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The period of this review essentially coincides with the coverage of Vols. 
90 and 91 of Chemical Abstracts. Thus, although a majority of the papers 
covered were published in 1979, many from 1978 are also included. Although 
the chemistry of technetium is small compared with that of rhenium, it has 
been treated separately in order to reflect the different interests stimulating 
its investigation. 

This review concentrates upon the coordination chemistry of technetium 
and rhenium. No attempt has been made to cover work of an essentially 
organometallic nature (although carbonyl is treated as an inorganic ligand). 
Areas of especial interest this year include an extension of the chemistry of 
~t~dorhenium(VII~ systems, the preparation of Schiff base complexes of 
rhenitlm, studies upon Re-Re bonded systems, and elegant studies upon 
rhenium cyanide and thionitrosyl derivatives. 

TECHNETIUM 

10.1 TECHNETIUM( VII) 

The electrochemistry of [TcO,J - has attracted much attention. The reduc- 
tion of [ Tc04] - in chloride and sulphate media has been studied by polaro- 
graphy, CV and coulometry, and new potential-pH diagrams at 10e4 M and 
lo-’ M have been reported [l]. In the presence of pyrophosphate and various 
other d~phospho~a~ ligands (e.g. 1-hy~ox~eth~e-1,l~iphosphonic acid; 
see also Section 10.4), the reduction of [TcO,]- has been studied by normal- 
pulse poiarography as a function of pH. Below pH 6, [TcO,] - was reduced to 
Tc(III), which could be reoxidised to Tc(IV). At pH > 10, [TcO,J- was 
reduced in two steps (n.b. but see Section 10.2) to Tc(V) and Tc(IV), each of 
which could be reoxidised to Tc(VI1). For 6 < pH < 10, the results obtained 
depended upon the ligand present 121. In the presence of SnC12, the reduction 
of [TcO,] - has been studied by polarography and electronic absorption 
spectroscopy (at pH 7 in 1 M sodium phosphate solution). A mixed metal 
complex of Tc(III), Tc(IV) and Sn(I1) was observed polarographically, but 
fixed potential coulometry produced a Tc(II1) complex, which was rapidly 
oxidised by air to Tc(IV) 131. 

10.2 TECHNETIUM( VI) 

The transient species, [TcOJ *- has been detected and characterised for , 
the first time in aqueous solution. It WS produced by pulse radiolysis of 
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[TcOs]- in an aqueous alkaline medium, and characterisecl by fast-scan cyclic 
voltammetry. [Tc0,12- has a lifetime of the order of milliseconds and its 
electronic spectrum was reported [4]. 

10.3 TECHNETIUM(V) 

Reduction of an ethanolic solution of [NH,] [TcO,] and a dithiol HS-Y-SH 
(Y = CHzCHz, CH&HCI& or CH&H,CH,) with Naf BH,], followed by addi- 
tion of [AsPh,]CI, leads to the isolation of the orange salts [AsPhG] [TcO- 
(S-Y-S)l], which were chemically and spectroscopically characterised [ 53. 
The molecular structure of [AsPhe] [TcO(SCH,CH,S)~] reveals the anion to 
be square-pyramidal [ 61. 

Reaction of [TcO,]-/SnC& or [TcOCls]*- with calcium gluconate to give 
the same complex species in solution has been taken as evidence to indicate 
that the oxidation state of the Tc in the complex is (V) [7]. The gluconate 
complex will undergo ligand exchange reactions with rneeo or racemic 2,3-di- 
mercaptosuccinic acid, to give isomeric succinatotechnetate(V) complexes 
(81 and, when treated with sodium ~,2-dicy~oetbylenedithiolate (Na,[S- 
(CN)C= C( CN)S ] ) followed by addition of f EtaN] Br, gives the brown com- 
plex, [Et4N][TcO{S(CN)C=C(CN)S)2] [9]. 

10.4 TECHNETIUM(W) 

The molecular structure of [NHJ]2[TcC16] shows the expected octahedral 
environment for the metal {F(TcCl) = 0.2353 nm} [lo]. Thermolysis of 
[pyH],[TcCl,] gives initially [pyH] [TcCl,(py)], followed by [TcCl,(py)J 
[II]. EPR studies of Tc(IV) in solution in general, and [TcCl,J2- in particular, 
indicate that EPR will be a valuable tool for studying technetium chemistry 
[ 121. The electrochemicaf behaviour of [TcX612- (X = Cl, Br or NCS) has 
been ~ve5tigated by cyclic voltammetry [ 131. 

[PPh4] 2[TcX,] (X = Cl or Br) reacts with acacH to give [PPh,] [TcX,- 
(acac)], whereas reaction of [TcX,(PPh,),] with acacH gives [ TcX,(acac)J , 
[ TcBrs(acac) (PPh,),], or Tc(II1) complexes (q-v.), depending upon reaction * 
conditions [14]. 

l-Hydroxyethane-l,l-diphosphonic acid (hedpHe; see also Section 10.1) 
reacts with Kz [TeBr,] (or with [TcO,] -/SnCl,) according to pH, to give corn- 
plexes believed to be [Tc(OH)B(hedpHs)], [Tc(OH)B(hedpHz)]-, [TcO(OH)- 
(hedpWIZ-, ITczP%U=WW13’, ITc~W9d=W%)l, IW~~hO=dp)14- 
and [Tc(OH),(hedpI-I,,)2]<47”8+2y’+ [15]. 

10.5 TECHNE~~( ZII) 

Reaction of [Tc&(PPh&] (X = Cl or Br) with acacH gives [TcX,(acac)- 
(PPhs)2], [TcX(acac)2(PPh8)] or [Tc(acac)J , depending upon the reaction 
conditions [ 141. 
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10.6 TECHNETIUM(I) 

The thermodynamic properties of [TcX(CO)s] (X = Cl, Br or I) have been 
calculated [ 161. 

RHENIUM 

10.7 RHENIUM( VII) 

10.7. I Halides, oxohalides and nitridohalides 

ReF7 has been prepared, by the direct fluorination of ReF6 at 400°C 1171, 
and its force constants have been calculated [ 18 1. It has also been charac- 
terised by photoelectron spectroscopy [ 171. 

Reaction of K[ ReO,] and IFS gives Re03F, whereas direct fluorination of 
ReO, yields a mixture of ReO,F, and ReOFs [17]. The direct fluorination of 
ReO? or Re02F3, in the presence of AgF,, produces principally ReOFs [17]. 
The mean amplitudes of vibration and thermodynamic functions have been 
calculated for Re03F [19f and ReOF, [ZO]; their photoelectron spectra have 
also been reported [I?]. The reactions of ReO,, Re03, Re*O,, Kf ReO,] and 
[N&j [Re%l w-itb W-b1 l?Wl, KU-WI or HF, to yield various rhenium 
oxofluorides, have been studied [ 211. 

ReO$l reacts with AlCl, [22], NbC& [22], or SbCl, 1231 to give the 
adducts ReOsCl - Al&, ReOJCl - NbClj or ReO&l - SbCl,, respectively, 
which are all believed (from IR evidence) to contain Re=O + E (E = Al, Nb 
or Sb) linkages_ ReO&l will react with CC& at 2O”C, in the presence of GaCl,, 
to give COC12, and possibly ReO,CL [22]. ReCl, reacts with C&O, in the 
presence of POC&, to give Re03(02PC1,) - POCIT, which is postulated to have 
a dimeric structure (1) [ 241. 

Unstable red-yellow crystals of [ phenHJ [ ReO&12(H20)]Cl were prepared 
by prolonged reaction between [ ReO&l(phen)] and concentrated hydro- 
chloric acid in a dessicator over P205. The molecular structure of the complex 
reveals the oxo-groups in the anion to be facial, but the parameters {Y(Re=O) = 
0.173 nm, r(Re-OH,) = 0.233 nm, T(ReC1) = 0.248 run) are of low precision, 
due to disorder in the crystal f 251. 

ReNC14 has been prepared by the reaction of ReCls with NCls. Its struc- 
ture, (Z), is similar to that of WOC4, having chains of ReNGl4 units, linked by 
strongly alternated ReN-Re bonds {r(R@N) = 0.158 nm, r(Re-N) = 0.248 
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nm, T;(ReCl) = 0.227 nm) [ZS]. Upon heating at 17O”C, ReNCl, gives ReNC& 
and chlorine, whereas its reaction with POCls yields [ ReNCls * POCl& - 2 
POCls (and again Cl,). Reaction of ReNCb with [Ns] - or Cl- gives [ReNClJ - 
and Nz or Cl*, respectively [26]. 

IO. 7.2 Oxides, rherrates( VII) and aqueous chemistry 

Crystallographic data have been presented for a wide range of actinide, 
molybdenum and tungsten rhenates(VII), and many double salts thereof 
[ 273_ The thermal decomposition of Pb[ ReO,] 2 has been studied by mass 
spectrometry and ions corresponding to PbO, Rez07, Pb[Re0412 and 
Pb2Re209 were detected in the vapour above the solid [28]. The ternary 
oxides A3Re201 0 (A = Ba or Sr) were prepared by heating ACll - x Hz0 with 
rhenium metal, whereas A5Re2012 (A = Ca or Sr; see also Section 10.9.2) 
were prepared by heating AClz - x Hz0 with A[ ReO,]; the quatemary oxides 
CasBzRezOls (B = La, Pr, Nd or Sm) were also characterised [29]. The struc- 
ture of La&eOa has been determined [ 301. 

The reactions between [ReOJ - and H2E (E = S or Se) have been reported 
[ 311. Evidence for [ SO4 ] 2- forming 1 : 1 and 2 : I complexes with Re(VII) 
in l-10 M sulphuric acid solutions has been presented [32,33], and in neutral 
and acidic (H,SO,) solutions of [ReO,] -, interaction with thiocyanate occurs; 
for acid concentrations >l M, reduction to Re(IV) is observed 1341. 

10.8 RHENIUM( VI) 

10.8.1 Halides and oxohalides 

ReOF4 has been prepared by the reaction between ReFe and Re03 at 
300°C 1171 and by the reaction between ReFa and B203 1351. The photo- 
electron spectra of both ReF6 and ReOF4 have been reported 1173 and the 
mean amplitudes of vibration and thermodynamic functions of the latter 
havebeencalculated [20]. 

ReOF* .will react with either CC& or BCls to give ReOC14 [ 35]_ 
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10.8.2 Oxides and rhenates( VI) 

Fermi-surface pressure-derivative measurements upon Re03 at 2 K indicate 
that a novel second-order phase transition occurs, probably involving a tetra- 
gonal distortion of tke cubic lattice; the high pressure phase is much more 
compressible than the low pressure phase [36]. The “open orbits” in ReO, 
have been observed by the induced torque method at 1.4 K [37] and the 
coefficient of linear expansion of a single crystal of Re03 has been measured 
c331. 

The magnetic and strnctural properties of the perovskite-related oxides 
A,(BRe)O, (A = Ca, S r or Ba; B = Ca or Sr} have been re-examined; they 
show Curie-Weiss bekaviour, having magnetic moments -1.10 C(B and Weiss 
constants --150 K [ 391. The ternary oxides 13a3Re,0g and Sr,Re,Og have 
also been prepared and ckaracterised [ 403. 

10.9 RHENIUM(V) 

10.9.1 Fluorides 

A detailed preparation of ReF5 has been published 1411, and the molecular 
structure of [Re(CO),] [ F,Re(p-F)ReF,] (prepared by the reaction of [ ReFJ 
with [ Re2(CO),oJ in HF) has been determined [42] _ 

IO. 9.2 Oxides 

Tke thermal decomposition of CaSRez012 (see Section 10.7.2) in vacua 
yields single crystals of a perovskite-related phase, Ca3ReOs.s (p = 4.46 PB; 
8 = -819 K), which shows strong magnetic interactions between the Re5’ 
sites. This oxide might well be magnetically ordered at a temperature below 
that of the range studied (80-300 K) [ 391. 

The structure of the mixed oxidation state {Re(V/IV)) ternary oxide 
LasRe401s is of especial interest; it comprises isolated Re,OB (3) and Re2010 
(4) dimeric units, linked by La ions. The Re-Re separations are 0.2235 and 
0.2456 nm, respectively [43]. 

(3) (4) 

10.9.3 Camp fexes 

The first Schiff base complexes of rhenium have been prepared by reac- 
tion of [ReOCl,(PPh&] with LH2 (L = s&en, s&prop, s&phen or acaczen), 
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in the presence of Et3N and moist air, to give [Re203(L)* 1. Under anhydrous 
conditions [ ReOCl(L)] forms. In the absence of EtBN, the products [ ReOCl:,- 
(LH,)] (L = acac,en), [Re202C16(PPh3),(LH2)] (L = acaqen) and [Re202C14; 
(PPh&(L)] (L = sal,en) were isolated [ 441. 

The moIecular structure of the propauone benzoylhydra.zonido-compIex, 
[ ReO& { PhC( O)C= N-N= CMe&PPhp) J (5), has shown the hydmzine 

(5) 

moiety to be bonded in the enol form {r(Re=O) = 0.1685 nm, r(Re--i)) = 
0.2013 nm, r(ReN) = 0.2127 nm andS’(ReC1) = 0.2366 nm) 1451. 

10.9.4 Mixed-oxidation state complexes, Re(V/IVJ 

A detailed study of the resonance Ramau spectrum of CsJfRe,OCllo] has 
been reported. The longest progression reaches X4vl (alp) {v,(ReORe) = 
228.2 cm-‘) and the band excitation profile maximises at ca. 19900 cm-‘. 
In total, six progressions were observed at room temperature, and eight at 80 
K, thus yielding a wealth of spectroscopic data [ 461. 

10.10 RHENWM(IV) 

10,lO.l Hexahalorhenates(lV) and related complexes 

f(C,,H&NH] F has been used as a phase transfer reagent with [Rex,]*- 
(X = Cl, Br or I) to form mixed halide‘complexes of the type [ReF,&-,I*” 
under mild conditions 1471. Reaction of methyl isocyanide with [NBq]p 
[ RezCls] in ethanol causes oxidation to green [ NBud] [ ReCl&NMe)] , which 
has been character&d by X-ray crystallography [ 481. 

Salts of the hexachlororhenate(IV) anion have been the subject of a num-, 
ber of varied studies. Ammonium ion tunnelling has been observed in pow- 
dered [ NH41 2[ ReCl,J [ 491 and the structure of this salt has been determined 
by neutron diffraction [ 501. Variable temperature (1.5-300 K) magnetic 
susceptibility measurements have been made upon the series of compounds 
IM%-x NH, ],[ReCl,] (x = 0, 1, 2 or 3). The methylammonium and dimethyl- 
ammonium salts show Neel temperatures at 3.8 and 9.8 K, respectively. Thi? 
salts of the larger cations show no TN, the [Me,N]+ salt being an ideal para- 
magnet (8 = 0 K) [51]. The reduction of [ReC&]*- has been studied polaro- 
graphically [ 521, and the X-ray L m absorption-edge structure of Re in Cs2- 
[ReClJ gives an estimate of the Re-Cl bond length as 0.240 nm (cf. 0.232 
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nm by X-ray crystallography) [ 531. Mass spectral studies of KJReClJ 
vapour have been reported [ 541 and homogeneous mixed crystals of K2- 
[ReC!lJ and K,[ReBr,] can,be grown at any composition ]55]. 

Some insight has been gained into the electronic structure of the [ ReXc, J*- 
species. Near IR Iuminescence studies upon [ReBr,]*- have detected the 
previously unobserved emission bands I’,(2Z’,,) + I’&*T&, I’,(*&), Fs(*Trp) 
and I’s(ZTIB) --F l?8(4Azg) f 561, and the intensity distributions in the vibronic 
side bands of the I’,(*T,,) + f8(4A2p) transition in the emission spectra of 
f ReCl,] ‘- and f ReBrJ *- have been observed f57] and calculated [58]. The 
electronic Raman spectrum of [Et,N],[ReI,] has been observed at 80 K: the 
totally symmetric alp vibrational mode is coupled to the I’8(4A2g) --, J?8(*Tlg) 
electronic absorption [ 591. 

CV data for [ NBu,] *[ Re(NCS)J have been reported [60]. 

10.10.2 Oxides 

-4 series of distorted perovskites, CaIr,Re1_,03 (x = 0.25,0.33,0,66 or 
0.75) has been prepared and characterised [61]. 

]ReCl,(PPh,),] reacts with LH2 (L = salzen, sal,prop, sal,phen or acaczen), 
in the presence of EtsN, to give the novel Schiff base complexes [Re&(L)]. 
In the absence of EtsN, the products [ReCl,(LH,)] (L = sal,en or &prop) 
were isolated [44]. R&l, reacts with acetoxime, Me,C=NOH, to give [ReCl,- 
{MeC(O)NI-IMe}] 1621. 

10.11 RHENIUM(II1) 

10.1 I_ 1 Hulides and halide complexes 

SCF-Xa-SW calculations (without relativistic corrections) upon Re&l, and 
[ Re&ll *] 3- have been reported, and have been used to rationalise the low 
energy regions ‘of their electronic spectra { 631. Ethanolic solutions of ResCl, 
react with L (L = 3-methyl-1-phenylphosphole or 3,4dimethyl-l-phenyl- 
phosphole) to give the expected products, [ Re3C19LJ] [ 641. 

The crystal structure of [NH,],[ Re,Cl,] * 2 Hz0 has been determined 
(r(Re-Re) = 0.2234 nm) [65], and the room temperature emission spectra 
of ]Re2Cl,]*- in CH&N and CHzC12 have been reported [66]. 

[Bu4N],~Re218] (see also [67]) has been prepared by the reaction between 
[Bu4N]JReZXs] (X = Cl or Br) and HI in CH&l,; it is hydrolytically unstable, 
but stable m organic solvents and in the solid state. It has been characterised 
by UV, IR and Raman spectroscopy f68j. CV data have been reported for 
I NBuG] dRedNC%l WI - ‘IX e complex [ Bu4N] 3[ Re,(NCS),,] {originally 
believed to be [ Bu4N] 3[ Re2(NCS)s(C0)2] ) has been characterised crystallo- 

..-.._-.. iL . . .._ 

i 
: : =: _. r. I’. _I. .I :_. :- -.I -. 



207 

graphically, and shown to contain the anion (6), which contains a novel 

(6) 

bridging mode for NCS. This Re-Re bonded species (r(Re-Re) = 0.2613 
nm) is a paramagnetic, mixed-valence complex [69]. 

10.11.2 CaFboxyhtt?s and related systems 

In the wake of the current interest in M2(02CR)4 CM = Cr or MO], the 
quadrupfy-bonded Re,(O,CR),X, systems, and many of their derivatives, 
have been the subject of extensive study. The molecular structures (7) of 
[ Re2(0,CCMe&X,] (X = Cl or Br) reveal the anticipated geometry, with a 
linear X-Re-Re-X skeleton, and the electronic spectra of these systems 
have been briefly discussed [70]. Thermal decomposition of [Rez(02CCMe&- 
Clz] at 220°C yields the complexes [Re,(0&CMe3)&I,] (8) and [ Re,- 
(02CCMe5)&13] (9), which were purified by fractional sublimation. Both (8) 
and (9) contain chains of dimerid units, linked by halogen bridges 1711; (8) 

(7) (8) (9) 

has a transoid structure (i.e. the O&R groups are above and below the plane 
of the Re2C14 unit) [71], whereas [Rez(OzCR)J&] (R = H or Me) are known 
to have cisoid structures 1’72,731. Cis-&Fans isomerisation of mixed chloro- 
carboxylate dimers of dirhenium has now been reported 1743 and the molec- 
ular strticture of [ Re~(O~CMe~~Cl~(drnso)~] (10) has been determined [75]. 

The reaction of [ NBu,] 2[ Re&ls] with 2-hydroxypyridine (py-2-OH) gives 
ERdw-2-%~21 (111, which has a shorter Re-Re bond than the analogous 
carboxylate complexes (see Table 1) (76]_ On each Re atom, the N-atoms are 
mutually cis, as opposed to the more commonly occurring tram arrangement. 



WI (1:; 
[ RezMe,(OzCMe)s] (12) has been prepared by the reaction between Liz- 

[ Re,Mes] - 2 Et20 and ethanoic acid [ 771; its structure (12) shows an unusual 
mode of coordination for two of the ethanoates, in that they are chelating 
rather than bridging 1781 and the Re-Re bond is significantly shorter than 
in, say, (7) (see Table 1). The complexes [Re2R4(0,CMe),] (R = CH,SiMe,, 

CH,CMes, CH,CMe,Ph or CH*Ph) were then prepared by reaction of (12) 
with R,Mg. Reaction of (12) with Cl, gives a pofymeric product [ {ReMe- 
(O,CMe)Cl),] and with MeOH gives another polymeric species [ {ReMe- 
(O#ZMe) (OMe)),] [ 771; the former product may be recrystallised from dmso 
to give [ Re,Me,(O&Me)&l,(dmso)] (13) [ 771, whose structure has been 
determined 1781. It seems likely that both polymeric species thus consist of 
CRe,MeAO&Me)A units linked by Cl or OMe bridges, respectively. 

Re3Me9 and [ Re3C13(CH2SiMe&] react with weak protonic acids (e.g. 
carboxylic acids, P-diketonates and diphenyltriazene) to give complete or 
partial loss of terminal alkyl groups as CH4 or SiMe,, respectively. The rhe- 
nium complexes thus formed retain the triarzgulo-Re3 skeleton and may be 

TABLE 1 

Structural parameters 

Compound r( ReRe) (nm) 

(7; x = Cl) 0.2236 
(7; X= Br) 0.2234 

(8) 0.2209 (9) 0.2229 
GO) 0.2237 
(11) 0.2206 
(12) e 0.2177 
(13) f 0.2184 

a For terminal halide. 
b For bridging halide. 
=x=ci_ 
d X = Br. 
e r(ReMe) = 0.2099 nm. 
fqReMe) = 0.2127 pm. 

r( Rex) (nm) a r( ReCl)(nm) b Ref. 

0.2477 = 70 
0.2603 d 70 

0.223, 0.234 = 0.290 0.228 c 0.263, 0.268 ;: 
75 

0.2545 c 76 
78 

0.2360, 0.2432 = 78 
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(13) 

either monomeric with respect to this unit {e.g. [Re3Ci3(0,CPh)6], [Re3CL.,- 
(CH2SiMe3)3(0,CPh)3], [ Re,M+(dik),] or [ Re3C13(CH,SiMe3)3(PhN3Ph)3] ? 
or dimeric, with two Re3 units linked by carboxylate bridges to give an Ret, 
species {e.g. [ Re6(l.r-C1)~(CH2SiMe&@-02CMe)6] (14) or [ Re&-Me)&e,- 
(p-02CMe),] ] [ 793. In the structure of (14) as illustrated, the coordination 

(14) 

sphere of the atoms marked * has been left incomplete for the sake of clarity; 
the two parallel Re, planes may be eclipsed or staggered. 

IO. 11.3 Pentane-2,4-dionato- complexes 

Reduction of cis- or trans-[Re(acac)&l,] with metallic sodium or potassi- 
um, or Tl(acac), gives green, air-sensitive M [ Re(acac)&lz] (M = Na, K or Tl). 
K[Re(acac),BrJ was prepared in an analogous manner. The anion has the 
same configuration, irrespective of the geometry of the starting material 1801. 
The molecular structure of [ AsPhJ f R e ( acac)&l,] (prepared by metathesis 
from the K’ salt) shows the configuration of the anion to be tram {F(ReCl) = 
0.240 nm, F(Re0) = 0.201 nm) [Sl]. Reduction of fRe(acac)&l,] with pow- 
dered zinc in acacH is a convenient preparation for [ Re(acac)3] [SO]. 

IO. 11.4 &&hides 

The reaction of Re, K[Re04] or ReS, with an excess of A&O3 (A = Na or 
K) and sulphur at 750°C gives red crystals of a compound, &Re&, (15). 
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The structure (15) consists of Red octahedra located in cubes of sulphide 

(15) 

ions, which thus cap the faces of the octahedra. The four equatorial Re atoms 
are linked by a terminal sulphur atom to adjacent Reb octahedra, whilst the 
two axial Re atoms are similarly linked via an (S,)2- bridge. The red insulating 
crystals turn to black semiconducting crystals upon standing in air. The iden- 
tity of the black form remains to be established [ 821. 

10.11.5 Amine and phosphine complexes 

Seven-coordinate Re(III) complexes, [ReXa(C (X = Cl or Br, LL = 
bipy; X = Br, LL = 2,9-Me,phen), have been prepared by oxidation of fac- 
[ ReX(C0)3(LL)] with Xz and the molecular structure of [ ReBr,(CO),(bipy)] 
(16) shows the Re to. be in a capped-octahedral environment [83]. The struc- 
ture of ~Re(‘~-Ph)~(PEt2Ph)~] (17) reveals a trigonal bipyramidal structure, 

(16) 
(17) 

with a near-planar array of equatorial phenyl groups, and a relatively short 
{F(ReC) = 6.2627 nm) Re-C bond indicates the presence of significant 
d,-p,, back-bonding [ 841. 

The molecular structure of tRe(NCS),(dppe) (PEt2Ph) J reveals it to have a 
meridional configuration, with Re-NCS being an isothiocyanato-linkage 1601. 
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[ CRe(C%[WO)C~e~13~1 (X = S or Se) [96]. Treatment of Na[Re(CO)S] 
with MeNCS, followed by MeI, gives a mixture of cis-[Re(CO)J(CNMe)]. 
[ Re(CO)&,CNHMe) ] and fat-[ Re(CO)J(S,CNHMe) (CNMe)] [97]. 

Reaction of [ ReCI(CO)S] with Na[ (cp)Mn(CO)2(PMe2S)] yields the 
dimeric complex [ (CO),Re { (cp)Mn(CO),(PMe,S)},Re(CO),] (23) [ 981. 

(23) 

f {(CO),Re(SeX))2] (X = H or SnMeB) reacts with PMe3 to give [ {(Me,P)- 
(COMWSeW3 1 2 and [(MesP)2(CO)3Re(SeX) ] ; treatment of the SnMe3 detira- 
tive with HCl converts it to the H derivative. The structure of [ {(Mea),- 
(C0)3Re)(r_c-Se){Re(C0)3(PMe3),)], a by-product of the above preparation, 
has been determined by X-ray crystallography [ 991. 

10.12.3 Complexes with Group VI3 iigands 

The reaction between [Re,(CO)I,] and l,S-dihydrodibenzo[b, if [1,4,8,1:1]- 
tetraszaannulene (taaI&; 24) gives the unusual binuclear complex [ (C0)3Re- 
W=)Re(CO)3] (2% in which each Re atom is bonded to three N atoms, 

(24) (251 

two of which bridge the metal atoms {r(ReRe) = 0.3345 nm) [loo]. 
C4Ph4ECI (E = P, As or Sb) reacts with [Re(CO),]- to give the Re-E 

c-bonded complexes, [ Re(CO),(EC,Ph4)]. Upon heating, the phosphole and 
arsole derivatives lose CO to form dimeric species, [(CO),Re(fi-EC&Ph&Rei 
(CO),] (E = P or As). [Re(CO),(EC,Ph4)] (E = P, As or Sb) react with Cl2 01 
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plexes allow evaluation of the rate constant, k’, associated with the excited 
state homolytic fission of the Re-Ge or Re-Sn bond: 

i.e. [E-Re]’ % E- + Rem 

This process competes with radiative decay of the undissociated complex 
[llO]. 

1612.6 Complexes with Group IIIB tigands 

The reaction between InX (X = Cl, Br or I) and [ Re,(CO)J at 150-160°C 
gives [ {(CO)sRe)zIn(~-X)~In{Re(CO)5}2]; the molecular structure of all three 
products has been determined [ 1111. 

10.13 RHENIUM(O) 

Reduction of the rhenium(I)-phosphinic acid complexes, [ReBr(CO)a- 
(PR20H)] (R = Me or Ph), with Na/Hg in ether gives the dimeric rhenium(O) 
complexes, Na2[ ~R*(O)P~CO)~Re-Rep {P(O)R,) 1. Further reaction of 
these dimers with NafHg in the presence of dimethylsujphate and thf gives 
[MeRe(CO),{P(DMe)R,)] [112]. 

10.14 RHENIUM CARBONYL CLUSTERS 

Chemisorption of CO on the Re(OOO1) surface results in a non-uniform 
attenuation of the strongly angular dependent photoemission from the Re 5d 
bands of the pure metal [113]. 

The Raman spectrum of [Rq(CO),,] has been the subject of a deta.iIed 
investigation [ 1141. 

UV irradiation of [ (@-H)aRe3(CO)1 *f in somtion leads to the quantitative 
formation of [(p-H),Re,(CO),] ; photolysis in the presence of CO gives 
[HRe(C0)5] and [(~-H)ZRez(CO)s], the latter thermahy reacting with CO to 
give CHRe(CO),] and [Rez(CO)J [115]. Reaction of fNEt4]J&Re4- 
(CO), J with ethanolic iodine gave [NE&+] [H4Re4(CO)1 $1 (2’7), implying elec- 
trophihc attack of I* on the cluster. The structure of this complex (27) has 

fNEt,> 

(27) 
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been determined by X-ray crystallography, but the hydrides were not 
located [ 1161. 

The molecular structure of [ Re&!O), 2 ffl,-InRe(CO),},] confirms that each 
{IoR~(CO)~J group caps a face of the central Re, tetrahedron {F(ReRe) = 
0.3616 nm], each Re of which is bonded to three terminal carbonyls fllT]- 

The reaction of either [Rez(CO)lo] or [ReCl(CO)S] with water at 200*C 
gives a compound trek].+ A pseudocubane structure without Re- 
Re bonds has been proposed, containing triply-bridging hydruxyl groups. Tbe 
OH groups are acidic, reacting with RCHNZ (R = H or CH,) to give CRe(CO)3- 
(OCH2R)]+ with D20 in ether to give [Re(CO),(OD)(OE~)J4, and with lithi- 
um to give [Re(CO)&-Li’]+ [Re(C0)3(OH)]4 also forms adducts with Lewis 
bases, L, to give fRe(C0)3(0H)L14 (where L = thf, OPPhs or Br-) [118J. 

The unusual complexes [(CO),Re-CM(L4))-~elCO)J] CM = Sn, Zn, Mg or 
Co; L4 = phthalocyanine or tetraphenylporphyrlnj [119] and [(C0)3ReC- 
CSn(TPP))CRe(CO)J J {TPP = tetraphenylporphyrinj [120] have been pre- 
pared, the latter having been structurally characterised by X-ray crystallo- 
graphy- 

10.15 THIONITROSYL AND NITROSYL COMPLEXES 

The first detailed account of thionitrosyl compIexes has finally appeared. 
[ReX,N(PR&J (X = Cl or Br; R3 = Me,Ph, Et,Ph or MePh,) and [ReC&N- 
(PR’&J (R; = Phs or FrPhz) react with half an equivalent of S&l, to give 
[ReCl(X) (NS) (PR&] and IReC&(NS) (PR’&], respectively; with excess &Cl2 
(X = CI), [ReCl,(NS) (PR&] is formed. Similarly, the reaction of [ ReClN- 
(dppe)z]Cl with S&l2 yields [ ReCl(NS) (dppe)z J’* The reaction of [ ReCl,(NS)- 
(PMe,Ph),] with [S&NMe,] - or ISCN’J gave [ReCl(S&?NMe2)(NS)(PMe2Ph)2J 
or [ ReCl(SCN) (NS) (PMe,Ph),], respectively, whereas a similar reaction of 
[ReCl(NS) (dppejz]Cl with fSzCNEtz]- gave only f ReClfNS) (dppe),] f S&NE&J 
fl21]_ 

XPES data for Az[Re(NO)X5], A[Re(NO)&(L)], lRe(NO)(PPh,),X,] and 
[Re(NO~~dppe~~i]~ {A = E&N; X = Cl, Br or I; L = py or 4-Me-py) have been 
presented ]122]. The base hydrolysis of [Re(NO)Cl,J has been studied [1233, 

10.16 CYANIDES 

The complefze coordination chemistry of unsubstituted cyanorhenates has 
been re-investigated, in an excellent study by GrifWh et al, 11241. Only ihe 
existence of salts of {Re(CN)6]5- and [Re(CN),14- has been confirmed, despite 
a f~~tic~ly large range of species which had previously been described in the 
literature. Space limitations forbid the full description which this work deserves, 
but the reader is urged to read this elegant exampIe of fundamental research. 
Other complexes isolated in this study include salts of ERe.&CN)i z(~&)4 J4-, 
[Re4(CN),2(ELJ-Se)4J41r l?hW~)~(~~-S)~14- ad t3WCNMNO)13- i1243, 
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