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INTRODUCTION

The material included in this review was obtained from reports published
in primary research journals during 1981 and/or volumes 94 and 95 of Chemical
Abstracts., The material follows on form the review [1] of the 1980 literature
and is organised into sections folilowing a similar scheme, The major
classification is by oxidation state of tungsten, with additional sections
dealing with specific areas which cut across several oxidation states.

A review has been published of the coordination chemistry of tungsten,
with 346 references [2]. The 1976 annual survey of the organometellic
chemistry of chromium, molybdenm and tungsten has been compiled {3].

Bond energy calculations have been made using thermodynamic data to
establish relationships between bond energy and interatomic distance in
complexes containing metal-halogen, metal-oxygen and metal-metal bonds,
including WCl,, WClg, WClg, WoCl,,, (WSClyls, Wi0q, WOCl,, WO,Cl, and WO, [4].

5.1 TUNGSTEN(VI}

#.1.1 Tungsten Halides

The reaction between[WFg] and the azide ion Ny~ yields the adduct
[WFgiN5;)]~, and exchange cocurs via a displacement mechanism to give [WF, |~
and ([WFg{Ny)] [5,8]. {WFg] reacta with PhOH to give {WF5{OPh}] and
cis-[WF(OPh},]. In the presence of Et,NH the reaction alse produces
fac-[WF3(OPh},], cis-[WF,{0OPh},] and the cations cis-[WF,{OPh)(NHEt,)i* and
trans-[WF,{CPh};(NHEt,)]*, !9%F NMR spectroscopy was used to characterise the
products [7]). ‘The fluorides can be replaced in |WFg| by {OTeFq)~ by means of
B{OTeFg); to yield complexes of Heneral formula [WF,(OTeFglg_p,l- The two
compounds |WFg(OTeFg}] and cis-{WF,{0TeFg}.] have been isolated and compounds
with n ¢ 4 identified by 19F NMR spectroscopy [8].

Coordination compounds of [WF;] with benzhydroxamic acid of metal:ligand
ratios 1 ¢ 1.5 at pH 1 and 1 : 2 at pH 2.5-5 have been isolated and the
formation of adducts between them and some organic compounds investigated [9].
{(WClg] reacts with [MoD,50,} to give [WOCL,], [MoOCl,] and 80,. The reaction
with [W0,50,] yields {(WOC1,.], WO.Cl,} and S04 {10]}.
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5.1.2 Oxo complexes

The infrared and electronic spectra of matrix-isolated [WOF,], [WOCL,)
and |WOBr,] have been recorded and interpretated [11]1. The adduct WOF,.SbFg
has been obtained from the reaction of [WOF,] with excess SbFg, and
characterised by Raman and mass spectra [12]. The reaction of ([WOF,] with
KrF; at low temperatures yields the adruct WOF,.KrFp, shown by '¥F NMR and
Raman spectra to contain Kr--F--W bridges [13].

The salt [NF,]{WOFg] has been prepared from the resction of [WOF,] with
{NF,}[HFz] in anhydrous HF. It decomposes on heating to [WF,][W.0,Fgq], NFj3,
OF, and [WF;}, and in dilute soluticns of HF formes [W,0,Fg5]~. The syntheses
and properties of Co,[WO,F,] and Cs[WF;] were discussed [141. !9F MR
spectroscopy has been used to follow the reaction of imidazole (HL) with
[WOF,} to form [WOF,(HL)] in which HL is trans to oxygen. In the presence of
excess HL the product is converted to [HL}{WOF,L] with L cis to oxygen.
Benzimidazole reacts in a similar manner [15]. The replacement of fluoride in
[WOF,(MeCN})} by oxygen-, sulfur- and nitrogen-containing ligande have been
studied by !9F NMR spectroscopy, and it was fournd that the ligends replace F~
cis to the W=0 double bond [16].

New ijsomeric derivatives of [WOC1,] and [(WO;Cl,] have been prapared
using Kt and Agt salts of ambidentate pseudohalidea and nitriles. These were
characterised by analyses and IR spectra, and a mechanism for the reaction
proposed [17]. [WOCl,] reacts on melting with MCl1 {M = K, Rb or Cs} to give
free Cl; and M,[WOClg], characterised by IR spectra [18]. The thermal
stabilities of Ky[Wo,Clgl and Cs,[WO.Cl,] have been investigated and the heat
and entropy of evaporation and sublimation of the caesium compouwwxl determined
[19].

Two series of oxalate complexes containing [WOg(ox)]2~ and ([W,Og{ox),]*~
have been isolated and characterised by analyses, IR and thermogravimetric
analyses {20). 'The complex [WO,L,} (HL = proprichydroxamic acid} has been
prepared in aqueous solution and characterised by spectrophotometry [21).
K,[%w0,] forms complexes with benzhydroxamic acid of metal:ligand ratios 1:1.5
and 1:2 in aquecus media of pH 1 and pH 2.5-5 respectively [9). The ligand
MN-3-tolyl -4-methoxybenzohydroxamic acid extracts tungsten{VI) from the acidic
aqueous media containing thiocyanate, forming a complex of composition 1:1:2
metal: thiocyanate:acid [22], Complex formation between H WO, and tartaric
acid was investigated to explain the optical activity of tartaric acid in the
presence of constant amounts of tumgstic acid. Three different complexes were
postulated [23]. In solution of pH 8 chloranilic acid forms a complex with
tungsten{Vi} of stoichiometry 1:1 [24].
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Two new tungsten{VI)-oxo complexes [WO,L.;) {(HL = 8-hydroxquinotine and
8-mercaptogquinoline} have been synthesised, and electrochemical data collected
for these compounds, and for [WOX,L] {X = Cl or Br, I = Z,2'-bipyridine or
1,10-phenanthroline) and [WO,{acac), 1 |25].

The alkylidene transfer reaction beturen LWOH{OMes ) . ] and
[Te{CH(Me,)(PR5}.Cly) (R = Me or EBt) yields [WO(CHMey)(PR4),Cl,] and
[Ta{OMe,1,C1]. A corystal structure determination of the Pde, tunggten
complex revealed an octahedral molecule with the oxo- and alkylidene ligands
mutually cis, the two chlorine groups cis and the phosphines trans. The PEf,
analogue was found to be disordered [261. Reaction of [WO{CHOMe,){PEt5),C1,]
with {PA{PhCN) »C1 51 removed one phosphine ligand o vield
[WO(CHCMe, ) {PEL3}C1, 1. The crystal structure showed the tungsten to have
distorted trigonal-bipyramidal coordination the axial sites being occupied by
the phosphine and one of the chloride ligends {27}j. The reaction between
[{N®-CgH, },WoCL, ] and NafS.CNR,] yields [{n®-CgH;IWO{S,ONR,ICL] (R = Me, Et or
€HMe,). A similar reaction cccurs with Na[S,CNRR'} (R = Me, Et or CHMep; R’ =
cyclohexyl}. Infrared spectra indicate the dithiocarbamate ligands to be
bidentate, showing the tungsten atom to seven-coordinate (28},

5.1.3 Complexes with ligands derived from {Wo, 2~

The mixed-valence compounds [(nS-CgHg) W{u-0),W0,]1, ({nS-Cglgl,Molu-0),
WO, and [{n®-CgHg)W(u-S),WE,] have been made and their 'H NMR and IR spectra
reported [29]. Several complexes of the type ([M{WGS,;}51%" and
[M{S,CNEt,) (WS, )]~ {M = Ni, Pd or Pt} have been synthesised and characterised
as tetraalkylammonium salts [301, The preparation has been described of
[FPh,1.IM{WO0,8.),] (M= Co or Ni} and their redox behaviour discussed in
relation to their molecular and electronic structure [3il. The
electrochemistry of [F‘e(ws‘)zkz— haa been studied in solution, and a erystal
atructure obtained of the octahedrai dimethy!formamide adduct,
[Ph,Pl,(Fel(lWs,) {dmf),} [32].

5.1.4 Oxides, sulfides and homonuclear poiyanions

A new tungsten trioxide hydrate, WO;.MH.0 has been prepared by
hydrothermal treatment of tungstic acid gel or the corystallised hydrate, and
crystaliographicaily cherscterised [33]. A complex WO,;.CoHgN has been
reported which consists of layers of tungsten trioxwide separated by layers of
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pyridine in which the nitrogen atoms are coordinated directly to the metal
atoms [34]. The chemisorption and decomposition of substituted alecohols on
tungsten trioxide has been investigated [35].

The existence of the heptatungstate ion [W;0,,]1% has been established
ugsing infrared spectroscopy, amd conditions for its production described [36].
The photochemistry and electrochemistry of some polyoxotungstates have bheen
investidated and described {37]}. A crystal structure determination of
[BuyN],[Wy055] has shown if. to contain two distorted W3, tetrshedra doubly
bridged to a third tungsten{VI} atom in a square bipyramidal configuration
with four sulfur atoms at the base and an apical oxygen atom (38]. The
tetraalkylammonium salts [R4N},[WS,] were found to decompose under wvarisble
conditions to give [RyN),[W;35], characterised by chemical, thermoanalytical
and spectroscopic techniques {39]. The reaction between Nep[WS,] and H;50,
has been investigated using pH and conductivity measurements. Three =species
[WeS1g187, [Wy8;32~ and [W5;,]?" were formed at pH 6.2, 4.4, and 2.7
regpectively. At pH < 2.4 hydrated WS, was formed [40]. Structural
determinations of two new complex polyvanions have revealed unusual
coordination geometry of the tungsten atoms. In [(Ph,P1;[W,3,.] two atoma of
tungsten(VI) are in tetrahedral sulfur environments, with two tungsten(V)
atoms in trigonal bipyramidal sulfur envirorments. In [Ph P];[W,05H;] one
tungsten atom is octehedrally coordinated to s5ix sulfur atoms and the other i=a
in a trigonal bipyramidal site. Both [8]®~ and [8,]%" ligands are present,
the latter acting as a chelate and a bridge {41].

5.1.5 Heteronuclear polyanions and ternary phases

The photochemistry of some heteropeolynuclear compounds of tungsten and
molybdenum has shown that they ecan be reduced by multielectron excitation at
the O-M charge transfer band followed by intermolecular electron or hydrogen
transfer [42]. The Raman spectra of phases obtained by ocooling molten
mixtures of Na,[Mo;0;] and Nay{W;0,] are in agreement with expectations for
formation substitutional phases Naz[bbz_,xh‘,p;.] with statistical distribution
of tungsten and molybdernmum atoms [43].

The preparations have been reported of Hg{H,W,,FO;4], H [H,W,,F 0.4},
Hg[HW, 2F304a] and H [HW, .F405,). They all have a structure related to that of
[HoWy20401% §44]1. In acidic agueous media the fluorophosphates of the type
[HW; 3¥,040-n) ?~M~ (n= 1, 2 or 3), having one central proton, exhibit
astabilities that evolve in a continuous manner &8s the number of f{luorine atoas

in the structure diminishes. The kinetics of protonation of these species has
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been studied [45]. Tn aqueous media et low pH [HyW;,Fa0435]% and
[HW, ;F30551%" are hydrolysed to give [HW; F 0455157 and [HW,,F054)1%". 'H and
195 NMR spectroscopy has been used to investigate how the F ions are lost
[46). The t®%W NMR spectra of (HyW,,FO;915" and A-[SiW,,040Hs] have been
recorded, and 2J,_,, coupling was detected between the ineguivalent timgsten
atomeg [47].

The 70 and 199%W NMR gpectra of ethanenitrile solutions of salts
containing [(RPO;),W50;5]*" have shown this anion to exhibit intramolecular
exchange  behaviour [48]. Three new tungstophosphates OagfWgipO441,
Cs,lW, P35} and Cs;Na,[W,,P05;;), have been prepared and the crystal
structures obtained of the first two [49]}. The anion [W,,P0,,5]°" can be
alkylated using [Mey0][BF,] to yield |[(MeO)W,,P05912", in which a bridging
oxygen atom is alkylated rather than a terminal oxygen {50]. ‘the temperature
dependance of the line widths in the !'H and ®!P NMR spectra of H,{W,,PO,q] has
been investigated. Analysis of the spectra showed the complex to exhibit
reorientational mobility in its structure [51]. Several new mixed-metal
phosphates of general formula I_W,_B_,f*flonpzoszls“ {n= 2, 4 or 5§} aor
[Wy 5 MopP20g1 119" (= 1, 4 or 5} have been prepared and locations af the Mo
atoms and vacant sites proposed [52].

193W NMR and X-ray cryatallography have been used to determine the
structure of H Rb,[W, A8,0.4(H;0)]1.34H,0. The anion is made of two WaaAsO,,
unite Jjoined asymmetrically by three tungsten atoms one of which is
octahedrally coordinated and the other twe are in a8 square-pyramidal
environment [53]. Variable temperature EPR spectra of several polyanions of
tungsten, including [(WygAs,045177, [(H W,gAS0g.]15" and (WghNbO,4]4~  have
indicated that the wnpaired electron is in an isolated metal site at
temperatures below 30 K and delocalised at higher temperaturea [54]. A
gemi-classical theoretical model has been developed to  interpret the
properties of mixed valence hetecpolyanions containing an unpaired electron,
such as [WgMoySiC,q]5~ [55]. The thermal degradations of 12-tumgstophosphoric
acid, lZ-tungstosilicic acid and 12-tungstaboric acid have been followed using
IR spectrogcopy and X-ray diffraction. The results indicate that WO, is
formed at 620, 530, and 420 'C respectively [56}.

The preparation of [W5A10,,1%" has been monitored by 2741 NMR
spectroscopy, which identified four different species in the reaction mixture
[67). The formation and reduction of tungsten hetercpolycomplexes of indium
have been studied photometrically [58].

A rational synthetic route to the anions [PoW;gM,{H0)0ge1%% (M = Co,
Cu, Zn} has been devised, and the complexes characterised using 193W NMR
spectroscopy [59). The conditions for the synthesis of isomers of cobalt and
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nickel tungstosilicates have heen investigated, and their stabilities in acids
and bases determined [60]. ZX-ray photoelectron spectroscopy has been used to
determine electron bonding energies in complexes containing [SiW, MO,p]™ and
[Wy MO 1™~ (M = 3d element). The results were discussed and compared with
magnetic data {61}. (BuyN]* salts of [W,,MD,o}" anions (M = Fe, Co, Cu),
with central transition metal ions in a tetrahedral oxygen environment, have
been prepared, amd their spectroscopic properties  recorded  [62].
Heteropolytungstates containing titanium and nickel in the ratios 1:1:11 and
1:1:5 (Ni:Ti:W) have been prepared from the reaction of Na,[WQ,].ZH0, TiCl,
and Ni{NO;), in aqueoug solution at controlled pH (B63].

The vibrational spectra of Ln,W0g; (Ln = Sm, Eu, Tb, Dy, Ho, Er, Lu or
Pr) have been recorded and interpreted |[64]. The solid phase reaction between
U0y, WO, and MNO; (M = Na, K, Rb, C8) was found to yield M,[U0,{W0,),1,
characterised by IR and luminescence spectroscopy, X-ray phase analysis amnd
differental thermal analysis ([653]. Stable heteropolyacids having ratios
P:U:Mo:W of 1:1:3:8 and 2:1:6:16 have been identified in dilute solutions, and
reduced complexes having ratics 2:1:6:16 and 2:1:10:12 have been produced. A
new complex with a ratic 2:1:2:20 has been isolated and characterised by UV,
IR and EPR spectroscopy {66].

The properties have been investigated of phases in the mixed oxide
systems  WO,~SrO-B,0, [67], WO0g-BaO-NbOg (68], WO4-BaD~-Sb,05 {691,
WO 4-Ba0-8e ,0g-Re »,0g [70], WO 4~BaD-Lin ,0,-My0, WO,-BaO-Lin;05-Y 04 and
WOo-8r0-1n,0,-Gd,0, (Lo = Pry, Sm, Eu, Tb, Dy, Ho, Er or Tm} [71i3.

5.1.6 Complexes with sulfur or nitrogen bound ligands

A photometric method has been described for the determination of
successive and stepwise formation constants in the 1:4 tumgeten-maleonitrile
dithiolate system [72]. 19F MMR has been used to study the replacement of P
in  [WOF,.MeCN], [W{NBu}Fgl~ and ([W(NOOCH,)Fgl~™ complexes by EtOH,
ethyleneglycol, BuSH and Et,N. It was found that the oyxgen-, sulfur-, and
nitrogen-containing ligands replaced the F~ cis to the W-0 or WN multiple
bond [16]). The complex [WNCl;{bipy)], contmining a W-N triple bond, haa been
prepared and characterised [73]. The reaction of phenylimidotungsten
tetrachloride with dimethylmagnesium in the presence of trimethylphosphine
yields [W(NPh)(u-O}Me,{MMe4)}]s. A crystal structure determination revealed
the complex to be an oxo-bridged trimer no metal-metal bonds [T4].
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5.1.7 Complexes with a tungsten-carbon bond (excluding carbonyls)

The reaction of [WOCl,] with excess 1,2-CgH,{CH,MICLl), wvielded
[W{CH,-1-CgH4-2-CH;) 4] A crystal structure determination showed the
1,2-xylidene ligand planes aligned paraile! to the molecular axis [75]).
[WClg) reacts with LiCH,SiMes at - 78 'C to give [(MeySiCH, ) WeCSiMey] which
has been charascterised hy analyses and by IR, !H and 13C NMR, and mass
spectroscopy [76]). (WMeg ] reacts with Me,CNC to yvield
[W-N{CMe3)CMe,{Me) (NCMez) (N{CMezlCMe=CMe,}]. The structures of this complex,
(1), and its hydrogen chloride adduct have been determined by X-ray
crystallography [77].

(1

5.2  TUNGSTEN({V)

5.2.1 Ovo complexes

The interaction of tungsten lower fluorides with water vapour has been
studied by a thermogravimelric method, and the conditions fur tha isolation of
{(WOF4].H,0 determined {78}. The complexes [WOCL4L] (L = 2,2’-bipyridine or
1, 10-phenanthroline} and [WOCLL, ) {HL = B-hydroxyquinoline or
8-mercaptoquincline! have been prepared and their electrochemical properties,
IR spectra and EPR paramelers determined. Comparison wilth analogous
molybdenum complexes showed that the tungsten compounds have a lower reduction
potential, which was suggesied as an explanation for the lack of activity of
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the enzyme sulfite oxidase when tungsten iz substituted for molybdenum at the
active site [25]. Complex formation in the systems [WOCl,1 -H.1Q (H,L =
quinoxaline-2,3-dithiol or toluene-3,4-dithiol; @ = solvent = dmf, (MeyN),FO,
MeCN or pyridine} has been investigated using EPR. In the oxygen-containing
solvents [WClgl is converted to [WOC1Q]~, [WOCl3;Q,] and [WOCLl,Qg]%. Other
gpecies detected include [WOCl4(H,L)1, [WOCL,{HL)]~, [WOCLLQ}~, {WOCILA,],
[WOL,Q]17, [WOL{HL},])™ and [WLgl™ (791.

The series of mononuclear BY[WO(XR},]~ amd triply bridged binuclear
BY[W,0,(XR}g(OMe)]™ (X = S or Se; R = aryl; Bt = quaternary cation) salts have
been isolated and their electronic properties investigated using EPR
spectroscopy [80]. The slectrochemistry of [WO(XR),)™ and [Wp0,(XR)gZ]™
anions {X = 8 or Se; R = Ph, 4-MeCgH, or CH,Ph; Z = uninegative (m =1} or
neutral {(n = 0) ligand] has been explored in Mef{N and dmf solvents.
Interconversion of the moncnuclear and binuclear species occurs via reduction
and oxidation processes involving the metal and ligand centres [81].

The reaction of [wocl, 1 with 1,2-CgHy (CH,MgCL ), or
Mg{{CH,),CeH,=1,2) (thf) yields [W(CH,-1-CgH,-2-CH,),0},Mg(thf},]. The crystal
structure of this complex has been determined, and shows some possible
n-interaction between each tungsten atom ardl one of the chelating ligands
[82j.

5.2.2 Complexes with tungsten-carbon bonds

The reaction between [W{n®-CgHg)s{Me);]1[PFg] and PhsC- has been
investigated, Initial hydrogen atom extraction leads to formation of
[W{nS-CgHg ) (Me) {CHy) 11, which rearranges to give [W(nS—CgHg)a(CH,CH5)lt,
which can lose a proton in basic media to yield [W(n5-CgHg),(CsH )1 [831].

5.3  TUNGSTEN(V}/{IV)

The thermal decompositions of [W,0,F).0.2(NOF) and [W,0,F] have been
studied by thermal, X-ray diffraction, chemical amxl mass spectroscopic
analyses. The initial products are WO, (solid) and WO F, (gas) which
condenses to form [WOF,] and {WO,) [841].



The complex [W(S,C-SEt),] has been isclated and its crystal structure
determined. The tungsten atom is bonded to eight sulfur atoms in a triangular
dodecahedral geometry [85). The ligand Z-mercaptopyrimidine {(Hmpd) has been
reacted with [W(00)z] to yield [Wimpd),]. The crystal structure shows the
ligand to act in a bidentate manner, giving a dodecahedrally octacoordinate
tungaten atom, {2), [86].

(2}

The first oxotungsten{IV)-alltyme complexes, [OW{RIO®URZ)(S,CNR;),] have
been synthesised by controlied oxidation of [W(OO}{RC=CR?){S,CNR,},] using
[Mo,05{S,P(OEL),} ], and characterised by anelysis, IR spectroscopy and
variable temperature NMR techniques (87].

Several mixed valence tetraoxo- and tetrathio-molybdato and tungstato
derivatives of cyclopentadienyl-tungsten complexes have been prepared and
characterised. These include [ (RS-CgHg | .Wiu-0) %0, ] and
[{n®-CgHg }oW{-8)2M3,| (M= Mo or W) [29]. The standard enthalpies of
formation of [WinS—CgHg) {O.CR)>] (R = Ph or COF3) have been determined by
reaction sclution calorimetry [88]. The reactions between [W(Nn®-CgHgl.H,] and
MK, Mz Fe, Al, Co, (u or 2Zn; X = Cl, RBr or 1} vyield complexes
[ (NS-CgHg )M WALXg |,  E(nS-CyHg ),W(u-HIMX,] (M= Fe, Co, (u oar Zn),
[[nS—CgHg) Wiu-H) o} 20ul. o and [(NS-CgHg) M(u-H) MX.).L (M = Fe or Zn; L =
thf or dmf). IR and NMR speclraoscopy were used to characterise the compiexes
and identify the hydride bridges [83]. [W(N5CgHgl H,] reacts with MX; (M =
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Mg or Be; X = Cl, Br or I} to give [{n5-CgHg},H,WMX.] and with RMZX (X = Cl ar
Br) to give [{n®-CgHg), H,W.MgX,] or [(nS-CsHg),HW.RMgX.MgX.Et,0),, depending
on conditions  [90]. The reaction between [W{N$-CgHgl} H,] and
[IrH, (PEtg ), (EtOH) JPFg yields the W—-ir dinuclesr complex
[ (NS-CgHg W (U—CgHy ) (4-H),IrH(PEty)5], characterised by 'H, 13C and 31p NMR
[91]. The product of the reaction between [W(N5-CgHg) H,]1 and [(n®-CgHg).
Zri(Me),] in the presence of 0 is [{nN®-CgHg )} WH{CH{Me)}COZr(Me){n5—CcBg)s}].
This decomposes in sclution to  yield [{{n®-CgHg}.Zr{Me}) 01 and
[ (NS-CgHg } ,W(NZ—CyH,) ). Use of 13C labelled CO demonstrated the incorporation
of one carbonyl! carbon atom into the ethene ligand of the tungsten product
[92].

Resction of the alkylidyne complex [W{CCH (Meg){P(OMe}j} (n3-Cglg}] with
2,6-xylylizocyanide was found to give initially [W{OCH,(Me,}(CN-2,6-MeCeHy)
{P(OMe} } (NS—CgHg) ], then [W{N?-RN=C.'C(CH,(Mey) C=NR(CNR,}(n5—CgHg}] (R =
2,6-Me,Cgl;) [93).  Addition of Buli to [W(CCH,(Mes){P(OMe)4) z(n5-CgHg) 1
affords the =salt Li[W{OCH,CMes) {P(OMe)y}a(nS-CgHg)] which on quenching with
D,0 afforda a  mixture of  [W(CCHD(Me,) {(P(OMe),),(N5—CgHg)]  and
[W(CCD,(Mey) (P{OMe) a1 (n5~CgHs) ] (941, The  methylidyne  complex
[W(CH) (PMay )} 4C1l] has been prepared from the reaction between (W(PMe),Cl,] and
AlMe;. The complexes [W(CH)(PMey)g(AIMe;RICL) (R = CLl or Me) have also been
prepared and identified in golution using 1P and 313C NMR data [95]. X-ray
diffraction studies on [WICH}{Me,;},Cl} have showm the chloride and the
methylidyne ligands trans to each ather, but the structure is disordered. The
structure of [W(CH.AlMe,_ . Cl;,;.)(PMe,}3C1) {(x = 0.18), a Lewis acid adduct of
the WaC triple bond, demonstrated the interaction of the aluminium with the
methylidyne carbon {96]. The reaction of {W(CH.AlMe,Cl}(PMe,};Cl] with AlMey
and C,H, yielded [W(C.AlMe,Cl)(Me)(PMe;),(n2-C,H,)]. The crystal structure
of this complex has been determined, amd shows the phosphine ligands to occupy
axial zites about a trigonal-bipyrimidal tungsten{IV) atom. The bonding of the
W-(C.Al,Me,Cl) fragment involves a WeC~ gystem linked by a three—centre
two-electron bond to the two aluminium atoms of a [Me,Al{u-Cl)AlMe;] moiety
[971]. Protonation of [W(CH){PMe,)},Cl] with CF;S0;H yields the methylene
complex [W(CH)(PMes)4C1]1T[CF,80,]1-. A 'H NMR study has indicated that the
methylene ligand can distort towards giving a methylidyne hydride complex
(98],

The kinetics of oxidation of [W(CN}gl*~ by periodate in neutral and
weakly alkaline sclution have been  investigated [99]. The influence of
acidity on  the electron transfer reactions of  diooxouranium(VI)
octacyanotungstate(IV}-{V} has been determined electrochemicaelly, wusing
cerium(IV), chromium(Vl) and manganese{VII) as oxidanta {100].



236

5.5 TUNGSTEN(IT)

The reactions of the guadruply bonded dimer ([%W,(mhp),] (Hmhp =
2-hydroxy-6-methylpyridine} with RNC (R = cvclohexyl or (Me,) in the presence
of K|P¥g] lead to the formatinn aof [W{CNR),|[PFgls. The Me CNT complex reacts
with PR'; (R’ = propyl or butyl) to give [W(CN(Mey ) a(PR'5)]1[PFg)l; and
[WICNCMe4) g (PR’ 5) 2} [PFgl;.  The electrochemistry of these complexes has been
inveatigated (101]). The crystal structure of [W{ONCMes),]|PFgl; has been
determined. The geometry of the cation is  distorted  capped
trigonal-prismatic, and by the comparison of atructures of analogous tungsiten
and molybdenum complexes it was com:luded that crystal packing forces are the
dominant factor in determining the geometlry adapted by
[M{unidentate ligand),]" complexes in the solid state [102].

The reactions of TIi[IL} (LLH = pyridine-Z-thiol, pyrimidine-2-thiol or
thiazo) ine-2-thiol } with [WC1{CF,CmCCF, ) 5 (N®—CgHg § ) give producta
[WI(LL)C{CF,)C{CF4)} (CFoCalCF,) {n®-CgHg ) | containing a novel n2-vinyl ligand.
With the thalliwm(I) salt of Z-mercaptopyridine N-oxide the reaction displaces
the ayclopentadienyl Zroup to give [W{SCgH NO) 5 (CF40mCCF 5 ) 5 | and
[W{SCgH N} (SCgH,NO) (CF,0mCCE4) 5] [103].

5.6 TUNGSTEN{O}

A oconvenient synthesis of ([W(CNPhlg]l from [W,{dmhp),] ({(Hdmhp =
2:4-dimethyl-6-hydroxypyridine) has been devised, and its redox and
substitution chemistry investigated [(104]. The enthalpy of formation of
[W(PhMe) .} has been calculated from microcalorimetric measurements of its

heats of thermal decomposition and of iodination [105].

5.7 COMPOUNDS CONTAINING METAL-METAL BONDS

A bock containing reviews on the reactivity of metal-metal bords in

varinouzs systems, including some tunfsten complexes, has been published [106].



5.7.1 Higher oxidation state complexes

The oxidation of [W,Cl,{4-OEt),(OEL};(HOEL),] with AgNO, or molecular
oxygen yieldas [W,Cl,(L-OEL);(OEt),]. A crystal atructure determination showed
this to contain a central Cl,W{u-OEt},WCl, unit which is planer except for the
ethyl groups. Two more ethyl groups rround each tungsten atom complete the
distorted octahedral coordination spheres, with a tungsten-tungsten single
bond of 2.7i5 A [107]. A crystal structure analysia of the product obtained
from the reaction of [W,Cl,(PBusz)},] with ethancic acid has shown it to be
[W305Clg{0.CMe) (FBu,) ).  The tungsten atoms are in a equilateral triangle,
capped on cne gide by a chloride ligand, with each edge bridged on the other
side by oxygen atoms, The coordinstion sphere of each tungsten is completed
by three other ligand atoms. The average tungsten~tungsten bond length is
2.609 A [108]. A new bridging ligand, Hy0,7, has been identified in the
complexes [My0y(0;CEL) g {H,0) 5 (U-Ha0,)M40,(0,CE ) g{H,0}),)Bry.BH,0 (M = Mo or
W). A crystal structure detemmination of the tungsten complex showed the
triangular W; clusters (tungsten-tungsten bond average 2.756 A) bridged by
H30,7, which contains a short, symmetric hydrogen bond between the two oxygen
atoms [109].

5.7.2 Complexes with a metal-metal doubhle bond

Two complexes of formula {W,C1,(OR},(HOR},} (R = Me or Et) have been
prepared from [W;(Z,4-dimethyl-6-oxopyrimidinate),}. The crystal structures
have been determined and found te contain a central Cl,W(u-OR),WCl. unit with
distorted octahedral coordination around each of the tungsteen atoma completed
by the two OR™ amd two HOR ligands. The tungsten-tungaten distances are
2.481 A (R = Me) and 2.483 A (R = Et) [110].

5.7.3 Complexes with a metal-metal triple bond and their derivatives

The reaction of [WC1, (Me,S),1 with Et;SiH yields
[CLW(u-H) (p-Me,5) ,WC1, (Me,S)] from which the anion [ClgW{(u-H){(u-Me,S),WClg]~
can be prepared. A crystal structure determination of the [HFPh,]* salt of
this complex has shown it to poasess a confacial bioctahedral framework with a
tungaten-tungsten triple bond of length 2.410 A [111].

1,2-[W,CLl,(NMez ) 4] compounds react with aslkyllithium reagents to give
1,2-[W;R; (NMez)} 4] compounds (R = Et, CD,CHj;, Bu, CHMe,, CHCilMe;, CHOMe,,
Ch,SiMe,, and (Mey)}, which have been characterised by elemental analysis, and
by IR, NMR end mass spectroscopy [112]. In hydrocarbon solvents [Wp{NMe;)g)
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reacts with alcohols ROH to give [W,(OR};g] (R = Me or Et}. The crystal
structure has been obtained for the ethoxide, and shows it to contain a W,0;¢
skeleton akin te that of [W,0,g1%, distorted by metal-metal bonds associated
with the eight additional electrons [113,114]. The reaction between
[Wo{NMe.)l o] and CHMe,OH yields a complex {Wy{(u-H),(OCHMe,};,] which has been
characteriged by IR, NMR And mass spectroscopy, and a single orystal X-rav
study. The molecule is centrosymmetric and has a chain of four tungsten atoms
with two short (2.446 A) and one long (3.407 A) tungsten-tungsten distances.
Each tungsten atom is coordinated ta five oxygen atoms and a bridging hydride
in a distorted octahedrsl]l geometry, The complex reacts with pyridine to form
[Wa (-H} {OCHMe; ) - (PY) 5] 1115}.

5.7.4 Complexes with a metal-metal guadruple bond and their derivatives

The structures have heen determined of two isomers of the complex
[W,Cl, (dppel,] {dppe = 1,2-bis(diphenyiphosphinc)ethane). One isomer contains
bridging dppe ligands with a tungsten-tungsten bond length of 2.314 f;;, and
with the rotational conformation twisted 31.1 ° from eclipsed. In the other
isomer one dppe ligand is chelated to each tungsten, amd the tungsten~tungsten
distance is 2.281 A with no net rotation from the eclipsed conformation [116].
The crystal structure of [W,Cl,(dmpe),) (dmpe = 1,2-bis(dimethylphosphino)-
ethane) shows one dmpe chelated to each tungsten, with a tungsten-tungsten
bond length of 2.287 A. In [WyCly(MMes),] the sets of chlorine and phoaphine
ligands {(two of each per tungsten) are staggered within themselves while the
overall ligand arrangement sbout the dimetal wnit is eclipsed. The
metal-metal bond length is 2.130 A {117). The reaction of [WoCl,(PRy),] (R =
Et or Bu) with €0 gives the monomeric complexes (W(TD}4{FR;),Cl,] and
trans-(W(CO},{PR3),] [118]. The reduction of [W,C1, (Pey},s] by sodium amalgam
under hydrogen leads to the formation of [W H,{(u-H}(u-PHe,)(PMeslgl. A
crystal structure of this complex demonstrated it to contain =
(Me,P),W{i-PMe, )W (FMe; )5 core, but could not locate the metal-bonded hydrogen
atoms {118],

The reaction of CF400H with [W{mhp),] (Hmhp = Z2-methyl-6-
hydroxypyridine) at -78 °C yvields the mixed 1igand nomplex
[Wo{mhp) ; (CF400,) 1. The reduction of [WClg({tht),] using sodium amalgam
gives a solution containing {WjCl,{thf),], which reacts with CF3CO;Na to yield
[Wo(CF3005),1. This has been characterised by IR, Raman and !®F NMR
spectroscopy, amd by a crystal structure determination of the diglvme adduct
in which the diglyme acts as a tridentate axiai bridging ligand [120].
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5.7.6 Carbony! and organometallic complexes

The product of the remction between [(N5-CgH,R}.Sn] (R = H, Me) and
[(n®-CgRg )W(CO) H] had been reported to be {SnI{W(CO},(nS-CgHg)lo},. Further
investigation has shown it actually to be C18n{W{CO0)5(n5—CgHg)];, formed from
the reaction of the halogenated hydrocarbon solvent with HSn[W(0O),
(n5-CgHg} 153, which is the initial product [121,122].

The reaction between [(n®-CgHg){00),W-SiHMe] and [Co,((0D}y]} yields the
Hz-SiMe bridged cluater [(n5-CgHg)(CO), W y-SiMe) {Co(OD)51,]1 [123]. The
structures of the two complexes [(NS—CgHg}W{Ly—C(CgHMe-4)C(Me)}Fe({00)g] and
[{n53-CgHg )W(y~0Cgl Me-1) (1, -Me SiC,81Mey ) (U4,—00)Fe{0)¢] have been determined
by X-ray crystallography. The complexes are products of the reactions of
alkynes with di~ or tri-metal complexes with bridging alkylidyne ligands
[124). The reactions of polynuclear carbonyl complexes of iron, ruthenium or
osmium with [MR{OO)E{nE-CsHsn (R = CgH,-4-Me) yield several heteronuclear
clusters. The crystal structures have been reported of
[{(n®-CgHg W}, (L3 ~CoR, JFe(C0}g ), [ {(nS—CgHg IW}, {1y -Co Ry )OS (C0) 5] ,and
[{n5-CgHg }W(1y~CR)084(COY ;.1 [125]. The reaction between [(H,084(C0);q} and
[WeCR(CO),(n®-CgHg}] (R = CgHy-4-Me) involves the cleavage of osmium-osmiim
bonds under very mild conditiona. The crystal structures have been determined
of [(RS—CyHg)W0a4(C0),, {C{OICHR}]| and {{{n5-CgHg)W},08{CO),(C,R,)]  [126].
The resction of [IrCl(CO},{NH,CeH -4-Me)] and [{(N5-CgHgIW(00),H] with 00 in
the presence of zine vields [ (NE-CgHg IWIrg(CO) 4] and
[{{n®—CgHg )W} zIr, (00) 41, The crystal structures of these complexes are
related to that of [Ir,{C0);.], with cne or twe Ir{00),; vertices replaced by
(n8-CMg \W{00), [127,128]. The tetrahydrothiophen group (tht) in
[Au(CgFg)g(tht)] is readily displaced by [(n5-CgHg)W(CQ)Iz1~ to give
[ (NS-CgHg } {CO);W-Au(CgHg 151~  and [{{n5-CgHg ) (COYgWIoAul~  which  have
tungsten-gold bonda [129]. The reactions and the syntheses of the complex
salts [LMW{x-n*,n3-C(CgH,Me-4)H}{CO),(n5-CgHg}1[BF,] (LM = (nS-Cgleg){C0)Co
or (PMey)},Pt) have been described; the structures of the platimm-tungsten
species and the compounds [(PMeg)oPEW{u-i} {u-CH(CgH Me-4)}(C0) (NB—CgHg) ] and
[ (N5-CgMeg )CoW{u-nl ,N3-C(CgHaMe—4)C(Me }C{MeH} {u-CO)Y (COY(NS—CgHg } 1[BF 1, {3},
have been determined [130].
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The reaction of [{(n7-C,H,)W(CD),I] with ER- (E = S, Se or Te; R = alkyl
or aryl) yields several types of complex, including [(CO) Wiu-ER) WIO),],
[(n7-C,H, )W{u-ER},W(CC) 4 ) and [ (N7-CoH, ) W{u-FR} 3W((0) (u-FR) JW{CO} 4 1,
determined by analyses, IR, H NMR, and mass sgpectroscopy, and by X-ray
crystallography. The ER- bases bridge across tungsten-tungsten single bonds
[131,132]. The thermal reaction between [W{CO)g] and Ph,SbSbFPh, yields the
bridged dimer [(CO} W(u-SbPh,),W{CO},], which contains a Lungsten-tungsten
single bond [133]. [{n®-CgHg)Co{cot)] (ecot = cyclooctatetraene) reacts with
[{dmf) 3 W(CD) 5] to give [(NS-CgHg}Col{p—Ccot)W(C0l,], in which the oot ligand
acts as a fluxional bridge across a cobalt-tungsten bond [134].

The vibrational spectra of the carbyne complexes [{CO)gRe-W(CO), (CR)I
(R = Ph, Me) have been recorded and interpreted [135], The reaction of

[{CO)gRe-W(CO) {CR}] {R = Ph or CgHy—4-Me} with e, vields
[ (C0) 4Re(u-C(R) (PMey) JRe{u-00)W{CO) ] with the ruthenium-tungsten bond bridged
by an wylide and a carbonyl ligand. With excess PMe, the product is

[{00) 3 (PMe, )Re {H-C(R) {PMe,) } {u-C0)W(00},_p{PMeg),] (n= 0 or 1}. The crystal
structure  of [(CO}4 (PMey Retu-CiCsH Me) (PMey )} } {L-COYW(CD) , ] has  been
determined [1368]. Full synthetic procedures have been reported for a number
of heteronuciear metal carbide clusters including [Et N].[(FegWl{(0},g] [137].
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5.8  NITROGENASE RELATED CHEMISTRY

5.8.]1 Tungsten-jiron-sulfur clusters

A review has been published of Fe-M-S (M = Mo or W) complexes derived
from [MS,}" anions, and their relevance to the molybdenum enzyme nitrogenase
[138], The ground state electronic and magnetic properties of [(FeCl,) WS, 12~
have been studied by Misshauer spectroscopy and magnetic measurements. The
results implied a high electron affinity of the WS,2~ group and intramclecular
apin coupling [139], The variation of the average magnetic moment, Ry, in the
temperature range 300-1.8 K, and how it changes with applied spin magnetic
field of 0.125-2.0 T, has been reported for [NEt,];{FegW,Sg(3Ph)g{0Me)y]. The
results were interpreted in terms of antiferromagnetic spin coupling betuecen
iron atome within the separate {FeyWS,} cubane~like clusters [140]. The
electrochemical behaviour of [FegW,8,(SEt)ql3~ in ethanenitrile has been
reported. Both the 3-/4- and 4-/5- couples show pgood electrochemical
reversibility, unlike the case in dimethylaulfoxide, due to the sensitivity of
the tungsten atom in the reduced cluster to attack by oxygen-donor lidgands
[141].

5.8.2 Dinitrogenyl chemistry

Several reviews have been published dealing with the chemical reduction
of dinitrogen bound to tungsten or molybdenum [142-144].

The formation of hydrazido{2-) complex intermediates in solution during
the reaction of cig-[W(N,)a(PMe,Ph),] with H,S50, in thf has been established
by 1SN NMR spectroscopy, amd {W({(NNH,}{HSO,),(PMa,Ph),] has been isoclated.
When treated with H, 80, in MeOH the complexes {WX,(NNH;){(PMe Ph)_ 1,
[WX{NNHZ) (PMe, ) L)Y and  [W(NNH;) (quinO}{PMesPh}aIX (X = Cl, Br or I; L=
ternary phosphine or substituted pyridine; guinO = quinoline-8-olate} give
ammonia or hydrazine. Ammonia was also produced on treatient of these
hydrazido complexes with aqueocus KOH, and from [WX;{NNH,}{PMezPh}y]l by
reaction with Na(BH,] in thf or methanol. The preparation and
characterisation of [WBr(NNH,) (NCgH,)(PMe,Ph},]t and [W{NNH,)L'(PMe Ph);1*
(L' = NCgH,-2-005 or HNCgHg-2-CO;)} were described [145]). X-ray diffraction
studies of five complexes of formula [M{NNH,){quinO){PMe.Ph)a]X (fquin0 =
quinolin-8-clate; M = Mo or W; X = Cl, Br or I) have showm almost identical
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octahedral coordination of the metal ion, with slight differences in the
extended hydrogen-bonding schemes and orientations of the phosphines which may
account  for differences in  protonation reaction products  [146]. An
investigation into the mechanism of the reaction of cfs—[W(N,) )PMezPh),] with
HC1, HBr, and H,30, in MeCH to yield [W(NNH,)(OMe),(PMe,Ph)4] has shown that
protic solvents play a unique role [147].

The complex trans-{W(N;i.{(dppel,] (dppe = 1,2-{diphenylphosphinn)-
ethane} may be acylated by trifiluoroethanain anhvdride to give
trifluoroethanoyldiazenide complexes in high vield. The reaction does not
involve radicals and a mechanism analogous to protonmation has been suggested.
Other ligands can also be acylated, with methyldiazenido complexes vielding
methyl {trifluorcethanoylihydrazido{2-), and ethanoyldiazenide complexes giving
trifluorcethanoyldiazenido products [148]. The reaction of
[WBr{dppe),{NNH,}IBr with PhIt in CH,Cl, in the presence of [{0,]2 yields
{WBr (dppe) , {NNCHO) ] . & minor product of the reaction  between
[WBr(dppe) ,{NNH,) ]Br and Phl* in CHCl,/aqueocus [005]2- is the complex
{WBr(dppe},(NNCCl,) 1+, The reactions of this cation with various organic and
inorganic bases have been investigated [150}. The reaction betwsen PhIt and
fWBr(dppe),{NNH,}|Br in CHFBr, in the presence of agueous [C04]Z" yields the
binuclear cation l‘h‘z{u—CH{Nzlzl(dppe}4Br2]+, which has been isolated as its
Br=, [PFgl™ and Reineckate =zalte. A crystal structure determination of
(W {u~CH{N,},) (dppe} 4Br, ] [Cr{NH;) 5 (NUS) 4]1.1/5CH,Cl, has shown that the catian
contains a formazanido(3-} ligand, [N,CHN,}3~, bridging two tungsten atoms in
a seven atom chein {151,152].

Cyclic voltammetry has been used to investipate the electrochemistry of
[WF(dppe ), (NNCER' ) ]{BF,] complexes. PR spectra of species generated by
controlled potenitial electrolysis have demonatrated that reduntion ocours in
these species on the two nitrogen atoms rather than the metal [153].

The reaction of trans-[Wi(dppel,(N;),1 with [HOo(O0),} or {HFeCo,(CO), !
in the presence of alcchols yields |W(OR}INNHp)tdppel,!¥[A]™ (A = Co(0D),,
R = Me or EL; A = Cog((0);,, R = Me] A = FeCoa(C0);,, R = Me, Et or Pr) [154).

5,8 TUNGSTEN CATALYSTS

The kinetics of the oxidation of dimethylsulfoxide hy Hy0., catalysed by
NaWo,, have been investigated using iodometry. A mechanism was proposed
involving formation of H,WOg and H,WOg [155]. 7The reaction of a mixture of

o-hydroxodecyl hydroperoxide and epoxides im catalysed by tungstic anhydride
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and chlorosulfonic mcid to give 1,2,4-trioxane in 7-63% yield [156]. The
catalytic conversion of MeOH into hydrocarbons has been studied over a variety
of metal and organic salts of HyPW,,0,,. Pyrazinium salts exhibit remarkably
high selectivity to ethene and propene [157]., A PdSO,-HyPMagW:0,n catalyst
system has been used in the liquid phase oxidation of cyclo-alkenes to the
correspornkding ketones [158].

The photoelectrochemistry of alkylammonium tungstates has been studied
as a route to the production of H; in a photogalvanic cell {159]. In strong
peid solution n-type WS, can be used as a photoancde to effect the oxidation
of S0, to [80,12", drivem with visible light. The presence of I“ as a
mediator was found necessary for the oxidation to occur [160]. Specific
chemical treatments of n-type WSe, photanodes have been developed which
improves its conversion efficiency [161].

WCl, and WOCl, have been used as primary catalysts, with SnMe,, Phie,,
(CgHg )TiCl, eand (CgHg}ZrCl, as co-catalysts, for the metathesis of
methyl-10-undecencate, methyloleate and olelylacetate. The WOCL,/{CgHg),TiCl,;
gystem was found to be very active for the metathesia of umgaturated esters
[162]. Unsaturated nitriles of general formula CH,=CH(CH,},CN, where
1 ¢ n < 4, wdergo metathesis in the presence of a WClg/SnMe, catalyst system,
with maximum reactivity for »n = 2 [163]. Methyl dec-9-enoate has been
obtained by cometathesis of ethene and methyloleate using a Wilg/SnMe,
catalyst system [164]. Very active, long-lived catalysts for alkene
metathesia have been prepared from the reaction of the oxo complexes
[(RCH, ) GW(0)X] (R = CMey; X = Cl, Br or OR) with AlBr,, AlCl,, GaCly; or BBr,
to form 1:1 adducts with an oxo bridge [165}. The metathesis of alkynes by
tungsten{VI)-alkylidyme complexes has been investigated [166].

Measurements have been carried out to determine the rate of H;
production by the water gas shift reaction at temperatures of 200 'C  and
lower with [M{CO)g] (M = Cr, Mo or W} serving as catalyst precursors in basic
methano]l solutions. The overall kinetics were expleined by a mechanism
invelving methancate decomposition rather than activation of carbon monoxide
[167]. Photogeneration of [M{CO}g} species from [M{CD)g] (M = Mo, Cr or W)
has been shown to produce enhanced catalytic activity at low temperatures in
the metal-carbonyl catalysed water gas shift reaction [188]. Al though
[M{CO)}e] complexes (M = Cr, Mo or W) are non-catalysts in hydroformylation
reactions [M(CO}g(3nC1,) ], [M{0C0)g(SnO)] and [M{CC)g1/SnCl, systems all show
catal ytic activity in hydroformylation and carboxylation of alkenea [168].
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5,10 NITROSYL COMPLEXES

Thermogravimetric and gas chromatographic technicques have been used tn
study the pyrolysis of a series of complexes cis—[W(NY,L,] (i, = neutral
bidentate ligand}. Mixtures of N,, N,0 and NO gases were detected {[170].
Gas-phase core electron hinding energies have been determinesdt using X-tay
photoelectron spectroscopy of the series [(NS-CgHgIMINOILCH] (M = Cr, Mo or
W}, On going from chromiim to tumgsten, back-bonding to the nitrosyl group
increases, and electron density is withdrawn from the chloride atoms [171].
The gas-phase ultraviolet photoelectron spectra of [(NS-CgHgIM{NGY,X] (M = Cr
or W, X = 1, Br or I) have been reported. The interpretation of the sapectra
compared favourably with a Fenske-Hanll molecular orbital caleculation on the
[(n5-CgHg }CT(NO),C1] complex, which suggested that the metal electrons are
highly detocalised onto the nitrosylas [172]. The rate constant. far the
substitution reaction of PMey with [{nS-CoHeIW(O0)L(NO)]  to  give
[(nS-CgH YW(CO) (NO) (PMe, )} has been measured at 26 'C in thf. At - 23 "¢ in
pure PMe; the product of the reaction is [{n!-CgHgIW{(CO){NO}(PMey),) [173],

5.11 CARBONYL COMPLEXES

Vibrational spectra have been recorded for [W{ 200)g{12CS)] and
trans-[W{1200) ,(2?C0)Y(12CS) ], and for related chromium complexes. Definitive
agsignments have been proposed for most of the fundamental vibrations of these
molecules on the basis of general quadratic valence potential fields employing
both compliance and force constants [174]. Laser pulse photolysis of [(W{00)g]
in methylcyclohexane (solv} produced an intermediate, thought to be
[W{CC)g{solv)]. 1In the presence of 4-ethanoylpyridine, L, the final product
was [W(CO)gL]. The reaction kinetics of these reactions were discussed [175].
The TR spectra of [W(CO)gi{salv}] {=solv = methyleyclohexane or CH,Cl,), formed
by UV irradiation of [W{DD)gz] in solvent at - 78 "C, have been reported and
the photochemical reactions of {[W(COlg} with aromatic hyrdrocarbons studied
[176].

13c NMR has been used to investigate the site of W—CO bond breaking and
flwdionality in 1300 substituted [W{CO),{phen)] {(phen = 1,10-phenathraline},
which iz the first step in ligand substitution reactions of this type of
complex . A mechanism was suggested involving loss of €0 rnis to the phen
ligand, followed by complete scrambling of the five-coordinate intermediate
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[1771. Redox reactions of cis-[W(CD),(bipy)z] (bipy = 2,2’-bipyridine)
produce {W{(CO),(bip¥},])Z (z = *1, 2), These species react with isacymsnides
to substitute CO or bipy, or both, depending on z [178). The kinetics have
been investigated for the reaction of [W{CD),(bipy)] with cyanide in several
non-aqueocus solvents., Solvent effects have been dissected in to initial state
and transition state components [179]. Stable anionic radical species
[{CO) gW-L-W(CC)g 1™ (L = pyrazine or 4,4’-bipyridine) have been prepared by the
reaction of KtL™ with {W{CO)gl: and characterised by EPR spectroscopy [180].
The sgolution and solid IR spectra of [W(C0),(dipyam)] {dipyam =
di (2-pyridyl }amine) have been recorded and compared with those of the
2,2-bipyridine analogues. In solution the spectra are similar, but
differences in the solid state spectra suggest that intermolecular
interactions lead to an associated or polymeric structure in the dipyam
complex [181]. The syntheses of (w{Ca)sl.l (L = 4-methyl- or
4-phenyl-1,2,4-triazole) have been reported. The IR and 'H NME spectra show
the triazoles to be monodentate, and there is a strong solvent dependance in
the 'H NMR due to the solvent-solute interaction [18Z].

Luminescence spectra have been measured of matrix-isolated substituted
tungsten and molybdemamn carbonyls [M{CQ)gL] (L = pyridine, 3-bromopyridine,
pyridazine, piperidine, PMe, or PCly). The fluorescence band shifted to
higher energy on going from Mdonor to A-donor ligands corresponding to the
shift of the lowest lying d-¢ transition in the UW/VIS absorption spectrum
[183]. MCD spectra of [M{00)gL] complexes (M = Cr, Mo or W; L = NMe,,
pyridine, pyrazine, pyridazine, piperidine, thiazole, PMey, FPhy, or FCl,)
have been reported and discussed. The results were used to assign the
absorption bands of the [M{CO)gL) complexes [184].

The reactions of diphenyl({3,5-dimethylpyrazolyl}phoaphine, LL, with
[W({CD),L';] (L’, = norbornadiene or (MeCN),) proceed stepstise to give an
equilibrium mixture of products {(LLIW{0Q),] and eis-{(LL},W{00),]. The
former product contains a four-membered P,N-bound metallocyle and the latter,
favoured by excesz ligand, contmins A-bound ligands [185]. The coordinatively
unsaturated species {[(LL)}_W(00);] (LL = phenylbis(3,5-dimethylpyrazolyl)-
phosphine) reacts reversibly with 00 and irreversibly with H,, C.H,, P(OMe],
and PFy. The starting material has a pseudo Ty structure in which the ligand
is bound to the metal via two nitrogen atoms giving a six-membered boat
metallocyle. The product of 0O eddition, {{LL)W({00},], contains a
four-membered P, N-bound metallocycle [186]. The complex trans-[{L} W(CO),}
(L = AM(diphenylphosphino}-2,5—dimethylpyrrole) has been prepared amd
characterised using IR spectroscopy. The ligand is P-bound and has a poorer
coordinating ability than PPh, [187]. The triazaphosphole ligand, (4),
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forms a tetramer reaction with [(MeCNIM{TO)gi (M = €r or W) to give a product

containing two W{C0)y fragments bridged by a bidentate P-donor macrocyvle,
(53, [188].

The two bicyclic aminophosphanes, {8}, form stable adducts

- =1 = —.
e by
{5)
™ E - '
& " T ——
—_ - "--__.'. - — - )
. - L = -
Ny e
ilg .
= e
) [ g
Mg = =
(Bai

t6b}



247

{W(0O)g_plpl (n=1-3; L, = 6a, 6b) in which the ligands are coordinated by the
phosphoruz atoms only, demonstrated using TR and 'P NMR spectroscopy [18%].
The monodentate FPbound ligand Ph,PCH,CH,NMe,, L, forms an adduct [W{CO)gL]
which can be methylated using iodomethane to give [W(CO)g(Ph PCH,CH,NMeyl}]I,
which haa been characterised by elemental analyses, conductivity measurements,
14 and 1P NMR, and IR apectroscopy [190].

The 13C NMR spectrum of ois-|W{{0},('3C0)(PMe,Ph)] shows a doublet due
to 3P coupling. After heating in heptane for twelve hours another doublet,
due to trans 1300, was observed. The absence of 1?0130 coupling implies an
intramolecular rrearrangement process, unlike the molybdenum complex which

rearranges via an intermolecular exchange pathway [191]. The crystal
structure of ([W(CO)g{PMez)] has been determined to find the length of a
tungsten-phosphine bond free of excess steric interactiona {1921, The

principal of electrochemical substitution of metal carbonyls has been applied
to  [W(CO)g{PR3)] with +the aim of selective preparation of di- and
tri-substituted products [W(CO),{PR3)(PRs"')] and [W(O0},(PR4){PR'3}5]. As a
result of simultaneous replacement of CO and PR, mixtures of products formed
[193]. The cryatal structure has been determined of the product of the
reaction between trans-[{00),W{PPh,CH=CH,).} and FPh,H. This confirmed the
conclusions from the IR and MR data, which had suggested that the product was
[ (CO) JW{PPh,CH(CH,CH,PPh,)CH,PPho) ], in which the ligand is coordinated via
two phosphine atoms to form a six-membered metallocycle [194). A series of
complexes 2ig-[W(00) (PR, ) (alkene) ] has been obtained from
[Et,N]{W(CO), (PRy)C1l), either wia [W(O0},{PRy}(solvent)] or directly in a
two-phase system [195].

The mixed ligand geven coordinate tungsten{II) complexes
[W(00),{PPhy)L,]1 (L~ = 8-quinolinato, picolinato or L,*" = anion of
N, N disalicylidene-1,2-phenylenediamine) have been prepered amnd characterised
[196]. The substituted xanthate complexes [W{CO),(PPhy)(Rxant),] {R = Et,
CMe, or CH,Ph) have been prepared and characterised by IR and UV/VIS
spectroscopy. The xanthate acts as & bidentate ligamd to give a
seven-coordinate complex [197). A series of compounds of the type
{W(CO},L(8CNR; )51 (L = phosphine or phosphite; R = alkyl} have been prepared
and the crystal structure determined for the complex with L = PPhy and R = Bt.
The tungsten is seven-coordinate with a tetragonal base-trigonal base geometry
[198B].

A directed synthetic route has been described to the complexes
LM(FMe,-E'Me,) ML, (MM’ = Cr, Mo, W, Ma, Fe, Co, Ni; E,E’ = P, As; L =
(CO), for W) which contain twe bridging ligands forming a six-membered
metallocycle. The IR and #!P NMR spectra have been recorded and interpreted
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[199]. The complex [W{00)g{MeAsH.)] has been prepared and isclated in & pure
gtate [200]. The bulky arsine ligands As{EMey), (E = 38i, Ge, 8n) have been
prepared and found to react with [W{00)g] to give [W{0O)g{As{EMes);5}]. The
NMR, IR, Raman and He{I}-FE data for the lizands and some complexes have been
reported [201]. Pyridine ana ]l ogues 4~R-xF-arsenines and
2-aryl-4-R-A%-arsenines react smoothly with [W(CO)4{MeCN),] to give stable
{ {n-{aA%-argenine) }W(C0) ;] complexes. IR, 14 and 13C NMR, UV and mass spectra
have been obtained and discussed [202]. The adamantane structured
MeC(CH,A80) 5 reacts with [W(CO)gl to give [{MeC(CHaA=0),} W((X0),] in which the
ligand is coordinated via arsine atoms. IR, Raman, *H and i3C NMR, and mass
spectra have been recorded and the vibrational spectra discussed in detail
[203}].

[W(CO}g] reacts with Sb{SiMe,;)y with substitution of one of the O
ligands to give [W(CO)g{Sb(SiMey),}]. Thias complex can act as a initiator for
the polymerisation of thf. The IR, 14 MMR and mass spectra of this and
related compounds have been measured and discussed ([204]. The stibines
dimethyl {a-picolylistibine, picstib, and dimethyl (8-quinelylistibine,
quinstib, have been synthesised and wused to prepare the romplexes
[W(CO),{picstib)] and [W(CO},{quinstib)] 1in which the stibines act as
bidentate Sb-,P- chelating ligands [205].

The chelating ligands Me,XGeMe,(CH,}.X'Me, {(X-X'; X = P or As; X' = P,
As  or N} vreplace norbornadiene (nbd) in [W{QQ),(nbd)] to give
[W{CO} ,{Me_XGeMe,(CH;} ,X"Me }]. In the reaction between [W{CO) ¢ (piperidine),]
and the As-,N- ligand, the product is [W(00),{As-N},] with two monodentate
As—bound ligands rather than the chelate [206,207].

Photolysis of [W{0O)g] with phenanthroquincone in toluene yields a stable
metal carbonyl quinone radical complex. This will undergo ligand exchange
reactions between the carbonyl and the ERy ligands (E =5 P, As or N;j R = Ph or
Et). EPR spectroscopy has been used to follew these reactions and to indicate
the probable exchange sites in thermal substitution reactions [208].

The photolysis reaction of [W(00)z] with Nay,5.9H;0 and 18-crown-6-ether
yields [W(CO)gSH}™ end [W,{CO);o{u-SH)]~ ions, isolated as {Na(crown)}*? salts.
The structures have been determined of these two complexes, and show them to
be polymeric in nature with Na-OC linkages between alternating cations and
aniones [209,210). The photochemical or thermal reaction of [W{00}g] with MyX
in alcohols (M = Li or Na; X = 8, Se or Te) yielde [W(CO)g{SH)]1~, which have
been isolated as [{PhyP),N]j* or [asPh,j* salts [211}]. The reactions of
Li[W(CO)g{SH}] with [Mez0]%, Me,SnCl, PPh,Cl and {(n%-CgHg)Fe(00),C1} have
been investigated and found teo yield respectively [W{CO)g(SMe,)1,
[(W{CO}g{S(SnMes) ) ], [(W(CO)}g(SHPPh,)], and [{0D)gW(u-SH)Fe(CO) (n3~Cghg) ]
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[212]. The macrocyclic ligand 2,6,15,19-tetrathia[7.7]paracyclophane reacts
with [W(CO)gl to give [(C,oaHagaS l{W(COI, 1] and [{CaaHapS, ) (W{0D)g)s],
believed to be intermediate in the metal carbonyl catalysed elimination of
1,3dithiapropane from the ligand. The structures have been determined by
X-ray crystallography, and are illustrated as (Ta) and {(7b} [213]. The
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crystal structures of [[{MeyY),3}W(C0)g] (Y = Ge or Pb} have been determined.
The tungsten-sulfur bonds are =single, with no evidence of significant w-bond
contribution [2i4].

The 13C NMR aspectra of {[W(CO)gL), where L is the sulfur—donor ligand
ferrocenylphenylthioketone, have been studied. The carbon nuclei in the
cyclopentadiene rings of the ligand are deshielded on coordination of the
ligand to the W{00)g fragment. {215]. The chromium  complex
[(NS-CgHg YCr{u-S(Mey ) (4-8)Cr{N®—CgHg}] reacts with {W((0)g| to substitute a
carbonyl ligand. The chromium specoes acts as a sulfur—donor ligand via the
bridging sulfide. The crystal structure of the product has been determined,
and shows the geometry of the ligard to be almost unchanged on coordination to
tungsten [216].

A ngeries of stannylene complexes [W{0D)gL] {L = 8nCl,, Sn{00Me},,
8n(OH),, Sn®, SnS or Sn{NCS}),} has been prepared and characterised [217].

The mixed-metal dimer complex {[(LO)gW(u-H}Cr{TQ)gl has been synthesised
by the reaction of [HCr(CO)gl~™ with the Lewis acid fragment W(CG)g [218]. A
new synthetic route has been developed to the anions [FM{CO)g]~ {M = Cr, Mo or
W) from the reduction of {M{CO)}g(NMe,)] to the dianion [M{CO)gl2~, followed by
protonation [219].

The rate of hydogenation of o-methylstyrene by [HW(CO);(n®-CgHg)] has
been investigated. The kinetics of the reaction suggest a mechanism involving
transfer of a hydrogen atom to the BA-carbon of the styrene as the rate
limiting step [220].

The crystal structure has been determined of [{n®-Cglig!W({CO)4,Cl] |221].
The reaction of {(N®-CgHg)W(CO)4Cl] with Phy,P(O)C(SIN(H)R (R = Me, Ph) in the
presence of Ft N gives [(RS-CgHg)W(00),{Ph,P(OICISINR}], in which the
deprotonated ligend coordinates in a bidentate manner through nitrogen and
sulfur to give a four-membered ring. [Wi00),(PPhy)2Cla] reacts with the
ligand in the presence of EtyN to give complexes with seven—coordinate
tungsten bound to two oxygen-, sulfur-bonded ligankls forming five-membered
rings, and to one PPhy and two CO ligands [222]. The ligands Ph,PC{XIN{H)R,
J1H, (X =8, R= Ph or Me; X = O, R = Ph; X = Mi-tol, R = 4-tol) behave as
nuetral monodentate ligands in substitution reactions with [{nS—CgHg)W(C0);C1}
to give [(n®-CgHg)W(CO) (LH)C1}, with the phosphorus bonded to the tungsten,
Deprotonation using FEtyN occurs only when X = 8 to give phosphorus-,
sulfur-bound chelate compounds [{R5-CgHgW(CO)(L7)], The reaction of
Me,NC(SIN{H}R, LH, (R = Me, Ph) with [(nS-CgHg)W(CO)5Cl} in the presence of
EtyN yields the sulfur, nitrogen-honded complexes [(nS-CgHg)W(O0),(L")] [2231.
The reaction between [(NS-CgHMW(CO),T} and RNC (R = PhCHy, Mey; or
2,6-dimethylphenyl} is catalysed by the dimer [(n5-CgHg)W(00)a], to yield
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[(n®—CgHg )W{CO)5_pn(RNC} 1], A reaction pathway involving a faast non-chain
radical mecahniem and a slower chain radical reaction has been proposed [224].
Cycloelimination of [(n5~CgHg) (CO) W(X){PPh,(CH;)5Cl}] with sodium amalgam
vields the complex [{nS-CgHg}{CO)},WPPh,(CH,)1,5], which contains & five-membered
metallocycle [225].

Naf (n5-CgHg)W(CO);]1 and Ph,PCl react to give [(nB~CgHg)(00) WPPh,1,
which can be converted to trans—[{nS—CgHg)(CO),(PMegy)WPPh,] via phosphine/CO
exchange, These complexes react with HCl, Mel or Br, to give
[{nf—CgHg ) (CO),IWPPh.R]Hal (L = CO or PMe,; R = H, Me or Br) and with S or Se
to give [(NS-CgHg) (CO}LWPPH,E] (E = § or Se) [226]. The anionic thiocarbonyl
complexes [{nS-Cglg)W{00),(CS)]1~ and [{HB(pz);}W{00).(CS8)]~ (pz = l-pyrazolyl)
react with Mmethyl-AM-nitrosyl-4-toluensulfonamide and acid, or with [NOJ[PF4])
to give [LW(CO)(CS)(NO)} (L = nB—CgHg or HB(pz)). [(nS—CgHg)W(CO),(CS)]™
reacts with chloro-2, 4—dinitrobengene (DNP-C1} to vield
[ In5—CgHg } {CO} WaC=5-~DNP] . [{HB(pz);IW(CO}-{C8) ]~ remcts with Mel, EtT and
DNP-Cl to give the stable mercaptocarbyne derivatives [{HB(pz)s}(CO}.W(C&R}].
Reactions of { (NS-CgHg) W{CO}{CS}{NO) ], f{HB{pz)W(CD) o (CS) (N ],
cis-[{n5-CgHg)W(00),(CS) (SnPhy}] and cis-[(NS-CgHgIW(O0),(CS) (PbPhgy}]  with
H,NMe smoothly transform the CS to the O=N-Me ligand [227).

The photochemistry of [{nS—CgHg)W{CO}3Me] in  solution has been
investigated, The primary photoprocess was proposed to be W00 bhond
disgociation, and a pathway was suggested for the formation of the dimer
[{n5—CgHg WD) 5] [228]. The orgenic reactions of the side chain on the
substituted cyclopentadienyl complexes [ (n5-CgHRIW(CO}Mel (R = CHQ, CH=CH,
or CH{CC}Me) have been reported, and the addition polymerisation of
{ {(nS-vinyleyclopentadienyl }W(C0) jMe) and [ {(nS—cyclopentadienylmethyl-
acrylate)W({CO);Me}l observed {[223]. The kinetice of the reaction between
[(NS-CcHo IW{00},{SnMe;}] and I, has been spectrophotometrically measured and
used to illustrate the conditions mnecessary for a bimolecular reaction
proceeding via an intermediate to appear to fit a rate equation for a simpler
reaction [230}. The series of complexes [{n®-Cglig)M{CO)4(PbR,)] (M = Cr, Mo
or W; R= Me or Et) has been awmthesised. The methyl derivatives are
photochemically and thermally unstable, decomposing to give
[(n5-CgHg IM{CO}3Me]. The ethyl complexes exhibit the rearrangement reactions
to give {{nS-CgHg)W{CO),},PbEt, [231}].

The ethene bridged complexes [{nS~CgHg}{00)aM(u-CoH, M’ {00)4(nS-Cglg]]
(MM = Mo, W), {{NS-CgHg ) {PPhy) (00) W(L-CoH, YWIO0) 5 (n®-CgHg) 1, and
[{n®-CgHc } (CO) gW(u—CpHy YRe(CC)g] have been obitained by nucleophilic addition
of [W(00)4(n5-CgHg)]™, [W(CO},(PPhy}{n5-CgHg)]1™ and [Re{CO)g]™ to coordinated
ethene in [W(00)g(nS-CgHg)(n2-CoH )1+ and [W(O0), (PPhy) (n®-CgHg ) (N -CpH, ) ]
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{232). The pseudo-tetragonal-bipyramidal complexes f(n®-CgHgIW(C0),(CoH,iMe]
and [(nS-indenyl)W{C0),(C.H,}Me] show hindered rotation of C,H, around the
W—C,H, bonds, demonstrated by *H NMR spectroscopy. The 'J(1%3W-t3(C) noupling
in the 12C NMR spectra of the ethene in the tormer complex, and the ethyne in
[{n5-Cghg W(COH{CH, )Me] indicate some s—character in the W—C bondws [233). In
[{n®-CgHg IWICO}5(CoHg Y] the W-C,H; bond is photolabile and irrndiation of the
complex in solution gives ((nS-CgHglW{00),]., [(nE-CgHg)W(LO) H], C:Hg and
CaHg. In the presence of PMe,, UV irradiation of the solution gives
[(N®-CgHg ) (CO) (PMe, ) ,W-W{00) 5 (n5-CgHg ) 1, [ (NS -Cghtg YW{00) 5 (PMe5 ) (CoHg ) and
[ (NS~CgHg )W(CO) , (PMe, )H] [234].  Protonation of [(n®-CgHg)(CO),W—mCPh] gives
[(N®—CgHg) (CO) gW{u~(nl, nZ—C,Ph)}W (RZ-C,PhH) (00 (NS—CgHg) Y, characterised as
ite [BF,J- salt by X-ray crystallography. No tungsten-~tungsten bond was
found. In +the presence of PbPh,y, the protonation reaction gives
[ (N5-CgHg } {(CO)W(C{PPh, )=CPhH} 1 [BF, ] [235].

The ligand 6-dimethylaminofulvene acts as s zwitterionic n®~donor in the
complex {{00)4W(CsHC(HINMe 1], 'H NMR has been used to determine the eneray
parameters for the barrier to rotation sbout the C-N bond (2368]., The effect
of protonation of the tungsten in [(CO) W{CgH,C(H)NMe,}1]* on the kinetic
parameters of rotation about the O-N bond has been determined [237].

The electron impact mass spectra of a series of complexes
[(CO)M(NE-PhX)] (M= Cr or W, X = OMe, OBu, CO,Me or OO,Bu) have been
recorded. The fragmentation pattertis of the tungsten complexes differ trom
those of the chromium complexes due to its stronger electrophilic character
and the more pronounced tendency of tungsten to mttain higher oxidation states
[2381.

The reaction of [{N7-C,H,)W((0),I] with ER” bases (E = 0, S, Se, Te; R =
alkyl, aryl) yields several types of compounds, including [n”-C,HIW{CO),{ER)]
and [(N®-CyH;) (CO) ;W{L-OR),WI00) 5 {n*-CoHy} 1, characterised by analyses and by
IR, 'H NMR and mass spectroscopy [130]. The cryatal structure of
{(N7~C,H,)W(C0},{SePh)] has been determined {239].

Cyclic voltammetry has been used to investigate the electrochemical
oxidation of the acyltungsten anions [(ROO)W{CO)gl—. Shifts in the pesk
potentials on changing calions demonstrated the influence of ion-peiring
effects [240].

The p~alkylidene comlex [W,{CO)g{u-CHCHOMe,)) reacts with but-2-yne to
give an insertion product with a metal-metal bond, which rearranges to give
the tungstole-tungsten derivative [W,(00)4(CgHy4)], {8}, characterised by H
MMR spectroscopy and by an X-ray orystal structure determination [231,242].
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The tridentate N-,0-,S-donor ligand {Me,Ge(N,CyHMe,)(OCH,CH,SR)}™, L=, (R = Et
or Ph) has been synthesizsed and used to prepare the tungsten derivatives
[W{00) ,(R2-C,H,IL] and [W(00),(NO)L] [243]. The complex [Et NJ{W(CO),(N;CaH,)
{Me Ga(NCatl,) 511, which contsins both the pyrmzole ligand and the bidentate
dimethylbis{pyrazolyllgallium anionic ligand, has been prepared and
characterised [244].

The crystal structure of [Et NI[IW{RI-Calig){C0),}(p-Cl);1 has been
determined. There is no metal-metal bond and the allyl groups are trans to
each other [245]. The reactions of L (L = PHPh,, MePh,} with
(WOL{CO) o {N3-CyHg }{MeCN),]1 in MeCH have been found to involve imitial
substitution to give (WCL(CO),(R®—CyHg)L;]. In MeCN, on excess of phosphine
caused reductive elimination of allylchloride to give {[W(CO)a{MeCNIL,].
During these reactions the anion [WC1(CO) {n®-CjHg){fMePh,}]1~ wms formed and
isolated as a O-allylphosphonium salt. The mechaniam of reaction was
discussed [2458]. X-ray photoelectron spectroscopic measurements on complexes
containing the {(n%-allyl)W{C0),] moiety and neutral I[W{00)g_,L.1 cowmplexes
have been made to determine the W 4f binding energies. The results were
discussed and comparsd with molybdenum analogues [247].

The reaction of [WBr(n®-ally1){€0).{bipy)] with sodium ethylxanthate

(Na[Etxant]) vields [W{Etxant ) (n?-allyl) {CO),{bipy)]. Monodentate
coordination of the xanthate ligand was deduced from IR and NMR spectroscopic
data {248]. The ligands 1-alkyl-3,5-diphenylthiabenzene-li-~oxides,

CgH,Ph,S{OIR, form stable w-complexes ([W{0O),y{CgHyPh,S{O)R}].  These react
with [NO1[PFgl to give [W(CD),{C,HsPh,S(O)R}}{PFg], which can be imolated if
the R gubstituent is s bulky electron-relemsing group such as CH{CH,Ph), or
CH{SiMey), (2491,

The photoinduced degradation of the carbene complex [{00)gW=CPh,) in
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CgH,; 4 gave [W{CO)gl, Ph,C=CPh,, Ph,CH; and PhHC-CHPh.. The dependence of the
yvields of the organic products on the concentration was investigated [250].
Insertion of dimethylcyanamide into the metal-carbene bond of complexes
[[CO}gWIRL(CgH,-4-RZ}]] (R! = OMe, RZ = H, Me or CFs4; R! = Ph, R2 = H, Me, CF,

or Br) wyields aminc{alkylideneaminc)carbene complexes , {9), characterised by
:?E
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IR and !H NMR spectroscopy [251]. The complexes {(00)}gW{CPh(CgH,—4-R)}] (R =
Me, OMe, H, Br ar CF5) react with elemental sulfur with insertion of one
gulfur atom into the metal-carbene borxd to give arylphenylthioketone
complexes, characterised by analyses and by spectroscopic measurements [(252].
The reaction of organoisoccyanates RINCS (R! = Me, Et or Ph) with
[(CO}gW{CPh{CgH,-4-R)}] (R = Me, OMe, H, Br or CFy) resulis in insertion of
the sulfur atom of the isocyanate into the metal-carbene bond, giving
thicketone complexes, The kinetics of the insertion have been investigated
and an associative mechanism proposed [253].

The reaction of [W{CC)g(CS) ] with SR~ (R = alkyl) yields
[W{CO)g{C(S}SR} ]~ which can be alkylated using R!I (R!
[W{CO)5{C(SR')SR)]. This reaction has been used as a general preparative

alkyl) to give

1]

route to substituted or cyclic dithiocarbene analogues aend their reactions
with amines and other rnucleophiles have been investigated |254].
[W{CO)5{C(8Me),}] reacts with tertiary phogphines to give novel phosphorane
products [W(CO)g{(SMe) ,C=FR,}1. The crystal structure of
[W{CO)g{(SMe),C=PMePh,]] has been determined, and shows the ligand to be bourd

via one of the sulfur atoms. PPh,H reacts with {W{CO}g{C{SMe),}] to
give the phosphine complex {W(CO)g{PPh,{CH(SMe},}1)] [2553]. An investigation
of the reaction of [W{(0O0)g{CMe(OCH,)}}]~ with enol ethers CH,=C{ORIR', followed
by protcenation, led to new alkylidene complexes which result from pericyelic
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addition. Treatment with base gave after alcohol elimination new vinyl
alkylidene complexes [W(CO)g{C(OMe){CH={MeR')}] {256].

The tungsten carbene complexes [W(CO)g{CR(X}}] (R = Me, X = MMey; R =
Ph, X = NH,, E-NHMe, ZNHMe, MNMe, or OMe} react with HAUCl, to give
(ClAuICR(X)}] and [W(C0)},Cl,]. The reaction was found to proceed via a redox
mechaniam with retention of configuration of the carbene [257]. The reasction
between [Me N][W(CO}g{C(OIMe}] and [Cr{CO)g(CNEt,}1[BF,] at -78 'C yields
[{CO)gCr{C(NEL,)OC (Me) }W(CD)g], characterised by 3| N+R [258].
[W{CO)g (C(QLi)Me}] reacts with (Bu),BC1 to givé [W(CO)g {C{CBBu, )Me} ], which
was isolated as a solvated solid and characterised by analyses and H NMR
[259]. [W(C0}g] and LiCemC-{Me,OLi react to give the corresponding acylate
complex, which on treatment with MeCOCl or HC1 yields (2,2-dimethyl-3-
chlorofurc-3-en-5-ylidene)-5-pentacarbonyltingaten{0), (10) [260].
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