (49). The partial hydrolysis products
of tungsten hexafluoride have been shown to contain the
p-fluorobis (oxotetrafluorotungsfat@ (vi) anion, W202F9~,
by 198 n.m.r. spectroscopy. (104). |

The structure of tungsten oxide tetrafluoride, which
exis?s'as a tetramer, has been extensively studied, .
Despite initial work suggesting the presence of bridging
oxygens (105), it is now well established that the struc-
ture consists of asymetric fluorine bridges (106, 65, 108).
The structure is shown in Figure 1:1. The structure is
disordered however, which led to the original erroneous
X-ray structural determination, The bascity of the cis~
fluofines is very low as even nitromethane, a very weak
donor, breaks up the structure to give a monomeric tungsten
oxide tetrafluoride nitromethéne complex, WOFQ’(OZNCHB)
(ok).

The oxopentafluorotungstate (VI)vand the p-fluorobis
( oxotetrafluorotungstate) (VI) anions, WOF,~ and W,0,F,”,
have been prepared (95, 103, 109). 19F N.m.r. evidence
suggesfs that in both anions the tungsten is octahedrally
surrounded by the ligands, and that the anion, W202F9-,
has a fluorine bridge with a linear or near linear

O-W-F-W-0 skeleton (103, 109). The inferred structures

of the anions are shown in Figure 2:1 and 2.2.
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(b) Summary of previous work on the alkylimidotungsten

(VI) tetrafluoride system.

‘~The reaction of tungsteﬁ héexafluoride with ammonia
haé been studied as long ago as 1907 (6) and a more recent
study has been carried out in 1956 (110). Both
investigétions found that ammonia reacts with tungsten
hexafluoride to give an orange-brown solid. The analytical
data on this solid were consistent with the 1:4 adduct,
WF6, hNHB, (110), but no information was obtained as to its
structure. The later work also studied the reaction of
tungstén hexafluoride with methylamine,'and repprted #hat
tﬁey react together to give a white hygroscopic solid (110){
The analysis of the solid suggested the 3:1 adduct,

WF6, 3MeNH but again no information was obtained as to

2’
its structure.

The reaction of osmium tetroxide with ammonia gives
dsmiamic acid and other nitrido complexes (111, 112, 113),
and it is possible that tungsten hexafluoride reacts sim-

19

ilarly. Low temperature F n.m.r. evidence has been
reported recently, which suggests that the following

reactions take placeAin acetonitrile solution (98).

MeCN
(a) 1) WF, + NHg > WF,NH (MeCN)
» MeCN
ii) WF,NH (MeCN) + HF —> WFSNH—
- MeCN |

(v) WF, + (Me351)2m . > WF,NH (MeCN) + 2Me 4SiF
(¢) i) wF6 + nBuNH2 MeCN s WF,N"Bu (MeCN)

. - MeCN -

ii) WFQN'nBu (MeCN) + HF : WFan_Bu .
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No attempt was réported to haye been made -to isolate
the materials formed. The details of these n.m.r. results
wiilvbe described when appropriate, and their relationship
~ %o the results foﬁnd in this work discussed.

The reaction of tungsten hexafluoride with hexa-

methyldisilazane, (Me Si)ZNH, has been investigated,

3
both in the absence of solvent and in acetonitrile (96).
In acetonitrile a dark coloured solid was obtained, which

was formulated as the complex,[NHJ+[ﬁOF MeCN]. If the

5°
reaction was carried out in the absence of a solvenf,
then a pale yellow solid was produced which gave wvariable
analyses.

The acetonitrile complex of mefhylimidotungsten (v1)
tetrafluoride, WFuNMe(MeCN), has been isolatedias an orange

cfystalline solid from the following reaction:

MeCN

- - -
WF, + (Me381)2NMe > WFl‘NMe(MeQN) + 2Me351F

(in the absence of acetonitrile, tungsten hexafluoride

351)2NM8, react very

slowly to give a cream coloured solid and trimethylsilyl

and N-methyl hexamethyldisilazane, (Me

fluoride (96). The analyses of this solid were variable
and corresponded only approximately to methylimidotungsten
(vI) tetrafluoride, WFMNMe, however it reacted with
acetonitrile to give the acetonitrile complex.

The i.r. spectrum of the complex, HFQNMe(MeCN), shows
the presence of cdofdinated acetonitrile. It also shows
no bands assignable to bridging fluorines.

The 19F n.m.r. spectrum consists of a singlet peak

at about 36 p.p.m. to low field of trichlorofluoromethane.
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The peak possesses'183w satellites with 2J(19r-183y) = uénz
(the original work gave this figure erroneously as-56Hz).
Tﬁe lH n.ﬁ.r. spectrum of a solution in deuteroéceténitrile,
. CDBCN, gives two_éignals of equ;l intensity atslH = 2,04
and 5.75 p.p.n. The former singlet peak was assigned to
coordinated acetonitrile. 1H-§19F§And 1H - gluNS
spin decoupling experiments were carried out on the com-
plex signal at&lH = 5.75 p.p.m. Thesé resulted res-
Ly

pectively in a 1:1:1 triplet, 2J(1H— 2.8z, and

a partially resolved quintet, hJ(lH—19F)

presence of lH-th spin-spin coupling fine structure

14

means that the electric field gradient at the imido ™ N

1.3H=z. The

nucleus must be very small and that the electron density
at the lZ‘N nucleus is axially symmetric (see Section 4).
This is consistent with a linear (W-N-C) skeleton. It
was argued that the n.m.r. evidence strongly suggests a

. monomeric, oc%ahedral compound, in whichvthe acetonitrile
ligand is trans to the methylimido ligand, resulting in
four gquivalent %luorines (Figure 2:3). It was pointed
out that similar.structures have been suggested for
wOFh(L) (L= Me A

(48, 49),

50 or (MeO)ZP(O)Me) complexes in solution



Figure 2:73

The structure of WFuNMe(NeCN); after Harman, Sharp &
Winfield (97). :
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(II) THE 1:1 TUNGSTEN (VI) OXIDE TETRAFLUORIDE, ACETONITRILE
; COMPLEX.

.. Tungsten hexafluoride reacts cleénly with hexamethyldis-

iloxane in acetonitrile according to the following equation:

WF, + (MeBSi)ZO > WOF, (MeCN) + Me jSiF,

A white crystalline solid remains after the removal
‘of the volatile products and its analysis is consistent
with its formulation as the 1:1 tungsten‘(VI) oxids_tetra-
fluoride acetonitrile complex, WOFh(MeCN). The l9F n.m,r,
spéctrum of an acetonitrile solution of the solid gives a

singlet, with 183

W satellites, at gl9F = 68.0 p.p.m.
This is the first time that the complex has been isolated
though it has previously been reported in solution (94).
The infra-red spectrum of the solid is shown in Table 2:1
with suggested assignments. ‘The basis of the assignments
of the WOFu group will be discussed later. The Dv hotation‘
refers to fhe‘frequency shift of the ligand vibrations on
cdmplexation.

The assignmenfs for the ligand are made by comparison
of ths spectrum with those of free (114) and complexed
(115) acetonitrile. There is a shift to higher frequency
of 48cm™1 in the (CEN)_stretch of the complex, compared
with free acetonitrile. This is characteristic of nitriies‘
that are coordinated via the nitrogen atom, for other
donor molecules the effect is generally in ths opposité
direction. This apparently anomolous shift in frequescy‘
has been discussed many times (116, 117, 118). It was
concluded that the shift represented a real increase in

the force constant, due to the loss of electronic charge

froh an antibonding orbital.



‘TABLE 2:1

THE INFRA-SPECTRUM AND TENTATIVE ASSIGNMENTS FOR THE
1:1 TUNGSTEN (VI) OXIDE TETRAFLUORIDE ACETONITRILE COMPLEX,
. WOF), (MeCN) . .

Frequency shift
from fiee ligand
"~ (em™)

Peaks (cm-l) Assignments

3270w, 32LOw
3038m

2984ks " wv(c-H) (L) Dv = +boem™t
23328 ligand combination  Dv = +33cm L
%3065 ' - wv(c=N) (L) Dv = +48cm™t
1486s CHgdef. '
lhISIm.br. A CHBdef (L) Dv = -28cm™ 1

1026 vs v(wW=0)"

olkks ~ v(e=c) (L) Dv = +25cm™
"81hm overtone of (C-C=N)

C bend (L)

'706vs o ' V(WFu)sym\

‘638vs br v(WFh) asym

507 m.br. ’ v(WF) out of -

plane)

The spectral region was scanned from 4ooo - 35Ocm-1,
using Fluorolube and Nujol mulls between potassium bromide
platés.

The free ligand vibrations are after Mulligan and

Jacox (11%).

N
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(III) THE 1:1 IMIDOTUNGSTEN (vI) T“TRAFLUORIDE
- ' ACETONITRILE COMPLEX.

Tungsten héxafluoride reaéts with hexamethyldisilazane
in acetonitrile, propionitrile or ethylvacetate to
give pa;e yellow liquids. These darken, irreversibly,
at, or just below room temperature to give deep red
solutions, In the absence of a polar solvent reaction
occurs at c.a. -20°C to give pale yellow solids of
&ariable composition, )
The results of a low temperature‘lgF n.m.r, study
of the pale yellow resaction mixture in propionitrile is
summarised in Table 2:2, with recent results reported
in the literature (98). Since propionitrile has a
similar donor power to acetonitrile, the peakvclosest
to the repo:ﬁed signal of the acetonitrile coﬁplex is
assigned to the éropionitrile complex, Unfortunately
.in'thé present work the signal to noise ratio was not
good enough to éstablish whether or not tungsten
satelliteé are present,

Previous work on the tungsten oxide tetrafluoride
system has demonstrated that the chemical shifts of the
cis-fluorines are related to the donor power of the base
(94). The stronger the base is, then the higher the

field at which the fluorines resonate. It was obéerved

that acetonitrile, a relatively weak donor, gives a signal
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-to the lowv field side éf the tungsten (VI) oxide tetra-
fluoride 6;mp1ex,range, whereas the fluoride ion, ;i
Strong donér, gives a signal to the high field side.
This is discussed further in Chapter 3. In table 2:3
the difference in the chemical shifts between the aceton-
itrile and the fluoride ion complexes of several WFAX
species are indicated. This lends support to the assigﬁ-
ment 6f the imidotungsten (VI) tetrafluoride complexes.
The results obtained from the pale yellow solutions
strongly suggest that they contain complexes of the type
WFhX(RCN), and that X is most likely to be the imido-
group, NH. However, the nitrido group, NB', is another

possibility which cannot be ruled out.

»In the previous study of the tungsten hexafluoride/
hexamethyldisilazane reaction in acetonitrile only dark
coloured solids were isolated (96). Similar difficulty
was experienced in this work, but, on one occasion, a |
palé yellow, fiuffy solid was obtained. The analysis
of this solid was consistent with the 1:1 imidotungsten
(VI) tetrafluoride acetonitrile complex, WFuNH(MeCN).
The 1i.r. spectrum of this solid is shown in table 2:4.

1 in the

There is a shift to higher frequency of 32 cm”
(c=N) stretch, showing the presence of coordinated acetonit-

rile. There is a strong absorption in the (N-H) stretch region
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TABLE 2:4

THE INFRA-RED SPECTRUM OF THE 1:1 IMIDOTUNGSTEN (v1)
“‘TETRAFLUORIDE ACETONITRILE COMPLEX, WFQNH(MeCN).

Peak (cmfl) Assignment '?:ﬁgugzzz i?;igd
3280s (N-H)st.

2940m (c-H)st. (L) pv = -hem !
2317m ligana combination h Dv = +18cm-'l
2290m. (c=N)st. (L) : Dv = +32cm™ '
1&25s . - (cny) def. (L) " Dv = ~18cm™!
1261w (MeBSi=) impurity

iO6OS ' (Ww=N) st.

1018m - (cn,) roek (L)

942w . (c-c)st. (L) ~ . Dv = +23cm™t
897w |

852w .(Me351+)'impurity

700w - | |

61hs (WFu) asym. st.

The spectral region was scanned between 3000 -~ BSOcm—l
using Fluorolube' and Nujol mulls between potassium bromide
plateé.

The free ligand Yibrations are after Mulligan and

Jacox (114),.

N
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iﬁdicating that the imido group is present rafher fhan
the nitrido group.. The spectrum will be discussed in
more detail (see Section 10);

. - Unfortunately the difficulties involved in the
préparation of this compound have nof allowed confirmation
of its structure. However, the evidence available suggests
that in alkylnitriles the reaction between tuhgsten hexa-
fluoride and hexamethyldisilazane proceeds initially as
shown: -

RCN

Si)zNH - > WF,NH(RCN)+ 2Me SiF

WF, + (Me 3

3
The 1:1 imidotungsten (VI) tetrafluoride, alkylnitrile

cqmpiéxes, WFuNH(RCN), are apparently stable té decompos-‘

‘ition in the solid state, but in solution further reaction

readily takes place. It has been suggested previously |

that the final product is [NH,J" [WOF MeCN] ™ (96).  The

'deep red solutions obtained either show no signals in

19F nem.r. épectra or, in the case of propionitrile as

solvenf, weak signals assignable, in all cases, to

tungsten (VI) oxide tetrafluoride complexes. The

1H n.m.r. spectra give a l:l:1 triplet consistent with

the ammonium ion. Removal of solvent leaves dark solids,.

Table 2:5 shows the i.r. spectra of [NH£+[WOF5,MeCN] -

(96) and the propionitrile analogue. The spectra are
similar to the 1:1 imidotungsten (VI) tetrafluoride,

acetonitrile complex, WFANH(MeCN) (table 2:4), but there

are extra peaks in the region 1100-12000m—1.

The formulation of the product as[NH&r [woF_MeCN] ™

5

is considered unlikely, since the oxopentafluorotungstate

(VI) anion, WOF_ , is an extremely weak Lewis acid (95),.

19

5

and the F n.m.r. spectrum of its solution in acetonitrile
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TABLE 2:5 (contd.)

The‘spectral region (fqr R = Et) was scanned between
© 3000 - 350 cm-lA using Fluomlub;'andNudol mulls between
potassiuﬁ bromide plates.

The free ligand vibrations are after Mulligan and

Jacox (114) for acetonitrile, and after Duncan and Janz

-

(123) for propionitrile.
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shows the expected AX, pattern (9k). It is thought more
likely that the tungsten is reduced and that the (W=N)
~iinkage is retained, at least to some exten#. This view
' is’based on sevéral pieces'of evidence:~
(i) The absence, in most cases, of 1% n.m.r. signals
is consistent with the presence of a paramagnetic tungsten
species.

(ii) There is a strong absorption peak at 1,060cm-1 in.
the'i.r. of both the acetonitrile and propionitrile com-
plexes. This is nearly the same as the (W=N) stretching
vibration in the 1:1 imidotungsten (VI) tetrafluoride
',gcefénitrile complex, WFANH(MeCN) (table 2:4); .whereas
the (W=0) stretching vibration in.the corresponding oxo
complex (table 2:1) is at 1,026cm-1.

The reducing species could either be the alkylnitrile
ligands or hexamethyldisilazane. Acetonitrile can act
as a reducing agent, for example:=-

WCl; + MeCN — WC1, (MeCN), + CC1.,CN + HC1 (121).

3

Fluorinated nitriles were not however detected among
the produdts. The i.r., spectra of the solids possess
no peaks attributable to (C-F) stretching vibrations
(121) though they could have been obscured by the (W=N)
stretching vibration,nor were they seen in_the i.r.

spectra of the volatile products. In the 1H and 19F n.m.r.

spectra there were no peaks in the regions expected for
fluorinated alkylnitriles (122),
Tungsten hexafluoride is partially reduced by hexa-

methyldisiloxane (49). It is therefore possible that
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the reducing agent'is the MeBSiXSiMe3 compounds. _The

pbresent evidence suggests that this is more likely.

It is thus tentatively suggested that the overall .

1

" decomposition reaction is:-

WF),NH(MeCN) >NHu+ WF) NHMeCN ~

where the tungsten is reduced to W(V).
The present work strongly suggests the existence of

the compgunds:-

H
|

N
F’: ” \‘F.
AN
I

C
R

The compounds are stable to decomposition in solutions

R = Me‘, Et

at low temperatures and in the solid state, but in solution
at higher temperatures they readily decompose.
There is good evidence that corresponding d2 compounds

exist, for example the compound BHoCi(NH)(dpe)zl + BPhu~

has recently been prépared (124). The structure of this

compound is not yet known, but the structure of the rel-
+ -

ated compound [WCl(NNHz)(dpe)é] BPh),  has been deter-

mined by X-ray diffraction and is illustrated in Figure

2:4 (125) (dpe is the bidentate ligand, Ph

PCH,CH Pth).

2 2
When tungsten hexafluoride is mixed with hexamethyldis-
ilazane in the non-polar solvent, perfluorotoluene,

rcaction takes place, below room temperature, to give a

pale yellow solid of variable composition. The i.r.



B Figure 2:4 o .
The Crystal structure of EWCl(NNHZ)(dpe)2]+-_

BPhh-, after Heath, Mas&n & Thomas (125)
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evidence, which is further discussed in Section 10,
indicateé that the solid consists of impure imidotungsten
_(VI) tetrafluoride, WFMNH. Strong peaks are seen‘in the
i.r. spectgum‘at 1,256 and 855 cm—l and these suggest the
presence of a trimethylsilyl group (126, 127). The
absence of a strong peak at 910 cm-l, the expected region
of any (Si-F) stretching vibration, suggests that the
trimethylsilyl group is not present as its fluoride. A
possible impurity is trimethylsilylimidotungsten (VI)

tétrafluoride, WFANSiMe After several days exposure to

3
the normal atmosphere, analysis shows that nearly all the
carbon has been lost from the sample. This is to be
expected if all the carbon is present in the
trimethylsilyl group.

The predominant reaction of tungsten hexéfluoride

-with hexamethyldisilazane in perfluorotoluene can be

represented by the following equation:

CF,_C F
' 3765 :
Si)zNH > WF,NH + 2MeBSiF

. W + (Me3

However, there is evidence that a competing reaction

is also taking place:

~_ CF4CgF5 " ‘
WFRg + (Me381)2NH > WF)NSiMe, + Me,SiF + HF .




(zv) METHYLIMIDOTUNGSfEN (VI) TETRAFLUORIDE COMPLEXES.
| The pfevious work (96, 97) on the 1:1 1m1dotungsten
.(VI) tetrafluorlde acetonltrlle complex WFhNMe(MeCN) has
been found to be reproducible and the n.m.r. spectral
investigations have been extended to include the 1L}N
chemical shift and further coupling constants. The
previously described slow reaction betweén tungsfen hexa-
fluoride énd N-methyl hexamethyldisilazane to give pale
yellow, polymeric methylimidotungsten (VI)'tetrafluoride
and trimethylsilyl fluoride has also beeﬁ found to be |
repréducible. It has been suggested (éé) that the
m;in impufity in methylimidotungsten (VI) tetrafluoride
was a compound containing the trimethylsilyl group.
This is confirmed to the extent that whenm donor ligand
complexes are prepared from methylimidotungsten (VI)
tetrafluoride, then trimethylsilyl fluoride is always
observed as a product. There is no strong peak at
910 cm-l, so that the impurity cannot be absorbed or co-
ordinated trimethylsilyl fluoride.

In the present wofk, methylimidotungsten (VI)
tetrafluoride comple#es have been prepared by the follow-
ing routes:- ‘

L

. N .
6 381)2NMe > WFhNMe(L) + 2Me351F

L = acetonitrile, prop_ionitrile and ethyl acetate.

(i) WF, + (Me

(ii) (WFhNMe)x + L > WFuNMe(L)
L = ethylacetate and dimethyl sulphite.
In addition the 1:1 complex with dimethyl methyl-
phosphonate, WFHNMekMeO)ZP(O)Me]has been prepared by a

roﬁte to be described later.

k9
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The 19F n.m.r. spectra of solutions of the complexes
all show singléts in the region 35-38 p.p.m. downfield
frém trichlorofluoromethane. - These singlets all hé%e
.'183W‘satellifes with lJ(l9F ; 183w) in the range 44 - 46 Hgz.
No other l9F n.m.r. signals are observed and thus there is
either only one type of fluorine present or else rapid
exchange éf fluorines. The clearly defined satellites
suggest that no fluorine exchange is taking place.

The lH n.m.r., spectra consist of the ligand signals
and a complex peak at:5.5 to 5.7 p.p.mgvdownfield from
tetramethylsilane. lH - §1AN§ Spin decoupling of this
peak:gives a 1l:4:6:4:1 quintet, J = 1.0 to l.th indicating
that the pfotons are coupled to four othér equivalent A
nuclei with nuclear spin I = 3. 1g_ §l9F§ decoupling
demonstrates that these other nuclei are fluorine atoms,
with a chemical shift identical to that of the singlets

19

found in the F n.m.r., spectra. The1H -§;9FE spin

decoupling experiment gives a 1:1:1 triplet, J = 2.6 to

2.8Hz. This demonstrates that the protons are coupled
to one other nucleus where the nuclear spin, I =1 i.e.
as expected for the 14N nucleus. The complexes are thus

similar to the previously described compound, WFANMe(MeCN)
(96). The n.m.r. data is summarised in Table 2:6.

The presence of the nuclear quadrupole moment assoc-
iated with»the th nucleus usually relaxes the coupling
of the th nucleus to other nuclei. Coupling is observed
‘only when the spin lattice relaxation times of the lhﬁ

nucleus is comparable to or greater than the coupling

constant. This situation arises when the electric field
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gradient around the 1¥N nucleus is small or zero. The
presence of such a small well defined coupling, iﬁ the
qupounds‘under investigation, implies that the electric
field gradient arbund the nitroéen nucleus is véry small,
A»similar lH - th coupling situation is observed in
isonitriles (128), in which the low electric field
gradient is thought to be due to axial symmetry at the
nitrogen nucleus. The structure and coupling'constant
of methylisonitrile are shown in Figure 2:5. The
evidence thus points to a similar situation in methylimido-
tungsten (V) tetrafluoride complexes and the structure
in Fiéure 2:6 is suggested on'this basis. The (W-N-C)
~skeleton is linear resulting in axial symmetry at the 14N
nucleus. The magnitude of the coupling constants are

1k

N) values

19F)

consistent with this structure. The 2J(1H -
are similar to those in isonitriles. The uJ(lH -
values are similar to those observed in methoxytungsten (VI)
fluorides, where uJ(lH - lchis) is in the range 0.9 to

1.2Hz. (49, 50, 103). If the ligand, L, is propionitrile,
ethyl acetafe, dimetﬁylsulphite or dimethyl methylphpsphonate,
then the complex could not be axially symmetric. This

would not, however, directly affect the electric field
gradient at the nitrogen nucleus, since the magnitude

of the electric field gradient varies with :r'._3 (129).

.The electric field gradient is thus a short range effect.

For example, the quadrupole relaxation time in the

benzyltrimethylammonium ion, PhCH2N+Me is as long as

3!
it is in the tetramethylammonium ion, MehN+(130).
The i.r. spectra of the acetonitrile, propionitrile.

and dimethyl sulphite complexes of methylimidotungsten (VI)



Figure 2:5

The Sfructure and coupling constant in

Methyl Isonitrile (128)..

A
I

| "".rfln L-ﬁ‘l“n) ' N

= -2.3%0.1 Hz.. ' '

0

Figure 2:6

The Structure of WFuNMe(L) complekes.‘
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tetrafluoride have been recorded and assignments made.
The i.r. spéctra of the acetonitrile complex has already
been described (96, 97), and the results were found %6 be
'feproducible’in the present work. The i.r. spectrum of
the propionitrile complex shows that the (CEN) stretching
vibration of the propionitrile has been shifted by 46 cm"l
to high frequency compared with the free ligand in a similar
manner to the acetonitrile complex.

The i.r. spectrum of the 1l:1 methylimidotungsten (VI)
tetrafluoride dimethyl sulphite complex,‘WFuNMeKMeO)ZSQL
'is shown in table 2:7. The assignments ofvthe dimethyl
sulphite vibrations are based on assignments given in the
literature for the free ligand (131, 132). Complexes of
sﬁlphite esters have not been extensively investigated,
though complexes of trimethylene sulphite with transition
metal cations have been prepared (133). The assighments
“for the.WFuNMe moiety will be discussed 1later in Section
10, The band at 1,0930m-l is assigned to the (s = O).
stretching vibration. This is a drop of 1].80m_l compared
with the free ligand.

The very strong band at 1,0930111"l is not observed in
either the free ligand or in WFhNMe(MeCN), whereas the
free ligand band at l,2110m"l is absent, There is no
other band at a higher energy which can be assigned to
the (S = 0) stretching vibration, and thus the only
alternative would be to assign it to a band of even lower
energy. -

Thé dimethyl sulphite liéand could~complex via the

sulphur atom, the oxo group or the methoxy group, since



~TABLE 2:7

i.r. spectrum of WFQNMO[!MeO)zsdﬂ
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(W-F)st.

Peak (cm-lj. Assignment Dv ffom free ligand
2960m (CHS)st.(L) Dv = O
 2922m.sh. |
2840w \ (CHB)st.(L) Dv = O
1450m.br. CH3 def. (L) Dv = =6 em™
1430m.br. .
1332s.
1202m.
1093vs. (s = 0) st. Dv = -118 om™
970vs,.sh. in phase (C-0-S)st. Dv = -10 cm™ 1
950 vs. out of phase (C-0-S)st. Dv = =5 em™t
891w
. 766s.sh. » sym (0S0)st. Dv = +33 em™1
741s. ~asym (0S0)st. Dv = +55 em™ L
695m. |
663s.
601 vs. (w-F)st{
505s. (W-F)st.
490s.sh.

The spectral region was scanned from 4,000 - 350 cm

using a liquid film between potassium bromide plates.

-
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all have electron lone pairs available for donatione.

There are thus three possible structures for the complex:

Me : Me - Me

N . N
F,oNl F F,"R’ F Fo il o
W A ‘W,
71> Y ¢/ g\:

0 oS
ME/O\ks ) Meo‘d \O ‘ \\'S'
4 MeO MeQ"y
MeQ MeQ

@) (b) (

The large fall in energy of the (S = 0) stretching
vibration strongly suggests that comple#ation'occursl
in the region of the sulphur or oxo groups as opposed to
the ﬁethoxy group. In addition, there is very little
change in the energy of the (C—O—S) stretching vibration.
This favours structures (b) and (c) over (a).

The feasibility of pW -dTbonding, in the sulphur-
oxygen bond, has been studied for dimethyl sulphoxide,
Mest,and it has been argued from the dipole moment data
that p7 -dT bonding is sufficient to make the sulphur-
oxygen bond order approximately two (206). In going
from dimethyl sulphoxide to dimethyl sulphite there is a -
substantial increase in the energy of the (S = 0) stretching
vibration, The (S = 0) stretching vibration for dimethyl
sulphoxide is at 1,0550m-1 (134), whereas for dimethyl
sulphite it is at l,.?,llcm"l (131). The greéter electron-
egativity of the methoxy groups over the methyl groups
.favours this increase in the sulphur-oxygen bond order.‘
For related phosphorus compounds of the type R.P = O

3

a near linear relationship between the electronegativity
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‘of the substituent R and the increasing energy of‘the
(P = 0) stretcﬁing vibration has been found (135);

If the 1:1 methylimidotungsten (VI} tetrafluoride
-dime%hyl sulphite complex, WFhNMéKMeO)ZSd] has the
structure (b), then an increase in energy of the (S = 0)
stretching vibration would be expected, since the elecfro-
negativity of the sulphur atom has been increased.
Alternatively if the complex has'structure (c)'then a
decrease in energy of the (S ; 0) stretching vibration
would be expected, due to the increased electronegativity
of the;oxo group. The i.r. evidence strongly favours
strﬁciure (c).

A similar argument has previously been used for decid-
iﬁg whether dimethyl sulphoxide complexes were through the
oxygen or the sulphur atom (134, 136), a decrease in the
energy of the (S = 0) stretching vibration béing taken
to mean coordination through the oxygen atom, and an
increasé in energy of the (S = 0) stretching vibration being
taken to mean coordination through the sulphur atom.,

These conclﬁsions were later confirmed by X-ray diffraction

crystal structure determinations (137).
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(V) POSSIBLE PATHWAYS FOR THE REACTION OF WF, WITH
(Me Si)zx, X = 0, NH AND NMe.

3

The reactions of tungsten hexafluoride with

- (Me ,Si X, where X = O or NMe, proceed similarly i.e.
3 2

slowly in the absence of a donor solvent and fast when
a donor solvent is present. The reaction of tungsten

hexafluoride with (Me Si)ZNH proceeds rapidly in both

3
the absence and pfesence of a donor solvent. As the
reactions of tungsten hexafluoride with N-methyl hexa-
methyldisilazane and hexamethyldisiloxane are similar,
they'will be discussed together.

':A possible pathway for the reéction of tungsten
hexaflﬁoride with N-methyl hexamethyldisilazane has been
pfeviously discussed (96). It was concluded that three
steps are invoived in the reaction:-

(i) The nucleophilic attack on the tungsten atom by the
nitrogen lone pair of electrons to give the complex{

WP, (Me Si)zNMe.

3

(ii) The decomposition of the 1:1 adduct, (Me Si)zNMe, WF¢,

3
with the elimination of trimethylsilyl fluoride to

ive WF_NMeSiMe.,.
gLy 5 3

(iii) The elimination of trimethylsilyl fluoride from . =
WFSNMeSiMe3 to give WFuNMe.
It was argued that step (i) was slow for the follow-
ing reason: the lone pair of electrons on the nitrogen

atom in (Me Si)zNMe take paft in pwr-dwW bonding between

3
the nitrogen and silicon atoms, and it has been found
that the extent of this bonding increases with the number

of silicon atoms bound to the nitrogen (138). . Electron
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diffraction studies of{(RBSi)ZO (R = Me, F, C1, H) com-
pounds dempnstfate that the (Si - 0 - Si) bopd angie is
l?rger thén,expected and that it increased with‘the-i

_electronegativity of the substikuent, R (139, 1k0),
consistenf with the presence of dmr - pwr bonding in the

silicon-oxygen bond. The nitrogen atom in (Me Si)zNMe is

3
thus a very poor donor and the formation of the 1:1 complex
is slow,

It is felt that this description is better amended.

.The low basicity of the nitrogen of (Me Si)zNMe suggests

3
that its 1:1 complex with tungsten hexafluoride is unsiabié.
A contact charge transfer complex is however formed (the
deep purple colouration). The following equilibrium
should therefore exist and lie well to the left:
WFg + (MeBSi)zNMe f=======;'WF6, (MeBSi)zNMe

The charge-transfer complex, if the two molecules
are of thé correct orientation, could react further.
It is believed that this is through a concerted process
in which steps (i) and (ii) can-effectively take place
simultaneously. The<301i°>trdh$ition state is shown

in which the fluorine is donating to the silicon, while

the nitrogen is donating to the tungsten.,

-
-
- | F
-
, - W

N > W

Me,Si / N / \F
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The cyclic transition state would then lead to the
elimination oflMeBSiF. The proposed mechanism'ié consistent
with a vefyvslow reaction rate,_since the formation'reéction,
to éive the correét orientation.for the transition state,
should have a very low'probability.

19

There is some low temperature F n.m.r. evidence
for the compound methyltrimethylsilylamidotungsten (VI)

pentafluoride, WF NMe(SiMeB) in the reaction of tungsten

5

hexafluoride and N-methyl hexamethyldisilazane in acetonitrile

(96), but it readily gives WF,NMe and Me,SiF at higher tem-

3
peratures. This can be contrasted with the behaviour of
tgllﬁfium hexafluoride, tungsten hexafluoride's p-block
analogue. Tellurium hexafluoride reacts with hexa-
methyldisilazane to give trimethylsilylamidotellurium (VI)
pentafluoride, TeFBNHSiMeB. This compound is stable at
room temperature,_and only on reaction with hydrogen

fluoride does it give aﬁidotellurium-(VI) pentafluoride,
TeF5NHé (1&1). The difference between p- and d- block
chemistry can be rationalised in terﬁs of the availability

of empty d-orbitals. In the tungsten complex;-WF5NMqu339,
the nitrogen lone pair will be fed into the vacant d-orbitals
on the tungsten, This will drain electrons from the

silicon atom making it a more ppwerful acceptor, and more
liable to nucleophilic attack. In contrast, for the

tellurium complex, TeF NMdSiMeBL the vacant d-orbitals

5
on the tellurium are of a much higher emnergy, there will
be little pW - dfr interaction between the orbitals of

the nitrogen and tellurium atoms and hence the acceptor

properties of the silicon atom will not be enhanced.

r
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The reaction of tungsten hexafluoride with N-methyl
hexamethyldisiiazane in a donor solvent is very fé;t and
takés placélbelow room temperatgre. The presence of the
.donof solvent musf therefore incfease one or more of the
following:- (i) the donor ability of the fiuorine atoms,
(ii) the donor ability of the nitrogen, and (iii) the
aéceptor ability of the silicon atom. It is unlikely to
increase (iii), fut-it could increase both (i) and (ii).
It can increase (i) by the formation of the seven or eight
coordinate complexes, WF6(L) and WF6(L)2, In these the
electronegativity of the tungsten couldibe lowered and
thus the donor ability of the fluorines enhanced. There
is good evidence for the existence of such complexes (38,
39, 4o).

If the following complex is formed then the donor

abilities of the nitrogen will be enhanced.

L

. j:iji P1e;3
MeN

; \Sl M€3

Previous experimental evidence, however, suggests
that complexes of this type do not form. Visible
and ultra-violet absorption investigations indicate that
hexamethy;disiloxane does not complex with pyridine §r
p-toluidene (142), Furthermore the hydrolysis of

hexamethyldisilazane is accelerated by acid, but
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inhibited by smail concentrations of the hydroxyl ion.,
The forméf will involve electrophilic attack at thg
»hitrogen, ﬁhereas the latter will involve nucleophiiic
attack at the silicon (143)., It is still possible
fof the donor ligand to assist the reaction by coordinatingb
to the silicon atom after the formation of the 1:1 complex,
WF6,(MeBSi)2NMe, since the silicon will then be a more
powerful electrophile. The coordination of the donor
ligand should then stabilize the 1:1 complex,

Tungsten hexafluoride reacts rapidly with hexa-
methyldisilazane below room temperature, - This could be
explained by the presence of hydrdgen fluoride having a

catalytic effect upon the reaction.
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(VI) THE REACTION OF METHYLIMIDOTUNGSTEN (VI)
TETRAFLUORLDE WITH TRINMETIYLPHOSPHITE.

(a) ZIntroduction.

An excess of trimethylphosphite, (MeO)BP, reacts
slowly with methylimidotungsten (VI) tetrafluoride,
WFhNMe, below, and at room temperature to give ah
orange solution containing a complex mixture of products.
Removal of the volatile products from'this solution
leaves behind a viscous, orange oil. The nature
of the products formed depends on how slowly the
miiture is warmed to room temperature. . The com=-
pounds identified in the reaction mixtures are ﬁnchanged
ffimethylphosphite, dimethyl methylphosphonate, dimethyl
fluorophosphite and the 1l:1 complexes, methylimidétungsten.‘
(vi) tetrafluoride dimethyl methylphosphonate, methylimido-
methoxytungsten (VI) trifluoride dimethyl methylphosphon-
ate and cis-methylimidodimethoxytungsten (VI) difluoride
dimethyl methylphosphonate.

The identification of the previously characterized
compounds, trimethylphosphite, dimethyl methyl phosphonate
and dimethyl fluorophosphite is described in Table 2:8.
Reaction mixture (a) refers to the solution obtained on
warming the mixture rapidly to room temperature, and
reaction mixture (b) refers to the solution obtained on
warming the mi;ture slowly to room temperature.

N



" TABLE 2:8

THE IDENTIFICATION BY lH and 19F n.m.r. STUDIES OF
TRIMETHYLPHNOSPHITE, DIMETHYL METIHYLPHOSPHONATE AND
DIMETHYL FLUOROPHOSPHITE IN SOLUTIONS OBTAINED FROM

.. THE REACTION OF METHYLIMIDOTUNGSTEN (VI) TETRAFLUCRIDE
WITH AN EXCESS OF TRIMETHYLPHOSPHITE.

(1) The identification of trimethylphosphite, (MeO)BP.

A strong doublet is observed in the 1H n.m.r. spectra

_of both reaction mixtures (a) and (b).

n.m.r. parameter (units) observed (1) literature Refs.
(a) and (b)

§'H (p.p.m.) | | 3.53 3,47 107

631P (p.p.m.)(z) | 141 | 140 - ‘.1hh

33(*m - 31p)(3) (g 11 - 10.7 107

(2) The identification of dimethyl methylphosphonate.

In the 'H n.m.r. spectrum of reaction mixture (b),
‘a pair of strong doublets in the expected intensity ratio
of 2:1.is observed. The 1H n.m.r. spectrum of reaction
mixture (a) has a significantly weaker pair of doublets
in the expected inténsity ratio of 2:1. In addition,

there is a significant difference in the 1H chemical

shifts.

Parameter (units) obseryed observed literature Refs,

@) () (1)

SlHa(MeOP)(p-p.mJ 3.80 3.54 3.67  1k4s
Sle(ﬂe-P)(p.p.m.) 1.67 1.54 1.43 o
3J(1Ha-3lp)(3)0ia 11 11 11 n
ZJ(le-31P)<3RHz) 18 18 17.3 "

5313(2)(p-p-m-) 34 34 32,4 by

6L



TABLE 2:8 (contd.)

(3) The identification of dimethyl fluorophosphite.

This is not observed in the lH n.m.,r. spectra} The
19 3 s '
“F n.m.r. spectra of both reaction (a) and (b) show a

strongy widely spaced doublet.

Parameter (units) observed (a) and (b)(l) literature Refs.

§F(p.p.m.) -60.2 _63.1 146

15(1%-31p)(3)(nz) 1176 1208 Cw

(1) Where the difference in observed parameters is smgll'
then an average is taken. For dimethyl methylphosphonate
where the difference is large enough to bevsignificant
then the two separate measurements are giﬁen.

(2) A11 the 831P parameters are obtained from lH - i?lPE
spin decoupling experiments. |

(3) Thé coupling of the observed nucleus wifh 31P has
been confirmed by 1H or 19F - ﬁjlpgspin decoupling

experiments.
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(b) The identification and structure of the methylimido-
) tungsten (VI) tetrafluoride dimethyl methylphosphonate

complex,

Thevnew complex methylimidotungsten (VI) tetrafluoride
dimethyl methylphosphonate is characterized from ifs 1H and
19F n.m,r. spectra and its high and low resolution mass
spectra. This compound is only observed in reaction (v),
where the reaction mixture is very slowly warmed to room
temperéture.' The 1H n.m.r, spectrum of reaction mixture
’(b):ﬁas a complex peak at SlH = 5.70 p.p.m. The 19F n.m.r.
épectruﬁ has a singlet peak, with tungsten satellites, at ‘
819F = 35.5 p.p.m. lH - {19F§ Spin decoupling exper=-
iments both confirm the relationships of fhese two peaks
and reduce the peak at ng = 5,70 p.p.m, to a 1:1:1 triplet,
and a lH - gthf spin decoupling experiment reduced it to
a poorly resolved quintet. The observed n.,m.r. parameters
are shown in Table 2:6 (this Chapter, section 4).  The
low resolution mass spectrum has a peak corresponding to
the molecular ion, WFhNMeKMeO)zP(O)MéF, and other peaks

corresponding to degradation products. ‘There is ﬁo direct

evidence that the ligand is not'(MeO)BP as opposed to

te
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(Meﬂ»zP(O)Me, but the latter ligand is preferred by com-
parison with the other complexes of dimethyl methyl-
phosphonate‘prepa?ed in the present work for which direct
*évidence does exist, The coupling, 3J(19F—31P), is not
observed in this complex though it is in the correspond-
ing tungsten (VI) oxide tetrafluofide dimethyl methyl -
phosphonate coﬁplex (103). The magnitude of the coupling

constant is small, 1.5Hz, (103), and the 19

F n.m.,r. peaks
of alkylimidotungsten (VI) tetrafluoride complexes are
broader than the corresponding tungsten (VI) oxide
tetrafluoride complexes. This is expected since there

are two extra couplings, 2J(th—l9F) and uJ(lH-l9F), in

the methylimidotungsten (VI) tetrafluoride complexes.

(c) The identification and structure of methylimidomethoxy-
tungsten (VI) trifluoride, dimethyl methylphosphonate,
WFB(OMX) ( NMe ) [(MeO)ZP(O)Me]

The compound, methylimidomethoxytungsten (VI) trifluoride
dimethyl methylphosphonate, is the main tungsten compound
produced in both reactions (a) and (b). Its identific-
ation is based on n.m.r., i.r.‘and mass spectrélAevidence.

Its 1H n.m.,r. speétrum shows two équally intense
peaks, which are upfiéld from the mul£iplet peaks of
methylimidotungsten (VI) tetrafluoride complexes. These
peaks are illustrated in Figure 2:7. One of these peaks
is broad, butle- i}uNg spin decoupling reduces it to a
quartet (Figure 2:8). This indicétes that the methyl
protons are coupled to both an th nucleus and three
equivalent (or nearly equivalent) fluorine atoms. The

- upfield shift of the methyl protons in the substituted
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20H,

»Me~N Glsnu‘ ;F | -
WF,OM)(NMe)L

| i)
T

"

 Figure 2:8

1H - zth} Spin decoupling of the -NMe signal
at §1H = 5.30 p.p.m. in WF., (0Me) (e ) [(1e0) ,P(0)e],

183W‘satellites are marked X.
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methylimidotungsten (VI) fluoride complex compared with

the non—substituted complexes is similar to an effect
observed for the sgries WFé_n(OMg)n (n = 1-6), wherea
'ihcreasing substitution results in an increasing upfield
shift of the methoxy proton resonances. (50). The other
peak is a 1:2:2:2:1 multiplet, lH-ilgFg decoupling
experiments demonstrate that it is a doublet of over-
ylapping triplets (see Chapter 3 Section 3). The ratio

of the two (lH-l9F) coupling constants c.a. 2:1, is cone
sistent with the sihgie fluorine being trans to the methoxy
group and the two other fluorines being cis, since this
ratio:is observed between cis - aﬁd trans - flﬁorines in ,
methoxytungsten (VI) fluorides., |

The 19

F n.m.r. spectrum of the methylimidomethoxy
tungsten (VI) trifluoride dimethyl methylphoéphonate complex
is an AB2 pattern, with tungsten satellites (Figure 2:9). |
The association of these peaks with the peaks in the

le n.m.f. spectrum is confirmed by 1H -219F§ spin decoupling,
the peak attributed to the protons of the methylimido

group is sharpened, though no fine structure is resolved.

The A52 pattern is approximately 40 p.p.m. upfield from

the A) spectrum of methylimidotungsten (VI) tetrafluoride
complexes, WFuNMe(L). This compares with a shift of
approximately 60 p.p.m. upfield from tungsten (VI) oxide
tetrafluoride complexes, WOFh(L), to methoxytungsten (VI)
oxide trifluoride complexes, WOFB(OMe) (L).

The lack of resolution in the 1H resonance of the

protons of the methylimido group indicates a higher
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electric field gradient at the nitrogen’nucleus than in
methylimidotungsten (VI) tetrafluoride complexes.,
A{though the,methoxy group introduces asymmetry into the
'struéture the short range nature’of the electric field
gradient should counteract this effect, It is also
unlikely that the methoxy group would produce significant
asymmetric bending modes involving the nitrogen atdm (see
this Chapter, Section 4). Figure 2:10 iilustrates the
pr - d overlap interactions which can take place in

the compound, WFB(OMe)(NMe)(L). The replacement of a
fluorine atom by a methoxy group splits the degenerate
dxz and dzx orbitals resulting in them having different
relative energies (Figufe 2:11). This will result in
the p orbitals of the nitrogen overlapping to a different
extent with the dxy and dzy orbitals. The asymmetry
introduced by the methoxy group into the structure can
_therefore be transmitted to the region of the nitrogen
atom by p® - dff¥ overlap and the axial symmetry at the
nitrogen atom lost. A related situation may exist iﬁ

the compound methylimidorhenium (V) trichloride bis
(ethyldiphenylphosphine), ReClB(NMe)(PthEt)z. . The
crystal structure of fhis compound is shown in Figure 2:12
(85). The compound possesses a near linear (Re-N-Mé)
skeleton, but the 1H n.m.r, spectrum shows only 31P
coupling to the protons of the methylimido group (88).

1H-th) coupling can be

The fast relaxation of the 2J(
explained by the large energy difference between the dzx
orbital, which interacts with the p-orbitals on the chlbrine-

atoms, and the dyz orbital which interacts with the
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Figure 2:10(a).

The pfM-d® overlap interactions possible in
WFB(OMe)(NMe)(L), between the tungsten atom

" ‘and the nitrogen of the imido group.




Figure 2:10(b).

The pw-dw. overlap interactions possible in
WFS(OMe)(NMe)(L), between the tungsten atom

and the oxygen of the methoxy group.
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Figure 2:10{(c).

The pr-d1 overlap interactions possible in
WFB(o'Me)(NMe)(L), between the tungsten atom

"~ and the cis-fluorines.
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. Figure 2:12
‘The Crystal Structure of ReCl (NMe)(PPh Et)z,

" after Bright and Ibers (85).
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p-orbitalslon the bhosﬁhorous atoms, thus lowering'the
symmetry af the nitrogen atom, |

‘ In reaction (a), where the'tungsten hexafluoride
and trimethylphosﬁhite reactants are rapidly warmed up
" to room femperature, relatively pure methylimidomethoxy
tungsten (VI) trifluoride dimethyl methylphosphonate is
obtained. The lH n.m,r, spectrum of the reaction mixture
indicates that the ratio of WFB(OMe)(NMe):(MeO)ZP(O)Me
is nearly 1:1. There is a small quantit& of cis-
methylimidodimethoxytungsten (VI) difluoride dimethyl
methylphosphonate present (see this Section part 4).
The removal of the volatile products from this reaction
mixture leaves behind a viscous, orange oil, and the results
from the i.r. spectrum are shown in Table 2:9, The assign-
ments for the dimethyl methylphosphonate ligand are based.
on the spectrum of the free ligand (147), and assignments
_for the spectra of related organophosphorous compounds
(148, 149, 150). It has been reported that in free
organophosphoroﬁs compounds, the (P = 0) strétching mode
occurs between 1240 - 1260 cm™T (149), the (P - OC) stretch-
ing mode between 950 - 1060 em™ L (150) and the (PO - C)
stretching mode for aliphatic substituents between 1168 -
1200 em™ ! (150). The absorptions due to the (P = 0) and
(P - 0C) stretching modes are very strong, whereas the
absorptions due to (PO - C) stretching modes are medium to
weak. |

There are two possible ways in which the dimethyl

methylphosphonate ligand cuan complex to the methylimido-

methoxytungsten (VI) trifluoride species,
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TABLE 2:9

THE INFRA-RED SPECTRUM OF WFB(OMe)(NMe) [(MeO)zP(O)Me].

~

-
i

Recorded as a liquid film between KBr prlates.

Pe;k'(cm-l) Aésignment Dv from free ligand
3000m (c-H)st. (L) Dv = 0
2960s . (c-H)st. (L) Dv = O

2930s

2860m | ~ (c-H)st. (L) Dv = 0
2824m ‘

1442m,.br.

1331s

13;6s=5 asym CH, def.(L) Dv = +2cm T
11é8vs. br : (p =‘0)st. (L) Dv = =82cm”
1060vs. sh. (P-OR)st. (L) Dv =0

1033 vs. br. (p-0R) (L) Dv = O

923s (L) Dv = +10cm™ 1
910m, sh. | (L) Dv = +10cm™ T
840s ' . | (L) Dv = +19cm™ L
800m . . | (L) Dv = +2lcm™ T
73im )

611 s.sh.

557vs. br. ' . _ (W=F)st.

512vs. br. (Ww=F)st.
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The major change in the energy of the (P = 0) stretching
.mode suggests that the dimethyl me%hylphosphonate is com-
- plexed through the terminal oxygen atom. The argument
for this has already been discussed for the complex,
methylimidotungsten (VI) tetrafluoride dimethyl sulphite
(see this chapter, Séction (Iv)).
(d) The tentative identification and structure of cis-

methylimidodimecthoxytungsten (VI) difluoride dimethyl
methylphosphonate, cis - WFz(OMe)Q(NMe) [(Meo)zp(o)Mg].

The compound, cis-methylimidodimethoxytungsten (VI)
difluoride dimethyl methyl phosphonate, has been tentatively
identified in the 'H and'”F n.m.r. spectra of reaction (a),

_where the reaction mixture is warmed rapidly to room
temperature. The 19F n.m.r. spectrum of the reaction
mixture shows a singlet peak at 519F = -48.3 p.p.m., that:

is about 30 p,p.m, upfield from the AB,_ pattern of

2
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methylimidomethoxytungsten (VI) trifluoride dimethyl
methylphosphonafe. This is in the region expected for a
diéubstituted species, since from ethoxytungsten (vI)
.oxide trifluoride éthanol, WFB(OEt)O(EtOH), to diethoxy-
tungsten (VI) oxide difluoride ethanol, WFZ(OEtkp(EtOH),
there is an upfield shift of about 40 p.p.m. (94).

1H -{19F§ spin decoupling links this singlet with a
triplet at §1H = 4.80 p.p.m., ‘J( H-19F) = 1.8Hz. The
results of the spin decoupling experiment are shown in
Figure 2:13, and there is some evidence for a separate
singlet within this group, which is possibly the methylimido
group. The observed peaks in the n.m.r. spectra are
assigned to the cis isomer, since the uJ(lH-19F) coupling
constant is similar to that seen in methoxytungsten (VI)
fluorides where the methoxide group is trans to a fluorine

(50).

(e) A possible pathway for the reaction of methylimido-
tungsten (VI) tetrafluoride with trimethylphosphite.

The ratio of the products formed in the reaction of
methylimidotungsten (VI) tetrafluoride with trimethylphos-
phite, appears to depend markedly on how fast the reaction
mixture is warmed up to room temperature. For reaction
(a), where the mixture is warmed up rapidly to room
temperature the identified products are WFB(OMe)(NMe)
[(MeO)ZP(O)Me], (MeO)ZPF and a small amount of
cis—WFz(OMe)z(NMe) [(MeO)zP(O)Me]. For reaction (b),
where the mixture is warmed up slowiy to room femperature
the identified products are wFB(OMe)(NMe)[XMeo)ZP(o)Me},
WF&NMe[(MeO)zP(O)Meﬂ, (MeO)2PF and significant quantities



Figure 2:13

The peak atslH = 4,80 p.p.m., and the effect of

1H ;'£;9F} spin decoupling.

0Kz,
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of free (MeO)ZP(O)Me.
A first likely step in the reaction is the formation
of a trimethylphosphite complex :-
(1) (VF,NNe)_ +(Me0) ,P ——— WF, NMel(Me0) ,P]
The complex can now decompose by the reaction
. (Me0) 3P |
(i1) WFuNMeKMeO)BP]——-———9 WFB(OMe)(NMe)[(MeO)BP]+(Me0)2PF
and further reaction can take piace _
c s ; (MeO) 3P :
(iidi) WFB(OMe)(NMe)[(MeO)3P] ——=— cis WFZ(OMe)Z(NMe)

KMeO)BPJ+(MeO)2PF

Reactions (ii) and (iii) are relativeiy slow with
(iii) being slower than (ii).

The formation of dimethyl methylphosphonate can take
place via a Michaelis - Arbﬁrzov rearrangement (151).
This involves valence expansion and is demonstrated in
the sequence
(A) - RB + (R10)3P —————9(R10)3PR+ +B”

1 1
i(R O)ZP(O)R + R BA

(RlO)BPR+ +B”
B can be a halogen or another electronegative group
which leaveé the R group with a slight positive charge.
An example of a Michaelis - Afburzov rearraﬁgement is
the reaction of methoxytungsten (VI) pentafluoride with
trimethylphosphite (48). The intermediate can be isolated
in this case

. + ] ‘
WF50Me + (Meo)BP-————-—aMeP(OMg)3 WOF5

o
+ - 90°C
MeP(OMe)3 WOF MeF + WOFu[(Meo)ZP(o)Me]
If for the general reaction (A), r! - R, then the
effect of RB will be to catalyze the conversion of (RO)BP

to_(RO)ZP(O)R. The conversion of (MeO)BP is also
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autocatalyzed by the product, (MeO)zP(O)Me (152).
A possible reason for the formation of (MeO)zP(O)Me
in the reaction of (MeO)BP with (WFhNMe)x
is  Me P(OMe)
(iv) MeN(Fu)w-dP(OMe)z —————> [MeN(F, )W - OP(0Me),]"~

+[MeP(0Me)§+

The methyltrimethoxyphosphonium ion, MeP(OMe)3+, can
then catalyze the conversion of (MeO)BP to (Meo)zp(o)Me.

+

(v) (MeO)BP + MeP(OMe)3 :

(MeO%}(O)Me+MeP(OMe)3+,

The complexes formed in reactions (i), (ii) and (iii)
could undergo ligand exchange to give the corresponding
dimethyl methylphosphonate complexes. The evidencé is
consistent with the formation of the dimethyl methylphosphon-
ate cbmplexes terminating the substitution reaptions, since
WFuNMe[KMeO)ZP (O)Me] does not react with excess (MeO)BP.

If reaction (iv) is slow but relatively temperature indep-
endent,vwhereas reactions (ii) and (iii) are more strongly
temperature dependent then this would explain the differing

products from reactions (a) and (b).
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(VII) THE ALKYLIMIDOPENTAFLUOROTUNGSTATE (VI) ANTIONS.

The alkylammonium alkylimidoperitafluorotungstate
(VI)'salts afe readily prepargd by reacting the correspond-
ing primary amine with an excess (2:1) of tungsten hexa-
fluoride. Reaction takes place at 'ca. =-30°C. The
salts have been characterized by their analyses, i.r.
spectra and n.m.,r. spectra. A stoichiometry of 1:2 was
found for the readtion;

WFg + 2MeNH, ——> _MeNH3'+ W‘FSNMe- + HF.
The consumption df two equivalehts of methylamine

in the presence of an excess of tungsten hexéfluoride is

indirect evidence for the following reaction scheme:

fast
(i) WP, + MeNH, — WF6(MeNH2)
’ slow
(ii) WF6(MeNH2) —> VWF NHMe + HF
s e + -
(iidi) WF.(MeNH,) + WF ,NHMe ——> MeNH;  WF NMe + WF,

The absence of methylammonium fluoride suggesté that,
under thé present conditions, hydrogeh fluoride does not
react with the complex, WF6(MeNH2)._ There is an excess
of tungsten hexafluoride present and hence all the

methylamine will be present in the complex, WFG(MeNHz).

Methylamidotungsten (VI) pentafluoride, WF_NHMe, would be

5
expected to be a very strong acid since the nitrogen is
viftually devoid of all base activity (vide infra), and
hence should be able to rapidly react with WF6(MeNH2).

The reactions of tungsten hexafluoride with both ethylamine_
and n - butylamine proceed in a similar manner to its

reaction with methylamine to give ethylammonium ethylimido

* WF_NEt~, and n-butylammon-

pentafluorotungstate (VI), EtNH3 5



ium n-butylimidopentafluorotungstate (VI), Bu=NH

35

The reaction of tungsten hexafluoride with tert-
buty}amine pfoceeds in a different manher. The produét
'is a 1:3 adduct which is insoluble in acetonitrile,.
Although tert-butylamine is reported to have a similar
base strength to methylamine and ethylamine (153), the
complex, WF6(BuE NHZ) could be destabilized for steric
reasons, due to the size of the tert-butyl grbup. " The
following equilibrium would therefore lie significantly
to the left: |

t

WP, + Bu—NH WF6(Bu3NH2)

6 2
The tert-butylamine is thus available to react with
hydrogen fluoride. This would result in the following

reaction sequence:

(1) WF, + BuSNH, <—— WF6(Bu3NH2)

6 2 —
" slow t
(ii) WF (Bu=NH,) — WF NHBu= + HF
, & % fast t + t -
(iid) WF NHBu= + Bu—NH, —_— Bu-NH, " WF N Bu
; fast & . _
(iv) HF + Bu=NH, ——> Bu—NH,; +F .

The 1H n.m,r, spectrum of methylammonium methylimido-

pentafluorotungstate (VI) in deutero-acetonitrile shows
peaks due to the methylammonium cation. Geﬁerally the
cation signals are poorly resolved with only the methyl
signals being observable. The 1H n.m.r. spectra of the

1NN -

+ - n + =
3 WF5NEt and Bu—-NH3 WFSNBu R

show poorly resolved peaks for their omethylene protons.

compounds, EtNH similarly
The absence of any signal due to the protons on the
nitrogen, or, in some cases, an indication that they had

collapsed to a broad singlet suggests that some exchange

*WF_NBuZ~.

86
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process is taking élace}

The 1ﬁ n.m.,r. spectrum of the methylimidopentafiuoro-
tﬁngstate (fI) anion has a broad peak in the same region
‘as the methylimido peak in methylimidotungsten (VI) tetra-
fluoride complexes, No fine structure can be resolved,
but lH-ithg decoupling does sharpen the peak and give
information on relative signs of the coupling constants
(see Section 13). A possible cause of this broadening
is exchange of the trans fluorine, fast enough to affect

the small hJ(lH - p coupling, but not fast

trans)

2..19 1 .
enough to affect the large ~J( Fcis - 9F trans) coupling,

For the ethylimidopentafluorotungstate (VI) anion the methy-
lene group is a'quartet, due to coupling with the methyl.

group protons. The components in this quartet are broad,

1 ik
-1

but "H NE decoupling gives no sharpening of the peak,

A similar situation is observed for the n-butylimidopenta-
- fluorotungstate (VI) anion.

The 19F n.m.r. spectra of the anions, WF_NMe ,

5
: WFSNEt- and WFSNBuE‘, have all a doublet at 28 p.p.m,
downfield from trichlorofluoromethane. In each case there
is a much weaker complex signal at about 100 P.Pe.m,
upfield from trichlorofluoromethane. For the anion,
WFsNMe-, the association of these two peaks has been

. 19 19 . .
definitely established by F -§ r homonuclear decoupling.

The two peaks of WF_NMe are shown in Figures 2:14 and 2:15.

5
The doublet is assigned to the cis-fluorines, which are
coupled to the lone trans-~fluorine. The complex peak at

high field is assigned to the trans-fluorine, which is

coupled both to the four cis-fluorines and the ll'lN nucleus,
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19F- ithf Spin decoupling confirms the presence of the
nitrogen coupling (Figure 2:15). For the anion, WFsNEt-,
the multiplet is broad but the by - 19 <pin coupling is
"still apparenf (Figure 2:16), whereas for the anion,
WFSNBuE’, the multiplet is a quintet in which the 1'N - 19
coupling is not observed (Figure 2:17).

The lH and l9F n.m.r, data are therefore consistent
with the ionic compounds RNH3+WF5NR- (R = Me, Et and BuZ)
being present in solution, For R = Me, the 19F n.m.r,
spectrum suggests that the (C - N - W) skeleton is nearly
linear. The n.m.r., evidence is thus consistent with the

structure:

H

H\ “‘éH

c”
|
N
F“F

W
|
F

The decreasing resolution in the 19F - 1k

N coupling

in going from methyl to ethyl to n-~butyl cannot be due
directly to the asymmetry of the substituent, since the
electric field gradient is a short range effect (see Section
L), A large field gradient couid be introduced at the

nitrogen atom, due to asymmetric bending modes of the

(C - N - W) skeleton:



Figure 2:16

The complex peak at 819F = =99.,5 p.p}m., in the'lgF NeMeT,
spectrum of WF5NEt- and the effect of 17F - Eth}spin :
decoupling, recorded at S645MHzZ . ’
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This results in the (C - N - W) skeleton béing,on
average;bent. The asymmetry of thé n-butyl group is
'muéh greater than that for the ethyl group and thus the
average bend greater, The asymmetric bena leads tb the
electric field gradient at the nitrogen nucleus beiﬁg
greater and the quadrupole relaxation time being shorter,
An alternative explanation based on the differing induc-
tive power of the alkyl groups is unlikely, since this
difference is small.

The vibrational spectrum of methylammoniﬁm méthylimido-
pentafluorotungstate has been extensively studied with the
results shown in Table 2:10. The assignments made for
the anion will be discussed later (see Section 10).

The cation bands are assigned on the.basis of
vibrational spectral studies of the methylamﬁonium cation
in the literature (154, 155, 156, 157, 158). The spéctrum
of the methylammonium cation is complex, since Férmi
resonance enhances the intensity of many combination bénds.

The bands of group A are assigned to both the (N -\H).

stréetch and the first overtone of the (N - H) bend. These
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~TABLE 2:10

+

THE VIBRATIONAL SPECTRUM OF MeNH3 WFsNMe-
R 1 1. Raman  sqIution
Raman solid (cm™ ) I.Rs Mull (cm” ~) Assignment (cm )
3270 vs. Cation
3185 wvs. Group A
3114 vs.) (N -H)
stretch
2997 s 3004 mP
, 2954 wP
2930 s i .‘ 2934 sP
2880 s
- 2788 s ) Cation |
2750 m ) Group B
2481 m
1676 m ) Cation
1640 s ; Group C
1617 s.;
1529 s ; Cation
1520 s ; Group D
1506 s ) (N - H)
bend
1462 s Cation or
anion
1426 m (¢ - H)
bend.
. 1404 m
1347 vs. - 1332 vs, anion (C-N=W) 1350 vs, P
’ stretch
1266 m cation (NHB)
rock
1111 m.b.r,. 1116 mP
: - 1091 wP
1052 wP
. ' 1019 wP
1000 s cation 1008 wP
954 vs. Group E

950 VS.
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. TABLE 2:10 (contd.)

Raman Solid,(cm-l) I.R. Mall (cm_l) Assignment Raman solution

(cm-l)*
900w
718 m . 723 vs. : " anion 734 wP
670 m .. ' : : -1’ 672 mP
| | 664 mP
630 m 651 vs.,. anion 632 sP
625 m |
’4, 586 vs.. énion
557 vs. sh anion
| 547 mP
. 508 wP
481 s anion |
L3k w.br. _ | k31 vs, anion 439 wP

* Contains W2F9(NMe)2_ as an impurity.

The i.r. spectrum was scanned in the range hooo -~ 350
cm-1 using'FluorolubeandNujol mulls between potassium
bromide plates.

The Raman solid was scanned from 1400 cm™t down,

and the Raman solution from 3500 om™t down.
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bands occur at higher frequency than in methylammonium

fluoride, MeNH, F~ (157, 158) suggesting little or no

- 3
hydrogen bonding. For example, in methylammonium fluoride
-the (N - H) stretching vibration occurs at less than
31350m-1, whereas the corresponding fluoroborate salt,
where little or no hydrogen bonding is expected, has two
strong bands at 327820m-l and 3223cm™ Tt (158). The bands

in the group B region are assigned to combination bands.
These aré seen in the i.r. spectra of methylammonium
halides (154, 155, 156, 157, 158) though are only weak

in the IBF4: salt (158). The bands in groups C and D

are assigned to (N - H) bend vibrations, along with combin-

ation bands. The peak at 1266cm™ L is ass jgned to an NH3

3+ salts.,

The bands in group E are assigned to (C - N) stretching

rocking mode. This band appears in most MeNH

and to (CHB) rocking modes.

The infra-red spectrum of the salt EtNH3+‘WF5NEt- is

shown in Table 2:11. There is less published work on

the EtNH3+catim1but a description of its halide salts

has been published (156). Group A is assignedkto the

(N - H) stretching vibrations and, like the corresponding
methylammonium derivative, the bands are at a high energy
and suggest little or no hydrogen bonding. '.The bands

in Groups C, D, E and F are all consistent with the

EtNH3+ cation.

Table 2:12 shows the infra-red spectrum and assign-

ments of the 3:1Bu§IG{ : WF6 complex. The i.r. spectra

2
3+ C1~ andBu® NH3+ BClu- have been published (158)
.

~ of iBuNH
and the spectra of But NH3+ c17, Bﬁ:and I~ above 1500 cm
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TABLE 2:11 '

THE INFRA-RED SPECTRUM OF EtNH;-WFSNEt-

I.R. peaks (cm _1) Assighment

3260s Cation ' (N-H)st)Group A

3170s

30008
2960s

2740w
2618w
2505w
2340w
1880w.br.

" Group B Combinationbands

)
)
)
]
2861m | ;Catiop
)
|

‘Group C

1624s Cation . Group D
1516s '
1476m
1456m
1436w
1404m

Anion

and Cation.:

Nt N s et “a? “us”

1376w
1314vs. . Anion

1222m ) Cation (Group E) NHS rock.
1195s o
1121w ' ‘ . : - B

982m

898w

880m >
805s -

Cation { Group F




“TABLE 2:11 (contd.)

| 730m - anien
4652vs. - , | anion
600vs. * - anion
515m | ' anion

The 3,000 - 300 cm-1 region wassnannéd, using

Fluorolube and Nujol mulls betweén potassium bromide plates.
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TABLE 2:12

INFRA-RED SPECTRUM OF BuENHZ:WFé 3:1

' Peak'(cm-l) Aésignment

3246
3180
3100

L
e

cation Group (A) (N-H)st.

2980 vs.
29138
2892

g3 n

2800
2722
2602
2238
2140

2021

cation Group (B) combination
bands.

gwE38S8

1618

1520 | cation Group (C) (N-H) .

[/ )]
e

1480 m. br.

1398 s ) C ) _ n
1362 s ) cation or anion CC3 stretching
1221 s ) ‘ cation NH3

9262 w ). .

909 w ; cat:!.qn .

735 m -

725 m anion

651 vs, - anion
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TABLE 2: 12 (contd,)

: Peé.k - - ~ Assignment
 590v s. br. | anion
550 sbr. | anion

'Th'e spectrum was recorded in the régiqn 4,000 - 300 em™t

using Nujol and Fluorolube mulls between KBr plates.



have been diséussed (156). Bands of groups A, B and C

afe assigned as previously described for the MeNH +

3
“and EtNH3+ cations, Group D is assigned to stretching

vibrations associated with the CC, skeleton. In the

3
published spectra there is a third strong band at 1298 and

12901 0m~1 respectively, which is presumably obscured by

the very strong band at 1286 em™ L,

102
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 VIII. THE CHEMICAL PROPERTIES OF THE ALKYLAMMONIUM
ALKYLIITDOPENTAFLUOROTUNGSTATE (VI) COMPOUNDS .

The salts, MeNH3+ WF NMe~ and EtNHB+ VP NEtT, are

hygroscopic and are slowly hydrolyzed in the moist

atmosphere, The adduct, WF 3BuENH2, is non-hygroscopic

6’
and undergoes no apparent change, but the i.r. spectrum
of a sample of the adduct which had been exposed to the
atmosphere for several days demonstrated‘that some hydrol-
ysis had taken place. The peaks assigned to (w - F)
§t£e£ching ﬁodes had decreased in intensity, whereas two
new inteﬁse peaks had appeared at 944 and 872 cm-l.

This suggests that a cis-dioxo complex had formed. For
example, the salt KZWOZFh , H20 has two intense peaks

in its i.r. spectrum at 959 and 901 cm-l, which were
assigned to the cis-(woz) symmetric and asymmetric
stretching modes respectively (159). Another possibility
is the formation of the mixed anion, WFuO(NBuE)z-. The

t

resistance of the initial adduct, WF6, 3Bu-=-NH to

2’

hydrolysis is demonstrated by the presence of non-
hydrolyzed material even after several days eprsure

to the atmosphere,

If the nitrogen atom in the anions, WF_NR , has some

5

basic propefties, then it should be possible to prepare



the dialkylamino complexes, WF5NR2, from its reaction

with a powerful . alkyl cation donor,. An attempt was

made to prepare dimethylamidotungsten (VI) pentafluoride,
..WFSNMez,
(Vi) anion, WF

by reacting the methylimidopentafluorotungstate

5NMe—, with methyl fluorosulphate. Methyl

fluorosulphate is a very powerful methyl cation donor
(160). If the nitrogen atom has some basic character

then the following reaction might be expected:

* WF_NMe~ + MeOSO_F

(a) MeNH., 5 -

N +. -
re MeNH3 SOBF + WFSNMe2

There ié no apparent reaction at robm temperature,
At 90°C the mixture turns green and methyl fluoride is
formed, (Methyl fluorosulphate heated.to 90°C on its own
does not evolve methyl fluoride). This sugggsts én
alternative reaction to the above in which the methyl-
fluorosulphate is interacting with the trans-fluorine:
'(b) VP NMe™ + MeOSO,F ———> WF,NMe(S0,F)~ + MeF.

Unfortunately due to lack of time it was not possible
to investigate this reaction further.

The presence of methyl fluoride suggests tﬁat reactioﬁ
(b) is much more likely than reaction (a) and that the
nitrogen atom in the anion has no basic propertiés. This
is consistent with the nitrogen lone pair electrons inter-
acting strongly with the vacant d-orbitals on the tungsten.
The present work implies that it should be possible for
the compounds, WF NR2, to behave as alkyl cation donors,

5

The related compound, WF_OMe, can act in this way (48),

5

for example WF_OMe reacts with (MeO).P to give (MeG)., PMe '
3 . ’3

5

WOFS_ and with (MeO)ZSO to give a complex mixture of

products including WOFs- and W202F9-. The preparation

104
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of diethylamidotungéten’(VI) pentafluoride, WF5NEt2’.
has been réported and a brief account has appeared of

its reaction’with (MeO)ZSO (55, 161). The l9F'n.m.‘x".
spectrum of the reaction mixture qbtained on mixing
(MeO)st and WF5NEt2 shows three complex peaks at

519F = 61.3, 51.0 and 34,9 p.p.m. These peaks were
previously assigned to the complex WFu(NEtz)(OMe). (161).
The first two peaks are however in the region expected
for tungsten oxide tetrafluoride complexes and are better

19F = 34.9 P.P.m,

assigned tothese species. The peak at §
is very close to the position found for the dimeric anion,
W2F9(NMe)£ (vide infra). A better assignment for this
peak is therefore the dimer, W2F9(NEt)2_ or the mixed
dimer, EtNW(Fu)F(Fh)WO-. The i.r. spectrum of the reaction
has also been described and a strong band reported at
1312 cm_l (161). A conclusion of the present work is
-that this band is characteristic of the group, EtN = W
(see Section 10). The reaction is wvariable and an
l9F n.m,r. study of another reaction mixture has shown
no peaks in the 519F = 30 - 40 p.p.m. range, and only a
weak peak in the i.r. spectrum at 1315 cm-l. The
previous work on diethylamidotungsten (VI) pentafluoride
is consistent with it acting as an ethyl cation donor.

The éhemical properties of the anionmns, WFBNR-, are
consistent with the lone pairkelectrons on the nitrogen
having been fed into the vacant d-orbitals oﬂ tﬁe tungsten.

This in turn is consistent with the n.m.r. evidence which

suggests a linear, or near linear, (W-N-C) skeleton.
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(IX) THE REACTION.OF TUNGSTEN HEXAFLUORIDE WITH METHYL
(TRIMETHYLSILYL) AMINE.

(a) Introduction.

If an excess ( 2:1 molér) of tungsten hexafluoride
is condén§ed on t§ methjl (trimethylsilyl) amine in the
pfesence of a large excess ( 8:1 molarﬂﬁ}richlorofluoro-
methane and the mixture is allowed to warm slowly to room
temperature, a reaction takes place to form a solid

product, insoluble in CCl_F, and trimethylsilyl fluoride.

3
The colour of the solid product varies from white to pale -
green, and this variation is reflected in the analysis
results (see Section XIII). The solid products are com=
pletely soluble in acetonitrile, and the lH and 19F n.m.r.
spectra of these solutions show that they consist of mixtures
of the methylammonium salts of the anions, WFSNMe- and
W2F9(NMe)2_, in varying relative amounts.,

(b) The identification of the p-fluorobis (methylimido-
tetrafluorotungstate) (VI) anion , W2F9(NMe)2-.

‘The identification of the p ~fluorobis (methylimido~
19

tetrafluorotungstate) (VI) anion is based on the Fnem.r,

19

.spectra. A typical Fn.m,r, spectrum of a solution of

the solid product in deutero - acetonitrile is shown in
19 : : .
the range § “F = 25 - 40 p.p.m. in Figure 2:18. This
shows the doublet previously assighed to the cis -~ fluorines

of the WFSNMe- anion at gl9F = 28.0 p.pem., and a further

doublet at §17F = 35.7 p.p.m. By analogy with the

W20 F —/WOF system it was felt likely that this doublet

2°9 5

belonged to the cis - fluorines of the dimeric anion,

W2F9(NMe)_2. 19F-§19F} Spin decoupling demonstrates
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that the low field doublet is coupled to a fluorine which |
resonates at Sl9F =-127.,4 p.p.m. A very complex
signal is 6bserved at this position and this is shown in
_Figure 2:19, If fhis is the bridging fluorine of the dim-
eric anion; then it should be coupled to eight equivalent
fluorines and two equivalent nitrogens producing a445
line spectrum. The peak seperations in the signal are

2_,19 19F

consistent with “J(*7'F_ - g

o t) = 60Hz and 2J(lz*N - 19F)

= 26 or 3}Hz, The line diagrams in PFigure 2:19 show
the expected spectra if the fluorine is coupled to eight
equivalent fluorines, 2J(19Fc - 19Ft) = 60Hz and two

equivalent nitrogens, 2J(luN - 9% = 261z (b) or 34Hz (c). -

)
The intensity relationships show a very good fit for
25(My - 95) = 3¢ma.

1l‘N - l9Ft) coupling suggests

The observance of 2J(
that the anion possesses a linear, or near linear,

(C~N=W-F -W=N-C) skeleton (Figure 2:20),

(c) Possible reaction pathways.

The solid product formed has a differing composition
from reaction to reaction as is shown by both analytical
and n.m.r. results. This suggests that several compet-
ing reactions are taking place, Initially an equilibrium
should be established.

WF, + Me_,SiNHMe ——m WF6, Me
—

6 3 3
‘The presence of the trimethylsilyl group should lower

SiN(H)Me.

the basicity of the nitrogen, in addition its bulk will
hinder the formation of the 1:1 complex. The equil-
ibrium will therefore be expected to be well to the left,

and there should be significant quantities of free
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MeBSiN(H)Me present.

There are two possible ways in which further reaction
baﬁ take place:
(A) WF,, NH(Me)SlMeB - WF5NMe(SlMe3) + HF

- (B) WF6,m~1(Me)SiMe3 : WF5NMe(H) + MeBS:LF. .

If reaction (A) takes place then the following further

reactions could occur:

fast '
(i) WF_N(SiMe,)Me —> WF,NMe + Me,SiF
5 3" fast 4 3
_(ii) HF + Me ,SiNHMe —> MeNH, + Me ;SiF
fast :
(diidi) WF, + MeNH, ——— WF6(NHZMe)
. slow :
(iv) WF6(NH2Me) —_— WFSN(H)Me + HF
fast
(v) WP (NH,Me) + WF_N(H)Me —> MeNH.' + WF_NMe™ + WF,
6\ 2 5 3 5 6
(vi) VF,NMe + MeNH; + WF NMe~ , MeNH +1421«‘9(1\11%@;)2_'.

Reaction (i) will be fast since the silicon atom in
the trimethylsilyl group is a very strong acceptor.centre.
Reactions (iii), (iv) and (v) have been previously dis-
cussed (see Section VII).: _

The previous work on the (MeBSi)2NH/WF6 system
suggests that (B) is favoufed, but not exclusively. If
reaction (A) is autocatalyzed by hydrogen fluoride, then
this would provide-a'pOSSibie explanation for thelbbserved

~

products.
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(X) THE VIBRATIONAL SPECTRA OF METHYLIMIDOTUNGSTEN (VI)
TETRAFLUORLDE COMPLEXES., ;

(a) Introduction.

Q

"In compounds derived from tﬁe group, WFhX(X = 0, NH,
NMe, NEt and NBui), prepared in this work, the highest
symmetry possible is Chv’ This can be lowered, either
from the lower symmetry of the ligand or the alkyl sub-~
stituent. Furthermore, in the solid stafe compound site
asymmetry due to the crystal structure can lower the symmetry

further. Tungsten (VI) chloride pentafluoride, WF_C1,

5

has been chosen as a model for the assignment of the

vibrational spectra of WFuX compounds. The vibrational

'

spectrum of WF_C1l has been investigated using gas i.r.

5
spectrometry as well as i.r. investigations of the solid
and Raman studies of the liquid (162). The results
obtained for WF5CI are shown in Table 2:13. Tungsten
(VI) chloride pentafluoride is Cy, in the gas and liquid
states. The splitting of an E band and the appearance
of a formally i.r, inactive B1 band in the i.r. spectrum
of the solid is ascribed to lower site symmgtryvin the
solid, Tungsten hexafluoride has site symmetry C1 in
the solid state (163), and a similar packing arrangement
would give an even lower site symmetry for WF_Cl.

5
(b) Tungsten (VI) oxide tetrafluoride complexes.

Although the structure of the tetramer (WOFA)M' has
been extensively investigaéed (105, 106, 107, 108), 1little
work has been reported on the structure of the donor ligand
complexes of tungsten (VI) oxide tetrafluoride complexes.

The crystal structure of the 1:1 tungsten (VI) oxide



VIBRATIONAL ASSIGNMENTS

TABLE 2:13

3

FOR WF_C1

113

(After Adams, Fraser, Morris and Peacock) (162).

I.R. (solid)

Class Assignment and " Raman
Description
Ay vl(W-Cl) Lo7sP 390s
(X.R. and v2Vsym(WFh) 7hhvs.P 743vs.
Raman P ol
active) Vq v(VF,) 703mP. 704m
vy, (WFh) 257w 243m
B1 -
(Raman only) v v(WF) out of plane) 6hkhw 640s
vg (WP,) 182w
B, \C (sz) 377mD
(Raman only) .
E (I.R. and vg Vas(VFh) - 661mD 667,655s
Raman active) _ :
v (WFA wvag ) 307mD
9
V10 (WF, rock ) 290w
Vi1 (WFQ in plane 227w

bend)
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tetrafluoride xenon difluoride complex, WOFu(XeFZ) has been
determined from X-ray diffraction studies (}6“), and is
iliustratea in Figure 2:21. vThe tungsten atom and the
..four.cis fluorineé are not in the same plane, the cis—'
fluorines being bent towards the bridging fluorine. The

19

structure is conéistent with the F n.m,r. evidence for
tungsten oxide tetrafluoride complexes in solution (48, 49,
94, 95, 103, 104, 109), which indicate that the complexes
are monomeric and that the four fluorines are cis to the
oxygen atom. The very short length of the (W = 0) bond
and the repulsive effect it has on the cis-fluorines are
cénsiétent with a high bond order.’

In the tungsten (VI) oxide tetrafluoride tetramer a
.strong broad band is observed in the i.r. spectrum at
1,054 cm-l (105, 108). If the 180 enriched tetramer is
studied then this band is considerably weakened.and a new
band is observed at 997 cm - (108). The band at 1,054 em™t
is thusAassigned to the (W = 0) stretching mode. The
assignments for the (W-F) stretching modes of the 1:1
tungsten (VI) oxide tetrafluoride acetonitrile complex,
WOFh(MeCN), are made on the basis of the assignments for
WFSCl and are shown in table 2:1. A significant feature
of this spectrum is that the (W = 0) stretching vibration
is about 20 cm”1 lower in energy compared with the
tetramer, A similar effect is observed in the 1:1 tungsten
(VI) oxide tetrafluoride dimethyl ether complex, WOFH(MeZO),
where the (W = 0) stretching vibration occurs at 1,025‘cm-1 o

(49). The (W-F) stretching vibrations are also of a

lower energy compared with the tetramer. This latter effect



115

Figure 2: 21
The Crystal Structure from X-ray diffraction

of WOF,, XeF,;

Holloway (164).

after Tucker, Taylor and

i

. /189 pm
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has previously been observed between the tetfameric penta-
fluorides of niobium and tantalum and their monomeric, 1:1
acetonitrile'complgxes (165). The tungsten (VI) oxide

‘tetrafluoride acetonitrile complex shows no bands assign-

able to bridging fluorines,

(c) Imidotungsten (VI) tetrafluoride complexes.

The vibrational assignments for the 1:1 imidotungsten
(VI) tetrafluoride acetonitrile complex, WFhNH(MeCN), are
'shown in Table 2:4, The (W = N) stretching vibration is
assigned to a strong peak at 1,060 cm-1 for the following
reason, It is a strong, broad band occurring in a similar
region to the (W = O) stretching vibration. The compar-
ative bond strengths of the tungsten-oxygen and tungsten
-nitrogen multiple bonds can be compared in a semif
gquantitative way. This is because most of the movement
of the (W = X) vibration will be concentrated in the
light X atom or group. This means that the frequency of
vibration wiil be given approximately by the simpleb
diatomic formula:

v = (w/hw3cPm)? —— (1)
where k = force constant, ¢ = speed of light and

m_ = mass of X atom (166).

If the mass of X is changed and the force constant is
unchanged then the frequency should vary according to the

expression below:-

Va =A"1(“’x1/"‘x?.)% — (2)
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If in (WOFh)h,an 180 atom is substituted for 100

then a drop in frequency is predicted from 1,054 cm-l

tq.99h cm-i.‘ This compares with the obserVedvfrequency
in (W lSOFh)h of 997 om~L.

The imido group, NH, is more complex since it is not
a single point mass, but bécause the (N-H) stretching
vibration is well removed from the region'expected for the

(W = N) stretching vibration, it is a feasible approx-

imation to treat the NH group as a single point mass,

16 1

If the (W = ~0) stretching vibration is taken as 1,026 cm ,

then equation (2) predicts that, assuming the same force

constant, a mass of 15 a.m.u. should vibrate at 1,060 cm-l.

This is remarkably close to the experimental falue, and.
supports the assumption of the near eéuality of the force
constants of the (W = 0) and (W = N) bonds.

The i.r. spectrum of the solid believed to be impure
- methylimidotungsten (VI) tetrafluoride, WF,NH, is shown
in Table 2:14, There are two strong bands at 1,177 cm_l ang

1,094 cm-l. The latter band is in the region where the

(W = N) strétching vibration is expected. It is 30 cm—l
higher in energy than the (W = N) stretching vibration for
the acetonitrile complex, WFuNH(MeCN), similar to the dif-
ference observed between the (W = 0) stretching vibrations
in (WOFM)Q and WOFu(MeCN). Equation (2) predicts, on
the basis of a (W = 0) stretching vibration at 1,054 cm'l,
" that the (W = N) stretching vibration for the compound
should occur at 1,089 cmul. This is very closé to the
experimental value. A possible assignment for the band
at 1,117 c:m'-1 is as a vibration associated with the

(W-N-Si) skeleton of the compound, trimethylsilylimido-

tungsten (VI) tetrafluoride, as it is intermediate in. energy
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TABLE 2314

THE i.r. SPECTRUM OF METHYLIMIDOTUNGSTEN (VI) TETRA-
. ' FLUORIDE, WFhNHi‘ , '

l) Intensity o Assignment

Peak (cm~

3260 . - vs | - (WfH)st.

2959 _ s (C-H)st. *

2922 ‘ . ' s , (c-H) st. *

2858  om .

1426 : vs  (c-H) bend
1349 m - A

1256 s (Me 51 <) %
1177 ' - s.br (W = N-Si)st.*
1094 " ‘ms,br’ (W = N)st.
855 | s, br | (Meési»¥) *
764 : 8

724 m . ~(w = N;Si)st,*_

668 - s '  (W-F)st.

605 | | s,br | (W=F-W)st.

* (Assigned to the complex,'WFuNSiMeB) (see Section 4)

* (Other peaks are observed, but these are not reprod-

ucible).
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between the (W = N) stretching vibration of the (W = N-H)
skeleton, and vibrations associated with the (W = N-C)
skéleton (Qide infra). It has glready been suégested
,that'trimethylsilyiimidotungsten (Vi) tetrafluoride,

WF

NSiMe is present as an impurity (see Section 4).

L 3’
It has been suggested from a study of transition-metal
fluoride spectra that there are three distinct regions
in which metal-fluorine wvibrations occur:
(i) A metal terminal-fluorine stretching regionm,
800 - 600 cm~ L.
(ii) A metal bridging;fluorine stretchihg region,
550 - 450 cm~ L.

(iii) A metal-fluorine bending region 350 - 50 em™t (165).

The i.r. spectrum of impure mefhylimido-tungsten
(VI) tetrafluoride shows a strong peak in the tungsten -
terminal - fluorine stretching region, and a strong peak
"in the tungsten - bridging - fluorine region., “This
suggests that it has a polymeric structure similar to
tungsten (VI) oxide tetrafluoride. This evidence is
not definitive, however, since trimethylsilylimidotungsten
'(VI) tetrafluoride is present, and is also likely to possess

a polymeric fluorine bridged structure,.

(a) Alkylimidotungsten (VI) tetrafluoride comp axes,

A collation of i.r. data on alkylimidotungsten (VI)
fluorides is shown in Table 2:15. The peaks previously
assigned to the ligands or the cations have already been
discussed and are omitted. The assignments for (W-F)
stretching vibrations are discussed first, The bands in -

group 3 are assigned to the symmetric (W-F) stretching
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mode of the equatorial fluorines. As has been previously
observed between (WOFu)h and WOFu(MeCN), in passing from
thé tetramér to the donor ligand complex there is a loss
cin the energy of,fhe (W=F) stretching vibrations. The
broad, strong vibrations of group 4 are assigned to the
asymmetric (W-F) stretching modes of the equatorial
fluorines. These are doubly degenerate for chv symmetry.
For methylimidomethoxytungsten (VI) trifluoride dimethyl
methylphosphonate, WFB(OMe)(NMe)[(MeO)ZP(O)Me], two well
separated bands are observed in this region. A band

is observed at 505 cm“l in the i.r. speétrum of methy-
lipidofungsten (v1) tetrafluoride; This is assigned to

the (W-F) stretching vibrations of bridging fluorines,
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and suggests that the compound is polymeric (see part (e)).

The bands of group 6 are assigned to a (WFQ) out of phase
stretching mode. For Chv symmetry it is inactive, but, |
as Table2:13 shows,it has been observed previously in solid
WF.Cl. The bands in group 7 could mot be assigned. The
(W-F) stretch of the axial fluorine does not appear to be
observed, This is probably because it occurs in the
same region as the intense (WFh) asymmetric stretch.
Groups 1 and 2 are assigned to stretching médes
associated with the (C - N = W) skeleton. In this system
strong coupling is possible between the (C;N) stretchiné
modes and the (W = N) stretching modes. This would result
in the vibrations present being characteristic of the
group as a whole and not of individual parts of it, This
type of coupling has been fully discussed (166), and there
are four requirements: (i) close proximity of the vib-

rating atoms, (ii) strong forces between the vibrating
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groups, (iii) 'approximate equality of the group freq-
uencies and (iv) identical symmetry of the group'vibrétions.
Reéuiremen£s’(i), (ii) and (iv) are clearly met, but require-
ment (iii) requireé further discussion. The (C—N) stret-
ching vibrations in organic compounds occur in the region
1,200 - 1,350 cm-l, and are generaliy at a higher energy,
the higher the electronegativity of the group attached
to the nitrogen. The (C-N) stretching vibfation in the
complexes.under discussion is expected to be at the higher
end of the range, since the nitrogen substituent is highly
electronegative., The position of the (w = N) stretching
vibrations is more difficult. A calculation based on eq-
uation (2) results in it being shifted to much lower energies,
762 cm-l for NMe, 626 cm-l for NEt and 487 cm—l for NBui.
These calculations involve gross approximations. As the
mass of the substituent increases, the movement of the
tungsten atom becomes moré significant, and it is now no
longer justified to treat the substituent as a point mass.
The group 1 vibrations could thus represent a>(C-N)
stretching mbde or an asymmetric stretching mode of the
(C - N = W) skeleton; similarly group 2 could rebresent a
(W = N) stretching mode or a symmetric stretching mode
of the (C - N = W) skeleton.

Changes of the other tungsten ligands dq not affect
the position of the group 1 band significantly. Table 231
shows that it is fairly constant for the (W = N - Me)
group at approximately 1,331 cm-l. If the Aalkyi group
is changed, however, then there is a significant loss in
energy. This could be either because the vibrétion is

better represented by a (C-N) stretching mode or else
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because it is the movement of the carbon which makes the
bigger contribution thus making a substitution at the car-
boﬁ cause a bigger change_in the energy of the vibration.
-X-ra§ diffraction studies shéw that compounds of the type -
c2015Nw01u(L) possess a (W = NC2C15) skeleton,.and that
the four remaining chlorines are cié to the pentachloro-
efhylimido group (82, 83). For pentachlorqethylimido-
tungsten (VI) tetrachloride trichloroacetonitrile,

c,Cl NWClu, CC1,CN a strong band is obsérved in the i.r.

2775 3
spectrumbat 1,285 cm_l, and for the dimer,l)-dichlorobis
(pentachloroethylimidotungsten (VI) triehloride), a strong
band:is observed at 1,290 cm-l. These have been ten-
tatively assigned to the (W = N) stretching vibrations (90).
It now seems more accurate to assign them to the asymmetric
stretching mode of the (C - N = VW) skeleton.

The group 2 vibrations are assigned either to fhe
symmetric (C - N = W) stretching mode or the (W = N)
stretching mode.,

In oonclusion, there is still much doubt about the
assignments>for the (C - N = W) stretching modes, but the
intense band in the region 1,285 - 1,335 cm'-l is a very

useful indicator for the presence of the (C ~ N =‘W) 

group.
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(XI) THE REACTION OF TUNGSTEN HEXAFLUORIDE WITH
TRIMETHYLAMINE.

In the present work the reaction of tﬁngSten hexa=
fluoride with trimethylamine has‘been‘briefly studied.
Reaction between fhe two compounds takes place below room
témperature to produce an off - white powdery solid.

The analytical data on this is consistent with the 1:1
adduct, WFS(MeBN)' The compound dissolves in deutero-
acetonitrile to give a very dark solution, The 1H NneMm.r.
of this solution shows a peak at ng = 2,67 p.p.m..which

is assigned to coordinated trimethylamine. Other weaker
peaks’ére also observed, but these were not assigned.

Thé 19F n.m,r, spectrum of this s&lution has no signals;
and is thus consistent with reduction to W(V) having taken
place.

The ability of trimethyiamine to act as a reducing
agent has recently been discussed in relation to its

reaction with copper dichloride (167). It is suggested
+

that the intermediate formed is the cation, MezN = CH2 .
This can react with further trimethylamine to give the
cation, Me_ NCH, NMe +. The 1H n.m.r., spectrum of the

2 2 3
adduct, WF5(Me3N), does not exclude the presence of this

cation,
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(XII) THE REACTION OF METHOXYTUNGSTEN (VI) PENTAFLUORIDE
WITH N-METHYI. HEXAMETHYLDISILAZANE.

The réactipn of methoxytungsten (VI) pentafluoride,
‘WESOMe, with N-methyl hexamethylaisilazane was investigated
as a possible altérnative route to methylimidomethoxy-
fungsten (VI) trifluoride complexes. This was based on

the expected substitution reaction:

(1) WF_OMe + (Me

5 Si),NMe —> 'WFB(OMe)(NMe) + 2Me,SiF

3 3
N—Mefhyl hexaméthyldisilazane reacts slowly with

methoxytungsten (VI) pentafluoride at room temperature

to give a viscous, brown oil, trimethylsilyl fluoride

and methyl fluoride.. The brown oil is ins&luble in ethyl

19

acetate and perfluorotoluene. The 1H and F n.m.r,

spectra are obtained directly from the oil. | The lH n.m,r.
spectrum has several fairly weak'peaks,>which were not
assigned (see Section 13 part xxi), and a strong peak at
SlH = 5.53 p.pem. which was assigned to the methyl

protons of the methylimidotungsten (VI) tetrafluoride

group., The latter peak is broad and no fine structure

can be resolved., Two broad signals were observed in

the 19F n.m.r. spectrum at 519F = 65 and 38 p.p.m.,

On the basis of their chemical shifts, these two peaks are
assigned to tungsten (VI) oxide tetrafluoride and
methylimidofungsten (VI) tetrafluoride species respectively.
A relatively sharp doublet is observed at SlgF = 60.5 p.p.m.
and, on the basis of its chemical shift and coupling
--constant, this is agsigned to the dimeric anion, W202F9_.
The low resolution mass spectrum of the oil shows peaks

attributable to the methoxytungsten (VI) fluorides,

WF6_n(OMe)n (where n = 2 and 3), and methylimidotungsien (vi)
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tetrafluoride degradation products.

The i.r. spectrum is shown in Table 2:16.  The
teﬁfative éssignments of the peaks are based on their
,pbsifions. The s&rong peak at 1,333 cm"l is considered
to be characteristic of the (Me - N = W) skeleton (see
this Chapter, Section 10).

In the presence of a large excess of ethyl acetéte,
the reaction of methoxytungsten (VI) pentafluoride with
N-methyl hexamethyldisilazane takeg place at room temper—‘
ature to produce a very viscous, insoluble, yellow-brown'
liquid, a golden-brown solution, and tri@ethylsilyl
fluoride and methyl fluoride. The removal df the volatile
products and solvent from the golden-brown solution, ‘
leaves a golden-brown oil. The analysis of fhe soluble
0il is close to that expected for the methylimidemethoxy-
tungsten (VI) trifluoride ethyl acetate complex. Other
-results however indicate that this résult must be fortuitous.
The lH n;m;r. spectrum of the soluble o0il in ethyl acetate
has several peaks. Two peaks at ng = 5.58 and 5.49 p.p.m.
are assigned‘to the methyl protons of methylimidotungsten
(VI) tetrafluoride complexes.lH-{luN} Spin decoupling
sharpens these two peaks, though no fine structure can be
resolved, lH— {19F§ Spin decoupling collapses the
peaks to 1l:1:1 triplets. The presence of two separate
peaks suggests that complexes of methylimidbtungsten (VI)
tetrafluoride with two different ligands are involved.

"In addition, the 1H n.m.,r. spectrum has a series of broad
or complex peaks in the region, SlH = 4,60 - 5.22 p.p.m.,
which are tentatively assigned to higher substituted

methoxytungsten (VI) fluorides.
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THE I.R.‘SPECTRUM OF THE BROWN OIL ODBTAINED FROM THE

‘REACTION OF TUNGSTEN HIEXAFPLUORIDE WITH N-tSTHY LHEXA -

. METHYLDISILAZANE.

Assignment

Peal (cm'l) Intensity
3,260 s
3,018 W
2,950 ﬁ
2,949 m
1,650 : | w, br.
1,585 | w, br.
1,484 | . f s, sh.
1,452 . s, sh.
1,435 H s
1,420 : B g, sh.
1,k15 = ... . s, sh.
1,333 s
1,291 W
1,248 m
1,151 s
1,084 s

(N-H) stretch
(c-1) stretch
(C-H) stretch
~(C-H) stretch

" (N-H) bend

(C-H) bend

(MeN=W) asym.
~stretch

(W=0) stretch
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Peak inténsity Assignment
1,014 s.br, (W=0) stretéh
950 m
926 W
889 \ 4
822 4
701 s " (Me-N=W) sym.
- stretch
648 's.br. (W-F) stretch
600 s;br, (W—F)Astretchb
458 m
- h1s m

The spectrum was scanned in the region 4,000 - 350 cm~

1

The material was run as a liquid film between KBr

platés.
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.The 19F n.m.r. speptrum of the MISohﬂﬂe'f'in ethyl
acetate has a singlet peak, with tungsten satelliteé; at
gl?F = 37.0 p.p.m., which is assigned to the fluorines of
a mefhylimidotungsfen (VI) tetrafluoride complex. Other
peaks‘present in the spe;trum are tentatively assigned to

3°

The low resolution mass spectrum of the soluble oil

mer - WFB(OMe)j and fac - WFB(OMe)

3(OMe)3 and

WFuNMe. The mass assignment of the former peak has been

has peaks consistent with the presence of WF

confirmed by high resolution mass spectrometry.

The very viséous, insoluble brown oil,has only been
studied by low resolution mass spectrométfy. The iow res-
olution mass spectrum has peaks present consistent with
highly gubstifuted methoxytungsten (VI) flubrides.

A possible rationalization of the reaction is
(2) WF OMe + (MeBSi)ZNMe -5-—1—2‘1——) WF)NMe + MeBSiF} Me 4S10Me
where the trimethylsilyl group preferentially removes the |

methoxy - group rather than a fluorine atom. The methoxy-

trimethylsilane can then react further.

fast
(3) WF_OMe + Me,SiOMe —> cis - WF, (OMe), + Me.SiF
5 3 b 2 3
(4) cis - WFA(OMe)Z + MeBSiOMe fast rer & rac WFB(OMe)B + MeBSiF
v. slow
(5)mer & fac x~rF3(01~1e)‘3 + Me SiOMe ——> cis - WF,(O0Me), +
Me  SiF.
3 1

Previous work has shown that reactions (2) and (3) are

fast, whereas reaction (5) is slow (50). The main substituted

species observed are fac and mer WFB(OMe)B.

It is probable that the reaction giving rise to methyl
fluoride, also results in the formation of tungsten oxide

tetréfluqride complexes. The latter are formed when no
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polar solvent is present, but they have not been identified
OMe with (Me

in the reaction of WF Si)zNMe in ethyl

5 3
acetate. ‘The identification of. methyl fluoride in this
‘reaction, is probably due. to its great volatility allowing
even small amounts to be identified by gas i.r. spectrometry.

Methoxytungsten (VI) pentafluoride is known to decompose

by the reaction
WF S OMe ——> \VOF, + MeF
The reaction is slow at room temperature but rapid at
135°C. The decomposition reaction is explained on the
methy}jcation donor properties of WFSOMe. - (u8). ‘The

presence of the strong acceptor, WFuNMe, could result in

the formafion of a methoxy bridged speciés.

This complex should be an even more powerful methyl
cation donator thap WFSOMe, and more liable to eliminaté
methyl fluoride. The oxygen atom of the methoxy group is,
however, a poor donor due to its lone pair electrons inter-
acting with the vacant d—orbitals on the tungsten atom.

An alternative is an intermediate bridged through‘the

trans-=fluorine.,



MeOQ—W, — F > W=NMe

In tﬁis complex the pW - df overlap between the
p-orbitals of the trans-fluorine and the d-orbitals of
the tungsten atom will be decreased and,'conversely,
the pfr - d overlap in the (W-0) bond will be increased.

The methyl cation donor-properties of the methoxy
group will be increased and, hencé, elimination of methyl

fluoride should more readily occur,

131
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XIIT. . g EXPERIMENTAL

(A) GENERAL

.(i) Sources and purification procedures for starting
materials.

The starfing materials werelpreparéd o; obtained
commercially as detailed in Table 2:17. The solvenfs
used were dried by standard methods (168). Acetonitrile
and propionitrile were dried by refluxing for several |
hours over phosphorus pentoxide, They were then distilled,
and the procedure was repeated two or thfeé'times.
Dissolved air was removed by cooling to 77°K>and pumping
down to 10-’3 mm of Hg, repeating this procedure.severai
times, The nitriles weré stored under vacuum over
molecular sieves (type 4A).

For perfluorotoluene and trimethylphosphite, dissolved
air was removed by the procedure described above, They
were then distilled and stored over mefallic sodium under
vacuum,

Tungsten hexafluoride was redistilled and stdred over
dried sodium fluoride under vacuum. The sodium fluoride
had previously been dried by heating to 140°C for 12 hours
at 1077 mm of Hg. L
The other volatile compounds used were similarly

degassed and stored over molecular sieves.

(ii) General experimental procedures,

Reactions were carried out in anhydrous conditiohs
under vacuum, using glass reaction vesselé with side
arms and equipped with Rota-flo, teflon stopcocks., The
glass systéms were flamed out priér to use to fgmove

adsorbedwater. Glass stopcocks were lubricated with
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TABLE 2:17

- Sources of Starting Materials.

Starting Material Source

WF Fluorochem.Ltd., 99%

MeCN Koch-Light Laboratories or

| B.D.H., Chemicals Ltd. 98%
CZHSCNV , ‘B.D.H. Chemicals Ltd, , |
(MeBSi)2NH Ralph Emanual Ltd. - 98%
<c2H500(o)0H3 B.D.H. Chemicals Ltd., ‘'Analar’
CF,CeF Columbia Organic Chemicals
Co. Inc.

(MeBSi)ZNMe | | MeBSiCI/MeNHz (169)

CClBF : Fluorochem. Ltd,

CDBCN | Fluorochem, Ltd.

Me,Si | Aldrich Chemical Co. Inc.,
(MeO)ZSO \ Aldrich Chemical Co. Inc.
'(MeO)BP Kodak Co.

(Me0) ,P(0)Me ~ Ralph Emanuel Ltd. 97%
MeBSiNHMe , : MeBSiCI/MeNHz (143)

MeNH, _ ' B.D.H. "Chemicals Ltd. 97.8%
EtNHz - B.D.H. Chemicals Ltd. 99.5%
BENHZ : ‘B.D.H., Chemicals Ltd. - 98%
Bf-lNH2 Koch-Llight Laboratories Ltd.,

Pure.

MeN 'B.D.H. Chemicals Ltd., 99%
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TABLE 2:17 (contd.)

~Starting Material " ‘ Source

MeOWF5 : WFé/(MeO)st (48)
MeOSO,F PCR Inc., 99%
(MeBSi)ZO Koch-Light Laboratories Ltd.

Pure.
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'kel.F' grease Wheye necessary, otherwise 'Apiezon L'
was used. 1 Ground glass joints-weré either greased or
fixed with 'Kel F! w’ax. |

Vacuum was attained by uéiné an Edward's double’stage,
high vacuuﬁ rotary pump in series with a mercury diffusion
pump. This resulted in pressures of 10-3 mm of Hg or
less., Pressures were monitored by a McLeod . gauge.

Pressures of volatilevcompounds required for preparing
gas i.r, samples Qere measured using a mercury manometer.
Involatile materials weré handled in a Lintott inrert

atmosphere box,

(iii) Analysis and instrumentation. v .

All(analysis were carried out by A. Bernhardt of
West Germany. Carbon and hydrogen were determinéd by
combustion, nitrogen by the Dumas method, while the types
of determinations for fluorine and oxygen were not specified.‘
-Metals were determined by atomic absorption or another
suitablé method. Accuracy of the order of i0.2% or
better was claimed.

Low resblution mass spectra were obtained using an‘
A.E.,I. M.S.12 spectrometer and high resolution mass spectra
were obtained using an A.E.I; M.S.902S spectrometer.,

Volatile samples were admitted as gases directly into

the electron beam, and involatile samples were introduced
into the electron beam on a ceramic probe at temperatures
between 100 - 280°C.

Infra-red spectra in the range 4,000 to 400 em™t
were recordgd on Perkin - Elmer 457 or 577 spectrometers.
Gas i.r, spectra samples were contained in 5 cm glass celis}

with KBr windows. Other samples were recorded as liquid

films or mulls between KBr or AgCl plates. The mulling
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agents, Nujol and Fluorolube were dried over metallic
;odium. " All the i.r. spectra were referenced using a
‘standard pblystyrene film,
Raman spectra weré recorded, in the range 4,000 ;
100 cm-l, using a Spex - Ramalog spectrometer. The
samples, both solids and liquids, were contained in glass
capillaries. The following laser excitation lines were
utilized: 4765, 4880, 5154, 5682 and 6471 R.
lH N.m.r. spectra were recorded at 60MHZ on a Jeol
C60HL high resolution n.m.r. spectrometer. The l9F n.m.r.
spectra were either recorded on the same instrument at
56.45MHz, or on a Varian XL10O spectrometer at 9L,15MHZ.
Spin decoupling and tickling experiments were carried
out using either the internal facilities of the XL10O
spectrometer for 19F —§l§§ and 19F _§19F§ experiments,.
or using ancillary instrumentation in conjunction with
the Jeol C60HL spectrometer for 'H —%19F§‘, 1y -EMN},
lH _fjlpf, 19F —{31P} and 19F -ith} decoupling.
In the latter case a Schomandl ND10OOM frequency synthesizer
was used to generate the additional freqﬁency required,
Where necessary this was amplified by a Jeol heteronuclear
spin decoupler, which included white noise modulation
- facilities., The decoupling frequency was accurately
measured (ile) by a Racal 9022 frequency period meter.
lH Chemical shifts were referred to fetramethylsilane,
and the convention adopted was that signals to low field
(high frequency) of the reference were positive. The

19F, th and 31P nuclei are also ex-

chemical shifts of
pressed using a similar convention, The reference com-~

pounds were respectively, internal trichlorofluoromethane,
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external nitrate ion, and 75% phosphoric acid.
The th chemiéal shifts were obtained relative to an
éxternal ammonium ion in a saturated ammonium nitrate

“solution in dilute nitric acid; and this was referred to

an external nitrate ion using the conversion factor

§1n(nvo,7) = §MN0m,*) - 354 pup.m. (170)

The 31P chemical shifts were obtaiﬁed relative to
dimethyl methylphosphonate and this was then referred to
external 75% phosphoric acid using the ponversion factor,

S BlP(HBPoh) = §7'P(Me0),P(0)Me) + 32.4 (p.p.m.) (1h4).

Further details of the n.m.r. techniques are given in.

Chapter 3.
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(B) © REACTIONS

(i) The reaction of tungsten hexafluoride with
hexamethyldisiloxane in acetonitrile.

A élight excess (approximafely 2:1 molar) of tungsten
‘hexafluoride was condensed on to hexamethyldisiloxane in
a large excess (approximately iO:l) of acetonitrile.

The mixture was allowed to warm slowly to room temperature
and gave a clear colourless solution. The solvent and
volatile products were removed leavingAa white crystalline
solid. The volatile material was identified from its

gas i.r. spéctrum as a mixture of triméthylsilyl fluoride
(126), tungsten hexafluoride (34) and acetonit?ile (114).
The white solid was characterized as tungsten (VI) oxide
tetrafluoride acetonitrile, found C7.47, H1.08, F23.66

and W57.88%, F) NOW requires C7.57, HO.95, F23.97

Calls
and w58.04%,

The i.r. spectrum of the white solid was recorded
and i$ shown in Table 2:1 (this Chapter, Section II).
The l9F n.m.r. spectrum of the solid in acetonitrile con-
éisted of .a singlet at819F = 68.0 p.p.m., with tungsten
satellites YJ(1F - 183w) = 70HZ. The literature values
for the tungsten (VI) oxide tetrafluoride acetonitrile

183

complex are ¢§19F = 68.5 p.p.m. and 1J(19F - W) =

68Hz (109).

(ii) The reaction of tungsten hexafluoride with
hexamethyldisilazane in acetonitrile.

“Two different products were isolated from this reaction.,
(a) Hexamethyldisilazane (0.1656 g, 1.03 mmol)
and tungsten hexafluoride‘(0.5396g;, l.&lmmol) were

condensed into a reaction flask containing acetonitrile
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(0.9618 g 23.42 mmol) ' The mixture was allowed to
warm slowly to 0. At‘OOC a pale yellow solution was
‘obtained ahd the volatile material was removed, le;ving a
pale yellow, fluffy powder (0.2365g).

The volatiie material was identified by infra-red
spectroscopy as a mixture of trimethylsilyl fluoride, a
small quantity of tungsten hexafluoride and solvent.

The pale yellow, fluffy solid was characterized as »
imidotungsten (VI) tetrafluoride acetonitrile, VFMNH(MeCN),

found C7.60, Hl1.44, F24,26 and N8.46%,'02HhFhNéW

requires C7.61, H1.28, F24.06 and N8.87%. The i.r.
spectrum of the solid was recorded and is éhowﬁ in Table
2:4 (this Chapter, Section III).

It was not possible to repeat the pfeparation of

WFMNH(MeCN), since further reaction readily took place.

Six attempfs‘were made to repeat the above result, a
typical result is outlined below,
(b) Hexamethyldisilazane (0.4754g, 1,60 mmol) and

tungsten hexafluoride (0.1865g, 1.15mmol ) were '
condensed into a reaction flask conﬁhining acetonitrile
(O,9366g, 22.84 nmol). An orange solution was initially
formed at OOC, which turned a deep red after standing at
room temperature for a few minutes. The onset of the col;
our change varied sometimes it occurred during the warm
up process, but on one occasion it occurred after stand-
ing for 0.5h at room temperature.

The removal of the volatile material left behind a
reddish Brown solid which could be redissolved in aceton-
itrile.

The 19F n.m.,r., spectrum of the deep red reaction
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mixture consisted of a signal atg F = -163.5 p.p.m.
'assignedwto‘trimethylsilyl fluoride by comparison with the
}iteratufe,value which is 819F = -164.0 p.p.m. (171).

The lH n.m.,r, spectrum consisted of a 1:1:1 triplet

at éQlH = 4,90 p.pem., J = 54Hz. This was assigned to
tﬁe ammonium ion. The spectrum of a concentrated |
solution of ammonium nitrate in dilute nitric acid was
recorded and gavqulH = 6.00 p.p.m. and lJ(lH - 1l‘N) =
54HzZ. The 1'N chemical shift obtained by an LI -i}“n§

spin decoupling expériment was only 3 p.p.m. downfield from

the 1-41\7 chemical shift of the authentic ammonium nitrate
sample. In addition, an INDOR spectrum of the peak gave

the.expected quintet.

(iii) The reaction of tungsten hexafluoride with
hexamethvldisilazane in propionitrile.

If the reaction was carried out by the procedure
used in (i) yellow-brown to dark-red solution were
obtained, in four separate runs. The removal of the
volatile material from these solutions gave pale to dark
brown solids of variable composition. The analysis
results from two different preparations were:- (a) Found
C5.74, H1.80, F21.33 and N7.64% and (b) C7.93, H1.7k,

F21.56 and N7.14%.

The volatile materials were identified by infra-red
spectroscopy as MeBSiF, WF6 and solvent. The i.r. spec~-
trum of the solid products was reproducible and the peaks

found are given in Table 2:5 (this Chapter, Section III).

The‘lH n.m.,r. spectrum had a 1:1:1 triplet,

th)

5’1H = 6.00 p.p.m., lJ(lH - = 54Hz assigned to the

ammonium ion., The signal assigned to the methylene
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group of propionitrile Qas broad at room temperature, but
was resolved into a 1:3:3:1 quartet at -20°C. ' The signal,
a.triplet, assigned to the‘methyl group’was normal at all
-teapefatures. | | |

| The l9F n.m.r. spectrum contained a singlet at
5"19F = 67.2 p.pem. with tungsteh satellites, 1J(19F 183w)
69Hz, The peak was assigned to a tungsten (VI) oxide
tetrafluoride complex. The literature wvalue for 5'19F in
tungsten (VI) oxide tetrafluoride acetonitrile is 68.5 p.p.m.

183w) = 68Hz (94).

and 1J(19F -
A doublet, approximately twice the intensity of
the:singlet, was observed at 619F = 61.7 p.pem, with
2.,19 19
.J( Fe - Ft) .
1J(19Fc - 183y) = 68Hz. The signal was assigned to the
19

equatorial F resonance of the W2 0, F_.~ anion, by

29

57Hz and tungsten satellites,

analogy with the literature value 6'19F = 62.5 pP.pP.M.,

_ 183

'zJ(l9Fc - l9Ft) = 59Hz and 1J(19F W) = 72Hz. (109).

19

In a separate experiment, the F n.m.r. spectrum of
a reaction mixture which had been allowed to warm only to
-40°C was recorded. This contained three peaks at |

$ 19F = 41.3, 38.3 and 35.3 p.p.m. of relative intensity

8:2:7. These were tentatively assigned to WFuNH(L)

species (Table 2:2, this Chapter, Section III),

(iv) The reaction of tungsfen hexafluoride with
hexamethyldisilazane in ethyl acetate.

The reaction was carried out as described for reaction
(ii). The course of the reaction closely followed
reaction (ii) (b). A deep red-brown solution was ob-
tained at room temperature and the volatile material Qas

identified as a mixture of Me,SiF and solvent by gas i.r.

3

spectroscopy.
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(v) The reaction of tungsten hexafluoride with
hexamethyldisilazane in octafluorotoluene.

. Hexamethyldisilazane (0.2330g, 1.44 mmol) was con-

. densed 6n to a mixture of tungéten hexafluoride (0.4147g,
1.39 mmdD and éctafluorotoluene (approximately 1 ml),

and the mixture was allowed to warm slowly to room temper-
atﬁre. At approximately 0°c a pale yellow insoluble
precipitate was formed. Removal of the volatile material
left a pale yellow powder. The volatile material was
identified by gas i.r. spectroscopy as a mixture of
trimethylsilyl fluoride and solvent.  Trap to trap

separation of the mixture gave 0.2078g (2.23 mmol) of MeBSiF.

Analytical data were not reproducible, but the
results from two different preparations were as follows:
(2) c6.06, H2.06, F24.50, N6.73 and W60.09%, and (b) C5.32,
H2.14, F22.31, N8.12 and W54.68%. Required for HFANW;
C0.00, HO,004, F27.63, N5.09 and W 66.9%.

The low resolution mass spectrum of the solid
contained only weak degradation peaks characteristic
of WOFu.

The i.r. spectra of the éolids were variable, but the
following peaks were always obtained 3260 vs, 2959 s,

2922 s, 2858 m, 1426 vs, 1349 m, 1256 s, 1177 s, br,

1094 ms, br, 855 s,br; 764 s, 724 m, 668 s, 605 s,brcm-;.
The low temperature (-19600) Raman spectrum of one sample
contained peaks at 328 s, 285 w,br , 264 s, 139 vs. cm-l.

In separate experiments the donor solvents ethyl acetate
acetonitrile and trimethylphosphite were condensed on to
the solid, and the mixture allowed to slowly warm to rodm

temperature. In each case dark coloured solutions were
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obtained which were not investigated further,
Thelsample corresponding to analysis (b) was exposed
to air. Hydrolysis occurred very slowly to give a pale
blue solid. Found C0.19, H2.01, F11.91,’N6.74, W58.55%;

Hl3 F), N3 0g W, required C0.00, H2.07, F12.12, N6.70,
W58.69%.

(vi)~ The reaction of tungsten hexafluoride with N-methyl
hexamethyldisilazane in acetonitrile.

~The reaction was carried out as previously described
(96, 97). N-methyl hexamethyldisilazane (0.2275g, 1.54
mmol ) was condensed on to a mixture éf tungsten
hexafluoride (0.4600g, 1.55 mmol ) and acetonitrile
(0.6558g, 15.97 mmol ). The mixture was allowed to warm
slowly to room temperature, and a brown solution was
obtained. Removal of the volafile material left a brown
solid.,

The volatile material was identified by'gaé i.r.
spectroscopy as a mixture of trimethylsilyl fluoride and
solvent. The components were separated by trap to trap
distillation and 0.1325g (1.44 mmol ) of_MeBSiF was
obtained. This was a 94% yield based on the quantity of
N-methyl hexamethyldiéilazane used.

ThelH n.m.r. spectrum of a solution of the brown
solid in deutero-acetonitrile was recorded. It contained
a complex peak at‘le = 5.53 p.p.m., which was assigned
to the methylimido group and é singlet ai; SIHZ= 1.98 p.p.m.
"which was assigned to the acetonitriie of the methylimido-
tungsten (VI) tetrafluoride complex. In several prep-

arations it was observed that the intensity of the peak

at 611-1 = 5.53 p.p.m. was less than the intensity of the
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acetonitrile peak. It was observed that the paler the

colour of the solution then the nearer the intensity

~fatio waé to 1:1. lH'-{19E} _and. 1H -%}h3&8pin decoupling

experiments gavé the magnitudes and relative signs of the

coupling constants as follows 2J(lH - th) = ¥2,8 Hz,

Y5l - Y9 = P ana 20(Mw - 198) = t1.9us

The previously reported values are SlH'= 573 pePom,,

251 - y) = 2.8 1z ana *3(Ym - 9%) = 1.3mz  (97).
The l9F n.m.,r, spectrum of the solution éontained a

singlet peak at¢§l9F = 37.2 p.p.m., with tungsten

sate lites, lJ(19F - 183W) =A46Hz The previously

reported values are 619F = 35.4 p.p.m. (CC1_F external)

183

3
and 1J(19F - W) = 56Hz (97).

The i.r. spectrum of the brown solid was as follows:
3260 vw, 3220 vw, 3018 m, 2955 m, 2930 m, 2860 m, 2658 vw,
2400 vw, 2324 s, 2300 s, 1410 m, 1368 m, 1330 s, 1255 vw,
1168 vw, 1149 vw, 1030 m, 970 w, 943 w, 916 w, 809 w,

736 vw, 720 vw, 700 w, 660 m, 585 s, 480 w, 410 m cm"1.

(vii) The reaction of tungsten hexafluoride with N-methyl
' hexamethyldisilazane in propionitrile. '

The reaction was carried out as described for the
previous reaction., The product was avdark brown solution
from which a dark brown solid was isolated.

The volatile material was identified from gas i.r.
spectroscopy as a mixture of MeBSiF and solvent,

The low resolution mass spectrum of the brown solid
consisted of the peaks shown in Table 2:18 and strong
peaks derived from propicnitrile. The i.r. spectrum of
the solid contained the following peaks: 3260 m, 2993 s,

2950 s, 2918 m, 2298 m, 2248 s, 1680 w, 1604 m, 1461 s,



TABLE 2:18

THE LOW RESOLUTION MASS SPECTRUM OF WF)NMe(EtCN).

Peak m/e1 ‘Relative abundance ‘ Assignment
301 | 16 |

289 | o | 32 | B WF), NMe*
270 | 100 _ | HFSNMe+
260 - b5 .: WFu+

241 - s o R
222 e 32 Wwr, "

203 16 ot

55 | S suy  cyuent
54° . 3125 ¢ H,cn’

1 Due to lSuW. The chéracteristic tungsten isotope

pattern is observed.

2 Strongest ligand peak, further degradation peaks

observed.

(Carried out at a probe temperature of 27000)

-~ . 1bs
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1427 m, 1331 s, 1235 w, 1182 w, 996 m, 870 m, 830 m, 783 m,

699 m, 668 s, 606 vs cm-l.

{(viii) The reaction of tungsten hexafluoride with
: N-methyl hexamethvldisilazane in ethyl acetate.

This reaction was carried out as previously des-
cribed for reactions (vi) and (vii). A golden yellow
solution was obtained on warming the mixture to room
temperature, Removal of the material, volatile at
room temperature, gave a dark brown oil. The volatile
material was identified as a mixture of MeBSiF and
solvent from gas i.r. spectroscopy. The analysis of
the o0il was, found C11.91, H2.43, F23.59, N3.68%.

The 1H n.m.r. spectrum of the reaction mixture con-=
tained a complex peak at SCH{==5.5O P.P.m, lH -€I9F} and
lH _{th} spin decoupling experiments reduced it to a
1:1:1 triplet and a 1:4:6:4:1 quintet respectively, and
gave 23(tm - *n) = T2.8uz, *o(lm - 9F) = f1.3Hz,
25y - 19p) = 1,30z ana SN = 13.5 p.p.m. The
spin decoupling experiments also revealed the presence

of tungsten satellites, 3J(lH 183

W) = 9.0 Hz.

The 19F n.m,r. spectrum showed a éingletrat
S19F = 38.3 p.p.m. with tungsten satellites, 1J(1%F - 183y)=
LUH,, 19F—ith¥ and 19 —ilH? spin decoupling
experiments both resulted in a~sharpeniﬁg of the singlet
peak, but fine structure could not be resolved. The
19F n.m.r. spectrum also contained a weak singlet at
819F = 63.6 p.p.m. This was assigned to tungsten oxide
fluoride ethyl acetate,WOQ*[EtOC(O)CHi],by énalogy with

the previously reported value of this compound of

§'F = 64.9 p.p.m. (94).
19

Both the 1H and F n.m.r. spectra of the réaction
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mixture contain peaks characteristic of trimethylsilyl

fluoride,

(ix) The reaction of tungsten hexafluoride with
N-methyl hexamethyldisilazane.

A mixture of (Me Si)zNMe and excess WF, was allowed

3
to warm slowly from —196°C to room temperature over sev-
eral hours. A brown-purple solution was obtained whose
n.m.r. spectra contained only signals due to WF6 and

(Me,Si),NMe.

3

After 24 hours signals had appearéd which were
characteristic of MeBSiF (171, 172), aﬁd a small amount
of pale yellow solid had been deposited, After a week
more powder had deposited and the liquid phase was colour-
less. ‘The volatile material was removed, and identified
from its gas i.r. spectrum as a mixture of WF6 and MeBSiF.

The reaction was repeated several times, the solid
prodﬁct obtainéd varied in colour from pure white to
yelloﬁ. It was characterized as methylimidotungsten
(VI) tetrafluoride on the basis of its i.r. spectrum and
its-chemicél reactions, h

The i.r. spectrum (Nujol mull only) contained peaks

at 1331 s, 1258 w, 1012 w, 851 w, 721 s, 681 s, 631 vs,

502 wvs cm-l.

(x) The reaction of acetonitrile with methylimidotungsten
(VI) tetrafluoride,

Excess of acefonitrile was condensed on to the solid
~obtained from the previous reaction to give a pale yellow
solution. Removal of the volatile material left an
orange séiid.

Tﬁe lH and 19F n.m,r, spectra contained signals
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identical to those obtained from the product in reaction
(v), and these were assigned to methylimidotungstén (VI)
ﬁetrafluéride acetonitrile, WFMNMe(MeCN). An lH-{}qNg
“spin decouplingvéxperiment gavé gluN = 24,8 p.p.m. The
1H and 19F n.m.r., spectra of the solution contained weak
peaks assigned to MeBSiF. Traces of MeBSiF were obtained

in all reactions of methylimidotungsten (VI) tetrafluoride

with donor solvents.

(xi) The reaction of dimethyl sulphite with methylimido-
tungsten (VI) tetrafluoride.

Excess dimethyl sulphite was condensed on to
methylimidotungsten (VI) tetrafluoride; and, on warming  to
room temperature, a yellow solution was obtained. 4The
removal of the volatile material left behind a yellow,
viscous, involatile oil. The low resolution‘mass spectrum
of this o0il contained peaks corresponding to the ions,
WFBNMe+, WOF3+ and degradation products. Peaks were
also observed corresponding to dimethyl sulphite and its
degradation products. The low resolution masé spectrum’
is shown in Table 2:19. The i.r. spectrum of the oil
was recorded and is shown in Table 2:7 (this chapter,
Section IV).

The o0il was soluble in dimethyl sulphite and thé
1H n.m,r., spectrum of the solution contained a complex
signalzu;glﬁ = 5,63 p.p.m, assignéd to the methylimido
group of WF)NMe [(MeO)ZSOJ. The following n.m.r,.

~ _parameters were determined from 1H ~7519F} and .
g - {th_g decoupling experiments, L‘J(lH - 19F) = 21.2Hz,

25y _ 195) = *1.9Hz and

183

25y - My - 12, 7m4,

S.th = 16,1 p.p.m, Satellite peaks due to W were

183

-observed on decoupling the signal from which 3J(1H - W) =

19

9.4Hz was determined. The solution’s F n.m.r. sbectrum
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TABLE 2:19

THE LOW RESOLUTION MASS SPECTRUM OF WFMNMeKMeO)zsq.

- Peak m/el Relative abundance ‘ ' Assignment
333 . 4.1

303 . 65

291 : : 51

2892 N 16 - WP NMe*
287 71 |

276{ : | '1Qo - WEBNMe+
257 | 198 | | W0F3+

238 73 woF, "
1100 v. strong (Me0)280+-
1) Due tolguw. They show characteristic tungsten

isotope pattern,
2) From peak due to 183y and corrected for oMW,
3) Strongest ligand peak. Weaker degradation peaks

are also observed.



consisted of a single:peak,g 19F = 38.7 p.p.m.,, with
~tungsten satellites, l9F -{1hN§ Decoupling resulted
in the méin peak Becoming sharper, but no fine sfructure
'coﬁld be resﬁlved. Similar experiments on the satellite
peaks gave 1J(19F - 183W) = Z44Hz and lJ(luN - l83W) =

Z100%10Hz.

(xii) The reaction of ethyl acetate with methylimidotung-
sten (VI) tetrafluoride.

The reaction was carried out in a similar manner to
reactions (x and xi). The initial product was a yellow=-
green}solution. The lH and 19F n.m.r;\spectra of this
soliition were identical to those assigned to |
ﬁFhNMe{Etoc(o)CHBJin reaction (viii). Removal of the
solvent gave a green solid which gave broad peaks in its

'y

i.r. spectrum.

(xiii) The reaction of trimethylphosphite with methy-
limidotungsten (VI) tetrafluoride.

Excess trimethylphosphite-was condensed on fo methy-
limidotungsten (VI) tetrafluoride and, on warming to room
temperature, an orange solution was obtained. Removal of
the volatile material left an orange oil. The nature of
the oil vqried aepending on whether thé reaction mixture
was warmed rapidly to room temperature, reaction (a),
or whether the reaction mixture was warmed slowly to room
"temperature, reaction (b). |

The 19F n.m.r. spectrum of reaction (b) consisted
of three different groups 6f signals, A singlet‘at
819F = 35.5 p.p.m. with 183y satellites; 1J(19F - 183W) =
L5Hz was assigned to the 19F ﬁuclei of methylimidotungsten
(VI) tetrafluoride dimethyl methylphosphonate,
WFuNMe[}MeO)ZP(O)Mé]. A second order AB, spectrum was

2
about 15 p.p.m, to high field of trichlorofluoromethane.

150
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Analysis of the second order spectrum gave the chemical

shift of the B, groupat 519F = -13.4 p.p.m. and the A

2
qnucleus at S 19F

n

-20.9 p.p.m.‘with'zJ(lgFa - l9Fb) =
5‘69Hz. Satelliteg due to lJ(19Fb - 183W) = 55Hzwere
observed, but the tungsten satellites of the A signal
-were hot observed. The-B2 and A signals were assigned
to the 19F nuclei cis and trans to the methoxy group

(Fc and Ft) of the compound, WFB(OMe)(NMe)[}MeO)ZP(O)Mé].
A déubiet was observed at gl9F = -60.2 p.p.m. , with
15019 _ 31p) - 1176 Hz . The coupling of the “°F to

31P was confirmed by an 19F— {BIP} sﬁin decoupling
experiment. The doﬁblet was assigned to dimefhyl
fluorophosphite, (MeO)zPF by analogy with the literature
values§1oF = -63.1 p.p.m. and 13(*PF - 31p) = 1208 Hz.
(146).

19

The F n.m.,r, spectrum of the solution obtained in:

reaction (a) contained the AB, spectrum assigned to

2
WFB(OMe)(NMQ)[ZMeO)ZP(O)MEIand the doublet assigned to
(Me0),PF, but the singlet assigned to WFuNMe[KMeO)z
P(O)Mé]was absent. There was an additional weak singlet
peak atslgF = =-48.3 p.p.m. and this was tentatively
assigned to cis -WFZ(OMe)Z(NMe) EMeO)ZP(O)Mé}

The lH n.m.r. spectrum of reaction (b) was complex.
A strong doublet atslH = 3.53 p.p.m., 3J(1H - 31P) = 11H=z,
confirmed by 1H -{BIT’gdeboupling which gaveSBlP = 141
pP.p.m., was assigned to unreacted trimethylphosphite by

. 1 31

analogy with the reported values for the§ H(107),5°P
(144) chemical shifts and the 3J(lH -IBlP) coupling

constant (107, 144),. Two doublets atslH = 3,54 p.p.m,



and§'H = 1.54 p.p.m., intensity ratio 2:1, were found

31p chemical shift,§21P = 34 p.p.m.,

to correspond to the same
- 1. 31 . . . :
py an H -~ P§ spin decoupling experiment. These were
aséigned respectively to the MeO-P and Me~P groups of
dimethyl methylphosphonate with 3J(lH - 31P) = 11H=z.

2.1 31 . ,
and “J("H - P) = 18Hz. The literature values are
§%H = 3.67 p.p.m., §1H = 1.43 p.p.m., 33( H - 31p) = 11Haz.,
2J(1H - 31P) = 17.3 Hz. (1us)znu153lp = 32,4 p.p.m. (14l4).

A complex peak at'glﬂ = 5,70 p.p.m, was assigned to

the methylimido group of the compound, WFuNMe [{MeO)ZP(O)M:].

1H - il9F§ and lH - iluN} spin decoupiing experiments

th)

gave *r(tm - 19¢7) = 1.0mz, 25('m - = 2,6 Hz., and

gth = 14.6 p.p.m. A broad peak at glﬂ = 5.30 p.p.m,
was assigned to the méthylimido group in the compound
WFB(OMe)(NMe) [(MeO)ZP(O)M%]. g - §1“N§ spin decoupling
produced a partially resolved quartet, indicating the

-
presence of three 19

F nuclei approximatély equally coupled
to the protons of the methylimido group, the magnitude
being 1l.2Hz. Decoupling further demonstrated the

presence of tungsten satellites with 3J(lH - 183

W) = 9.5Hz.
(see Figures 2:7and 8, this chapter Section VI). |

lH - léth? spin decoupling gave 5th = =1.1 p.p.m. A
complex peak at SlH = 5,07 p.p.m. was assigned to a MeO=W
group in the compound, WFB(OMe)(NMe) [(Meo)zé(O)Méj.

‘lH - §19F; Spin decoupling showed that the complex

peak consisted of a doublet of overlapping triplets allow-
ing the determination of the relative signs uJ(1H0~ 19Ft) =
2.5 Hz., uJ(lno - 19Fc) = ¥1.2Hz. and 2J(19Fc - 19Ft) =

i68.0Hz. The peaks at § H = 5.30 and 5.07 p.p.m. were
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of equal intensity, Cooling the sample to —BOOC produced

no significant change in the appearance of the peaks at
l .
§ H=5.70, 5.30 and 5.07 p.p.m.
In addition to the above features, the spectrum

10H=z.

contained a weak doublet at SlH = 0,24 p.p.m., J

assigned to Me, SiF and unidentified peaks atng = 7.34,

3
7.17, k.83, 4.63, 4,43, 4,23 and 2.43 p.p.m. Two other
unidentified peaks weré found with 31P coupling aj'ng =
3.82 p.pom., J(H - 2 P) = 11Hz., §°'P = 40 p.p.m., and
at 51H = 1.93 p.p.m., J(1H - 319) = 18Hz;,53”1>= 23 p.p.m.

The 1H n.m.,r., spectrum from reactibn (a) was similar
but;iess complex. The unidentified peaks at 61H = 7.34
;nd 7.17 p.p.m. were much weaker, and the unidentified
peaks at6:H{==h.83, Lh.,63, 4,43 and 4.23 p.p.m. were
absent. Unreacted (MeO)BP was present as before. The
peaks due to dimethyl methylphosphonate were much weaker
and the methy; phosphorous doublet was shifted downfield
1x>61H = 1,67 p.p.m., The complex peaks at 51H = 5.30
and 5.07 p.p.m., assigned to the protons of the MeN and
MeO groups in the compound W, (0Me) (NMe) [}Meo)zp(o)méj,
were more intense than in reaction (b). The ratio of
these peaks with the peak due to the protons of the Me-P
group in dimethyl methylphosphonate was apprdximately
1:1:1, The peak at 51H = 5.70 p.p.m. assigned to the

‘MeN- group in the compound, WF,NMe [(MeO)ZP(O)Me] was
completely absent. An additional triplet was observed at

§™ = 4.80 p.p.m., J = 1.88z. 'H - §19Ff spin
decoupling established that the splittiﬁg Was due to

coupling {vith 19F, 5191? = =50 p.p.m. The triplet was
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‘téntatively assigned ﬁo the methoxy protons in cis
-WFZ(OMe)z(NMe) [(MeO)ZP(O)Mé]

The orange oil obtained from reaction (b) was studied
- by ' both low and.high resolutioh mass spectrbmetry with
the results shown in table 2:20 and table 2:21.,

The i.r. spectrum of the orange oil obtained from
reaction (a) was recorded and the results are given in

table 2:9 (this chapter, Section VI),.

(xiv ) The reaction of tungsten hexafluoride with
: methvlamine,

Tungsten hexafluoride (3.6885g, 12.4mmol) was con-
denséd on to methylamine (0.1605g, 5.17 mmol), and the
ﬁixture was allowed to warm up slowly, reaction taking
place between -60 and —5000. After the mixture had
warmed up to room temperature,'the volatile material was
removed leaving behind a white solid., The solid was
charécterized as methylammonium methylimidopentafluoro-

tungstate (VI), MeNH3+WF5NMe-,found c6.88, H2.53, F28.07,

CoHGF N,
F27.94, N8.24, W54,12%,

N8.01, W54.,42%, W requires :- C7.06, H2,65,

The volatile material (0.8107g) was identified by
gas i.r. spectroscdpy as mainly'WF6 with a sﬁall quantity
of SiFh. Thus 2,7 mmol of tungsten hexafluoride had been
cbnsumed in the reaction. This was consistent with a
‘reaction stochiometfy of MeNH2:WF6 of 2:1,

~The i.r. and Raman spectra of solid MeNH3+WF5NMe_
were recorded and are shown in Table 2:8 (this chapter,
Section VII),

Thé lH and 19F n.m.r. spectra of a solution of the

compound in CDBCN'were:run. The lH n.m.r. gave broad

singlets at 5.50 p.p.m., assigned to the WFSNMe- anion,
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TABLE 2:20.

LOW _RESOLUTION MASS SPECTRUM OF THE MIXTURE OF
WF ) NMe [(MeO)ZP(O)MeJ and WFB(OMe)(NMe) [(MeO)ZP(O)Méj

OBTAINED FROM REACTION (b).

Peak m/el rel. intensity Assignmentl
413 L WFhNMe,(MeO)zP(O)Me+
394 ' 3 WFBNMe,(MeO)zP(O)Me+
393 11 WFBNMe,(MeO)ZP(O)Me(-H)+
384 7 WFB,(MeO)zP(O)Me+
366 2 '

350 6
335 b
301 33 WFS(OMe)(NMe)+
300 100 : WFB(OMe)(NMe)(-H)+
293 11
289 | 87 WF), NMe "

282 | 131 WF, (0Me) (NMe )™
281 - 149 WF,, (OMe) (NMe) (-H)*
270 WFBNMe+
269 "~ Lo8 WF3N0H2+
260 - 124 ' we,t
259 ’ 149 WF,NCH or WF200H3+
241 149 WF3+
222 | 120 WF2+
203 37 wr+
184 11 - owt
124 ‘strong ‘ (MeO)ZP(O)Me+

"~ 109 o strong (MeO)ZP(0)+“\
\
1 )

Peaks assigned to 8% W  containing ions all show

the characteristic tungsten isotope pattern.’
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TABLE 2:21

HIGH RESOLUTION MASS SPECTRA OF THE MIXTURE OF
WFhNMe [(I\Ieo) P(O)Me] and WF (OME) (NMe ) [(Heo) P(O)Me]

FROM REACTION ( b)

Peak (found) Calc. Assignment

280,98417 - 280,98491 18% wr, (ome) (3e) * (-H)
269.97195 . 269.97274 U‘PWFBNMe*
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and at 2.51 p.p.m, assigned to the methyl group of the

+
MeNHj, cation. However the protons attached to the

nitrogen were not observed. The F n.m.r. gave a doublet

at 519F_= 28.0 p.pem., assigned to the cis fluorines of

the anion WFBNMe-, and a complex peak at 519F = -101.5

pP.p.m, assigned to the trans fluorine. Further‘ﬁ.m.r.

investigations carried out on the anion, WF NMe , are

5

reported in part (xix)of the experimental section.

(xv) The reaction of tungstén hexafluoride with ethylamine.
‘This was carriéd out as describedvfor the previous

reapﬁion. The white product was characterized as ethy-

rlamﬁoniumAethylimidopentafluorotungstate (VI), found

Cl1l3.14, H3;95, F25.70, N7.69, WLk9,81%, CMH N_W requires

13F5 2
Cl3.04, H3.53, F25,82, N7.61 and WSO.QO%.

The i.r. spectrum of EtNH3+WF5NEt- was recorded

and the results are shown in Table 2:9. (this chapter,
Section VII).

The 'H n.m.r. spectrum of EtNH,"WF NBt” dissolved

in CD, CNwas recorded. A relatively weak, broad singlet

3
at{iﬁ = 8,63 p.p.m. was not assigned. = A very broad

peak at SlH = 6,70 p.p.m. was assigned to the protons
attached directly to the nitrogen in the catiOn-EtNH3+.
A broadened, but well resolved, quartet at SlH = 5,80

L}

PePem,, 3J(1H - lH) 7.1Hz, was assigned to the methylene

‘group of the anion WFsNEt-. A very broad singlet at

{Tﬁ‘= 3.10 p.p.m, was assigned to the methylene protons

of the EtNH3+ cation. ' A strong triplet at SlH = 1,20

P.p.m,, BJ(lH - 1H) = 7.1Hz. was assigned to the methyl

* and the anion, WF_NEt~,

group of both the cation EtNH 5

3

The 19F n.m.r., spectrum gave a doublet at
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519F = 27.6 p.p.m. and a complex peak at 519F = -99.,5 p.p.m,
183

The doublet had tungsten satellites and gave lJ(l9Fc W)

= 49 Hz. and ZJ(19Fc - 19Ft) = 60 Hz. 19p _  § 14y ¢
'high‘power, noisé modulated spin decoupling gave no
sharpening of the doublet. A similar experiment on the
complex peak at SlQF = ~-99,5 p.p.m, Simplified it to a
quintet with 23(19Fc - 19Ft) = 60 Hz. The npn-decoupléd

peak was broadened, but it was consistent with a

25( 4y - Yr.) = 36 Hz.

(xvi) The reaction of tungsten hexafluoride with
n-butylamine.

This reaction was carried out as the previous two
reactions, The white solid obtained was dissolved in

CDBCN and its m.m.r. spectra studied,
‘ The 1H n.m.r. spectrum gave a broad peak at
Jiﬁ = 6.73 p.p.m. which was assigned to the protons

attached directly to the nitrogen in the cation BuNH3+.

A broadened triplet was seen at 61H = 6,23 pepP.m.,

3J(lH - lH) = 6Hz, This was assigned to the N-methylehe
group of the anion WFanBu-. A broad peak was observed

at’gln = 3.33 p.p.m. and this was assigned to the
n

methylene group of the cation BuNH,*

3 *
of peaks centred at¢§1H = 2.03 p.p.m. was assigned to

A complex group
the B and ¥ methylene groups of both the anion and cation.
Another complex peak at 51H = 1.30 p.p.m. was assigned
to the terminal methyl group of both the anion and the
cation,

The 17F n.m.r. gave a doublet at &19F = 28.7 p:p.m.
and a complex peak at ‘519F = -101 p.p.m, The doublet

59Hz., and its tungsten satellites

. 2_,19 19
gave “J( P - Ft)

1J(19Fc - l83w) 47 Hz.

gave



It was assigned to the four cis fluorines of the

n—
anion, WEBNBu . The literature values are
619F = 28.8 pP.P.m., 2J(19Fc - ;9Ft) = 60 Hz. and

1J(19Fc - 183W) = 50 Hz. (98). The complex peak at

819F = -101 p.p.m. consisted of a broadened quintet,

19F - §th‘§ ‘high power, noise modulated decoupling

sharpened the quintet. The quintet gave 2J(l9Fc - 1

= 59 Hz, The complex peak was assigned to the trans
n—
fluorine of the anion WF_NBu . The literature value

_ 5
iS 819F = "’9905 popo.mo (98)0

The 19F n.m,r. also gave an extra doublet at
§1°F = 34.1 p.p.om., 23(*°F - 197) = 60 Hz. (cf aged
+

solutions of MeNHBWFSNMe—) which was not assigned.

(xvii) The reaction of tungsten hexafluoride with
t-butylamine.

The reaction was carried out as the previous three
reactions. ‘The product was a white solid which anal-
yzed as a 3:1 adduct: C27.80, H6.31, F22.26, N8.,22
W35.51%, 012H29F6N3W requires :- €27.85, H6.38, F22.05,
N8.12, W35.59%.

The infra-red spectrum of the solid was recorded
and the results are shown in Table 2:12.

The product appeared to be insoluble in CDBCN.

The l9F n.m.r., spectrum showed a very weak doublet at
619F = 28.0 p.p.m, which was tentatively assigned to the

t-
anion WF_NBu .,

5
The product underwent no apparent change on exposure
to air, but infra-red spectra indicated that some
hydrolysis had occurred. The infra-red spectrumof

a sample which had been exposed to air for several days

gave peaks at:- 3057 vs. br., 2980 <vs., 2930 wvs.,

9
Ft)

159
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2830 s, 2728 m, 2624 m, 2521 m, 2390 v w., 2100 w, 1985 v w.,
1684 m.br., 1626 m, 1531 s, 1483 m, 1408 m, 1381 m,

1365 v w., 1303 s, 1226 s, 1176 w, 1135 w, 996 w, 94l v s.,
872 v s., 793 w, 734 w, 722 w, 699 w, 652 w, 597 v s.,

582 v s., 457 v s. and 346 v s, em™t.

(xviii) The reaction of methylammonium methyvlimido-
pentafluorotungstate (VI) with methyl fluoro-

sulphate.

(2) Methyl fluorosulphate was condensed on to solid
methylammonium methylimidopentafluorotungstate (VI) and
the mixture was allowed to warm to room temperature.

The volatile material was removed and gas i.r. spectroscopy
"identified this as methyl fluorosulphate, by comparison
with an authentic sample. The remaining_white solid was
~dissolved in deutero-acetonitrile. The 19F n.m,r, of

the solution showed only signals of the methylimidopenta-
fluorotungstate (VI) anion. There was thus no evidence

of any reaction.

(b) A mixture of methyl fluorosulphate and methy-
lammonium methylimidopentafluorotungstate (VI) was heated
to 900'0, with agitation, for two hours. The solid dié—
solved to give a pale green solution. Methyl fluorosﬁl-
phate and methyl fluoride were identified in the solid by
gas i.r. spectroscopy.

In a separate experiment it was demonstrated that
methyl fluorosulphate did not decompose on its own when

held at 90° C for two hours.

(xix) The reaction of tungsten hexafluoride with methyl
(trimethvylsilyl) amine.

An excess (»2:1 molar) of tungsten hexafluoride was
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condensed on to methyl (trimethylsilyl) amine in

the presence of a large excess of trichlorofluoromethane,

"and the mixture was allowed to warm slowly to room tem~-

perature.

The appearance of the product varied, being either

a white or a yellow-green solid (four separate reactions

were carried out). All products were insoluble in

trichlorofluoromethane. Sometimes dufing the warm up

process fumes

- was coloured.

identified by
hexafluoride,
Vfluoride.

A sample

H2.57, F27.66,

H2,65, F27.94,

" N8.04, W53.94%, C_H

were observed and in these cases the product
The volatile material was removed and
gas i.r. spectroscopy as a mixture of tungsten

trichlorofluoromethane and trimethylsilyl

of the yellow green solid analyzed as C7.2L,

2 l0F5N2W requires C7.05,

N8.23, W54.12%, A sample of the white

solid analyzed as C6.,00, H2.40, F28.6L, N7.24, W55.88%.

The i.r.

spectrum of the white so0lid was as follows:

3273 v.s., 3241 v s, sh., 3180 v s.,, sh., 3138 v .s.,

3000 s, 2940 m, 2895 m, 2800 m, 2586 w, 2498 w, 1635 m,

1619 m, 1527 m, 1496 w., s h., 1467 w, 1428 w, 1408 w,

1333 s, 1267 w, 998 m, 956 s, 891 m, 835 w, 723 m, 649 s,

598 v s., 515

s, sh,, 422 v s,, cm-l.

A Raman spectrum of the white solid dissolved in

CD.CN consisted of peaks at 3004 m.(P), 2954 w.(P),

3

2934 s.(P), 1019 w.(P), 1008 w.(P), 734 w.(P), 706 v.w.,

672 m.(P), 664 m.(P), 632 s.(P), 547 m.(P), 568 w.(P), .

439 w.(P), 408 w.(P), 326 w.(P), 296w.(P), 201 w.(P) cm .

1

The Raman spectrum of the yellow-green solid dissolved
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in acetonitrile in the region 1100 - 200 cm.-l, was as
follows:. 1090 w. br .(P), 998 w.(P), 753 w.(P), 660 m.(P),
652 m.(P), 628 s.(P), 535 w.(P), 420 w. br . (P), 283 w.(P),

204 w.(P), cm.-l.

The lH and 19

F n.m,r. spectra of several samples
were recorded in deutero-acetonitrile solution. Most
solutions became yellow-green on standing but then under-
went no further change even after several wéeks at room
temperafure. The spectra, which are described in detail
below, indicate that all solutions contained a mixture

of methylammonium salts of the methylimidopentafluoro-
tungstate (VI) and the J -fluorobis (methylimidotetra-
fluorotungstate)(VI) anions, WFSNMe_ and W2F9(NMe)2—f

- The relative concentrations of the anions depended on the

past history of the sample. Reactions which had given

yellow-green solids had greater amounts of W2F9(NM9)2 in
solution,

The 1H n.m.r, spectra of the solutions contained broad
peaks at 51}{ = 5,50 p.pem, and 2.51 p.p.m, One sample
also showed a very broad 1:1:1 triplet at SlH = 7.20
p.p;m., separation J = 52Hz. The broad peak at Sl =
251 p.pemm. and the triplet at SlH = 7.20 P.pP.m, were
assigned to the methylammonium cation, The lH spectrum
of an authentic sample of methylammonium chloride dissolved
in dilute, aqueous hydrochloric acid contained>the triplet
at SlH_= 7.60 p.p.m., 1J(1H - 1Z‘N) = 50 Hz., and a
quartet at §lu = 2.93 p.p.m., 3J(]'H - 1H) = 6 Hz. The
literature values are & H = 2.66 and 7.39 p.p.m. and
Ly(*w - %) = 54 mz. (173). |

The broad singlet at 61H'= 5.50 p.p.m, was assigned



163

to the methylimido group of the anion, WF NMe .

5
1
H - g}é%ng Spin decoupling had no visible effect on
this peak. - lH - %th} Decoupling sharpened the peak,

'but'no fine structure could be resolved except for tungsten

183

satellites, SJ('H - W = 10 Hz. A TH - §thj§ spin

decoupling experiment on the satellites showed that

3J(lH - 183W) was of opposite sign to lJ(th - 183W).

1H - §1hN§ Spin decoupling of the main peak demonstrated

that 6luN = «=1.,2 p.p.m., and that L*J(lH - 1

254y - 19

QJ(lH}_ 19

9Ft) and
Ft) were of the same sign. The magnitude of
F) was approximately 1 Hz, .Most samples cont-—
ainéd two additional broad peaks in the 1H n.m.r, which were
a broad singlet at 81H = 4,82 p.p.m., and a much weaker
-singlet at 51H1= 510 p.p.m. The former peak was
assigned to the methylimido group of the dimeric anion,
W, Fo (NMe), . 1y = $19% and 'H - §1%5% spin decoupling
experiments were without visible effect on either peak.

Ail 19F n.m,r. spectra contained a doublet at
819F = 28,0 p.p.m. and a complex peak at 519F = -101.5
PePom. These peaks were assigned to the cis and trans

19

F nuclei, F_ and F,, of the anion WF NMe respectively.

t? 5
The dpublet and its tungsten satellites were studied by
l9F homonuclear decoupling experiments. These gave
vlJ(lgFt _ 1834y - 336 mz., 1529 - 183y) = *47 Hz. and
2J(19Fc - 19Ft) = 60 Hz, They also confirmed the
chemical shift of the fluorine, which was responsible for
the doublet,at §I9F = -101.5 p.p.m. 9% - §*N¥ spin
decoupling experiments gave 2J(luN - 19Ft) = 240 Hz. and

1J(1uN - lBBW) = i70 Hz. and confirmed gth = «1,2 p.p.m.,

19F

and a - ngSW} spin decoupling experiment gave
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&8y - +520 210 .p.p.m,
| The complex peak at 5 = -101.5 p.p.m, was simplif-
xed to a 1:4:6:4:1 quintet by hlgh power, noise modulated
19F - {th§ spin decoupling. The complex peak was
2J(19 19

-consistent with the coupling constants, Fc - P

60 Hz. and 2J(lL‘N - 19Ft) = 40 Hz. (see Figure 2:15).
Most samples contained a further doublet at

6'19F = 35.7 p.pem, and a complex peak at 8-19F = =127 p.p.m,
The assdciation of these two signals was confirmed by l9F
homonuclear decoupling.  The doqblet and its tungsten.
satellites gave 2J(19Fc - 19Ft) = 60 Hz. and
lJ(19Fc - 183W) = 47 Hz, The tungsten satellites of the
doublet were broad and 19F - §1H§ produced very slight
sharpening (see Figure 2:18). They were consistent with
being broad quintets where 4J(19Fc - 19Fcl) = ca, 1 Hz.
The complex signal was consistent to a single fluorine
being coupled to eight equivalent fluorine and two equi?-
alent nitrogen nuclei with 2J(19Fc - 19Ft) = 60 Hz. and

2J(th - l91“1;) = 34 Hz. 32 Of the expected 45 lines

were observed (see Figure 2:19),

(xx) The reaction of tungsten hexafluoride with trimethy-
lamine. ‘

This reaction was carried out using a.procedure similaf
.to fhat described for the other amines. The product was
an off-white powder characterized as a 1:1l tungsten
pentafluoride trimethylamine adduct.

-—¥found: -C10.55, H3.00, F28.21, N4,28, ¥W54,08%., 03H9F5Nw

requires: C10.65, H2.66, F28.10, N4.1lhk and W54.43%,

The solid dissolved in CD3

red solution. No signals were observed in the l9F n.m.r}

spectrum of this solution. The lH h.m.r. spectrum con-

CN to give a wvery deep brown-
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tained weak, fairly broad peaks at ng = 7.15 and
: ' 1

6.90 p.p.m., and stronger sharper peaks at § H = 3.36
and 3.10 p.p.m. A stronger sharp peak was observed at

ng = 2,67 p.p.m. This lasf peak was assigned to
coordinated trimethylamine. The others were not assigned.
The literature value for free trimethylamine is

§'H = 2.12 p.p.m. (174).

(xxi) The reaction of methoxytungsten (VI) pentafluoride
~with N-methyl hexamethyldisilazane,

N-methyl hexamethyldisilazane (0.483 g., 2.77 mmol)
was condensed on to methoxytungsten (VI) pentafluoride
(0.7306g, 2.36 mmol). The mixture was allowed to warm
slowly to 0° ¢ at which point the mixture was pale yellow.‘
At room temperature an ofange brown viscous liquid formed.
The volatile materials (0.4908g) were removed and these
were identified by gas i.r. specfroscopy as a mixture of
Me,SiF and MeF. (175).

Data for the low resolution mass spectrﬁm,of the
invola?ile product are shown in table 2:22 with the
assignments made, ;

The i.r. spectrum of the involatile product contained
the following peaks: 3260 s., 3018 w., 2950 m., 1650 w.br.,
‘1585 w.br., 1484 w.sh ., 1452 s.sh ., 1435 s.,

1420 s, sh., 1415 s. sh., 1333 s., 1291 w., 1248 m.,
1151 s., 1084 s.” br., 1014 s. br., 950 m., 926 w.,889 w.,
822 w.,, 701 s., 648 s.. br,, 600 s. Br}, 458 m,, 415 m. cm-l.

The product was insoluble in both ethyl acetate and

perfluorotoluene, therefére its n.m,r. spectra were

obtained from the neat oil. The 19

Fn,m,r, spectrum
contained a very broad signal at 519F = 65 p.p.m., width

at half height = 280 Hz, There were major peaks within



. TABLE 2:22

LOW RESOLUTION MASS SPECTRUM OF THE TINVOLATILE PRODUCT
FROM REACTION (xxl)

Peak m/el relative intensity Assignment>
333 . ' 2 WFB(QMe)3+(-H)
321 . ' 11 WF,, (OMe), " (-H)
315 | | - 5 WF, (oMe) .
314 3. -WFz(OMe)3+(éH)
303 | 25

201 | 19

287 . | 112 HFQNMe+(-2H)
272 17 |

269 100 'WFBNMe+(-H)
257 ‘ . 511 w°F3+,

Further degradation peaks of WOFB+

are seen.

1 411 the peaks show the characteristic tungsten

isotope patfern.

2 IB*L,
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.the broad signal, a singlet at gl9F = 66 p.p.m, and a
doublet at $7°F = 60.5 p.p.m. J = 60 Hz. were distin-
guished.: The singlet was assigned to a tungsten (VI)
~‘oxide tetrafluoride complex ana the doublet to the F -
fluorobis (oxotetrafluorotungstate)(VI) anion, W202F9-.

The literature values for the anion are 619F = 62,6 p.p.m.
and 2J(19Fc - 19Ft) = 59 Hz. (109). A further broad
signal was observed at 819F = 38 p.p.m., width at half
height = 150 Hz which was assigned to a methylimidotung-
sten (VI) tetrafluoride species. .

The lH n,m,r., spectrum contained féirly bréad signals
at §1H = 5.98, 5.85, 4.50, 4.30, 4.02, 3.83, 3.70 and
3.20 p.pem, |

The peaks at J§'H = 4.50 and 4,02 p.p.m., and at
' 51H = 4,30 and 3.83 p.p.m. appeared to be doublets
with J = 28 Hz. None of these peaks could be assigned.

A strong peak at 81H = 5,53 p.p.m. was tentatively
assigned to the methyl protons of a methylimidotungsten

(VI) tetrafluoride complex.

(xxii) The reaction of methoxytungsten (VI) pentafluoride
with N-methyl hexamethyldisilazane in ethvyl
acetate,

N-méthylhexamethyldisilazane was condensed on to a
slight excess (>1:1 molar) of methoxytungsten (VI) penta-
fluoride in a large excess (®10:1 molar) of ethyl acetate.
The mixture was allowed to warm slowly to room temper-
afure. The products were a golden brown solution and
a yellow=brown very viscous liquid. When the volatile
material was removed from the solution a golden-brown oil
was left behind.' The volatile material was identified
by gas i.r., spectroscopy as a mixture of solveht, MeSSiF

and MeF.
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The analysis - of the soluble golden-brown oil gave:
C18.u4kL, H3.59, F14.85, N3.41, WL7,.52%.
- The low resolution and high resolution mass
'épegtral data for the soluble golden-brown oil are shown
in Tables 2:23 and 2:24, ‘The low resolution mass spectral
data for the insoluble product is given in Table 2:25,

The 1H and l9F n.m,r, spectra of the soluble species
were recorded in a solution in ethyl acetate. The 1H Nn.,m.r,
spectrum was complex. Two peaks at SIH = 5,58 and 5.49
P.pP.m. were assignéd to the protons in the methylimido

lH -élkNESpin decoupling

groups of WFuNMe(L) complexes.
shaépened both peaks but fine étrucfure could not be res-
olved, lH -§19F}Spin decoupling sharpened the peaks
and fine structure could be resolved giving in both cases
2J(lH - th) = 2,4 Hz, A series of broad or complex
peaks were observed at ng = 5.22, 4,97, 4.90, 4.84, 4,77
and 4,60 p.p.m. These are consistént with higher sub-.
A stitufed methoxytungsten (VI) fluorides, but it was not
possible to assign each individually. lH Resonances
for the compounds WFé-n(OMe)n occur in the range
£'lH = 5.9 to 4.8 b.p.m. (131). A very weak doublet
assigned to trimethylsilyl fluoride was observed at high
field,

The 19F n.m.,r., spectrum contained a singlet at
'819F = 37.0 p.p.m., with tungsten satellites, lJ(19F - ;BBW)
- = 42 Hz, The peak was assigned to a HFhNMe, L complex.
A doublet, about half the intensity of the singlet peak,

was observed at gl9F = 35.5 Pe.p.m, Its separation,
19F _ 19

183

58 Hz., was characteristic of a F coupling in a

cis-WF group and it contained

5 W satellite peaks,
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LOW RESOLUTION MASS SPECTRUM OF REACTION (xxii) SOLUBLE

PRODUCT.
Peak m/e; relative intensity Assignmentz'
345 ' 3

+
333 .13 WF,(0oMe) 57 (-H)
315 >
303 | 53
284, - 35
381 | 39
269 100 WFBNMe"'(-H)
257 o 42 wor,*
238 o 20 WOF,*

1

2 13¥‘J

All peaks show characteristic tungsten isotope pattern.



































































































































































































































































































