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?he period of this review coincides with the coverage of volumes 94 and 95 

of Chemical Abstracts, soalthagb themjority of thepapers reviewedwere 

published in 1981's= fran 1980 are also included. 'Ihe mjor journals are 

covered until the end of 1981. The review covers the coordination chfmistry of 

rhenium although no attempt has been made to include work of a purely organan?tallic 

or catalytic nature. 

OOlO-8545/83/$10.50 0 1983 ElsevierSciencePub1ishersB.V. 



250 

A review has been published this year containing one hundred and fifty-two 

references on the fluorides, c~ofluorides, fluoro and c~ofluoro complexes of 

rhenism [ 1 ]. 

7.1 m~mlu~(vii) 

The reduction of [ReO4 ]- in mildly acidic solution is made easier by the 

addition of oxalate or citrate ions through the formation of I: 1 complexes which 

expand the rhenium coordination sphere to six [2]. The optim~n coordinations 

for the extraction of Re(VII), as [ReO~]-, frcen sulphuric acid solutions by 

petrolet~n sulphoxides in benzene have been established [3]. 

XP~S and thermogravimetric analysis were used to study [NH~ ] [ReO~ ] (with 

up to 14% w/w of rhenit~n) supported on TiO2. With low rhenium content, the 

rhenit~n is atcmically dispersed as a perrherate-like surface compound which 

forms the dispersed metal on heating to 500 ° C in dihydrogen. With medit~n 

rhenium concentrations, as well as the perrhenate surface ccn~pound, small 

crystallites of [RH4 ][ReO~ ] are present which form ReO2 (which is incorporated 

into the host) on reduction. With large rhenium concentrations, large crystallites 

of [NH~][ReO~] are formed which reduce in the manner expected of the cc~10ound [4]. 

The polarised IR spectra of K[ReO4 ] single crystals were investigated in 

the ranges 600 - 900 cm -I and 170 - 625 K. The temperature dependence of the 

d~T~0ing constant of the high frequency phonons is mainly explained by the anharmonic 

mechanism of double quantum phonon scattering of high frequency I~honons involving 

those of low frequency [5]. 

Single crystals of KCI, KBr, KI and HbI deped with up to 0.1% [ReO~]- have 

been grown and studied by IR and Raman spectroscopy. The spectra were interpreted 

as showing, contrary to an earlier paper [6], that the [ReO4]- ion isolated in 

sodium chloride structured alkali halides retains full T d symnetry [7]. However, 

when isolated in alkali halides with the caesium chloride structure, the [ReO4 ]- 

ion is found to lose its T d synmetry [8]. It has previously been observed that 

with small T d ions it is cc~mon that if they retain their full symmetry with 

respect to one type of supporting alkali halide lattice, then they fail to retain 

it when isolated in the other [e.g. 9]. 

Ba2NaReO6 has been prepared hydrothermally at 350 °C and 1500 bars frcm 

Ba[ReO~]2 and Ba[OH]2 in aqueous 15 M NaCll and the crystallograi~hic parameters 

of the cubic crystal found [I0]. The crystal structure of the compound with 

the emperical foxmula Ba6Re3017 was found to be similar to those of 

Bas[ReOs] X (X = F, CI, Br or I) and refinements indicated that the formula 

should be written as Ba5 (ReOs)302:the presence of the [02 ]- anion was confirmed 

by Raman spectroscopy [II]. Monoolinic Y3ReOs, B phase, was synthesised at 

40 K bar and 900 °C. The crystal structure can be visualised as a fluorite 
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superstructure, the large difference between the radii of the Re'+ and Y3+ being 

favamable to cation odering. Heating at 596 "C and atmspheric pressure leads 

to the disordered fluorite structure of the CL phase [121. lhe phases 

Bi&aOe and Bi(ReOl,)3 have been prepared by X-ray emission in an analytical 

electronmicrcsccpe. It was found that the Bi-Re+0 system has several featums 

in camon with the rare earth-Re-oxide system [13]. 

7.2 RRERIBM(VI) 

7.2.1 Halides and oxohaLides 

Redox reactions of [ReF61 with a selected series of reductants have been 

studied and ccmpared with [QSFSI and [IrFGl. It was sham that oxidant strength 

increases prcgressivly from ReFs to IrF6. ReFs is notastrongena@oxidant 

to oxidise AsF3, SF,, or SeF,,, but was found to oxidise PF3 to PFs itself being 

reduced to rhenium(V) [14]. 

Thephotoelectron spectrmof ReFa wasstudied and ccnparedwith other, 

clcssd shell spectra. The experimmtalimisatian potentials were caWm,red 

with those calculated by Ellis and Rosen for the series [MF,] (M = W, Re, OS, Ir 

or Pt) [151. lhe published optical, electronic and p.e. spectra of MoF,, WFG 

and ReFs were reanalysed, with the aid of recent numsrical calculations, to 

determine the electron orbital symnetry otierings of MJF, and WF6 and these then 

used to analyse the partial spectrum of ReF6. lhe e * t 

estimated at 5.5 eV [16]. 
g % 

transition was 

Analysis of the photoelectron spectra of [ReQl?,,] led to the conclusion 

that the reoresentation of the Re-0 bond as beins a doxide bond is not consistent 

with the measured orbital energies [171. HQbpurity lReOl?‘~l hasbeenprepared 
in quantative yield by the reduction of [R&F51 in anhydmus BF in the presence 

of silicon. 'Ihe structure of gasecus D&OF+] was detexmined by electron 

diffration and it was famd that the increase in number of 5d electrons canpared 

with [WOFI+I, does not affect the G, symaetry of the molecule [181. Blue 

ReOFb.SbFs was prepared by the dissolution of ReOFs in a twelve fold excess of 

SbFs. Single crystal studies showed the cunplex to consist of dimers of the 

adduct linked thmugh fluorine bridges into distorted eigbtmenbered rings (I). 

'Ibe icmicity value for the ccnplex is lav, shcwing that considerable ionic 

contribution is not necessary for a stable adduct 1191. 

lbe optimrm ccnditions for the existence of rhenium(VI) canplexes in HCl-H5P207 

solutions were determined and the equilibrium constant for the reaction: 

[R.eC%l- + H11P207- -kOCL(H3P3207)1- + HCl 
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(1) 

was fad to be cu. 6 x lo-' 1 nol-' [20]. 

7.2.2 &ides 

A self-consistent Madelung potential (SCMP), calculated fran the exterior 

ionic charge, which is consistent with the charge on the inner cluster ion, was 

ccmbined with the DV-KCY cluster method for partial ionic solids and applied to 

the (Reos16- cluster in Re0~ crystals. Agreement of the valence electronic 

structure and APES with APW band calculations is improved by using the SCNP, 

instead of the MP, with formal ionic charge [211. lhe surface electronic 

structure of ReOB has alsobeen studiedby the W-Kc cluster method. The electronic 

state of the defect level induced by the surface oxygen is discussed in relation 

to catalytic activity [22]. Comparison of the UVPES and KPES measurements on 

ReOs shc~ed oxygen 2p derived non-bonding levels and Re 5d- 02p bonding levels, 

confirming covalency effects in Ff&. An SCF-K&SW calculation on a (R&6)6_ 

cluster has also been presented and caqxtred with experiment [23]. APES was used 

to observe the Re 4f electrons during the reduction of ReoB and the oxidation 

of rheniun metal. On the basis of SCF-Ku calculations for double On models for 

different rhenium oxides, the formation of mltiple M-M bonds in clusters of 

edge sharing octahedra and the presence of an apparent +5 oxidation state in 

ReOa were inferred [24]. 

'Ihe Reos Fermi surface above the pressure induced "canpressibility collapse" 

transition was derived frcm simple abic band structure by assuming Tn5 (Im3) 

symnetry for the distorted phase. A new set of closely spaced de &as-van Alphen 

frequencies were observed which were thought consistent with this model 1251. 

'l&se rreasurements were ccsbined with hMR results to determine the temperature- 

pressure phase diagram delineating the "ccmpressibility collapse" transition 

between land300 K. There is a change in the amplitude of the NMR signal of 



the le7Re nucleus due to the onset of a first order quadrqmlar effect [26]. 

7.2.3 ConrpZexes ui th nitrogen donor Zigands 

The crystal structure and IR spectrun of [AsFbI,][ReNC1,], prepared by the 

addition of [ReIEl+] to [AsPhl,]C1 in wClg, both shm the nearly ideal C,, 

symmetry of the [ReWl,]- ion. The Re-N bond length.(1.169(10) 1) is shorter 

than that in [ReN(Ncs)51- and the I&X!1 distance (2.322(2) 1) is one of the first 

to be reported for a rhenium(V1) ccsplex [27]. 

ReNCls reacted with bipy to give [ReNC13(bipy)] whereas the analagous reaction 

with pyridine gave [R.eNcl~(py)~l. The reaction of [AsPh,][ReNCL] with pyridine 

gave ksPh~l[ReNcl~(py)l. [ReNCl~(FFh~)~], formed by the reaction of ReE13 with 

PFhx will react with [AsPh~]Cl to give [AsPhs][ReNC11,(PPh3)~]which can also be 

obtained from the reaction of ksPh4][ReNC1,] and Pl?h3 [28]. Reaction of 

kPh+lCl with the FCC13 solvates (C13pO)ClkReS-R (R = Ccl3 or C2C15) yields the 

corresponding chloride salt, viz. [AsPhl,][C15ReE~R]. The d1 system causes a 

Jahn-Teller stabilisation of the R~EN triple bond which can be observed in the 

IR spectrum 1291. 

7.3 I?ImmlM(v) 

7.3.1 Halides, pseudohalides and oxohalides 

lbe optimun conditions for the preparation of graphite intercalation cmpcmnds, 

maximising the mount of intercalated chloride, were found to correspcnd to 

c12bc14.5. The structure is consideredto consist of two (ReCl~I octahedra 

sharing an edge to give an CRe2Cllol unit. These hi-octahedra are then linked 

by a shared chlorine atan to form infinite chains of {Re2Cls] .units ordered with 

respect to the adjacent carbon layers in such a way that a layer sequence of the 

type C-cl-I+.?-Cl-Re-Cl-c results 1301. 

The ReC!15/Me(rJ system was studied over a wide range of caoposition and 

temperature. The red and green forms observed have the same canpcsition (i.e. 

ReC15.2MeCNJ) but different molar absorptivities. Conversion of the red 

cis-[ReCL+(MeCN)2]Cl to the green trans-isaner (which is favoured at low 

temperatures) is thought to occur via the square pyramidal canplex, [ReC14(bkCN)$'l 

[311. 
lhe reaction of H&GCl5 with thiourea in aqueous HCl gave 

keO(tu)slcl~. [tuR]c1. [Re20Q4]c18 (Q= l-phenylthicsemicarbazide)was prepared 

by the reaction of K[Re041 with Q in hydrochloric acid solution [32]. 'lhe optimun 

region for the existence of rhenium(V) cunplex~ in HCl-HsP207 solution 
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was determined. The dimerisation constant for [Re,#Zl~~]2- was determined as 

130 1mo1-1 [261. 

The electronic energy levels of [Re203(CN)a]4- were calculated using the 

self consistent and charge configuration molecular orbital method [33]. 

!Ihe IR spectra of a single crystal of K3[Re07(CN),] were recorded using 

polarised radiation. The dichroic behaviour of the bonds was discussed on the 

basis of molecular geanetry and the orientated molecular mode. Experimentally 

obtained dichroic ratios were used to obtain a full set of vibrational 

frequencies which were canbined with Rarrsn data to assign the fundamental lattice 

and internal vibrations [34]. 

[AsPht+l~~IkO(NCS)~] has been prepared by three different methods: firstly 

fran Na[ReOt+] and D%I~][scN] in acidic solution, with SnC12 as the reducing agent 

secondly frcm [AsPh~][FWBr~(CH,CN)] and [NEL+][SCN] and thirdly fran K2[ReOCls], 

suspended in CH$?N, and [N&+][scN]. Precipitation in all cases was effected with 

[A&Q]Cl. [ReO(NCS),]'- reacted with SnC12 and [NCS]- to give [Re(NCS)6]2- 

in solution, but the solid could not be isolated [38]. 

7.3.2 Oxides 

A review has been published, of the electronic structure and symmetry of 

rhenimn(V) 0x0 munds containing [ReO13+ and [Rem]+ groups on the basis 

of IR, UV- visible and X-ray spectroscopic data [35]. 

The mixed oxidation state phases, Bi3Re3011 and BiRe& IRe(V)/I&(IV)} have 

been prepared by X-ray emission in an analytical electron microscope; their cubic 

space groups were determined [13]. 

Positive Knight shifts of approximately 500 ppn were observed in the prota 

NMR spectrum of H0.39Fk03 at lcw temperatures. Band structure calculations on 

perovskite HReO, shaw that the hydride derived 1s layer is partially populated. 

These data were interpreted as suggesting that the hydrogen is not canpletely 

protic in HzRe03 [36]. 

7.3.3 SuZphides and complexes with sulphur donor Zigands 

The polymeric cunplexes ReSC13 and Res2Cl3 were formed by the reaction of 

ReC15 with S&12 at 140 "C and 300 'C, respectively. In ReS2C13 the Ike atans 

are bridged by S-S moieties. Heating FM&Cl3 to 250 'C causes decuqosition to 

=2s3c14 t S2C12 and Cl2 [37]. 

The structure of Cs[Reo(dtox)2] (2) (dtox = 1,2 dithiooxalate) has been 

determined from X-ray data. The rhenium is five-coordinate and 0.752 8 above the 

basal plane formed by the four sulphur atans [38]. 
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7. 3.4. Complexes with Group VB donor ligands. 

By reaction of [R~C~~(NR)(PP~~)~I ((3; R = 4-C&Me) or (4; R = 4-c~H@de)} 

with ZnO in CHble20H, the arylimido cmplexes [ReCl~H(NR)(P%~)~l, (5) or (6), were 

obtained, respectively. (5) can also be obtained by using Na[OCZlMe2] instead of 

Ph3P\ ;/cl 

,/bPPh 
H 

3 

(5; R = 4-C6H& 

6; R = 4-C&+CMe) 

ZnO. Treating (3) with ZnO in Etch gives [IWlH(OEt)(NR)(PPh~j21 (7; R = 4-&H&k), 

via the intermediate formation of (5). when the reaction was carried mt in 

C~DSOD the product was keClD(OC~DS)(NR)(PFh3)21. The reaction of (7) with HCl 

or KC1 gave (5). The reaction of (5) with Cl2 gaze (3) E40.411. 

keN(S&NRz)2(PMepFh)n] (R =Me or Et; n = 0 or l),prepared by treating 

[ReC1~N(PMe$h)31 with the appropriate dialkylthiocarbamate, reacts with R'X 

(R' = FKO, FM&, 2,4(N02)&H3 or 2,P(N01)&H3S, X = Cl; R' = Me, X = I), 

[R'30l[BFkl (R' = Me or Et) or [Ph,Cl[BFI,l to give the imido canplexes 

IR~(NR')(SZ~Z)Z(PM~~~~)~I [421. 

The reactions of trans - heOX3(PF%3)2] with IH(L = 2-HOC6HkQI:NR, R = Me 

or Pb), (LH),en (R = H) arid [S-O-quinl- are imported to give cis and truns- 

[Reax2(L)(pph3)1, [Re202Xs(L2en)(pfh2)21 andkBX2(~uin)(PPh~)l; other products 



were [ReOX(L),] and [ReCX(8-0-quin),], (X = Cl or Br) [43,44]. 

'RWO published papers have investigated the 336 m7 irradiation of [ReH5L3] 

(L = PMe#h, PMeF& or PPh,) [45,46]. Both groupa of workers have obtained the 

same results, as shown later. However where as one emphasises the mechanistic 

results [43], the other e@asises the new cunpounds produced [46]. It was 

found that this irradiation leads to efficient loss of phcsphine in the primary 

photochemical reaction. Under a dihydrcgen atrmsphere the pentahydrides 

oxidatively add HP to give [ReH7L2] canplexes [45,46]. 

7.4 RENIUM (IV) 

A review has been published, containing sixty-nine references to the structure 

and amgnetism of rhenium(IV) ccrrplexes t47 1. 

7.4.1 Halides ami oxohalides 

Five electronic transitions have been observed, by absorption spectroscopy 

at liquid helium temperatures, for the [ReF6]*- ion in a single Csz[ReFB] crystal 

and also in a CSZ[G~F~] host lattice. The observed transitions can be assigned, 

with a crystal field model, to give B, C. Dq and X 80 values for D&J?, I’-. F&man 

and luminescence results were reported and a detailed @onon structure assigned 

[48]. 

lhe enthalpies of solution of [ReF,]*- salts, obtained by direct calorimetric 

measurements, have been reported. The enthanlpy of hydrolysis of Kz[ReFs] in 

chlorine water was measured and an estimate of -2558 kJ mol-' n&e for the 

AHf of K2bkF’~ 1 using ancilliary thermochemical data. The ion hydration enthalpy 
of [ReF6]'- has been estimated at -960 kJ sol-' by the direct minimisation method 

[491. 

The near IR intraconfigurational t& absorption and MCI) spectra of Rs(IV) 

in Cs2[ZrRr~l and C.s2[ZrCls] at liquid helium temperatures have been measured and 

assigned. lhe resulting energy levels are discussed in terms of a ligand field 

m&e1 Ml]. By the use of the D'H;D_? probe ion, the IR spectra of [NH1+]2[ReC161 

were studied between 10 and 293 K with no structural transitions observed above 

10 K [51]. Raman and far IR mode frequency shifts have been seen under 

hydrostatic conditions for A2[ReC16] (A = C.s, Rb or K). 'Ihe effect is discussed 

and the shift of 91 with temperature for K2[ReC16] analysed into explicit and 

i-licit anharmcnhic contributions [52]. New roantenperaturemeasurenmnte of 

the chlorine spin-lattice and spin-spin relaxaticvl tines in K2[ReC16] give 

hyperfine parameters parallel arvl perpendicular to the Re-Clbond which are in 

acceptable agreement with more accurate spectroscopic values obtained frcQl NMR 
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mxmmments [53 1. 

Im temperature magnetic investigations have shcm [C&NH~l~[FleBr~] to be 

pax-magnetic with a transition temperature of 9.7 K. lhesuperexchangeinteracticus 

among the parmagnetic Re 
4+ 

centres are thoughttoproceedvia thebranideions 

[541. 

lbe aquapsnta&lororhenate(IY) ion has been prepared by the addition of 

hydrochloric acid to a mixture of [NHI,l[F?eOl,] and (NH2)2CS to give 

~(NH,)~CSSC(~,)~~~~l~(H~O)~Cl~.W~O. lbe crystal structure shcxvsthatthe 

H,O, Re and one Cl lie on the mirmr plane [55]. 

The electrmic energy levels of the [Ke2CC11014- ion were calculated using 

the self consistent and charge configuratim molecular orbital method [331. 

Rescmnce Ranran studies on this ion and [E&CCl1013- shy one or more prcgressions 

in which the vl(alg) symetric E&e-&F& stretching mode is the dardnant progression 

forming node. &citation profile measureme nts on the a Ig Ramah bands were seen 

to indicate that the resonant electronic transition is anaxially polarised 

IT* f 71 transitian of the Re-0-Re 71 system. Force constant calculations suggest 

F&-O-Redouble bondcharacter [%I. 

D?e316(cO)61 (8) has been prepared by refluxing [R~TLI~(cD)~I in heptane for 

several days with an equivalent ammt of 12. Theblack crystalswere shcwnby 

X-ray diffraction to contain a trinuclear, iodide bridged Se cmqlex with Re 

(8) 
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on the three-fold axis of syamtry. 'Ihe oxidation state of the terminal rhenim 

is +l and that of the central rhenium is +4 [57]. 

7.4.2 Oxides 

Experimntalvalues of AGf for ReOn between 850 and 1125 K have been measured 

and the literature values reviewed. 'Ihebestvalues of the thermodynamic 

parameters for ReOl are suggested [58]. 

TiOz containing a few percent of rhenium was prepared by impregnation 

of TiOP with [NH, lh&,l, subsequent reduction in dihydrogen at 773 K, and then a 

further heating at 1273 K under dihydrogen. 'Iheimogravin&ricmsas.urements and 

X-ray diffraction show that the rhenium is present on the surface as rhenium 

metal and rheniun(VII), and in solid solution as rhenium(IV) [59,601. 

7.4.3 Com_pZexes with other donor lignads 

lhe reactian of K~keCl~l with cysteine (Hcys) in aqueous solution gave 

olive-green crystals of H2[Re203(cys)~1 &ich were characterised by Raman, IR 

and electronic spectrcscopy and magnetic susceptibility measuremen ts. It contains 

one bridging and Tao terminal oxygens with the cysteine l&and being coordinated 

via both S and N [61]. A penicillamine (9) complex of rhenium, with the ligand 

COOH 

HS 

19; penHI 

also coordinatedkz S andN, has beenpreparedandis fomn&_tedas 

H2[Re203(pen)kl, with a single oxygen bridge [621. 

A cmplex formulated as Re(tu)bCL,.SnC12 was prepared by adding hydrochloric 

acid and thicurea to [NR+][R&,], folkwed by addition of SnCl*. Re(Ncs)~.2R20 

was prepared by an analagous route. ReL2C12.2H20 (HL = 2-furil dioxirte) was 

prepared by the reaction of K.[ReObl with HL in the presence of SnC12 in 

aquecus hydrochloric acid [32]. A solution of [R~(NCS)~]*- was prepared by the 

reaction of kO(NCS)s~*- with [NCSI- in the presence of SnCl , but the solid 

could not be isolated [391. 

A mixture of [Re{~EtZ_n(~t)nPfi}nC1l,] (n = 0, 1 or 2) was obtained by the 

oxidation of PEtnPh, cccuring during the heating of [RPEt,Ph],[ReCl,] and 

ke(PEt,&),Cl,] in air. 'Ihe solid state thermal reactions of the two initial 



canpomds were studied by IR and thernngravimetry 

[Re2HaL,] (10; L = PIA?&, PMePhz, PKt$b or 
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[631. 

PPh,) was formed by the 

(10) 

photolysis, under a dihydrcgen purge, of [H7R.e&l [45,46]. lbe crystal structure 

of (10; L = PEt&h) has been determined and shms four bridging and fcur terminal 

hydrides with r(ReRe) = 2.350(4) 8 [45]. 

7.5 RRmIuM(III) 

7.5.1 Halides 

F.A. Cotton has written an article about coordination canplexes with mtal- 

metal bonds, e.g. [Re2C18]2-, wh ic considers the reconciliation of theory and h 

experiment [64]. The chemistry of [RezCls]*- (&S* singlet) was investigated. 

Tbe canplex ion was found to function as a strong oxident, as well as a moderately 

good reductant in non-aqueous solution: for exmple tetracyanoethene (tcne) 

will oxidatively quench the [Re2C1812-)* luminescence to give [Re$l~]- and 

[tcnel- as a transient [65]. 

[Ret,I~(CO)~]was prepared by the reaction of ke212(a))6(thf)2] with 1~ in 

heptane and consists of a central {I&"' I&unit with iodide bridges to two 

IRe(CO),] groups [571. 

7.5.2 Oxides and complexes with oxygen donor ligands 

[Re&(OpCR)2L2] (X = Clor Br; R = Me, Et, Pr, Bu, Cl-lh&, CNe3 or Ph; 

L = HzO, dmf, b&SO, dm, PhgO or py) and [Re2X2(02CR)~] were obtained by the 

reduction of KIReOs] in an HX-IIM)2Hmixtuxe in the presence and absence of L, 

respectively. [R.e212(02CMe)1,] was also prepared. In the dichloride cmplex 

thecarbmlate ligsnds bridge the Rf+Rebond and are cis with respect to this 

bond [661. Similar cmplexes {e.g. [Re2Clr(02cMe)pL2] (L = dmf, dm, Me2S0, py 

or Ph3po)] were prepared fran kk2Clll(02Ude)2(H20)2] in bIe2CO/Mea)(H by treatsent 



with the appropriate ligazl, L. lbe donor ligands, L, are in the axial positions, 

but substitution of the I&O in ~Re$&+(OzC%k)2(H20)2~ by L led to only slight 

changes in the IR and electronic spectra [67]. Them1 treatment of 

cis-[RenX,(O~~)~(H~O>~l (X = Cl or Br) gives trms-[Re2Xk(0&Me)21 [66,68]. 

lhe thermal loss of the axial ligands in [Re2Clr(OsCNe)2L2] (L = Me$O, H20, 

dmf or dma) was found to occur in two stages and did not seem to be related to 

the donor capacity of L [69]. Dissolution of trms-[Re~X,(O&Me)21 (X = Cl or 

Br) in HOAc gave [Re&l3(02CW)31, or [Re~Br~(O~CMe)~l with kezBr~(0,C&)31 

acting as an intemediate. Dissolution of trans-[Re~Brs(0&Ne)2] in CHC13 

containing a stoicheianetric ammut of MeCOCH gave [Re2Br3(0,U&)3] [68]. 

[Re~(O~C%)&l~l was cleaved by an excess of Me&NC in methanol to give 

ke(cNcm?~)slc1 [701. 

35C1 and 'IBr N&R spectroscopy was used to study the binuclear rhenium(II1) 

mmpounds; [R~PX~(O~CI&)~L~] (L = HzO, dmf or Me$SO, X = Cl or Br; L = dm, 

X = Br; L = Ph#O or py, X = Cl). [Re~X~(O&%le)~l.2L (L = dr& or l&SO, X = Cl), 

t~ans-ke&(0$Zkk)~l (X = Cl or Br), ke2Br~(O&%le)1,1 and AZ[Re2XBl (A = K, 

[NHkl or (PyH], X = Cl; A = K, X = Br). Their structures and chemical bonding 

were considered t711. The most prevalent cmpound in the mixed halo species 

cis-[Rep(02~)*Cl~Br,Ln] (L = dmf or dma, x+y= 4) is that in whichx= y = 2, 

with the like halo grrxlps tmns [72]. lhe crystal structures of 

ke~(O~Qle)~Cl~l{r(ReRe) = 2.2246 81 [731, [Res(Oz(me)8r4){r(ReRe) = 2.216(3) 81 

[741 and ke~(O&Ne)2C1~ {HC(0)I@h2)21 [751 have been determined. 

The tram influence of the Re-Re quadruple bond has been investigated by 

XPFS, examining the axial ligands. ?he bonding energies of acid ligands in axial 

pceitians is au& 1-r than for &s-equatorial ligands showing a noticable tram 

effect of the Re=Re bond 176). [NHr]2ke2(SOI,),+2H201 was prepared by dissolving 

[NHnr,],[Re2C1,(HCC0)2] in sulphuric acid under argon. 'Ihe crystal structure shm 

a Re-Re quadruple bond length of 2.217 1, with the sulphato gulps bridging the 

rhenium atcms 1771. Ihe reaction of K2[ReCls] with hanocysteine (HL') in 

aqueous solution gave a black amorphous precipitate of [Re2L'~C121. 'lhe chloride 

ligands are thought probably to be bridging with L' coordinated via the carboxy 

oxygen, but not the nitrogen atm: coordination of the sulphur is uncertain 

[Cl]. 

7.5.3 Complexes with selenim donor ligands 

ke(CO)(Se2CNR,)3] (R = Et or R 2 = Morpholyl) was prepared by the irradiation 

of kRe~(C0)1,1 mixed with [Se2CNRZl- in thf to give [RE?(CO)~L], which was then 

heated under reflux for a week in the presence of [S~&NR,]-. [Re(CO)Se&NR,)3] 

is thcught to be seven-coordinate [781. 
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7.5.4 Complexes with Group VB donor Zigands 

lbe mistence of [Re(NCS)6 13- has been pcstulated on the basis of CV data 
in the reduction of Dle(CNS)6]2- in non-aqueous solvents, and has nm been 

prepared by adding a 1:4 mixture of thf:MeCH to Du,N],[Se(NCS),] follmed by 

addition of N,H,.2H,O to give a pale yells solution. Precipitim using 

[NSu,][ClO,] gave pale yellcw, air-sensitive crystals of [NSu,],[Re(NcS),]. 

E* for DWKS), 13-/he(~)61 ‘- was found to be -0.11 Vv.s. SCE I~31 

'Ihe reduction of ke(NPh)C13(PMe3)2] in i&f containing excess PMe, by 

scdiumatmlgamunder dihydrogen, gives (Zl),v.Mch was characterised by 'H and 

3lP Nm spectroscopy 1801. 

H\N/Ph 
Me 3 PG, 

I 
Me3P 

4.. ..* 
,\\’ PM3 

;Re 

/I' H H . . 
PMe3 

1111 

bV irradiaticm of a benzene solution of [R.~ZI~(dppe)~] gives a gold coloured 

solution of [ReH(dppe)~] and dihydrogen [81,82]. The photolysis of [H&L21 

(L=PbzPh, PMeI'hz orPPh3) underadihydrcgenpurgegave thedimr [RenHsLS] 

as one of the pmducte. 'Ihis diner can also be obtained by photolysis of 

degassed ~~&&I together with [R~H~LI,] [45, 461. NdR results suggest that 

DW-kLs 1 has the structure [L3HSe(~-H)&?H~L2]. It was also found that 

[F&H~Ls] activated arene C-H bonds [45]. 

7.5.5 Complexes with group D'B donor Zigands 

A series of cmpounds of general formla [(n5-C,H,)Re(C0)2(X>Y], where X 

or Y, or both, may be silyl, gem1 or stannyl derivatives, has been prepared. 

lbe reaction of [(n5-C5H5)Se(CO)9] with GeHC13 or Ph&H gave trms-[(n5-CsHs) 

R.e(CO)2X21 (X = GeC13 or S&h,) 1831. The reaction of [(n5-C~H~)Ik(CO)~] with 

Cl2 or I2 gave [(n&H5)Re(CO)&1]+ or ois-and trans-[(n5-C5H5)Re(CO),I,], 

respectively 1841. 
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7.6 FEIFMUM(II) 

'Ihearc emission spectrum of R&has been photographed in the region 

590-860 nm and three bands of single electronic transition were rotationally 

analysed. The analysis of lines due to 185ReO and 187Re0 in the spectrum leads 

to the vibrational assigntnsnt of these bands [85]. 

A series of tetracarbonyl and tricarbonyl ccznplexes of rhenium with phosphine 

chelate ligands III or L- (III = [RXC(Y)PPh,l; X,Y = NR, 0 or S) were prepared by 

reaction of the metal carbonylwith the free ligands or their silyl analogues. 

'Ibe silyl methods gave cis-[(CO),ReL] and on careful additicm of water, 

jbe-[(CO),Re(X)(L)l (X = Cl or Br) [%I. 

‘he reduction of ke(NPh)Cl,(PMe,), 1 in thf containing an excess of P&S, 

by scdimn algam under argon, gave the phenyl amid0 canplex (12) [80 I. 

H\N/ph 
I /H 

(Me31Y4Re 

I \ CH/pMe2 
2 

(121 

7.7 RHENIUM(I) 

I&z& of the rhenium(I) chemistry this year has concerned carbony containing 

ccnplexes and these have been classified according to the other ligands present. 

Non-carbony cunplexes have been grcuped separately. 

7.7.1 Non-carbonul containing complexes 

APES spectra have been recorded for kCl(N2)L~l (L = a[dppe], PMezPh or 

PMePh,) and, considered with their IR spectra, it was found that the variaticm of 

'Nl and 'N2 within each N2 group is very small, so that the pceition of the most 

negative nitrogen could not be derived 1871. 

San? electron poor We(I) dinitrogen canplexes have been synthesised by 

treating [ReC12(N&CFh)(PPhs)2] with carbon monoxide or organophosphites in 

two-stagereactions. 'Ihe ca@exes were keN,XL,ln+ (Xk Cl, L= dppe or 

~(M~),~,ctf,P(ade)&dnrqe, n = 0: X = NCPh or NC%, L = dppe, n = l), 

[R~(CO)(NZ)~P(=)&_~ (PPh,&l (n = 0 or 2), [ReC1(CO),(N,)(PFh,),l and 
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bCl(N~)@(OMe)3~1,1. The Ef values were measured, and found to vary linearly 
with u(N2). 'Ihe canplexesweretreatedwith LiRandthe nature of the prcducts 

was famd to vary with R. 'Ihus, [~l(CO)~(Nz)(~s)~l gives 

[~l~C(CWMe)l(CO)(N~)(PPh~)~l with Ii&/H+ but [ReC1(CO)~(PPh~)2] with I&h/B+: 

attack on the NP group by LiR was not observed [88]. lhe 15N NM8 chemical shift 

was determined for [Re(PPhMe~)~(N~)Cll and cmpared with those for other cunplexes: 

it was concluded that the iuterpretation of 15N !&!R spectra cannot unambiguously 

be linked with electron density [89]. 

Tram-[ReCl(CNR)(dppe)~l (R = & or CMe,) has been prepared by heating 

[ReCl(N2)(dppe)21 with an excess of isccyanide under reflux and irradiation fran 

atungstenlamp. 'Jhe 'Hand 31PNMRspectrawere recorded. 'Iheisocyauide nitrogen 

can be protonated by reaction with [E~~OHI[BF~I to give the carbyne canplex 

trans-[~l(~)(dppe)2l[BFI,l (13). lhe crystal structure for (23;R = Ms) has 

been obtained aud shows r(ReC) = 1.893 1. [901. 

H\,/R + 
I 

p2 c p2 Q’l”, > 
/Re\p 

k2 I 
Cl 

ph2 

lhe reduction of IRe(NPh)Cl~(PMe~)~l in thf mntaining an excess of PMsJ 

by sodium amalgam gives a new series of phenylamido containing canplexes (14-17). 

Under dinitrogen (14) is obtained, and is converted to (15) by the addition of 

carbon monoxide. when the reduction is performed under carbon monoxide the 

product is (16), and under butadiene (17) is produced [80]. 

Treatment of [Ren(OKbfe)&1~l with Me&NC cleaves the Re-Re quadruple bond to 

give Dle(CWAe3)61C1 1701. 

[ReII(dgpe)21 is produced by 336 m irradiation of a degassed benzene solution 

of [Re&(dme)zl. If the reaction is carried cut in the presence of reactive 

gases, the substituted products [ReB(N~)(dppe)21, [ReB(CO)(dppe)21 and 

[ReH(C2Hb)(dppe)21 were obtained [82].IJnder cO1, the orangell~thanoate canplex 

[Re(OpCR)(dppe>~l is obtained by reversible insertion into the Re-II bond of 

[ReWdppe)zl 181,821. 
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(17) 

7.7.2 Halides 

[~(CO)~Fllr.~~0 (28) ~~~~p~pa.red frun [Re(CO)sBrl by branide extraction 

---___m 

1 ‘co 
co 
(18) 



with AgF in fluorobenaene. Each of the fluorine atam is involved in a us-type 

bridge with rhenium at an average bonding distance of 2.200(5) 1. The clusters 

are held together by hydrcge-n bonding between the fluorides and water [91]. 

'Ibe photochemistry of [Re(CO)&k] was investigated at lcw temperature to 

see if Re-Br @otolysis did occur as previously reported 1921. It was found 

that on irradiatim in 2-Methf, spectral changes occurred that were consistent 

with the fomation of [Re(CO),(Methf)Br], which is in agreement with the general 

observation that monomeric carbonyl complexes usually undergo M-CO cleavage as 

the primary photoprocess [931. 

[F?.~(CO)SXI (X = Cl or Br) have been studied by X-ray powder diffractcmetry 

and found to be orthodmnbic [941. ke(C0)~Xl (X = Cl, Br or I) have been 

studied using 35p37C1, 7gjs1Br, lz71 and ls5Re IQR spectroscopy at 77 and 293 K. 

Alinearcorrelationwas observedbetween thenu&erofunbalancedpelectrons 

and the electronegativity of the halogen [95]. k'3Is(CO)~l, (8), prepared fran 

ke2I~(CO)~l and iodine consists of a trinuclear iodide bridged Ss canplex with 

the rhenium on the three fold axis of symetry. 'Ihe oxidation state of the 

terminal rhenium is +l and that of the central rhenium +4 (see Section 7.4.1) 

L571. 

When ke(CO)gXl (X = Cl, Br or I) is treated with methyl lithium in thf 

at -78 OC the corresponding diacetylhalorhenate (I) di-anion is obtained, which 

cm protcnation with HX gives the J%~-[(OC)$R~(C(M~)CEI)~~ cmplex (19). 'Ibe 

icdobis-carbenoid canplex, (19; X = I) decmpas es in solution with the elimination 

of ethanaland the fonration of [{K~(cO)~I}~I (20) [96]. 

Oc,j ,JOH 
oc /r-OH 

X Me 

(19) 
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7.7.3 Complexes with Grasp VIB donor Zigands 

'Ihe reaction of [Re(C0)5(S02)l[A5F61 or Re(CO)5F.AsF5 with oxygen o-donors 

L (L = H20, MeGI or Me2cO) gives cunplexes of the type [Fte(cO)~Ll+ in quantative 

yield [971. lhe mixed metal carpcxmds cis-[{(CO)s~(CH3C0)2}nM] (M = Fe or Cr, 

n = 3; M = Cu, n = 2) and the corresponding acac canplexes were studied by CV 

in dichlorwnethane. It was found that the reduction potential for the heteronuclear 

canplexes was more pcsitive than for the non-metallo ligands e.g. the reduction 

potential for the rhena-acetylacetonate iron canplex, [{(CO)SR~(CH~CO)~}&I, is 

0.63V more positive than that of [Fe(acac)3]. 'Ibis was thought to reflect the 

higher electronegativity of the rhena-acetylacetonate ligands [981. 

Carbamoyl derivatives such as [(CO)sRe(CQJHMe)(NH2Me)] react with various 

thiocyanates (RNCS) to give dithiocarbamate ccnplexes of the type [(CO)4Re(S2CNHR)] 

or [(CO)$e(CNMe)(S2CHNR)l. The presence of the CNMe grip bound to the metal 

indicates that in these reactions the source of the isocyanide is the carbamoyl 

group rather than the iso-thiocyanate reagent [99,1001. Chemical evidence has 

been presented which suggested that the reaction of Cs.2 or Cc6 with carbanoyl 

derivatives of transition metals occurs via electrophilic attach of the N atom of 

the carbamoyl group and the Cs2 route to dithiocarbanates was assessed [loo]. 

C~,[Re~(CO)~(dtox)~l is formed by the reaction of Cs2[dtoxl with [Re(CO)sBrl. 

lhe dimsric canplex ion contains one ligand in a transplanar conformation connecting 

the two rhenium atans, each bearing one chelating dtox ligand (21) 1381. 

0 

II 
,c\c&o 
s s’ I \Re’ 

o/l ‘co 
C 
0 

A series of tetracartiyl canplexes with &csphine chelate ligands 

DIxC(Y)PF%21 (IX; x, Y = NR, 0 or S) was prepared by reaction of the metal 

carbcnyl with the free ligands or their silyl analogues. 'Ihe thianethanamido 

ligands in cunplexes such as cis-[(CO)&sI(S)C(NH)PPh2)] were shown by 

crystallographic studies to coordinate via phosphorus and sulphur [86]. 
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Irradiation of a mixture of k~(CO)l~l and L-L (a 1:l mixture of 

[RzNc(Se)Se(Se)CNR,l and [R$C(Se)Se~(Se)CWl {R = Et or R = nKwholy1~) in thf 

under dinitrogen yields ke(CO)I,ISeC(Se)NR~ll. Heating this ccmplex at reflux 

for 2 h yields ke~(CO)~{SeC(Se)N&}~l (22; R = Et) [781. The photochemical ??e%ticn 

which prcduced these diselenocarbamato ccnplexes have been extensively studied and 

-f 

NR2 
__---\ 

ocJ)Se,y/ 

()c H Rel Se/---- Reyg 
I ‘. 

co 
L 

‘\ I 
.___-- Se 

NR; 

(22) 

an S,l type reaction nwhanism is proposed involving hanolytic M-M fisicn as the 

rate determining step [loll. 

The dimeric canplexes [R.e2X2(C0)6[E#h2)] (X = Br, E = Te; X = I, E = Se, 

S or Te) were prepared either by the reaction of [RelBr2(CO),(thf)2] with TePhp 

in methylbenzene at reflux. The X-ray structure of [ResBrn(C0)6(Te$hp)] (23) 

shows two pseudooctahedral rhenium(I) centres joined by Br- and TepPhz bridges 

{r(ReBr) = 2.64(6) 8, r(TeBr) = 3.674 1 (non-bonded) and r(ReRe) = 3.945(2) 1 

(non-bonded)) [1021. 

(23) 
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7.7.4 Complexes with group VB donor ligands 

ke(CO)~(PPn~)~(ArNXNAr)l (X = N or CR, Ar = 3-CH3.CsHr, C6H5, or 3-Cl-CsHs) 

were obtained in good yield by adding ke(CO)3(PPh3)2C1] to a soluticm of 

~ikrNXRAr1 in boiling thf. lhe yellav-orange cmplexes were characterised by 

IWR, Wand IRspectrcscopy and itwasthmght that thetriazenid~ligandswere 

chelating [103,1041. 

'Ihe crystal structure of ~ae-[~~(CO)3{Me(H)~2CH2N(H)Me}] prepared by 

heating [Re~Eir~(C0)el and the diamine tcgether in trichlomthane, shcmd that 

the rhenium has a distorted octahedral environment with the diamlne ligand feting 

a chelate ring [1061. The resonance Raman spectra of a series of j%c-[Re(CO)3L(X)l 

(L = alkyl or aryl N,N'-disubstituted ethane-1,2-diimine or 2-(N-mono subetituted- 

iminanethyl) pyridine, X = Cl or Br) cunplexes obtained by excitation within the 

lavest absorption band were reported and the effect of L and X discussed [106]. 

ke(CO)3(bipy)Br] was prepargl by heating a mixture of [ReBr(CO)5] and bipy 

at reflux. Branide abstraction in the presence of Ag[ClO,,] or Ag[PF6] led to the 

formation of [Re(C0)3(bipy)(C101,)l or ke(CO)3(bipy)(102F2)l respectively. lhe 

crystal structure of the kO2F21- ccnplex (24) shcms a fuc-structure, with the 

[IQFpl- being coordinated via a single oxygen atcm [107]. A new chmiluminescent 

reacticm involving a rhenim coordination canplex has been observed. lhe reaction 

F-,/ 

0’ \ 
F 

of [(CC)&Re(OC)~(phen)l with dichlorine gives ke(CO)$ll, [Re(CO)3(phen)Cll 

and luminescence. 'Ihe chemiluminescence was tentativelyassigned to ke(CO)~(phen)Cll 

whichiskncmtosho.vphotoexcitedemission IlO81. Chmilminescencewas also 

observed in the catalytic deccepasition of organic peroxides by [Re(CO)3(phen)Cll. 

'Ihis was interpreted as suggesting that the catalysis occurred according to the 



Shurtester mechanism, involving initial oxidation of the rhenium canplex [log]. 

A new mechanism for photosubstitution, in inert ocmplexes, with a quantum yield 

greater than cne has been pped. In the reaction: 

[(CCH&N)Re(CO)$henl+ z [(PPh3)Re(CO)3(@en)l 
+ 

pph3 

irradiation of the Red&en MILT transition does not give an excited state 

leading to quantum efficient substitution (e.g. on irradiation of 

[ 0WNlRe(CO> den 1 
+. 
in C&CR containing 2V pyridine, there is no substitution 

reaction observed). I&ever, irradiation of the cunplex in C&I&N containing 

0.2 M pph and 0.1 M b~Nl[PF’61 gives clean quantum efficient substitution. 

'Ibe 0.2 M pW3 is thought to quench all the excited rheniun ccnplexes (by electron 

transfer fawn tri*enyl phcsphine to the excited rhenium canplex) and hence 

substitution must occur after quenching i.e. at the nineteen electron stage LllOl. 

'Ibe crystal and molecular structures of k&eBr(CO)3(NHR2)21 (R = Me or Et) 

have been studied by X-ray diffractian. The rrolecular structure shm a fuc- 

arrangement around a six-coordinate rhenium with the cis-ligands interacting 

appreciably. [ReBr(CO)~(NREt~)~l reacts with dry carbon dioxide in methylbenzene 

in the presence of [RNEt21 to give [Re(CO)3(0~01Rt~)(NHEt2)l. Ibis carbamato 

canplex sho.vs sun? association and is believed to exist as an H-bonded diner (25) 

[llll. The reaction of [(M&N)2Re(CO)jBrl with [No21[BFIIl gives [(MeCN)3Re(CO)31DFsl 

co 

OC\ /O\ I 
oC/R=\o/c-~ 

I f 
,N, H 

R’ 'R 
R, 1 ,R 

Ii 'N' 

R,i c/“\Re/co I 
R/N- ‘0’ 1 ‘co 

(25) 
co 

as one of the products (see also Section 7.12). Cunplexesof the type 

[RRe(CO)31 (R = n5-fluorenyl) can be prepared by reaction t(kC~)&e(c~)~~rl 

with K[R] 11121. The carbonyl canplexes D?e(CO)3(NR2NRcS2CI13)21Br and 

~.~(CO)~(W~NHCSDJ~)B~~~~~~ preparedby thereactionof [~e(C~)~~rl&ith an 

S-rnethyldithiooarbamate (26) in acidic or neutral conditions. In alkaline 

solutions carplexes such as k~(CO)6(NR2NC&CH3)2] with the droprotonated lignnd 
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are obtained [1131. 

[Re(CO)gLpln (I-IL = glycine, dl-leucine, dl-f3-phenyl-a-alanine, 

dl-&phenyl-@alanine, dl-6-2-thienyl-cl-a&mine or dl-B-2-thientyl-R-alainine) 

prepared by the reaction of [R&CO)&] with KL and KBr, react with neutral ligands 

in dioxane to give [Re(CO)SL(py)~l aud [Re(CO)&&] {Q = PPhs or Pi} [114]. 

Drew&] (L = ?Gdipbenylphosphine-2,B-dimethylpyrmle) was prepared by mixing 

L with ke(~~)&!rl in benzene at 80 'C. 'Ibe IR spectrum indicated that the 

prcduct has a cis-octahedral structure analagous to [(Ph~P)Fk(CO)$r] [115]. The 

reaction of [(PPh3)Re(CO)4Br] with LiMe proceeds via an intermediate to finally 

give [(P~~P)(CO)SF~(C&)I. The intermediatewas characterisedby NMRand IR 

spectroscopy as having the structure fat-[(CO)~~(CocH3)(pph3)Br]-Li' i.e. the 

substitution reactim occurred by initial [I&Z]- attack on coordinated CO [1161. 

'IWO synthetic routes have been used to prepare (27). The first involved 

OH 
I 

( CO)bRe - C -H 

I 
PhZP 

-0 
0 

(27) 

the reaction of [(C0)5Re(CH&H5)] with (28) in octane under reflux follmd by 

reaction of the silylated product with [EtkN]F to give (27). The second method 

involved the partial reductim of (29) by BHa.thf and is the first example of 

Ph2 P 

CH3 CH3 

1 I 
CHZOSi -C -CH3 

(281 (29) 
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the partial reduction of an acyl ligand by RR5. lhe products were chaxacterised 

by lWR and other spectroscopic techniques [1171. 

'Ihe reaction of [(OC)~(R~PO)&?ZI (R = Ph or Me) with EM~zC(CH~O~SCFX)~I 

gives thesix-menkzredrhenaoycloalkaue (30). Ibis will insert sulphur dioxide 

to give the ring expanded product (31) [llS-1201. The crystal structure of 

(30; R = Me) has been determined [1181. The seven meakered analogues of (30), 

viz. [(OC)+PR20(CH,)5CH2], are thennally unstable and cleave at the m.C-C bond 

[1191. Reaction of (30; R = Pr) with AlJ3r~ gives (32) and is the first example 

of insertion of CO into a Re-C o-bond. Addition of CO to (32), follomd by 

hydrolysis, gives (33) [1201. 

(30) (31) (32) (33) 

The IR and IWR spectra of ke(CD)5lCl.HCl and ke(CO)5PPkl[PF5l were 

discussed in term of u and TI interaction of the metal ligand system. These were 

cmpared with the 51V N?dR data of the analoaous carbonyl vamdates. The 1*5Re 

and la7R.e NMEt spectra of [Re(CO)5lCl.HCl were obtained and shawed o(Re) 3400 ppm 

(relative to Na[ReO~l /II20 in CH&lp) 11211. 

7.7.5 Complexes with Group IVB donor ligands 

Na[Re(CO)5] has been prepared by the reaction of [Re2(CO)10] with scdiun 

amalgam in thf. 'Ihis reacted with SnC12 in thf to give [{Re(CO)5},Sn] and 

[IRe(CO)514Snl. [CRe(CD)51~Snl reacted with Me1 to give [#e(CO)5~,Sn(Me)Il. 

'lhecanplexeswere characterisedby IRandmssspectranetry andwere shcmto 

cmtain Re-Sn bonds [X391. 'Ihe reaction of Nake(CD)5] with C1(CH1)Mee2SiCXXH~C1 

has also been investigated [131]. ?he series of conplsres [(R~E)&(co)~L~ 

(R = W or Me, E = Ge or Sn, L = bipy, phen or biquinoline) were prepaz-ed by 

the reaction, under argon, of [ClRe(CO>3Ll with sodium am&am folkwed by the 

addition of R5FCl. The lowest lying excited state in these canplexes is due to 

charge transfer {(F&e)a,,~ IT*L) and several of the cunplexes (R = Ph. E = Ge 

or Sn, L = bipy or p&n) exhibited optical emission from this state at 298 K with 

lifetimes of the order of 10m6 s. 'Ihe CV of these canplexes in hkCN/O.l M 
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[n-ksN][CIOr] typically shows one electron reversible reduction 

1.7V (VS SCE) range associated with the population of the lest 

principally located on L [132]. 

7.8 REENIUM(0) 

in the -1.1 to 

TI* orbital 

ke~{P(OMe~)l~~l has been prepared by the treatnent of either [ReCl~py] or 

[Re(0)C13(py)21 with the K-KI reagent in cyclchexane followed by the addition of 

P(MeO)a. The product was characterised by 'II and 31P I&JR and nmss spectrcmetry. 

[RRe{P(OMe),}5] was also obtained from this reaction [122]. 'Ihe IR and NMR 

spectra of [Re2(CO)8(PRPh2)21 was discussed in context of the o- and IT- 

interaction of the metal-l&and system and compared with the spectra of the 

analcgous carbonyl vanadates Ll.211. 

Accurate rocm temperature X-ray diffraction studies of ke2(~)101 have 

been reported and sho.v a Re-Re bond length of 3.0413(11) 1 and Re-C bond lengths 

of 1.811(3) 1 ( axial) and 1.865 1 (equatorial). 'Ibe difference in lengths of the 

axial and equatorial bonds is explained as being the result of canpetition for 

the da electron density between mutually bans pairs of equatorial carbonyl 

ligands [123]. 

When a hexane solution of [Rez(CO)10 I was subject to flash #otolysis under 

an atmosphere of carbonmonoxide, the near W absorbance due to the dinuclear 

species returned to the original value according to a bimolecular rate law. In 

degassed solutions, more complex behaviour was &served suggesting the formation 

of ke2(CO)8] and [Re2(CO)9] as intermediates [124]. Generation of k.e(CO)sl' 

radicals in degassed cyclchexane in the presence of Cc& and PPhB gave [ClRe(CO)~l 

and [ClRe(cO)+(PPh~)l. Analysis of the product ratios led to the conclusion that 

substitution was first order in [PP~,] and associative and also closely 

proportional to [Ccl,] at constant t~~h,l, showing the second order nature of the 

reaction 11251. I-IPLCEPR has been used to separate and characterise the 

carbonyl-3,5di-tert-butyl-1,2-quinone cat@ex (34) formed by the 310 nm 

rhenium 

irradiaticm 

(34) 
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of [Re2(CO)10] in the presence of the quinone in benzene to give a red solution 

of the canplex [126,127]. Optically active diop was then added to this red solution 

to give a blue soluticm tiich was separated by RPR-RPIC. The product was 

characterised as a quinone-Re-carbonyl-(+) or (-) diop radical, with the diop 

being moncdentate in this example [X271. 

lhe mixed metal carbmyls [Mh&$ZO)~Ol and [TcRe(CO)lO] have been synthesised. 

'Ibe manganese-rhenium complex was produced by the reduction of [MQ(CO)~~] to 

Ddu(CO)51- follmed by the dropwise addition of [Re(CO)sBr] in thf. The 

technetiumrhenium complex was produced in a similar way, but involves the reduction 

of [Tcz(CO)lO] as the initial step. lhis synthesis follcms the general procedm 

of using the weakest nucleophile with the correspouding branide [X26]. 'Ibe 

experiamtal aud literature values for the thermodynamic parameters of fomation, 

phase transitions and dissociation for these mixed metal carbonyls have been 

discussed. Sets of the best values are proposed and M-M bond energies were 

determined [129]. 

7.9 CC&E'- CCNCAININGEEIENIU&WBALTANDIMEnIbh-PLATINUM= 

The IR spectrum,and its cunplete assignment on the basis of the free rotatioual 

model, of [~eCo(C@~l has been reported. The force attraction constants have 

been calculated and it was shcm that Ke, andKaxvalues of the rheniumspecies 

are less than those of the analogoustechnetiumc 
Y$Ynds_ 

There is ccmsiderable 

polarisation of the Re-co bond in the sense [(CO)&@ - cO(C0)1,1 [1331. 

[F@CW,CQ6(dab)] (35) (dab = diazabutadiene) was prepared by heating 

[Re(CO)&r(dab)] under reflux with an excess of [Cam]- in thf 11~41. 'Ibe 

13C NMR spectrum showed characteristic features related to the bonding tie of 

the dab ligand to the binuclear Re-Co fragment. In k~o(C@~(dab)l there is a 

s&bridging carbonyl group and there is rapid interchange of this carbonyl with 

the teminal carbony groups on cobalt (36). The electronic balance is mintained 

by an internal canpensation within the dab ligand [1351. 

The yellav CcpIplex kePt(~-CS)(C0)2(PPhMe~)2(ri5-C5Hs)l (37) has been prepared 

by the addition of one equivalent of [Pt(C2H4)(PPh&2)21 to ke(CO)2(CS)(~5-C5H5)] 

in light petroleum. The NMRspectrashcwthattheCO and CS ligsnds uhdergo 

bridge-terminal site exchange at roan temperature, but this ceases at -60 OC 

LlS61. 
I I 

[(rl5-C~H~)(OC)~Re{~-C(PR3)(4-~CsHs))Pt(PRs)2l[BFsl (38; PR3 = PMe3 or 

PPhMez) were prepared by the reaction of the appropriate tertiary &e@ine with 

[(175-C,H,)(OC)*Re{FL-C(4-lde-C6HII)}Pt(PRB)2l[BFrrl in light petroleum. 'Ibe structure 

of the product was confirmed by 31P and 'H NMR spectroscopy. (38) will undergo 

ligand exchange with N~[S-~-M+C~HI+] to give 
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7.10 METAL CLmTFm 

He-1 and I&II gas @se PE spectra have been reported for [I&Re3(C0)1~l and 

bMes(CO)1zl. lhe spectrawere assignedwith the use of fra@entEdD analyses of 

the electronic structures. The bridging hydrogen bcmk are discussed in term of 

being two electron polycentre bcmk, and themulticentre orbitalswere shown to 

possess a high degree of electrm localisation at the hydrogen atars. The hydrogen 

atans in these clusters were thought to provide scm? of the necessary electrons 

for cluster bonding and stabilisaticm of the cluster molecular orbitals [1381. 

The excited state decay prcperties of [H&%(C0)121 and [BLL,NI~[H~F~~(CO)~~I have 

been canpared to those of their deuterated analogues. The effect of replacing 'H 

by 'H in both cases is to lower the rate constant for non-radiative decay with no 

effect on the radiative rate constant. Tbe quantum yields and anission lifetimes 

are increased by the change [1391. 

The molecular structure of eq-[H$k~(CO)ll(FPh~)] (39) has been obtained 

C co O\ / 
“/Re\H 

I I 
‘\Re Re/ 

co 

I ‘H’ I 
(39; the fRe3H3) core in the equatorial plane) 

using single crystal X-ray and neutron diffraction. 'Ihemleculehas edge- 

bridging hydrogen atam, with approxImGe Dsh symmetry for the @e3H3)core. One 

striking feature of the equatorial PFh 3 ligandisthattheF&Hbmd truns to it 

is rmrkedly shorter than the other Re-H distances (1.78(l) 8 vs. 1.82-1.83 1). 

This may be related to the poor ?I acceptor properties ofPPh3 canpared with CO 

L1401. 

The synthrxis and characterisation of a series of polynuclear alkyl cuqxzunds 

derived fran [Re3C13(CH2SiMe3)61 (40) has been reported by Wilkinson and cmorkers 

[1411. The hydrogenation of (40) in thf led to the formation of 

[(MesSi~2)5(1.1-C1)sRe3-Re3(~~1)3H(~2SiMe3)1,1 (41) with the two triangular 1%) 
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units being linked by a single Re-Re bond {r(ReRe = 2.993 21. In benzene, 

however, [ReB[u-C16)Hg(~I2SiMe3)61 is the major product, with the two {ResCls} 

units linked by alkyl bridges and containing terminal hydrogens. 

[Re3(u-C1)sC1H(CH2Si~e))5(PPh3)l is pmduced by the hydrogenation of 

[Res(u-C1)3C1(~*SiMe3)51 in the presence of PPh3. 'Ihe crystal structure shows 

the phcsphine to be only weakly bound. The interaction of dihydmaen with 

[Re3(u-C1)3(~2Si~3)6L31 (L =CO, PPhB, py or H20) will give reductive cleavage 

(L =CO or PPh,) to give the ReII dimers [Re2C12(CH2SiMe3)2L2]. However when 

L = py, a complex, [Re3(u-Cl)~(~~,Sihae,)~(py)~l, where the @es} unit is retained, 

isprc&lced. This contains pa ramgnetic Re(I1) and the EPR sbectrun was discussed. 

With L = H20. a polynuclear cluster ~~Re~(~~1)3(cH2Si~~)~(OH~)~}~] is produced 

[1411. 

The tertiary sulphides Na&& and K2Re& have been synthesised by the 

reduction of alkali carbonates with rhenium, at 800 OC in a stream of hydrogen 

sulphide. The X-ray diffraction study showed the key structural units to be, 

hithertounknowh @e&} clusters. These clusters arelinkedin a 3-D array 

[1421. 

[Ren(~-H)(li-SnMez)(C0)121 (42) was prepared by the treatment of 

[FhgAs12[Re3(~-H)(C0)~21.~C9HeOwith (CH3)2SuC&or (CH3)3SnC1. The crystal ami 

molecular structure of this yello.v-ora.nge mmpound has been determined, and 

showed the SnMe2 to be assvmetrically bridging one edge of the @es} triamle. 

with the hydrogen probably bridging one of the other sides. 'Ihe bond lengths 

show the assymetry of the Sn-Re bridge, uiz. r(SnRe) = 2.87, 2.60 8 [1431. 

A metal hydride coupling reaction, where [HRe(CO)sl acts as a two-electron 

donor to [@(CO) 12_zLzl. (L = C&CN or CBHII,; r = 1 or 2) will give, after 

oxidative addition, [HR~~~~(co)~~I and [H2Re2Qsj5(C0)201 [1441. 'Ihe latter ccqlex 

will react, on heating with ethanenitrile to give [(l.l-H)aSsRe(CO)ls(~~3)] (43) 

which was shown by X-ray diffraction, to contain a triangular core of osmium atans 

with the rhenium bcund to one of the osmium equatorial sites [145,146]. Heating 
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oc\Re/co 

“\,/ \,r”‘M. 
oc’ \ / 

oc/Re\co 
(42) 

93 

OC\ 1 /co 

/\ 

‘OS’ 

(OC) os’~‘osKo~ 3 I 3 
C 
0 

(43) 144) 

on MeCN solution of (43) under dihydrogen with an excess of trtithylamine 

N-oxide dihydrate clcses the structure to give the Re capping the triangular 

{ck31 face (44) [144,1451. 

7.11 NITROSYL COMPLEXES 

[(~)~(Re(C~)$rl will react with [NOZI&F~I to give the nitmsyl conpound 

[(hkCN),Re(CO),(NO)J3rl[EF,l as one of the pmducts [1121. 

[(15_C,H,)Re(cO)(ND)~31[BF~l was obtained by the nitrosation of 

[(n5-C,R,)Re(CO)PPh,l with [~~l[BFsl. ~(r15-C~R~)~(cO)~(~)l~~~l has been 

foUrI to react with KI or 12 to give the new Wzaq&x [(n5-C&)Re(CO)(NO)I] 

[1471. 

D&%e61 reacts with No at -78 OC in light petrolewn to give [Ikb&(NO)] as 

orangeredneedles. 'ihe IRspectrunsuggests a non-rigidseEn-coordinate 

structure. In diethyl ether [Reel remins in solution and on warning 
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under No gives cis-keO~Me31. L;i [ReMeel reacts with ID at -78 % to give a 

diamgnetic canplex of stoicheian?try ke~OQde~+(ONMe)~l Tne 'H NMR spectrum is 

consistent with the structure (45) [1481. 

0 Me 

(45) 

Addition of mtboxide to either isaner (46) or (47) of 

[($-c,H~)R~(No)(PP~~)(cIIc~H~)~[PF~~ gives [(~5-C,Hs)Re(NO)(PPh3)ICH(~B)CsH5~]~ 

(48) and (49), in which a nm cbira.l centre has been generated stereospecifically 

146) 147) 

ON’~\l’F’h 

MeOAC\H 

3 

I 
W5 

(48) (491 
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