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The period of this review covers those publications in Volts 92 and 93 of 

Chemical Abstracts. Thus, although a majority of papers covered were published 

in 1980, many from 1979 are also included. The major journals are covered upto 

the end of 1980. 

The review concentrates upon the coordination chemistry of technetium and 

rhenium. No attempt has been made to cover work of an essentially organanetallic, 

kinetic or catalytic nature. Two reviews of interest to rhenium chemists have 

been published this year. The first is a general review of rhenium chemistry [l] 

and the second discusses the structure of rhenium compounds containing metal- 

nMza1 bonds [2]. 

TECHNKTIUM 

9.1 TEzHNErIuM(vII) 

9.1.1 Hydrides 

A circular orbit model has been used to account for a coordination number 

greater than six in [TcG12- [31. 

9.1.2 Oxides 

The crystal structure of [N&][TcOl,] has been determined at 295, 208 and 141 K 

and the details observed indicate a nore ordered hydrogen bonded structure than 

is present in [Kth,][Ke~~] [4]. Reduction of [Td)+]- by tin(I1) in the presence 

of citrate ions initially gives a bis(citrato)technetium(IV) species; this can 

be further reduced to give a bis(citrato)technetium(III) canplex [5], which is 

colourless and not purple as previously reported [6]. A similar reduction occurs 

in an alkaline solution of polyhydric compounds containing vicinal hydroxyl groups, 

giving pink-violet polyol complexes of technetium(V), which form mixed ligand 

cunplexes with cys, diethylenetriaminepentaethanoic acid and similar ligands [7]. 

The reduction in an alkaline solution of [TOOL]- containing 1,4,8,11-tetra- 

azacyclotetradecane (1; cyclam) using tin(I1) tartrate shows that cyclam is a 

gocd canplexing agent for technetium. The oxidation state of the product has 
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not been detemined [8]. 

n 
NH HN 

( : 
NH HN 

u 
(1) 

9.2 lKmETIuM(v) 

The species [TcOXI,]- (X = Cl or Dr) have been prepared and studied in relation 

to their ph armaceutical application as precursors to the radiotracers 

[TcOX~(HBpz3)] [9]. The reduction of [T&l- by [NCS]- has been shown to give 

[Tc(NW712- as one of the products [lo]. 

Oxobis(l,2-ethanedithiolato)technetate(V) salts have been prepared by the 

reduction of [T&l with hydrochloric acid, and precipited by the addition of 

[EQN]Cl [11,12]. [9u~N][TcO(SC&CCSX]has been prepared by the reduction of 

[Tc&]- with a large molar excess (>lOO) of aqueous thioglycolate, [HSC&CO~]-. 

The crystal structure shows asquarepyramidal structurewiththe sulphur atcem 

occupying the basal plane {r(TcO) = 1.672 1; F(TcS) = 2.320 11 [13]. 

Lipophilic [TcCE12HCIPz3)] has been prepared by the reduction of [Tc&]- in 

the presence of the [HBPZ~]- ion. This is the first example of a [HEiPz3]- cunplex 

containing a metal with an oxidation state of (V): the oxidation state was 

deduced by the.presence of Tc=O in the crystal structure [14]. The eight 

coordinate [Tc(diars)nClb]+ (2) complex has been prepared by oxidative addition 

of Cl1 to [Tc(diars)&&]+ in alcoholic solution. The crystal structure of (2) 

shows D2d symnetry with r(TcC1) = 2.442 1 and ?(TcAs) = 2.578 i [15]. 

9.3 TEkINkTIIJM(Iv) 

Chranatographically pure Tc(IV) has been prepared by the reduction of [TcG,]- 

in concentrated hydrochloric acid [16]. The complex anion [Tc(Ncs)~]~- hasbeen 

prepared and its crystal structure determined [17]. The reduction of [TcO+]- 

by [NCS]- has also been shown to give [Tc(NCS)~]~- as one of the products [lo]. 

Copper(I) has been used to label edta with technetium(IV) [18]. A 
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methylenediphosphonate technetium(IV) ccmplex, [L~(H~O)~]{TC(~~P)((~BI))%H~O (mdp = 

[03PCH2F03]4-), has been prepared and its crystal structure shown to consist of 

infinite polymeric anionic chains (3). Each rrdp ligand bridges two Tc atcans, 

/ 
/ 

--_- 

(3) 

and each Tc atom is bound to tun, tip ligands [19]. [Tc(dppe)z(Nz)] has been 
prepared by the addition of dppe to a suspension of [TCCL+(PP~S)Z] and sodium 

amalgam in benzene [20]. The complex fonmsd between Penicillamine [Per&l and 

technetium(IV), [Td)(Pen)212-, has been chaxacterised by spect-try and 

Sephadex column chromatography [21]. 
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9.4 TmlNmIm(III) 

K,, [TC(CN)~ ]p120 (4) has been prepared by treating [N&]z[TcIG] with KCN under 

dinitrogen and the anion has D5h symnetry. Aqueous solutions of (4) will oxidise 

in air, initially to give K2[TcVO(07)5], and then K,[Tc"0~(07)~], the anion of 

which possesses D4h symmetry [22]. 

[TcC1(CO)(~)2(PMepPh)s][C10s]2 was obtained by the tm electron 

oxidation of [TcCl(CO)~(PMe~Ph)~] in !&CN; the oxidation of [TcCl(CO)3(PMezPh)z] 

was also studied [23]. The m1ecula.r structures of trms-[TcC12(diars)2]Cl and 

trms-[TcC12(diars)2][C101,] were reported as containing a cation of 

with r(TcC1) = 2.348, 2.288 t and r(TcAs) = 2.518, 2.511 A [15,24]. 

9.5 CCMPLgXK3 0Xl'AININGTc-Tc EONIB 

D 2h symnetry, 

[T@l,J2- and [TcxCl,] 3- have been prepared by reduction of [TcC1612- with 

zinc in concentrated hydrochloric acid and their vibrational spectra analysed 

[25]. The hydrolysis of [Tc2Cls13- in &12 M hydrochloric acid has been studied 

[26]. [Tc~(OC&,N)~]C~ has been prepared by the reaction of 2-hydroxypyridine 

with [NHI,]3[Tc2Cl,]. The crystal structure show infinite chains of 

{Tc~(CC~H,,N)~)+ units linked by bridged chloride ions (cf. catena-{rZU2(02CMe)I,Cl}). 

The technetium-technetium bond length of 2.095 1 is the shortest Known, and this 

corresponds to a bond order of 3.5. The electronic structure of the dimetal 

centre, (u>~(IT)~(cS)~(~*)~ electronic absorption spectrum shows rich vibrational 

structure [27]. 

RHENIUM 

9.6 RIiBWM(VI1) 

9.6.1 Hydrides 

Circular orbit models have been described to account for a coordination nu&er 

greater than six in [F&sII,]~- [3]. It has been shown that, in the presence of 

3,3-dimethyl-but-1-ene, [L2KeH7] (L = PPh3 or PKt~ph) dehydrogenates cyclopentane 

to give the n5-cyclopentadienyl canpounds [Li!(n5-C5HS)Re&] [28]. This represents 

one of the very few Known examples of a complex which can activate an alicyclic 

C-H bond under very mild conditions, and the system pranises to yield sane more 

exciting chemistry. 
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9.6.2 Oxohalides 

[Re03F] has been prepared by the reaction of [ROOFS] with [Re&] at 150-200 'C. 

When stoicheicmatric amounts of [ROOFS], [R~ozFB] or [ReOsF] wsre reacted with 

AI? (A = alkali metal), AIReOFI,], A[ReGFs] or A[R~OSFZ] and Az.[R~OSFS] were 

fomred, respectively [29]. The salts M[Re02F4] (M = Na, K, Rb or Cs) were 

characterised by IR and X-ray diffraction, and their thermal behaviour studied 

in difluorine and dinitrogen atmospheres [30]. The reaction of [ROOFS] with KF 

was studied and found to proceed in stages, with the fomation of intermediate 

products which decompose partially to K[ReOF5] and FZ [31]. The electronic 

structures of [RIFT], [ReOF5] and [ReO$] have been studied in the gaseous phase 

by UWES [32], and the centrifugal distortion constants and general valence force 

constants have been calculated for [ReOFs] [33]. The heat of formation of 

[ReC&l] has also been reported [34]. 

An improved preparative route for [&O&l] has been reported which involves 

the heating of Re&lg to combustion [35]. 

9.6.3 Oxides 

XPES and thermogravimetric measurements have been used to investigate pure 

rhenium compounds as an aid to the understanding of their surface chemistry. 

Rhenium metal, ReO:! and ReOa were all found to be covered by rhenium(VII) 

species. RezOT and [NHI,][ReOr] were also studied [36]. No measureable 

hexadecapole interactions were found in solid [NH,][R~o~] or [NH~][R~oQ], using 

rhenium NQR spectroscopy [37]. The IR absorption spectra have been measured 

for vapours over Re207, ReO, and HReO+ solutions [38], and a study of canplex- 

ation in the [ReOl,]-/[H30]'/[SOI,]2-/H20 system has been reported [39]. rReQ+ I- 
in concentrated alkaline solution form yellow 1:l cmplexes with a number of 
polyhydric alcohols, including (inter alia) D-mnnitol, and D-glucitol. 

However, polyols without vicinal OH-bearing carbons with opposing configurations 

(D-L) (e.g. glycerol) do not react and it was concluded that the adjacent GO 

distance in the ligand is critical for cunplex formation [40]. The novel 

organoimido complexes [Re(NCMe~)~(CsiMe~)] and [Re~(NCMe~)~O~(QSMe~)3] (5) 

have been prepared 

3.165 I> [41]. 

and the latter characterised by X-ray diffraction {r(ReRe) = 

9.7 RHJmuM(vI) 

9.7.1 HaZides and oxohaZides 

A circular orbit model has been described to account for a coordination number 
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greater than six in [E?I?F~]~- [3]. Nitrosyl salts containing [ReF7]- and [ReFs12- 

have been prepared and their Fkman spectra analysed [42]. A review has been 

published containing seventeen references to ReFs [43], and the electronic 

structure of ReF6 has been studied in the gas phase by UVPKS [32]. 

Au improved preparative ute to [R&X4], involving the direct oxidation of 

Rem, gives yields greater than 8% [35]. 

: 

The heats of formation of [FkXL+] 

and [ReOEW,] have been repo ed [34]. The hyperfine structure of the KPR 

lines for [F&&X&]- has bee studied and the parameters of the spin Ramiltonian 

calculated [44]. The react ons of FieEL, in nonaqueous media, with the ligands 

Ph&O, urea,BdsCN,Me~CD, 20, dimethylglyoxime or dioxane have also been Studied 

by EPR spectroscopy [45]. / 

9.7.2 Oxides and compZexes with oxygen donor ligands 

Crystals of ReOB have shown by electron diffraction and electron 

microscopymeamranentst sorb dihydrogen, and it was proposedthatthis 

phencmnon is closely relat to the hygroscopic nature of this material [46]. 

The structural stability ce has been related to the presence 

of conduction bands within First and second order quadrupo1a.r 

effects in the lgRe NMR rum of ReOs have been used to show that the 

compressibility collapse sition results in a high pressure phase of symnet??y 

lower than cubic, and to t the phase boundary fran l-300 K [48]. At high 

pressures, new rhenium cant g perovskites and pyrochlores of the 

mmpcsition PbM1'Re06 (MI' , Ni, Co, Fe, Zn, Ma, Ca or Cd) have been 

prepared [49]. 

The syntheses of [ReaOs( w, bW==,>,l, tiWX~z)sl and 
[REO{N(S~M~~)~}~] have [35,50]. The first of these cmplexes, (61, 

was prepared by the dLsso1 ion of ReCK& in MeoH in the presence of a tertiary 

amine, and its crystal st ture was determined Ir(~eRe) = 2.559 1) [50]. 
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(6) 

9.7.3 Complexes with Group VB donor ~igands 

[{ReNC13(poC13)1~].2KE13 (7) has been prepared and shown to contain four 

Re-N-Re bridges in a tetramic square, isotypic with [C WNC13(Foc13))~].2wc13 

[51]. ReCIS dissolved in POX3 reacted with cyanogen chloride or trichlor* 

ethanenitrile in the presence of Cl2 to give the alkylated nitride chlorides 

[(C~&O)C~IJ&=N(CC~~)] or [(C13pO)Clr~N(C~Cl~)] (81, respectively. The 

mlecular structure of (8) shows (Re=N) = 1.69 w [52]. [AsPhl,]z[RezFNKl,] 

has been prepared by reaction of [ReNCL,] with [AsPh4]F in MeCN. The IR 

spectrum indicates a bridging Re-F-Re complex anion with a terminal Rea miety, 

and the tetran-eric structure (9) was proposed [53]. 
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9.7.4 Complexes with Group IVB donor Zigands 

The novel methyl rhenium ccqlexes FkCMes, Li2DaMe~1 and ReJ% have been 

prepared fm ReOCli and Lihk [35]. 

9.8 RImWRd(v> 

9.8.1 Halides, pseudohalides and oxohalides 

A nitrosyl salt of [ReF6]- has been prepared and its Raman spectrum analysed 

[42]. The structure of [(NH2)2C!SSC(NH2)2] t ram-[~l~(H20)]Cl.H20 has been 

reported {r(Fk=O) = 1.66 I; r(Re-CH2) = 2.20 A; r(ReC1) = 2.335-2.373 A) and 

shows that all the bond angles and distances are unexceptional [54] but that, 

there are significant differences when caqared to the parameter for trans- 

[FkOC11,(H20)]. Studies of the extraction of rhenium(V) fran acid solutions in 

the presence of chloride and thiocyanate ions [55], and of the [RefX!l~]~-/ 

[HI,P~O~]/[HC~] systan [56] have been reported. 

9.8.2 Oxides 

Sr,ReOs (0.4 2 x 5 0.5) has been prepared at high pressure andtemperature, 

and shown to have a KSbOs structure [57]. The crystal structure of the new 

mixed-valence rhenium(V,IV) oxide BiRe206 has been determined and consists of 

{Re2010 1 units in layers linked by corner sharing, alternating with disordered 

layers of Bi ions. The crystal structure of the new oxide Bi[FkO,,] has also 

been determined and consists of corner shared octahedra linked by Bi atans [58]. 

The specific heat Of the pyrochlore cd2&?2O7 has been measured below 20 K [50-j. 

9.8.3 Complexes 

Stable oxobis(dithiolato)rhenium(IV) cunplexes, i.e. [Ph&s][ReO(W2CH2S)2], 

[PJ.U][R~O(~~COS)~I, [BQN~[I+~(C~O~S~)~], k~1kO(C2O2S2)21, 

[Ph&s][ReOCS2C2(CN)2>1, [Eku+N]@?O(S2C7&)21 have been prepared LIZ]. 

K[ReOCls(tu)].2H20 was prepared by the reaction of [FWCl~(tu)21 and K2[ReOClsl 

in HCl solution. [NH1,]2[C20r] reacted with [ReCClL~]Cl2 to give the corresponding 

dimeric cunplex [Re202Lh(C20s)3] (C = tu or 2-imidazolidinethione) [60]. 

[ReO(H20>2(NS)2]C1 was prepared by the reaction of FW13 with Na[N31, but 

the reaction of R.eCls with Na[N2] yielded Na2[Reocls] 161-J. Cyanogen and 

dichlorine react with F&Cl5 in WC& solution to give the POCls-solvated 

bis(nitrido)chloro ccmplex [YC~~FO)C~~~R~~~~C~~-N~~~C~S(~~~)] [62I. 'lb 
reaction of [ReOC13(PPh3)2] with acac2enH2 gave [ReOCl(acacnen)] which, when 



treated with 02, gave a cctnplex, shown by X-ray diffraction to be 

l3e3O~(acac2en)3l[W~l. This is the first example of a linear O=R+O-&e-O-Re=O 

skeleton (10) CFWCOterminal = 1.683 1; for the bonds trams to these, $ReO) = 

2.076 A; for the central bonds, $ReO) = 1.7587 ij [63]. 

0x0 canplexes of rhenium(V) with TPPH2 or corroles as additional ligauds 

have beea prepared and the mnplexes discussed on the basis of their electronic, 

RPR, NMR and XPES spectra, and their electrochemical and magnetic properties 

[64]. The electrochemical properties of v-oxobis{oxobis(N',N-diethyldithio- 

ca.rbamatokhenim(V) have also been investigated [65]. 

[ReOX3L2], (X = Cl or Br; L = PPh2H, PPhzEt or PPh,) [ReO(OEt)C12(PPh3)2], 

[ReOX~(Ph&Q12CH2PPh2)1 and [ReCC13(Ph&CHCBPPh2)] have been prepared and their 

thermal oxidation to the corresponding phosphine oxides studied. [ReoX3(QpPhs)2] 

and [ReOX3{PPhZP(0)(=H2CH2PCW12}] were prepared by reaction of K2[ReOX5] with the 

corresponding phosphine oxide ligand [66]. The reactive arylimido complex 

[@eC13(NR)(PPh3))2], which was prepared frm [ReC13(NR)(PPh,)2] by reaction 

with sulphur, is readily oxidised by mild oxidants such as Me-4-&H&)2 to 

[ReCl~(FNO)(OPPh~)] (21) and readily accepts donor ligands. Reaction of (11) 

with a reductant, such as PR3, results in oxygen abstraction and reformation of 

the arylamido ccsnplex, kC13(W(Pph~)z] .[67]. 
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9.9 I?RmIuM(Iv) 

9.9.1 Halides 

As last year, the hexahalorhenates(IV) have been the subject of study by a 

wide range of physical techniques. A nitrosyl salt of [ReF6]2- has been 

prepared and its Ramn spectrum analysed [42]. Crystals of K2[l?eX~] (X = Cl 

or Br) have been studied by NMR and NQR spectroscopy, to evaluate the effect 

of burities on lattice vibrations when K~[ReC161 is doped with Kz[ReBrG] [68]. 

The intensity distribution of the vibrational progressions tiu + naig and 

t + na in a vibronically induced transition in [Recl~]~- have been 

i%stig&d using crystals of Rb2[TeC&] or Cs2[TeCl~] doped with [Recl~]~-; 

it was shown that there is a J&n-Teller distortion in the ?C excited state 

[69]. The phosphorescence spectra of [ReBr,12- (doped in A,[&,] IA = K, Rb 

or Cs; X = Cl or Br})'have been measured at 10 K. The spectra consist of a 

weighted sum of progressions associated with the local mde of the [ReBrs12- 

centre, and the totally sytmetric distortion of the 2T excited state relative 

to the 'A 2g ground state has been determined [70]. Thzspecific heat of a 

single crystal of K~[ReClsl at low temperature has been reported [71]. Solid 

solutions of K2[(Pt/Re)Cls] have been prepared to study the influence of 

lattice dimensions on the MC1 vibrational modes. The crystals behaved as 

mixtures of the single species [Recl~]~- and [PtC1~]2-, and the changes in 

size of each species accounted for the changes in $M-Cl) and ueff [72]. The 

magnetic susceptibilities and effective magnetic maaents were determined by 

the Faraday method for A2[ReCL] (A = [NIL,]+, [MeN&l+, [Me2NR2]+, [M~@I]+ or 

[h&N]+) and the results discussed in terms of their structures [73]. It was 

found that the proton resonance line in [N5,]2[ReCl~] is very narrow due to 

rapid [NIL,]' tunnelling [74]. 

IMhalpies of hydrolysis or of oxidative hydrolysis for K2[ReC16], Kz[ReBrs], 

ReCL, and ReBrs have been determined, and, fran these results the enthalpies of 

formation of the compounds were calculated. Halide ion affinities for ReCls 

and ReRr,, were estimated using these and other thermochemical data [75]. 

The effect of solvents on the initial and transition states of the Rg2+ 

catalysed aquation of [R&1612- have been investigated [76]. 

Intercalated ReF,, can be produced by the reaction of ReCF5 with graphite, 

liberating ReF6 and traces of CO2 and COF2 [77]. 

9.9.2 Oxides and alkoxide complexes I 

The electrochemical behaviour of rhenik(IV) oxide has been studied [78], and 

the crystallisation of a-ReC2 in an iodine atmosphere investigated [79]. 
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(12) 

such as [Re&14(dppe)~(u-C1)2]) have been considered theoretically, and the 

preference of ligand sets for one of these geanetries over the other discussed 

[=,=I. 
A circular orbit model has been described to account for a coordination 

nmber greater than six in [Fkz~Cl~]~- [3]. 

The enthalpy of formation of Csn[Re2Bre] was determined by measuring its 

heat of oxidation by aqueous bromate. The enthalpy of fomation of [Re~Br~]2-(g) 

was estimated from the calculated lattice energy of C&[F&Bre]. Fnthalpies 

of formation'of other R&3r species led to estimates of the Re-Br bond energy, 

and hence Re-Re quadruple bond strength in [RenBre]2- was estimated to be 

408250 kJ mol-' [87]. [BukN]2[8e21B] has been prepared and its resonance Raman 

spectrum recorded [89]. 

'Ihe UVPE8 of [9e3Cls] vapour has been measured [89-911. Calculations were 

performed by the 8CF-DV-Xa method on [I&Cl91 and [I?e#ls12- and a detailed 

ccmparison made of the valence orbitals in these two ccnplexes [90]. In an 

independent study [89], the TJVPE8 spectrum of [ResBrg] vapour was measured, 

alongwiththatof @e&19], andwas assignedusing~-Xa-SwandFenske-Hdll 

hD calculations. It was found that the results were consistent with the 

presence of a double bond between each pair of metal atcme. The electronic 

transitions for Re&lg were calculated, and the optical absorption spectra for 

the general class of [Re3ClsL3] trimers were also discussed and assigned [89]. 
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The crystal structure of K+[Re(CN)7].2&0 has been reported and the anion shown 

to be a pentagonal bipyramid , with an angle between the axial ligands of 173.4O 

[=I. 

9.10.2 Caxbo~Zates 

[Re2C11,(02CMe)2].W20, prepared by the reaction of K[Re%] with HCl and ethanoic 

acid under HZ, reacts with L (L = MeSO, dma or dmf) to give [Re2C11,(OSMe)~].2L 

[93]. The crystal structure of {Re,C14(CH3coO)2~~ (13) has been determined, and 

Me 

I 

oAC\o 
______(-I \I ___________ Re 

Cl’ I 
*\,/* 

I 
Me 

oACYo 
I -C 

/ 0. ‘0 I 
,I/" F,Re 

/ 
I I 

*\ /* 

F 
H 

C’. -. 
.-. 

(13) (14) 

was shown to consist of neutral dimeric metal-metal bonded dimers, which possess 

a tram configuration (r(ReRe) = 2.211 i ; and r(ReO) = 1.98 A; F(ReCl)termlnal = 

2.28 1 and F(R-Cl)bridging = 2.35 A> and form chlorine-bridged chains [94]. 

[Re2Cl,,(BS0,),(OCRi+Qh2)2] has been prepared, and consists of a quadruply-bonded 

Re-Re dimeric unit, bridged by the formate ligands [95]. Duns-[F&Br~(O$Me)~] 

was prepared by thermal dehydration of cis-[Re~Brl,(O~CMe)~].nH~O and shown to 

be iso-structural with (13) [96]. 

[NHI,]2cis-[~zC16(~02)2] was heated at 70-89 'C for 3 h to give 

{Re,C13(IIC02)3)n (14) [97] which has a chain structure. The dimer contains three 

bridging [HCC,]- groups, one inter-dimer bridging, one terminal chloride ion 

and a rhenium-rhenium quadruple bond [98]. 

The Re-Re quadruple bond in [Rez(OzC%le)rClz] can be cleaved by the addition 

of excess t-butylisocyanide to the solid dimer to give [(!de&NC)@Cl] [99]. 

[Re:!(OzCR)+X2] (X = Cl, Br or I) have been reduced electrochemically to give 

the corresponding [Re2(02CR)+Xp]- ion, and the solution properties of these 

species investigated. The reduction potentials depend on the halogen 

E"I>Br>C1, that of iodine being the aost positive [loo]. 
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9.10.3 Complexes with Group VB donor ligands 

'IM new cmplexes have been prepared, containing a Ae-Re quadrupule bond and 

bridging diamidinato groups, [Re2Cl,{~13NC(Ph)~~,}4] (15) and 

[Re&l~~PhNC(Me)NF'h)z.] (16). The crystal structures of the materials have been 

Ph 

Ph 

(15) (16) 

determined and the constituent mlecules show r(ReRe) of 2.208 and 2.178 A 

respectively [loll. 

The new aryldiazenide cunplex, [(~5-~5~s)~(~)2(~z~)][~I,] (R = ~-CF&~H,+), 

reacts with nucleophiles, such as I-, Cl-, Br-, CN- or SK??- to give the 

dinitrogen complex [(r15~,~S)~(~~)2(~Z)]; nucleophilic attack ocmrs at the 

singly bent aryldiazenido ligand [102]. 

The seven coordinate cctnplex, [ReX3(CO)2(dppn)] (X = Cl or Br) has been 

obtained by the treatment of [ReX(CO)s(dppn)] with the corresponding halogens. 

[ReC13(CO):(bipy)] and [R~%~(CO)~(bipy)] have been isolated fran the 

[ReX(CO>3(bipy)]/X~ system [103]. 

9.10.4 GrganometalZic clusters~ 

The series of trianguZo-trirhenium clusters has been extended by the 

preparation of [ReGl~(C&Ph)~l, [BW&(CGHU )~(PR3)31 and De,Me,(PR&l 

(n = 2 or 3). 'IM dimeric units have been formed by the cleavage of trimem, 

namely [Re2C12(~2SiMe3)2(PR3)c] and [Re&z6(PR3)~] [104]. The interaction of 

dihydrogen with the triangulo-trirhenium canplex [Re,(~-C1)3(cH2SiMe~)6] gives 

the new type of clusters [Re~(~~1)6H(C.FI12SiMe3)9] (171, [Res(~-C1)6Hs(~1~2SiMe3)6] 

(1'3) and [~~(~Cl)6(~2S~3)6]. The structure of (17) (which is fomsd in 

thf) has been determined crystallographically {F(ReRe) = 2.993 A; 
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/\ 
R R 

(17; R =CH2SiMe3) 

F ctriangularj(f@k) = 2.390-2.420 11. Hydrogenolysis in benzene yields (18) [IOS]. 

H 

1 

H/ReLTRe\ 
H 

(18; R = CH2SiMe,) 

The dirhenium complex [Rep(~-CSi~e3)(~~SiMe3)~] (19) has been prepared (as 

Me 3 S ICHZ,, 
t ,,,. Re,t,Re*,_4~flCH2 SiMe3 

Me SiCH,( ‘CA 
3 

I 

\CH2SiMe 3 

SiMe3 

(19) 
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a side product) by the reaction of [ReCl&(thf)z] and Me$MWQC!1; its crystal 

structure has been determined [106]. 

9.11 RRRNIuM(1) 

As all of the rhenium(I) chanistry published this year, with the exception 

of a few phosphine derivatives, has concerned carbonyl containing canplexes, 

the conpounds are classified below according to the other ligands present. 

9.11.1 Non-carbonyZ-containing complexes 

lbe resonance Raraan spectrum of the trinuclear dinitrogen bridged cunplex 

[C1(PMe2Ph)sRe(Nn')McClr(Np)Re(PMe&h)&1] (20) tracks the intense absorbance 

L L Cl 

\/ 

Cl 

\/ 

L L 

Cl -Re 
\/ 

- zN N -MO -NNN 

/\ 
- Re -Cl 

L Cl 
/\ 

Cl L L 

(20) 

band at 23300 an-' , which was assigned to an eg + eu (lA2u + 'A,a) transition, 

resulting in a lengthening of the R+N bond and a shortening of the N-N bonds 

[107]. 

The cunplexes truns-[ReCl(CNR)(dppe)2] (R = Me or CMe3) were prepared by 

displacsnent of N2 fran trans-[ReC1(N2)(dppe)2] by heating under reflux with 

excess RNC in thf: the methyl derivative reacted with H[BF~] to give the 

carbyne-type cunplex trans-[ReCl{CNH(Me))(dppe)2][BP+] [108]. 

9.11.2 Halides 

The kinetics of the reaction between [Re(CO)5Br] and c- or @alanine have 

been shown to occur by a dissociative substitution mechanisn; this is a rmch 

slower reaction than the analogous nsnganese cunplex, as expected [log]. 

[BrRe(CO)5] reacts with a variety of amino acids in dioxan to give [BrRe(CO)3L2] 

(L = glycine, dt-valine, dZ-leucine, dt-6-phenyl+-alanine, dZ-6-2-thienyl-B- 

alanine or &indoylethanoic acid) with the L groups mutually c-is [llO]. 

9.11.3 CompZexes with oxygen donor ligands 

The preparation of [NEtrJIRep(u~),(CO),] has been reported and its crystal- 
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structure elucidated; the Re-Re distance (3.086 A) is samwhat longer than that 

expected for a single Re-Re bond (cf. 3.02 A in [Rez.(CO)lo 1) [ill]. 

In a fascinating example of synthetic chemistry, strongly resembling surface 

rmdification, an adduct of a rhenium tricarbonyl unit bound to the oxide 

surface of a polyoxoanion cluster i.e. [(oC)&&Jb2W1+0~9 11 3- (21) has been 

0 

O, 
I 

C& ,P 
Re 

prepared. (21) contains the metal tricarbmyl unit bonded to a triangle of 

oxygen atom on the surface of the [Nb~W+019 14- anion. The molecular structure 

was determined by 1'0 NMR spectroscopy [112]. 

Stable phosphinate cmplexes [(pR2P02)Re(CO)3L]n (L = thf, py, NH3, PPh3, 

A@hs, P(CBHu )3 or OEtn) are obtained by the addition of L to 

[(~-R2F02)Re(CO)3]n (R = Me or Ph): the methyl derivatives were found to be 

dimeric, whereas the phenyl derivative is oligomeric with the Re atoms bridged 

via the [R&Q]- ligands [113]. 

9.11.4 Thiocarbamates, selenides and related contplezes 

By reaction of potassium or caesium monothiobenzoate (mtb = mnothiobensoate) 

with [Re(CO)5Br], the binuclear triply S-mtb bridged complex 

[(CO)&$~-mtb)&(C0)3]- has been obtained. A crystal structure determination 

has shown the rhenium atcm to be inequivalent with respect to the mtb ligands 

[114]. 

C~S-[(CO)~R~(NH~CH~)(CONHBI~)] reacts with cS2 to give [(CO)@(3&NHC&)]. 

lbe mechanism of thiocarbmate formation is thought to involve nucleophilic 

attack of the N-carbomylic atom, on the C of C& [115]. A dimeric ccmplex of 

the form [CRe(c0)3(2-C6H~SN=NPh)}2] has been prepared by reacting [BrRe(CO)s] 

with the potassium salt of [2-CsHb(SCN)N=NPh] in boiling dioxan. Thecrystal 

structure of the oxygen analogue has been reported [116]. 

The diselenide ccmplex [Re2(~-Br)2(CO)6(~-Ph2Se2)] has been Prepared in a 
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similar manner to its disulphide analogue: its crystal structure reveals that 

the diselenide unit bridges the two metal ataus with a non-bonding Re-Re 

distance of 3.899 1 [117]. 

9.11.5 Complexes with Group VB donor ligands 

The electron-transfer reactivities of dirhenim canplexes of the macrocyclic 

ligands, taa, TPP and 'IMTAA (where TMTAA = 5,7,12,14_tetramethyldibenzo[b,i]- 

[1,4,8,ll]tetraaza[14]annulene), i.e. [{Re(CO)3)2TM], [Ute(cO)3)2TPP] and 

[{Re(CO)3)2TMTAA], were investigated by CV and polarography. The results my suggest 

a correlation of the oxidation potential with the degree of metal+m?tal. bonding [118I- 
rrans-[ReCl(C0)2(NZ)(PPh3)2] reacted with MeLi/R+ to give an unexpected 

hydroxy cmbene dinitrogen cmplex - tram-[ReCl{C(OH)Me}(CO)(Np)(PPh3)2]. 

Trans-[ReC1(C0)3(PPh3)2] gives trans-[F&hk(C0)2(PPh~)2] under similar conditions 

[119]. 

[(oC)&$q2-en)(ql-en)][O2PR2] and ~(~-R2poZ)Re(cO)3(~1'-en)~n (22) are obtained 

from the reaction between {(~-R2P02)Re(C0)3)n (R = Me or Ph) and 1,2- 

diaminoethane at 110' and 20 'C, respectively. For (21), n = 2 when R = bk, 

but when R = Ph, the cmplex is oliganeric, mncmsric mnplexes 

[{RnP(0)OlRe(CO)3(bipy)] are famed by the addition of bipy to the 

{(~-I-R$C~)R~(CO)~~~ [1201. The crystal structure of [Re(CO)3(L)Br] {L = (22)) 

has been reported (23) is bidentate, with coordination via the tv.o nitrogens, 

(23) 

the CO groups are in a fat 

of an irregular octahedron 

The series of canplexes 

(24) 

arrangement and the Rr atan occupies the sixth site 

(24) [121]. 

fat-[(sol)Re(CO)3L]+ {(sol) = W, PhCN, py or pip; 

L = biquinoline or phen) have been prepared and their interligzmd and charge- 

transfer emission spectral properties studied extensively [122]. 

[(CC)sReNC-NSF2][AsFs] and [(CC)@NGNSQFZ][A~F~] have been prepared [123]. 

[Re(CO)sICON(R)CIi=NR)] or [RJ?(CO)~(RNCH=NR)] (R = MeO-4-&H+, M~-~-C~HII, CsH5, 

Cl-4-CsH4 or F-P&HI,) have been prepared by the reaction of lithio-1,3-diary1 



formamide with [Be(CO)&l] or [Re~(C0)&12], respectively; the carbatmyl 

conplexes undergo decarbonylation to produce the fomamide cmplex in low 

yield [124]. 

[R~(CO)S(NH~){PM~~S>] (25) is obtained fran [B~B~(CO)I,IPM~~ZI~] via the 

Me 

(25) 

/ \ 
V-014 Re 

‘s P/ 

Re(C014 

/'Me 
Me 

heterocycle [{Re(CO)r,(PMe$3)}2] (26) by cleaving the Be-S bond with NH3. The 

crystal structure of (25) was determined [125]. 

Treatment of [ReX(CO)3(dppm)] (X = Cl or Br) with halogens gives the seven 

coordinate [ReX3(CO)2(dpp)] canplex, as well as the expected product 

b%(dplm)l. [R~C~S(CO)WPY)I, [*EhWw)l, l&BnCWiw)l ad 
[ReX3(C0)2(bipy)] have been isolated fran the [F?eX(CO)3(bipy)]/X:! system [103]. 

The neutral caoplexes [Re(CO)3(n5-E&Ph,,)] (E = P or As) have been prepared 

from [Be(CO)5(n1-EC+Ph,+)] by heating at reflux in decane or xylene [126]. The 

canplex [Res(C0)6(dppm)Hp] (27) has been prepared and its crystal structure 

determined {r(BeRe) = 2.893 A}. When reacted with P(OMe)3, FW or MeW, (27) 

gave 1:l adducts; with MeCN, two products were formed, one of which was shown 

to be the insertion product [Re2(C0)6(dppm)(NCYMe)H] {r(FkRe) = 3.035 A} [127]. 

9.11.6 Organometallic derivatives 

[~673-C3&)(CO)~Wh~)l and [Re(r13-C~H~)(CO)2(PPh3)~l have been prepared, and 
are the first examples of CO ligand substitution products to be obtained fran 

k(n3-GHs)(CO)rt] [12S]. 

The crystal structure of the metallation product of [BePh(CO)s] with benzo- 

phenone inthepresence of triphenylphosphine has been reported. The product is 

[Be(PPhs)(C0)3{CsH5C(0)CsHz}], with the orthanetallated benzophenone acting as 

a bidentate ligand [129]. 

The carbyne canplex [R~(cc~H~~~)(co)~(~~~-c~H~)] reacts with [(Ph,P)2N][Mn(CO)s] 

to give (28) [X30]. 
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(28) 
Me 

9.11.7 ‘Complexes with Group IVB donor ligands 

The cmplexes [(PhBE)Re(CO)3(phen)] (E = Ge or Sn) exhibit optical 

emission (cu. 750 nm) fran their lowest excited states in C&Cl+CL, solutions, 

and also undergo E-Re bond cleavage under the same conditions [131]. 

9.12 RI-lmIm(o) 

In a study of the kinetics of the substitution reactions of [bM&(Co)l~ ] 

with PPhs, PRuB or P(@h)B, it was seen that the rhenium substituted product 

predanimtes. A mechanism for substitution involving CO dissociation frcm 

the manganese centre and an intermediate with aC0 bridging between Mu and Re 

was suggested [132]. The kinetics of thermal hamlytic fission in [R~~(CO)UJ ] 

have been studied and show that [Re(CO)s] is more stable than [M~(CO>S]. It 

was suggested that hcmlytic fission is the initial step in the substitution 

reaction of [RAZOR ] with PPhB [133]. A study of the kinetics of the 

fragmentation reaction of [Re2(CO)lo_x(PPh3)x] (x = 1 or 2) with iodine shows 

the initial formation of a carplex/iodine species with n moles of 12 (n = l-4) 

which then leads to Re-Re bond fission [134]. 

[Re(CO)6] has been used to prears sane metal-metal carbyne ccs&sxes of the 

form [(CC>sReM(CO)sCR] (M = Cr, MO or W; R = Ph or Me), which have been examined 

by Raman spectroscopy and assignments made for the v(M-M') stretching f=penCY 

[135]. 

In a Raman study on a single crystal of [Rep(CO)10 1, twenty of the twenty-one 

Hama~3 adive mxks were assigned. E3y consideration of the intensity ratios 

between the (ZZ) and (YX) tensor cmrponents of the two possible assignments Of 

S(m) (1% or 107 an-'), the lower value was favoured [136]. 
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The positions of the hydride ligands in the rhenium mnplexes [H$es(CO)s(pop)~] 

(pop = (EtO)GQP(OEt)21, [H&e~(CO)6(dppe)] and [H&(dppe)2] have been predicted 

indirectly, and contrasted with other direct and indirect techniques [137]. 

[X&el,(CO)12 ] (29; x = cl 01 Br) has been prepared by the thermal deccqmsition 

: CO 

I/ co 

OCX/9’ I-i;,, 

( ,c4’ 1 /“” 
X--- -Re -CO 

/ 
X 

/I 
co 

(29) 

of [~WO>3(=‘h2)21. The molecule has a pseudo-cubane structure, with triply- 

bridging halides, and is isostructural with [X+PtkMe12 ] [138]. 

The WPES of [H&e3(CO)12 ] has been interpreted in terms of a three-centre 

two-electron bond (MHHN M) mdel,and the arguments generalised to produce a 

similar approach to that developed for boranes [139]. 

9.14 FtmfiYLANDNITAOGM, am%EmS 

The first crystal structure of a canplex containing a fowl ligand has ken 

reported. [(~5-CsHs)He(PPh3)(NO)(CHO)] was prepared by reduction of the corres- 

ponding carbonyl complex with [EtBHH]-. In this canplex Ir(Re-CHO) = 2.055 1; 

F&O = 128.1'; R&O = 178.0'1 [140]. The reactions of this cmplex with electro- 

philes have been studied and an intermediate of the form [(II'_C,H,)~(~)(NO)(PPh3)] 

postulated [141]. The fortnyl complex [(c~H~)R~(co)(No)(cHo)] has also been 

prepared, and its chemical reduction investigated [142]. 

[(C~HS)R~(CO)(NO)(CQNHCH~)] reacts with.CS~ to give [(C~HS)H~(CO)(NO)(S&N~~CH~)]. 

The mechanism of thiocarbamate formation has been discussed in terms of nucleophilic 

attack of the N-carkamylic atcm on the C of the CSZ [115]. The reaction of PMe3 

with [(n'-CsHs)He(CO)(NO)Me] produces a n' -cyclopentadienyl derivative 

[(nr-C5H~)Fk(CO)(NO)Me(PMe3)2], the cyclopentadienyl group being tram to the 

linear nitrosyl group [143]. 
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