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INTRODUCTION 

This chapter smveys the coordination chemistry of tungsten reported during the year 1991. 

Complexes of tungsten have been categorized by oxidation state of the tungsten atom(s) and 

further subdivided according to the ligand donor atom type(s). Complexes with three or more 

metal atoms are included in the final section of this survey and are arranged by cluster type. 

Refemn~es to purely organomeWk conqn&s have been omitted from this review, except in 

certain cimum.stances where there is a signifkant metal-metal bonding intemction. No effort was 

made to discuss anakgom molybdenum compkxes in this work. 

oolo-8545l93B24.00 @ 1993 - Elscvicr Sequoia. All tights reserved 



The references for this review were located by a search of Vols. 114 and 115 of Chemical 

Abstracts. The following journals were also searched independently: Inorg. Chem.; J. Am. Chem. 

Sot.; J. Chem. Sot., Dalton Trans.; J. Chem. Sot., Chem. Commun.; Organometallics; J. 

Organomet. Chem.; Chem. Ber.; Angew. Chem. Int. Ed.; Z. Anorg. Allg. Chem.; Inorg. Chim. 

Acta; Polyhedron; Zh. Neorg. Khim.; Acta Crystallogr., Sect. C, Helv. Chino. Acta; and Acta 

Chem. Scand. X-ray strucnual figures for this work were redrawn using the TEXSAN package of 

software by inputting the crystal parameters and atom coordinates from the original published 

work [l]. 

3.1 TUNGSTEN (VI) 

3.1.1 Complexes with halide and hydride ligands 

The tungsten(VI) hydride complex [W(PMeS)SH6] has been found to undergo reactions 

with a variety of alkali-metal containing species to produce complexes wherein hydrogen atoms 

bridge the tungsten centre and the alkali metal ion [2]. Reaction of the hydride complex with KH 

produces KlW(PMeS)3HS] which contains three bridging hydride ligands. It was further 

demonstrated that the potassium is readily complexed by l&crown-6 without affecting the hydride 

bridges; analogous chemistry occurs with NaH and 15crown-5 Reaction of lW(PMeS)SIQl 

with “BuLi results in the formation of the octanuclear species (l), with lithium atoms mm&r&ally 

coordinated to hydrides and the tungsten atoms coordinated to three phosphines and five hydrides 

(three bridging and two terminal). Reaction of K[W(PMeS)SHS] with nBu3SnCl produces 

[W(SnnBuS)(PMe3)SH4]; reactions of the potassium complex with zirconocene dichloride 

[Cp2ZrCl2] and xirconocene chloride hydride [Cp2ZrHCl] lead to the formation of dinuclear ZrW 

complexes with three bridging hydrides. The structures of these complexes were determined by 

1HandSlPNMRs pectroscow as well as by single crystal X-ray and neutron diifraction studies. 
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Tellurium reacts with a mixture of WBrS and WOBr4 to yield a compound with the 

empirical formula Te7WOBrS [3]. A single crystal X-ray study of the compound reveals that the 

structure of the compound, best formulated as Te7[WOBr4]Br, consists of one-dimensional 

polymeric tellurium cations (Te72+), one-dimensional (WOBr4)n chains and free bromide ions. 

The (WOBr4)n chains are comprised of square-planar WBr4 moieties bridged by oxygen atoms. 

Three different types of Te atoms are evident in the tellurium polymer (2). The central tellurium 

atom carries a 2- charge and is nearly square planar (Te-Teave=2.957&. The four bridging 

tellurium atoms carry a l+ charge and form bonds to neighboring Te7 groups (2.88 1 (l)A), as well 

as to neutral te~urhtm atoms (2.7ql)A) for an overall pseudo-tigonal planar geometry. 

3.1.2. Complexes with nitrogen donor ligands 

The reaction of [W(NAr)CQ] (Ar=2,6diisopropylphenyl) with one equivalent of 2,6- 

pyridinebis(tosylmethylamine) (3) in the presence of two equivalents of triethylamine (NEt3) 

produces rrans- (W(NAr)i?I@Ts)2Kl2) and two equivalents of [NHEt31Cl[4]. Further reaction 

with AgOTfresults in the substitution of one Cl with OTf. Reaction of this triflate complex with 

two equivalents of hydraxk yields (W(NAr)[N(NTsh](‘$NHNH2)Cl) (4), which is believed 

to form via a hydraxine adduct intermediate. This hypothesis is supported by the protonation 

reaction of (4) with triflic acid which produces the hydraxine adduct. The X-ray crystal structure 

of (4) revealed that the W atom is situated 0.23 A above the plane defined by the five planar 

nitrogen atoms. 
[W(NAr)Clq(thf)] reacts with two equivalents of MegSiNHAr in thf to produce 

mqNAr)2cl2(thf)ti 151 which further macts with M@NEt~ to form lw(N&)2(NEt2)cll and 
with LiNHAr to give Li[w(NAr)3C!ll. Spectroscopic studies of the lithium salt ihdicate an absence 

of N-H stretches in the infrared region and N-H resonances in the lH NMR spectrum. AnX-ray 



crystal structure of this complex shows the tungsten is in a tetrahedral coordination environment 

with W-Navel.782 A and W-N-Cipso= 170.8’. Due to the symmetry of the complex, only 10 of 

the 12 available Nx electrons are used for bonding, rendering [w(NAr)3Cll_ an eighteen electron 

complex. 

(3) (4) 

The reaction of [W(N@u)2(NH%t)2] with tBuNC0 produces the six-coordinate 

tungsten(VI) complex (5) [q. The direct interaction of the M-NR group with ktNC0 leads to 

the formation of the ureato-N,N complex, whose formula is postulated on the basis of NMR and 

mass -try data. 

(J) 

fW@GBu)2@IH%h] is also known to react with secondary and terdary alcohols to form 

ami~akoxidecomplexesofthetype[W(NtBu)x(OR)y](R=iPr,tBu,x=1,y=4;R=Ph3C,x 

= 2. y = 2). WOC14 reacts with fBu(Me3Si)NH to yield [WO(NtBu)(NH%)(NH2tBu)Cl] 

which was shown to react with PMe3 to give the four-coordinate complex lJVO(NtBu)2(PMe3)1. 

Reaction of iWO(NtBu)(NH%t)@lH2tBu)Cll with tBuOH leads to the isolation of two products, 

[WO(NtBu)(OtBu)2(NH2tBu)] and [w(NtBu(OtBu)3(NH2tBu)CI]; an X-ray crystal structure 

was reported for the latter compound [7]. 

A series of compounds involving nitrogen donors have been synthesixed beginning with 

the [C!p*WMe4]+ species [8]. The reversible reaction of [Cp*WMe4]+ with NH3 produces 

[Cp*WMe4(NH3)1+, which expels NH4+ in the presence of excess NH3 to form 

[Cp*W(=NH2)Me4]. This second reaction is easily reversed with the addition of strong acid. 

The cation [Cp*wMt4(NH3)1+ releases methane at -1o’C to give [Cp*WMe3(=NH2)]+, which 
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can also be prepared by oxidation of [Cp*WMe3(=NH2)] with ferrocenium. The t&methyl 

complex [Cp*WMe3(=NH2)]+ loses ammonium to form ([Cp*WMe3]2(p-N) I+ and reacts 

with NRt3 to yield [Cp*W(NH)Me3] reversibly with gain and loss of a H+. The neutral species 

[Cp*WMe3(=NH2)] undergoes a reaction with ammonium to form [Cp*WMe3(NH3)2]+. which 

reverts to the parent complex with release of NH3 upon reaction with DBU (1,8- 

diaxobicyc1~5.4.0]undec-7-ene). The complex [Cp*WMe3(NH3)]+ was synthesixed by reaction 

of [Cp*WMe3(=NH2)] or [Cp*WMe3(NH3)2]+ with strong acid, in the presence of excess 

triflic acid the product is [Cp*WMe3(OTf)]. These reactions are reversible upon addition of base 

such as NH3 or DBU. All species were characterized by IR and 1gN NMR spectroscopies. 

WNC13 reacts with lithium diphenyl amide to form the four-coordinate complex 

WN(NPh2)3, [9]. When the reaction is carried out in the presence of nBuLi, the tetranuclear 

mixed valence cluster (6) is formed. The compound crystallixes in the space group P21/n with a 

W-W bonding distance of 2.535( l>A and a W-W non-bonding distance of 2.789(l)& 

(6) 

The reaction of 1,1-dimethylalkylhydraxines (Me2NNHR) with WOF4 produces two 

isomeric hydrazine adducts as shown by 141 NMR spectroscopy [lo]. The more stable isomer 

has the R group positioned towards the oxygen atom, as in similar compounds containing 

dialkyldimethylhydraxines described by the same authors wherein the bulkier substituent is 

oriented toward the oxygen atom [ 111. 

3.1.3. Contplexes wirh oxygen donor atom 

The complex [CpWO3]-, much like the isoelectronic species [Cp*ReO3], exhibits 

enhanced nucleophilicity which makes it a useful precursor for the synthesis of hetembimetallic 

compkxes with p-0x0 bridges [12]. Reaction of this complex with Cp2MC12 (M=Ti. Zr, V) 

produces complexes of the type [Cp*W02(~-O)MClCp2]. Reaction/of [Cp*WO2(p- 

O)VClCp2] with KOH and 02 gives [CpWO2(p-O)VOCpz]. Reaction 04 [Cp*WO3]- with 

[Cp(CO)2Re(CTol)] results in the formation of [Cp(CO);?Re{=C(Tol)O)W~]. Addhion of 
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strong acid to [Cp*WO3]- results in the formation of the dinuclear tungsten complex 

](cp*WO2)2(PO)I. 
The maction of vanadium trichlotide(l,4,7-trhnethyl-l,4,7-uiazacyclononane) [VCQL] with 

trloxotungsten(l,4,7-triaxacyclononane) [wO3L’] in MeOH/H20 (41) in the presence of air 

yields the paramagnetic complex ILO(I-I2O)V(~-O)WO2L]Cl(ClO4) after addition of NaC104 

1131. This complex is soluble in water, methanol, and acetonitrile. 

3.1.4. Complexes with sulfur donor atoms 

The reaction of [WO4]2- with [SCN]- and H+ results in the formation of the 

[WO(NCS)512 anion. Reaction of the tungsten-thiocyanate anion with aqueous polysulfides 

yields complexes with q2-polysulfido ligands and a bridging S, S [W202S2]2+ core [ 141. The 

two tungsten centres are further ligated by either two q2-S42- groups as in ~202Sl& or one 

q2-S42- and one q2-S22- moiety, i.e. Iw2S20812-. The cyclic voltammograms of the 

complexes each show a two-electron reduction wave at -1.3OV vs. SCE followed by two one- 

electron oxidations (-1.22 aud -0.76V) at scan rates equal to or greater than 100 mV s-1. At 50 

mV s-l, however, two sepamte one electron reductions are observed. 

The reaction of W(CO)6 with S2Cl2 in CH2C12 produces WCl4S.S8 [15]. The presence 

of the S8 group was originally based on the IR spectroscopic data (v(S-S)complex = 467,379, 

307,269.236 cm-l vs. v(S-S)free = 465,389,306,270,235 cm-l). The v(W=S) mode occurs at 

551 cm-l. An X-ray crystal structure analysis shows that the tungsten centre exhibits a square 

pyramidal geometry, with a sulfur atom in the apical position. The tungsten atom is 0.45 A above 

the plane defined by the four chlorine atoms. The W-S distance for the closest member of the 

eight-membered ring is 3.189(2)& which is approximately equal to the metallic radius of tungsten 

plus the van der Waals radius of sulfur, therefore the authors concluded that the proximity of the 

sulfur atom to the tungsten centre is due mainly to crystal packing forces. It was pointed out, 

however, that several S(ring)-Cl distances are significantly shorter (0.4 A shorter) than the sum of 

the van der Waals radii of sulfur and chlorine, indicating that some weak intermolecular 

interactions are present. Attempts to remove S8 by sublimation wem unsuccessful, as the complex 

melts at ca. 12OC. 

Reactions of W( 1,2-S2cgHq)3 with alkylating reagents have been attempted in an effort to 

alkylate the metal centre [ 161. In most cases alkylation reactions of the ligand occurred as in the 
reaction of W(1,2-S2C&4)3 with MeLi in the presence of NR4Cl (R = Me. Et) to give 

cNR4][w(S2GjH4)2(MeSQI-I4S)] in which the methylated su1ti.u is coordinated to the pseudo- 

octahedral tungsten centre. Dropwise addition of MeLi or reaction of Li metal with W(13- 

S2QJ-I4)3 reduces WVI to WV to give Lilw(S2QI-I4)3]. The identical product has been formed 

in the analogous reaction with EtLi which first produces the alkylated complex 

Li[wEt(S;?cgHq)g] which then readily undergoes p-elimination followed by reductive elimination 

of H2. Addition of two equivalents of nBuLi to W( 1,2-S2GjI-Q)3 leads to the formation of the 

WIV complex [W(S2QI-I4)3]2- which reacts with two equivalents of R30BF4 (R=Me, Et) to 
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yield [W(S2C@I4)(RSC@4S)2]. This product has also been synthesized by the reaction of 

[NR4][w(S2C@4)2(MeSGjH4S)] with one equivalent of Me3OBF4. 

3.15. Complexes with mixed donor atom ligands 

1*3W NMR shifts were measured for a large number of organometallic oxo-. sulfido-. and 

imidotungsten(V1) methyl complexes by using indirect methods such as lH{ 1*3W} double 

resonance and lH( lH,l*3W) triple resonance techniques [17]. For complexes of general 

formula Cp*W(=E)MeL (E = 0, S; L = 02-$-, PhN2, [Cl-]2 @3r12, B2_022-, q2-S22-), the 

WV1 nucleus becomes more deshielded with increasing ligand polarizability and W-E bond 

multiplicity. 

The decomposition of bipyridylbis(2methylbenzyl)dioxotungsten (7) was followed by gas 

chromatography and 1H NMR [18]. Products observed from the room temperature 

decomposition in CH2C12, CH3CN, thf, dioxane or dmf include 2-MeCgHqCHO, 2- 

MeC@4C!H2OH, and traces of o-xylene and (2-MeC~)CH2CH2(2-MeCgHq). The reaction 

is believed to proceed via a dialkyldioxo- to alkylallcylideneoxohydroxometal tautomerism to form 

(8). 

(7) (8) 

The stabilization of peroxo moieties bound to WVI with quadridentate Schiff bases as co- 

ligands has been mported (9.10.11) [ 191. Molecules of the type [w(O)(o2)L], where the 0x0 

and pemxo ligands are truns. are inert toward the oxidation ofolefins. When L=(lO), the complex 

failed to oxidize ally1 alcohol after heating at 9o’c for 48 hours 

The reaction of WC16 with three equivalents of 2,2dimethylpropklidynephosphine 

[(CH3)3CCP:] produces three mononuclear tungsten complexes [20]. ’ The compounds 

WClsP2(C9W31 W), IWCWWXW~1(I3) and [C3(CqHg)31[WU5(C4HgCCC4Hg)l 
(14) were fully characterized by single crystal X-ray studies. As can be clearly;seen, considemble 

fragmentation of the propylidyne phosphine occurs in the formation of (12) anti (13). In the case 



72 

of compound (14), phosphorus has been eliminated altogether, and major C-C bond formation has 

oaxrred between the cyclopmpeniurn cation and the coonlinated 2,2&Stetmmethyl-3-hexyne. 

(9) W-4 

SCHp / 
C=N-NH-C 

\ - SCH3 -0 \ / 
Cl 

(11) 

C(Wh 

I 
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32 TUNGSTEN(V) 

The reaction of ~Se4]2- with excess AsqSe4 produces the dinuclear WVsV complex 

[W2As2Se131% (15). The molecule possesses a confacial bioctahedral geometry, where three 

selenium atoms bridge the two metal centres and one AsSe$- ligand occupies the other three 

coordination sites on each metal. A single bond is assigned based on the W-W distance of 

2.903(2) A 1211. 

(15) 

The reaction of m6 with four equivalents of Me3SiOMe results in the formation of [cis- 

WF2(OMe)41. which can be reduced by lithium metal in thf to form [w2Fx(OMe)1o_x] (x = 1-3) 

1221. Reacdou of this mixed fluoride-akoxide complex with NaOMe in thf leads to the isolation 

of the highly air-sensitive complex W2(OMe)lo, which constitutes the fast example of a 

homoleptic tungsten(V) allcoxide complex. This complex exhibits the familiar edge-sharing 

bioctahedml geomeny with W-W = 27897(g) A, W-0, = 1.887(6) A, W-oen = 1.963(6) A, and 

W-w = 2028(6) A. 
The remion of WC&j with excess allyltrimethylsilane at low temperav in diethyl ether 

proceeds with reduction of WV1 to WV and formation of WCl5(0&2), which is both air and 

moisture sensitive [231. This unqxnmd is a COIIVCII’ lent starting material to react with Lewis bases 

inthefomlationofnewW”complexes. 
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A variety of dinuclear ~gs~n(~ complexes have been prepared by the reaction of 

IWO412- with ethyl xanthate 1241; among these am the compounds { ~2~(S2COC~5)4], 

IW204(S2cOC2I%)2$ [WZO~S~(S~COC~I+~)~I and pjvzO3S(S2~OC2~5)2l~ whose 

identities were established by IR and W-vis spectroscopies. The thermal decomposition of 

[W202X2(S2COQII5)23 (X = 0, S), where the X groups bridge the two rWO(S2COC2EI5)J 

cores, was monitored by TGA. At temperatures between 1lOT and 33o’C, the compound 

decomposes to give IW2@.X2S2], followed by the formation of W206 at 53OT and fkaIly WO3 

at 56OT. 

Oxidatiort of [CpW(CO)31- with SeOCl2 results in the formation of [(CpWO)q(*Se)2] 

(16) as well as [f&W2(CO)6]. [Cp2Wr2(C!O)41 and [Cp2W2(CO)6Sel [253. The bridging 

tekride complex analogous to (16) is formed from the reaction of teIIu~um metal with 

[~*2W2(~)4~. Compound (16) crystaIIizes in the space group P211c with a W-W distance of 

2.%2(I) A. The anaIogous teIhmum compIex crysu~izes in the ~l(ba.r) space group with a W-W 

distance of 3.075(1) A. 

33. TUNGSTEhVV) 

The anion cWS4]2- reacts with C!2S4(CO)2 to yield [w(S2C2S2CO)3]2- (17), with 

COS as the major byproduct [261. Similar reactions of pWS4]2- with C2S4(CO)(CS) have 

produced two eompIexes, IW(S2QS2CS)3]2- and F%QS4(S2C2S2CS#-; the Iatter compound 

consists of a [(WS)2(R-S)zl core. ~~~h~~ studies performed on (17) indicate that the 



complex undergoes two one-electron oxidations at mild potentials (El/2 vs. Ag/AgCl = -0.07V 

[-2/-l] and +0.27V [-l/O]). 

(17) 

The synthesis of [rruns-W(PMe3)4(S)2] has been reported from the reaction of 

[W(PMe3)4 (q2-CH2pMe2)Hj with H2S 1271. When the reaction is carried out in permute, the 

dihydrido, bis-hydrosulfido species [W(PMe3)4(H)2(SH)2] is isolated from protonation of the 

CH2PMe2 l&and to form PMe3 by H2S. Dissolution of the product in solvents other than 

saturated hydrocarbons is immediately followed by hydrogen elimination. The compound [trax.r- 

W (PMe 3)4( S)2] readily reacts with isocyanides to form [Frau, trans, truns- 

W(PMe3)2(CNR)2(!3)2] or with aldehydes to form q2-aldehyde complexes of the form [rruns, 

c~-W(PM~~)~(S)~(~~-OCHR)] whose formation is sqported by X-ray crystal analysis, 

[W(PMe3)4(q2CH2PMe2)Hj has been found to produce [tram-W(PMe3)4(Te)2] with 

elimination of PMe3 upon addition of two equivalents of solid tellurium [28]. The reaction 

mechanism is believed to involve tellurium atom transfer via Me3p=Te, where PMe3 is acting as a 

transfer catalyst. The reaction to form [tmrrs-W(PMe3)4(Te)2] is instantaneous when Me3p=Te 

is added. Structural characterixation of the product reveals a W-Te distance of 2.596(l) A. The 
complex was further characterized by 12%e( 1~) and 31P( 1H) NMR spectroscopy. 

The compound [WH(SQjH2R3-2,4,6)3(PMe2Ph)2] has been prepared from reaction of 

the tungsten(VI) hydride complex m(PMe2Ph)3] with three equivalents of [HSGjH2R3- 

2,4,6j (R=Me, k) following the elimination of four equivalents of H2 [29]. X-ray crystal analysis 

of the complex (R=k) shows that the molecule exhibits a pseudo-octahedral geometry, with three 

sulfur ligands in a meridonal conformation. The hydride ligand in each complex was detected by 
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lH NMR as a doublet of doublets due to the inequivalent phosphines arising from steric hindrance 

in the molecule (6 +9.08 [R=iPr] and 6 +8.86 P = Me]). 

The reaction of [(fBuNH)2W(=I@Bu)2] with two equivalents of tBu3SiOH (silox-H) in 

benzene leads to release of tBuNH2 and formation of the colorless compound 

[(silox)2W(=NtBu)2] in 81% yield. Further treatment with three equivalents of HCl in benzene 

results in the elimination oftBuNH3Cl with concomitant formation of the light yellow compound 

[(silox)2Cl2W=NfBu] (88%). Reduction of this complex with magnesium dust in diethyl ether 

yields the green product [(silox)2W = N&t], the fast example of a three-coordinate mononuclear 

tungsten species [30]. The complex is unstable in hydrocarbon solvents, but lH spectroscopic 

NMR and IR data support the assignment of the complex as a diamagnetic mononuclear species. 

A single crystal X-ray structure shows that the complex is nearly trigonal planar with a slight 

distortion towards T-shaped due to the bulk of the t-butyl groups on the silox ligand. The 

pertinent bond distances (W-Oave=1.820(16) A and W-N=1.658(17) A) are consistent with the 

elecuqhihc nature of the tungsten atom. Tbe complex does not react with odonors (thf, etc.,) due 

to the four-electron repulsion between the o-donor orbital and the filled &2 orbital on the metal 

cenue, but the complex reacts with mtors (e.g. ethylene, 2-butyne) to form adducts. 

3.4 TUNGSTEN (III) 

3.4.1 Complexes with oxygen donor ligands 

The reaction of ~2(OtBu)~ with the silyl alcohol reagent (c-C6I-I11)7Si709(0H)3 has 

been shown to give the dinuclear tungsten complex ([(c-QjI-I11)7Si7012]2W2(p-H)(O’Bu)), 

where the silyl reagent occupies three coordination sites, bonding via the deprotonated oxygens 

[31]. The stmcmre of the cotnpound is postulated on the basis of 1~. 13C, 29Si, and 183W NMR 

specuoscopic data. 

The ma&on of [w2(O&t)61 with six equivalents of tBuMe2SiOH leads to the formation 

of @iOH and Iw2(OSitB@Ie)6J [32]. Further reaction of this complex with acetylene in the 

presence ofpyrkhne in hexane at -1o’C gives ~2(OSitBtQMe)a(IK2IQ)(py)]. which goes on 

to eliminate pyridine and fBuMe2SiOH at room temperature to yield [W2(0SifBu2Me)gQt- 

CCH)] as the major product. [Wz(OSitRu2Me)7(p-CHCH2)] and [w2(OSitBu2Me)7(p- 

CCH3)] are minor products in the reaction, neither of these species were isolated, but their 

presence was confirmed by 1~ and 13C NMR spectroscopies. The vinyl complex is formed 

independently from the reaction of [w2(OSitSu2Me)6(u-QH2)(py)] with tBuMe2SiOH. The 

authors conclude that the vinyl complex and tbe ethylidyne complex are not intemonverted in the 

reaction. The formation of the ethylidyne complex is thought to proceed via a vinyliiene 

When [w2(ofBu)6] reacts with diniuiles NC(CH2)&N (n = 3-6). the W-W triple bond 

is ruptured with the formation of [QBuO)3WC(CH2)nCW(OtBu)3] and two equivalents of 

[(tBuO)jWNl [33]. Addition of CO results in the reformation of the W-W bond and 

transformation of the polymethylene-bridged alkylidyne group into a cI_cycloalkyne ligand in 
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[w2(otBu)6 (u-C2(CH2)n](CO)] (n = 4,5). One of the alkoxy groups assumes a bridging 

position while the carbonyl remains termit& as shown by an X-ray structum analysis (n = 4, W-W 

= 2.637(2) A; n = 5, W-W = 2.626(2) A). Them appears to be some degree d W-C tt* bonding 

with the cr-cycloalkyne group as evidenced by IR spectroscopy (n = 4, v(C0) * 1960 cm-l; n = 5. 

v(C0) = 1933 cm-l; pQMe2 complex, v(C0) = 1917 cm-l). When n = 3 or 6, the complex is 

unmactive toward CO, presumably due to the steric mquimments of the ring closum reaction. 

The compound [W2(OfBu)6(py)(CI-q1:q4-C4H6)] has been synthesized from 

[w2(OtBu)6@y)2] and 13-butadiene by an oqanometallic Diels-Alder reaction [34]. The W-W 

bond order is reduced from three to two in the reaction. An X-ray crystallographic study indicates 

that one tungsten atom is in a pseudooctahedral environment, bonded to three terminal and two 

bridging alkoxide ligands as well as to the &urinal carbon of the bridging butadiene. The second 

tungstenisbonded~of~carbonatomsofthcbutadiene~wellastothetwobridgingallroltide 

ligands, one terminal alkoxide, and the nitrogen of the pyridme ligand. In solution, the reaction 

appears to be reversible when excess butadiene is removed from the system. 

3.42 Complexes with sulfur dotwr ligands 

Reduction of WC4 with Na/Hg in refluxing d&ethers (Me2S. Et2S, tht) produces 

[Cl3W(p-L)3WC13] (L = Et2S. tht) and [SMe3][C13W(p-L)2(~-Cl)WU3] (L = Me2S) in ca. 

805% yields [35]. The EQS and Me2S molecules possess a confacial bioctahedml gecmetty with 

short W-S bonds (2.384(4) A, W-Clbridge Fle2S structure] 2.484(3) A) as determined by X-ray 

crystallographic studies. IR and 1H NMR data are also presented for the three complexes. 

The thioether ligands in [Cl3W(p-SEt2)3WC13] and thiophene groups in [C13W(p- 

tht)gWCl3] am highly susceptible to nucleophilic attack by halides and pseudohalides X- (X = SR, 

SeR, Cl, Br, H) resulting in C-S bond cleavage [36]. Attack on the thioether complex leads to 

formation of (18) and EtX, while attacks on the tht derivative result in ring-opening to give 

functionalixed u-thiolate anions of the form [Cl3WQ-tht)2(p-S(CH2)4X}WC131_. Loss of the 

ethyl group in (18) results in a decrease of the W-W bond distance from 2.499( 1) A to 2.474( 1) 

A. Bonds to the monoethylthiolate ligand from tungsten am longer than those to the thioether 

ligands. Both complex (18) and [ClgW(p-tht)2( @(CH2)4X) WC13]- exhibit confacial 

bioctahedralbondingamulgements. 

3.4.3 Complexes with mixed donor atom ligatd 

The reaction of [W2(NMe2)6] with cyclopentanol in hexane initially yields [w2(O-c- 

CSHg)6(HNMe2)fi 1371. Purther maction with cyclopentanol and dimethflamine leads to the 

formation of lJV2(p-H)(O-c-CSHg)7(HNMe2)]. In a subsequent reaction, the coordinated 

dimethy- has been replaced by PMe3. 

The reaction of [W2(NMe2)6] with bulky diols Iv&C(OH)CH2Ck2C(OH)Me2 and 

(19) leads to the isolation of ditungsten complexes containing eight- and nihemembered rings 

[38]. X-ray crystal analysis of (20) indicates that the W-W triple bond remains intact (W-W = 
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2.320(l) A). The average W-O distance is 1.95(2) A and the W-N distances are 2.29(l) A. 
Reaction of (19) with [W2(Nhk2)6] produces (21). where one of the diol hgands is bonded in an 

q3 fashion due to an insertion of the metal into the C-H bond. The W-W distance of 2.4946(6) A 
in (21) is typical for a W-W double bond. 

(18) 

(19) 

The reaction between [W2C12(NMe2)4] and LiGePh3 in toluenekhf readily produces 

[W2(GePh3)2(NMe2)4] in 69% yield [39]. An X-ray structure of the complex shows that the 

ligands in the molecule are arranged in an anti conformation (22); the W-W bond distance is 

2.2970(9) A. This arrangement of the ligands is supported by the 1~ NMR spectrum, which laclcs 

resonances attributable to a gauche conformer. The complex is air-stable and is inert to hydrolysis 

in either 6M HN03 or a 6M KOH/EtOH solution. 

The reaction of ~2(OtBu)6] with aniline in diethyl etherkxane solution produces the air- 

sensitive complex w2(0tBu)4(HNPh)2(H2NPh)2] in relatively high yield [40]. NMR 
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specmscopic studies of the compound indicate that the complex is in dynamic equilibrium, which 

could be due in part to the hydrogen bonding between the butoxy oxygen atoms and the 

hydrogens on the aniline and anilide groups. At temperatures above -3OT in solution, the aniline 

ligands are freely dissociating, yielding [w2(0%)4(HNPh)2]. Above room temperature, the 

latter species readily undergoes a conformational change from arm’ to gauck. 

_ 

(21) 

fW~@JMe&jj mcts with two equivalents of the terdary alcohols PhsOH (E =‘C, Si) to 

give [W2(0EPb3)2(NMe2)41 1411. The triphenylalkoxy derivative shows a tempera- 

dependent 1H NMR spectrum, with a mixture of the anti and gauche confm. An X-ray 

crystal structu* of this complex, however, showed only the presence of the gauck conformer. 

Gnversely, the aiphenylsiloxy derivative exists only in the a& conformer, as kklenccd by X-ray 

crystaUogmphy. Reaction of [wz(me2)6] or ~2(OtBU)6] with six or more equivalents of 

Ph3SiOH results in formation of rWz(OSiPh3)4(NMe2)2] and [W2(OSiPh3)4(OtBu)2], 
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respectively. The reaction does not occur with Ph3COH, due to increased steric hindrance at the 

metalccnaasaresultoftheshartaO-CbondversusthatofO_Si. 

(22) 

The compound CW2(~5-C5H4R)2C4(-~)(~-R’CNH)I (23) has been synthesized from 

the reaction of the uiply bonded dinuclear species [W2(q5-CgH4R)2C14] (R = Me, kr) with 

R’CN (R’ = Me, Et, Ph) followed by addition of HCl gas [42]. A crystallographic study (R = kr, 

R’ = Et) reveals a peqndicular bridging alkylidyne amide ligand, formed by the protonation of the 

organonitrile. The distances W-W = 2.3678(6) A and C-N = 1.405(8) A suggest that there is a 

significant amount of x* back donation from the tungsten centres to the x* orbitals of the C-N 

bond. 

(23) 

The reaction of [MoWClq(PMe2Ph)4] with dppm in hydrocarbon solvents produces 

[MoWa4(~-U)(~r-H)(CI-dppm)2] (24) in 64% yield the first example of a multiply bonded 

heteronuclear M bioccahedral complex [43]. External sources of chloride ion used in 

thereactionmcrease the yield of (24) to 78%. The formation of [MoWC14(pCl)(r(-D)Q- 

dppm)a or the homologous dimngsten complex from deuterated solvents (CDC13 or CH3OD) 

indicatethatthe~lv~tistheprotonsourceinthereaction. TheMoandWatomsaredisordemd 

in the crystal strucmre (Site Mol: 53.6% Mo, 46.49bW; Site Wl: 53.6% W, 46.4% MO). In 

contrast to expected trends, the Mo-W bond distance (24932(6)A) is longer than the W-W 
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distance in the homologous ditungsten complex (2.4830(g) A). The lengthening is explained as a 

consequence of the 8.5’ torsion angle about the M-M’ vector. 

P4 

(24) 

The complex [w2(q5-C5H4R)2X4] (X = Cl, R = Me, i& X = Br. R = iPr) undergoes 

oxidative addition reactions with HY (Y = H. Cl, SR’; R’ = Me, Et, kr, Ph. tBu) to produce 

[W~(T~~-C~H~R)~X~(~-H)(C(-Y)] and with PHPhR” (R” = H. Ph) to yield [w2(~5- 

C5H4R)2X4(pc-H)(p-PPhR”)] [St]. A single crystal study of the bridging diphenylphosphide 

complex reveals a W-W dismnce of 2.6558(3) A, which is typical of a W=W bond. The bridging 

thiolate complexes are fluxional in solution, undergoing inversion at the sulfur atom, while the 

bridging chloride complex is fluxional due to the apparent “rotation” of the chloride and hydride 

about the w=W bond. Reactions of [W2(q5-C5H4iPr)2C14(p-H)2] or [W2(q5- 

C5H4iPr)2Cl4(p-H)(p-PPh2)] with PMe3 lead to adduct formation to give a product with a 

bridging chloride ligand. Metal-metal bond scission occurs in the analogous reaction of [w2(q5- 

C5H4iPr)2C14~-H)(c(-Cl)] or EW~(~~~-C~H~‘P~~C~~(CGH)(CL-SR’)I with PMe3 to yield lW(q5- 

CgHqiPr)Cl(PMej)g]. The products have been characterized by 1H and 3lP NMR 

specm=Ties 
Reduction of WCk@Me2Ph)3 with xinc metal produces WC13(PMe2Ph)3 (25). the first 

neutral mononuclear complex of Wm to be structurally characterixed [45]. The geometry of the 

complex is mer, with all six W-L bonds exhibiting different lengths (W-Cl1 Z437( 1) A W-Cl2 

2.441(l) A, w-Cl3 2.295(2) A, W-P4 2.555(l) A, W-P5 2.514(l) A, W-P6 2.536(l) A). 

Complex (2% ~8s funher uSed TV syntki= WQN+WPWppe)l. WU3NWPh)2(py)l 

and lW(-MPMcPh)(bi~)1. 
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(25) 

35 TUNGSTEN (tt) 

The complex [WI2(C0)3(NCMe)2] has been shown to be a useful precursor for the 

syntheses of a large number of novel complexes. The acetonitrile ligands can be replaced by one 

or two equivalents of PPh3 to yield lWI2(CO)3(NCMe)(PPh3)] and [WI2(C0)3(PPh3)2] 

respectively [44]. Further reactions of these complexes with Na(acac), Na(hfacac) or Na(bxacac) 

yields seven-coordinate complexes of the form [WI(C0)3(PPh3)(LnL)] or 

[wr(CO)2(PPh3)2~)], which were characterized by low temperature 13C NMR as well as by 

IR and 1H NMR spectroscopies. 

Reactions of lWI2(CO)3(NCMe)(EPh3)] @=P. As. Sb) with dppm, dppe, dppb or the 

dangling diphosphine ligands in [Fe@-C$QPPh2)2] result in the formation of dinuclear 

complexes of general formula [W214(CO)6(EPh3)(LnL)] [47]. All of the products were 

determined to be diamagnetic and were characterked by IR and 1~ NMR spectmmopies as well as 

elemental analysis. 

Diphosphazanes RN[P(OPh)2]2 (R=Me, Ph) react with [WI2(C0)3(NCMe)2] via 

substitution of the acetonitrile ligands to give [WI2(CO)3(P(OPh)2)2NR] [48]. The phenyl 

derivative was subjected to a single crystal X-ray structure. and exhibits a slightly distorted 

pentagonal bipymmidal snuctum, with two of the three carbonyls in apical positions. Unlike the 

complexes IWI2(CO)3-)] (L%=dppe, dppm), these species do not undergo CO substitution 

even when heated in the presence of excess diphosphaxane. Likewise, these complexes do not 

undergo decarbonylation to give six-coordinate complexes in contrast to the monophosphine 

complexes [wIZ(CO)3LZ] (L=PPh3. PEt3) . 

The dinuclear complex [w(p-I)(CO)3{ S2CN(CH2Ph)2)12 has been reported from the 

reaction of [WI2(C0)3(NCMe)2] with [S2CN(CH2Ph)2]- [49]. When one of the acetonitrile 

ligands in the starting material is replaced by PPh3, AsPh3 or SbPh3, subsequent reaction with 

[S2CNR2]- (R=Me, Et) produces only the mononuclear species [wI(CO)3L(S2CNR2)]. Further 

reaction with [S2CNR’2]- (R’=Et, CH2Ph) produces [W(C0)3L(S2CNR2)(S2CNR’2)1 for 

L=PPh3 and lW(CO)3(S2CNR2) (S2CNRa)l in low yield when L = AsPh3 or SbPh3. 

[WC12(PMePh2)4] reacts with Ph2P(O)CH2CH2PPh2 to give [WCl2(Ph2P(Ol- 

CH2CH2PPh2)(PMePh2)2]. Upon heating at 8o’C for 8 hours, the phosphoryl oxygen is 

transferred to the tungsten centre with formation of [WOCl2(diphos)(PMePh2)1, 
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[WOC12(PMePh2)3] and [wC12(diphos)(PMePh2)2] [50]. This reaction is one of the first 

documented examples of oxygen transfer from a l&and to a metal. [wCl2(PMe3)4] undergoes a 

similar reaction with the chelating phosphine oxide without observable intermediates. Non- 

chelating phosphine oxides have not been reported to undergo this type of oxygen-transfer 

reaction. 

OxidatiOn of [NE~][(HB(Me2pz)g]W(C0)3] with Br2 or 12 in CH2Cl2 or CH3CN 

yields [ (HB(Me2pz)g) W(CO)3XJ Further oxidation by 02 in either refluxing toluene (X=1) or 

hot CH3CN (X=Br) leads to the formation of [(HB(Me2pz)3]WO(CO)X], where the 0x0 and 

carbonyl ligands are cis to each other [51]. This pyrazolylborate species is one of only a few 

known examples of a stable compound that contains both an 0x0 and a carbonyl ligand, since the 

twoligandswillusuallyeliminatetoformCO2. 

A chloride has been abstracted from w(bipy)(PMe3)2C12] with T1pF6 in acetoniuile to 

form the tungsten(II) cationic complex [W(bipy)(PMe3)2Cl(MeCN)]+ [52]. An X-ray crystal 

structure reveals that the acetonitrile is in an ~2coordination mode, donating four electrons to the 

tungsten centre. Bonds between the tungsten centre and the carbon and nitrogen atoms of the 

CH3CN groups, respectively, are of nearly equal length, and the C-N bond distance is increased by 

0.12 A ova that of the free ligand Spectroscopic evidence for the q2-coordination mode include 

IR and l3C NMR spectn>scopies; no CN triple bond stretch was observed in the IR spectrum and 

the nitrile carbon appeared as a triplet at a chemical shift of 6 +235 versus 6 +l 10 for the free 

ligand. A cyclic voltammogram of the complex consists of one reversible reduction (WR/WI) at 

-1.62V vs ferrocene/fermcenium as well as an irreversible reduction (WI@) at -2.21V and an 

irreversible oxidation (WR/Wm) at -0.08V. 

Reactions of lWC12(CO)2(PMe3)3] with f&hydrogen stabilized Grignard reagents afford 

the acyl complexes w(q2-C[ O)R)C!l(CO)(PMe3)3] (R=CH2SiMe3, CH2CMe3, CH2CM@h), 

while LiMe reacts with the tungsten starting material to give [W(CH3)Cl(C0)2(PMe3)3] [53]. 

[W(t12C( O)CH2SiMe3)cI(CO)(PMe3)3] reacts via desilylation with two equivalents of dmpe to 

form ~(CH3)(CO)2(dmpe)tiCl. Reaction of the silyl starting material with CO also results in 

desilylation to form [W(q2-C(O)Me)c1(cO)2(pMe3)2]. Similar reactions do not occur for the 

acyl derivatives, which merely substitute dmpe for PMe3 with no attack on the l&and. Desilylation 

reactions have been observed for m(q2-C( O]CH2SiMe3)Cl(CO)(PMe3)3] upon reaction with 

NaS2CNMe2. The product, CW(CH3)(S2CNMe2)(CO)2(PMe3)2], undergoes a migratory 

insertionmaction upon addition of CO to pmduce the corresponding acyl complex. 

(27) 



Chemistry of PMe3 with tungsten q2-dlthiocarboxylate complexes has been found to be 

dependent on the alkyl substituents of the carboxylate carbon. Small alkyl groups (e.g. Me) allow 

for addition of PMe3 to the carboxylate carbon to form tungstendithiacyclobutane ylides (26). 

Aryl substituents, however, promote the loss of sulfur to form tungstenthiacycloptopane ylides 

(27) and Me3P=S 1541. Compound (26) is unstable even at -5OT, whereas (27) forms only 

under conditions of boiling acetone. Infrared, lH, 13C. and 31P NMR spectroscopic data sre 

presented as well as an X-ray crystal structure of (27). The reaction of [Cp*W(NO)I2] with 

either methanol solutions of (NH4)2Sx or hydrogen selenide solutions (generated by hydrolysis 

of A12Se3) results in the formation of [Cp*W(NO)(Ss)] or [Cp*W(NO)(Ses)I [%I. The 

pmducts contain a cycle-penta sulfide or selenido &elate in the chair confotmation, as confinned 

by an X-ray study. Also fotmed in the polyselenide reaction sre the dinuclear tungsten species 

[Cp*2W202(pSe)21 and [Cp*2Wz(O)(Se)(p-Se)21, as determined by IR, lH and l3C NMR 

~~spectroscopy. 
The reaction of W(CO)6 with Z-bis(dimethylarsenic)bis(trifluommethyl)ethylene in the 

presence of mesitylene yields (as) [56]. This complex oxidatively adds Bt-2 in CH2Cl2 with loss 

of one of the CO ligands to form the seven coordinate tungsten(R) complex IW(LnL)(C0)3Br2J. 

It was also reported that the complex can be decarbonylated with PPh3 to form 

[w(L%(CO)2Br2(PPh3)]. 

(28) 

[W2Cht(PBu3)4] reacts with dmpm in a refluxing toluene/hexane mixture to produce 

green [wZC4(dmpm)21 and red ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t.k 
l~oolllplexrcsultsfromtheolcidativeadditionofdmpm~othedinuclearcolnplexwithP-cbond 

cleavage [!57]. The pxamag&c complex, which possesses a W27+ core, is RSR active with a g 

value of 1.953 and a complicated supnimposed hyperfine coupling pattern. X-ray crystal analysis 

shows that the complex exists as a distorted edge-sharing bioctahedral molecule with W-W = 

2.7331 A. The bond order of the W-W bond is either 25 or 1.5, depending on the population of 

the 8 and 6* orbitals. 
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3.6 TUNGSTEN(O) 

3.6.1. Complexes with hydride ad halide @ads 

Reactions of the basic hydride complexes [trans. trutt.+WH(CO)2(NO)(PR3)2] (R = Et, 

Me, Ph. Ok) with BH3L (L = thf, SMe2) yield [nans-W(q2-BH4)(CO)(NO)(PR3)2], which is 

unstable towards the elimination of BH3.PR3 [58]. The borohydride ligand occupies two 

coo&radon sites, placing the tungsten centre in a distorted octahedra geometry. as confimned by 

X-ray crystallography. 

Upon heating compound (29) in thf at 55’C for two hours, loss of the acetonitrile ligand 

occurs with insertion of the metal into the carbon-fluorine bond of the phenyl ring to form (30) 

[59]. A similar reaction occurs if the fluotine is replaced by chlorine. The chloro complex can be 

convertedto(3O)byadditionofAgOTfandXP. 

(29) (30) 

3.6~2 Cotnplezes with group IS (N, P, As and Bi ) donor ligands 

The photochemical reaction of tungsten@-tolylphenylmethylidene)pentacarbonyl with 

PhN=NNMe2 results in the formation of [(CO)5W=NNMe2j [&I]. The complex is unstable but 

has a sutfkient lifetime to allow for characterization by IR and multinuclear NMR spectroscopy 

[IR: v(C0) 2069.1932 cm-l; 1H NMR: 8 3.83(s); 13C NMR: 6 197.4 (&CO), 6 213.2 (tmns- 

CO)]. 15N NMR spectroscopy has been used to support the conclusion that the N2Me2 ligand is 

abentknninalgroup. 

The pentacarbonyl imido complex [(CO)5W==NPh] reacts with PPh3 at the metal-nitrogen 

bond. Reaction of the complex with aldehydes. ketones, thioaldehydes or thioketones results in 

formationofimines(RR’~~,R=arylaralLyl;R’=arylcwH)viametath~swiththeoxy~ 

or sulfur atom [al]. 

Silyl transfer was found to occur in the reaction of [W(N2)2(dppe)2] with 

[R2R’SiCo(CO)4], leading to (31). a silyldiazenido complex of Wf) [62]. The &nitrogen of the 

silyldiazenido group is protonated by H20, MeOH or HBr to form the corresponding 
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silylhydrazido complex. The [Co(CO)4]- group dissociates and the position rruns to the 

silylhydrazido group is occupied by the conjugate base (OH-, OMe- or Br?. 

(31) 

The synthesis of the novel phosphine ether ligand (32) has been described [63]. Reaction 

of this ligand with (cod)W(CO)4 and (cht)W(C0)3 produces [(P,P’)W(CO)4] and 

[(P,P’,O)W(CO)3], respectively. In the second product, the oxygen atom of the five-membered 

ring occupies the sixth coordination site of the tungsten centre. The products were characterized 

by lH, lH{31P), l3C and 31P NMR spectroscopy. 

(32) 

Two independent reports of the teaction of W(CO)6 with white phosphorus (P4) have been 

recently documented [64,65]. The product of this reaction, [W(CO)4( cycle-[PW(CO)514]] (33), 



87 

is only the second example of a metal complex containing a cycle-P4 ligand. The compound 

forms crystals of two different tetragonal symmetries; these an5 primitive tetragonal (P4nc) and 

body-centrcd wragonal(I4) with nearly identical lattice parameters. The crystallographically 

imposed C4 symmetry of the molecule is not preserved in solution, as the 3lP NMR spectrum 

exhibits three resonances in an AM% pattern at room temperature in highly polar solvents 

(acetone, CD3CN CR DMSO) and at low temperahue in low polarity solvents (CD2Cl2, CDC13 or 

CO. 

(33) 

Reactions of [CpW(CO)3(pphz)] with the electron-deficient alkynes methylpropiolate and 

diithylacetylene dicarboxylate form the metallacyclic complexes (34) (R = I-I, Ct&Me; R’ = 

Cme) [66]. The mechanism of rlng formation appears to involve initial nucleophilic attack of 

the alkyne on the wordbated phcsphidc followed by attack of a coordinated carbonyl on the other 

endofthealkyne,therebygivingrisetoafive-mmberedring. 

i 

cp’ ‘Y’ ocHW A 
cc /\R 

Pi ‘Ph 

(34) 



88 

The reaction of m(C0)3(RCN)3] (R = Me, Et) with cy&-Pg- in DMP at 155’C 

proceeds with the formation of [(+-P5)W(CO)3J-, one of only a few examples of a mixed 

car~nyl-pcntaphosphacyclopentadienyl metal complex [67]. The species further reacts with 

Me3SicI to form the net&al species [Me3Si(q5-P5)W(CO)3] which was chamcterixed by IR, % 

and31PNMR spcctroscopics. 

Reactions of [MC12(CgH@R2)2] (M = Ti, Zq R = Ph, p-tol) with [(cht)W(CO)3] give 

rise to heterodinuclear products (35) in which the two phosphines and one of the chlorine atoms 

bridge the two metal centres [68]. Addition of CO or P(OMe)3 (irreversible) or MeCN 

(mversible) breaks the W-Cl interaction but leaves intact the two phosphine interactions. Reaction 

of (35) with KOtBu leads to clean substitution of the non-bridging chloride. Reaction with two 

equivalents of [SMeI_ replaces both chloride ligands. 

(35) 

W(CO)6 reacts with the chelating phosphine PhP(C2mPPh2)2 in n-decane to yield the 

mr complex [cPPP)W(CO)3] as determked by X-ray CrysUqpphy WI. 
l%erud readon of Me2Si[CpW(CO)3]2 with p2Mc4 and As2Meq promotes oxidative 

coupling to give products with two bridging BMe2 groups PO]. In addition, the p2pule4 reaction 

produces a byproduct with one PMe2 bridge and one hydride bridge, a molecule that is fluxional 

in solution due to exchange of the bridging groups via formation of the HPMe2 &and. Reaction 

of this by-produet with additional p2Meq yields the diphosphide-bridged complex along with free 

HpMe2. 

Chemistry of AsX3, tBu3-nAsCln and Ph3-nAsC1n with thionylimides (NSO-) has 

resulted in the synthesis of a series of arsenic thionylimides R3-nAs(NSO)n (n = I, 2,3) [71]. 

Reactions of these compounds, most of which are very moisture-sensitive oils, with 

[CpW(CO)3IFJ produce species containing W-As bonds (36). 

The trinuclear cluster Bi[Cp’W(CO)3]3 has been reported as the initial product in the 

reaction between ClBi[Cp’W(CO)3]2 and Na[CpW(CO)3]. It was found, however, that exposure 

of this product to UV light yields (37), which has a butterfly arrangement of metal atoms, where 
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the @-Bi2) gtvup is formally behaving as a four-electron donor [72]. This bonding description is 

supported by comparative extended Htickel calculations for (37) and the similar compound 

[M02(co)4cpz~-~“~)1. 

(37) 

3.6.3 Colplplexas with group I6 (S and Te) donor ligands 

Irradiation with UV light greatly accelerates the reaction between ~(CO)5(C!H3)l- and 

Cs2 to yield [w(CO)4(+S2C!CH3)l- [73]. The mechanism is thought to proceed by W-CH3 

homolysis and not by CO photodissociation, since an analogous reaction of Iw(CO)5(CH3)]- 

with CH2Cl2 in thf quantitatively yields ~(CO)$lj-. The methyltungsten anion does not react 

photochemically with CO2 to produce the tetracarbonylacetate complex as expected, but instead 

yields the te@acarbonylf~tc speck, W(COk(~2-O$H)I. as indicated by NMR studies (1Hz 

6 +7.90; 13C 8 +168.8 [02CH]. b +201.4 [CO&], 8 +206.5 [COwam]). 

The reaction of [CpW(C0)2(CNEt2) with dimethyl(methylthio)sulfonium 

tetrafluoroborate yields the tungstenthiacyclopmpene cation (38) [74]. The presence of the two 

resonance forms of (38), one of which utilizes the nitrogen lone pair, redums the carbene-like 

chamcterofthecarbonandhi&zfurthernucleophilicattack. 

Reaction of (38) with PMe3 occurs with substitution of a carbonyl ligand. This product 

can also be formed in the reaction of [CpW(CO)(PMe3)(CR)] with 

dimethyl(methylthio)sulfonium PSI. Additional PMe3 causes attack at the car&ne carbon to give 

a ylide. 



Insertion of tellurium into a W-C bond to form [(CO)5W(Te=CHPh)] results from the 

reaction of [(PhHC=)W(CO)5] with tellurocyanate [TeCN]- 1761. Upon thermolysis, the Te=C 

bond further donates to a second W(CO)5 unit. The compound [(CO)5W(Te=CHPh)] also adds 

2,3dimethyl- 1,3-butadiene or CpH to form tungsten complexes ligated by tellurium substituted 

rings that result fmm Diels-Alder teactions between the incoming diene and the Te=C bond. 

t 
I 

cp 

\ / 
,/cH3 

oc,p*Jw\c 
/ 

I 
oc \\,, 2 

+ 

(38) 

3.6.4 Complexes with metallic (Sn and Hg) donor ligandr 

The reagent BuSnCl3 has been found to react with w(C0)3(EtCN)3] to form 

CW(W3@tW2WJWWU l771. h.nha h with three equivalents of P(OR)3 (R=Me, 

Et) leads to the formation of [W(CO)2{P(OR)3)3(SnC12Bu)Cl]. The complexes were 

characterixed by IR, 1H and 31P NMR spectroscopy. 

Chemistry of Na[CpW(C0)3] and Na[(CH3C{O)C5H4)W(C0)3] with MeHgCl 

produces nimemlk clusters (39) c78.l. An X-ray crystallographic analysis of (39) showed a 

nearly linear W-Hg-W angle (173&I(2)‘) and a W-Hg bond distance of 2.75 13(3) A. 

“g 

(39) 
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3.65. Complexes with mixed dotwr atom ligands 

Protonation of [W(CO)3(PCy3)2] with HBF4.Et20 in toluene yields 

~(BF4)(CO)3(PCy3)2] (40), where the [BF4r anion assumes an ql-coordination mode p9]. 

Other acids employed (e.g. HO3SCF3, H2C[SO2CF3]2, and HCl.Et20) also lead to coordination 

of the conjugate base following protonation. The overall protonation reaction of the sixteen 

electron precursor appears to be initiated by proton transfer, and not by coordination of the lone 

pair of the conjugate base. 

(48) 

Dihydrogen can become an extremely strong acid upon coordination to certain transition 

metal centres. Reaction of [W(N2)2(dppe)2] with two equivalents of [CpRu(q2- 

~~~~~~~~~~~~~~~~~~~~~~~ produces IwNWMWQpeW. which c~ths a 
fluoride ligand that was abmactcd from [BF4]- [80]. 

Reactiom of [w(COh(py)31 with a series of uninegative chelating donor ligands and PR3 

yield complexes of the form lW(X, Y)(CO)3(PR3)1- (X,Y=S2COC2H5,2-picolinate. ZSpy, and 

2_carboxynaphthakne, R=Ph, CH2CH2CN) 1811. The complexes were isolated only by adding a 

solution of the carbonyl complex in acetone or CH2Cl2 to a solution or suspension of the (X, Y) 

donor ligand and the phosphine in the same solvent The complexes deoompotse gradually even at 

low temperature and in the absence of light. Characmrixation was afforded by IR as well as 1H. 

l3C and 3lP NMR studies. 

Various functionalized diphosphines react with ~(CO)3(MeCN)3] to produce dinuclear 

species wherein the functionalixed side gtoups are coordinated to the metal centre [82]. The series 
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of ligands and their abbreviations are given in (41). A crystallographic investigation of 

[{W(CO)3)2(p-mtppe)] indicates that each tungsten is coordinated to two sulfur atoms, one 

phosphorus atom and three carbonyk, the ethylene bridge of mtppe joins the two mononuclear 

centms. In addition to X-ray data, IR and 1H and 3lP( lH] NMR data are also presented. 

(41) 

3.7 SELECTED cLLJsTERs 

3.7.1 Pol)Yxw~states 

The anion wl00323~ is believed to effect the aerobic photooxidation of saturated 

hydrocarbons, notably branched hydrocarbons with terdary carbon atoms [83]. P-xylene is 

oxldimdtotoluicacidin Wlightinthepre~nceofan~~~~solutionofthepaly~. 

It was found that lW@1g12 and [VwsOlg]~ are inactive under the same conditions. 

Addition of vanadium to divalent ~~iWl@3&pnxluces *p[SiV2Wlf$&&. which 

isomerlxeslnH20toproducethreediffemntisomers ail having the @ structure [84]. The two 

vanadium atoms are in poshkms (8,12), (3.12) and (3,8), mspectively in the three isomers, as shown 

by IR and 183~, 5lV and 29Si NMR spectroscopies. The formation of the isomers is pH- 

dependent. 
‘Ihe cobalt-conta.inlng polyoxotungstate c+[C!oWl204& is reduced by two electtons to 

produce the “hetempoly blue” complex u-[CoW1204018-, named for its intense blue color that 

arises from the delocalization of electrons in the reduced species [853. Except for a slight 

shorten@ of the Co-O distances and lengthening of the corresponding W-O distances, there is 

WrylittlCCht3tlgCinthCmdecular ltWUMU%OfthCtwO~~. 
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Polyoxotungstate anions have been synthesized with technetium incorporated into the 

structum. Reaction of ~cOCl4l- with DQPW11039]4- in acetoninile results m the formation of 

lpwl lTcO4& [86]. Reaction of TcO(ethanediolate)~ with [SiW11039]8- in buffered H20 

@H 5.5) produces [SiWl lTcO4&. TcNQ4- reacts with [H3PWllO39]4+ in acetonitrile to 

yield [PWl lTcNO39]&. Characterization of the anions was based primarily on the results of 

negative ion FAB mass specaoscopy. 

3.7.2 Complete and incomplete cubaxes 

Room temperature reaction of PEt3 with W3S7Br4 in thf produces [W3(c(3-S)(p- 

S)3Br4(PEt3)3(OPE@I)(H20)~2thf [87]. X-ray crystallographic analysis of the cluster reveals a 

W-Wave distance of 2.774(6)A. The formation of the OPEt2H ligand is explained as follows: (a) 

PEt3 is oxidixed by adventitious oxygen to OPBt3; (b) the phosphine oxide comdinates to one of 

the tungsten centms; (c) the tungsten centre inserts into a C-H bond of the a-carbon of one of the 

ethyl groups of the phosphine oxide, forming a five-membered ring and a hydride, and finally (d) 

ethylene is eliminated and the hydride ligand then adds to the phosphorus. 

The reaction of arsenous anhydride and WO3 leads to formation of 

Na3[As3W3015]~1OH20 [88]. The incomplete cubane contains a linear As3075- group, the first 

ofitsldndtobeisolated. 

A large number of complete and incomplete cubanes are formed from the reactions of 

tungsten-containing complexes with group 11 metals (specifically copper and gold). The reader is 

referred to selected articles [89-931. 

3.7.3 Other homo- ad hetemlear cli4stw-s 

Tetranuclear clusters of tungsten have been prepared by the use of linking reagents to 

connect dinuclear clusters of tungsten in both a parallel and a perpendicular fashion [94]. By 

employing either dinuclear tetracarboxylate complexes with organic dicarboxyhc acids or dinuclear 

tricarboxylate solvated complexes with bridging groups (e.g. oxalate), one can form not only 

tetranuclear clusters but polymeric chains of dinuclear species. The tetranuclear clusters are yellow 

to blue in color, whereas the polymer chains are much more intense in hue, with noticeable red- 

ghiftingoftheirelectronic~sitionsIlscomparedtotheMqspecies.AnMOconsiderationofthe 

bonding in these clusters is pmsenmd. 

The reaction of [Cp42Ni2(p-q 2:2-P2)] (Cp4=CgHiPr4) with W(CO)5(thf) forms a 

trinuclear cluster of the type [Cp42Ni2(R3-q 222p2)W(CO)4] [95]. Reaction of this complex 

with bis(nimethylsilyl)peroxide yields (42), the first complex reported which contains the PO 

group as a l&and. The complex was &mcterixed by X-ray crystallography as well as by 31P 

( 1H) NMR and IR spectroscopks. 

The reaction of PbC12 with (NHq)2WSe4 in the presence of PPh4Br yields the 

hexanuclear cluster (PPh4)4[Pb2(WSe&] (43) PSI. The complex can best be described as two 

occahcdrally ligated Pb centres bonded to six selenium atoms, two of which bridge the two lead 

atoms and one tungsten, while the other four selenium atoms bridge the lead and one tungsten 
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atom. The four tungsten centres are in tetrahedral geometries. Two of the tungsten atoms are 

bouded to one triply-bridging selenium, two doubly-bridging selenium atoms and one terminal 

selenium whereas the other two tungsten centres are bonded to two bridging selenium and two 

telminal selenium atoms. 

(42) 
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