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INTRODUCTTCN

The periad of this review coincides with the coverage of volumes 94 and 95
of Chemical Abstracts, so although the majority of the papers reviewed were
published in 1981 same from 1980 are also included. The major jowrnals are
covered until the end of 1981. The review covers the coordinatian chemistry of
rhenium &lthough nco attempt has been made to include work of a purely corganametallic
or catalytic nature.
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& review has been published this year containing one hundred and fifty-two
references ¢n the fluorides, oxolluorides, fluoro and oxoflucro complexes of
rhenium [1].

7.1 RMENTIM(VIT)

The reduction of [ 17 in mildly acidic solution is made casier by the
addition of axalate ar citrate ions through the formation of 1.1 complexes which
cxpand the rhenium coordinetion aphere to six [2]. The optimm coordingtions
for the extrasction of Re(VII), as [Re0,]”, from sulphuric acid solutions by
petruleum sulphoxides in benzene have been established [31.

Xp1S and thermogravimetric analysis were uscd to study [MH, J[ReD, ] (with
up to 14% w/w of rhenium) supported cn TiO:. With low rhenium conlent, the
rhepium ig ztamically dispersed ss a perrherate-like surface compound which
forms the dispemed metal on heating to 500 % in dihydrogen. With medium
rhenium concentrations, as well as the perrhenate surface campourd, emall
crystallites of [MH,1[ReO,] are present which form BeO, {which is incorporeted
into the host) on reduction. With large rhenivm concentrations, lamre cryslallites
of [FH, ][Re0,] are fomed which reduce in the munmer expecied of the compound {4].

The polarised IR spectra of K[ReQ,] single crystals were investigated in
the rangos 600 — 900 e ¥ and 170 — 625 K. The tamperature dependence of the
damping constant of the high freguency phonos is mainly explzined by the anharmonic
mechanism of double quentum phonon gcattering of high frequency phonons involving
those of low frequency [(51.

Single crystels of KC1, KBr, KI and FblI doped with up to 0.1% [ReX, 1™ have
been grown and studied by IR and Raman speclroscopy. The spoctra were interproted
a5 showing, contrary to an earlier paper [6], thal the {Re0,] icn isolated in
sodium c¢hicoride structured alkali halides retains full Tcl symetry [71. However,
when isolated in alkalil halides with the caesium chloride structure, the [Be0, 1
ion ia famd to lose its Td symoetry [8]. It has previously been dbscrvod that
wilh smll T‘:l ions it is camon thal if they retain their full symmetry with
rewpect Lo one type of supborting alkali halide laltice, then they fail to retain
it when isclated in the other [o.g. 91.

Bo;NaReO; has been prepared hydrothermally at 350 °C and 1500 bars frum
BalReO, 1o and BalCHT: 1n agueals 15 M NeCH and the crystallographic parameters
of the cubic crystal faund [10]. The crystal structure of the campound with
the emporicel formule BasRe0; 7 wes found to be slmilar to thosce of
Bas[Be(s] X (X = F, C1, Br or I) and refinements indicated that the formla
should be written as Ba, (ReDy);0:: the presence of the [0;] anion was confimmed
by Bamon spoetroscopy [11].  Monoclinic YsReQs, 5 phase, was synthesised at
40 X bar and 800 %C. The cryatal structure can be visualiged as a fluarite
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superstructure, the large difference between the radii of the Re’’ and Y** being
favourable to cation ordering. Heating at 500 °C and atmospheric pressure leads
to the disordered fluorite structure of the o phase [12]. The phases

BisRe(Os and Bi{Re(, ); bave been prepared by X-ray emission in an analytical
electron micrasecpe. It was found that the Bi-Re-O system has several festures
in comnon with the rare earth-Re—oxide systems [131].

7.2 RHENTIM(VI)
7.2.1 Halides and ozchalides

Redox reactions of [ReF: ] with a selected series of reductants have been
studied and compared with [OsFe] and [IrFg;]. It was shown that oxidant strength
increases progressivly fram RBeFe to IrFe. ReFs; is not a strong enough oxidant
to cidise AsF;, SF, or SeF,, but was found to axidise PF; to PF:; itself being
reduced to rhenium(V} {141.

The photoelectron spectrum of ReFg was studied and compared with other,
closed shell spectra. The experimental ionisation potentials were campared
with those calculated by Ellis and Rosen for the series [MF,] (M = W, Re, Os, Ir
or Pt) [15]). The published optical, electranic and p.e. spectra of MaF,, WF,
and ReF, were reanalysed, with the aid of recent maerical caleulations, to
determine the electron orbital symmetry orderings of MoF, and WF; and these then
used to analyse the partial spectrum of ReF,, The eg + tzg transition was
estimated at 5.5 eV [16]1.

Analysis of the photoelectron spectrum of {ReQF,] led to the conclusion
that the renresentation of the Re-0 bond as beine a doxide band is not consistent
with the measured orbital energies [17). High purity {Re(F.] has been prepared
in quantative yield by the reduction of [ReCFs) in anhydrous HF in the presence
of silicen, The structure of gaseous [ReQF,] was determined by electron
diffraticon and it was faund that the increase in number of 5d electrons compared
with [WOF, ], does not affect the C,, symmetry of the molecule [18]. Blue
ReQF, .3bFs was prepared by the dissolution of ReOF, in a twelve fold excess of
SbFs. Single crystal studies showed the complex to eonsist of dimers of the
adduct linked thraegh flucrine bridpes into distorted elght-membered rings (7).
The ionicity value foar the complex is low, showing that considerable ionic
cantribution is nof necessary for a stable adduct [19],

The optimum caonditions for the existence of rhenium(VI) complexes in HC1-H P04
soluticns were determined and the equilibrium constant for the reaction:

{ReOCL; ] + HyP,0; ===[Re0CL,{H;P,0,)] + K
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was faund to be ca, 6 x 1072 1 mol ! (20].
7.2.2 Ceides

A self-consistent Madelung potential (SCMP), calculated fram the exterior
ionic charge, which is consistent with the charge on the inner cluster ion, was
cambined with the DV-Xx cluster method for partial ionic solids end applied to
the {ReQ;}°” cluster in ReO; crystals. Agreement of the valence electranic
structiire and ¥PES with APW band calculations is improved by using the SOMP,
instead of the MP, with fomal ionic charge 121]. The surface electronic
structure of ReQ: has alsc been studied by the IN-Xa 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 XPES measurements on
ReQ; showed cxygen 2p derived non-bonding levels and Re 5d- 02p bonding levels,
confirming covalency effects in ReO;. An SCF-Xa-SW calculation on a {ReO}®”
cluster has also been presented and compared with experiment [23]1. XPES was used
to observe the Re 4f electrons during the reducticn of ReQ; and the oxidation
of rhenium metal. On the basis of S(F-Xn calculations for double Dh models for
different rheniun axides, the formation of multiple ¥-M bonds in clusters of
edge sharing octahedra and the presence of an apparent +5 oaxidation state in
Rel; were inferred [24].

The ReQ; Fermi surface above the pressure induced "campressibility collapse'
transition was derived from simple cubic band structure by assuming Th5 {Im3)
symmetyy for the distorted phase. A new set of closely spaced de Haas-van Alphen
frequencies were cbserved vwhich were thought consistent with this model [257.
These measurements were combined with NMMR results to detemmine the temperature-
pressure phase diagram delineating the "campressibility collapse" transition
between 1 and 300 K. There is a change in the amplitude of the MMR signal of
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the '®*7’Re nucieus due to the onset of a first order quadrupolar effect [261.
7.2.3 Complexes with nitrogen donor ligends

The crystal structure and IR spectrum of [AsPh,][ReRCl,], prepared by the
addition of [ReNC1,] to {AsPh, ]JC1 in PCCl;, both show the nearly ideal Cn,
symmetry of the [ReMC1,]” iom. The Re=N bond length -{1.189{i0} 3} is shorter
than that in [ReN(N(S)s1~ and the ReCl distance (2.322(2) &) is one of the first
to be reported for a rhenium{VI) complex [27].

ReNCl; reacted with bipy to give [ReNCl,{bipy)] whereas the analagous reaction
with pyridine gave [ReNCl;{py);]. The reaction of [AsPh, J[ReNC],] with pyridine
gave [AsPh, ][ReNCL.{py)l. [ReNCl3;{PPhs;}.], formed by the reactian of ReNCl; with
PPh; will react with [AsPh, IC1 %o give [AsPh, 1[ReNCl, (PPh.):] which can alsc be
obtained from the reaction of [AsPh, }[ReNC1,] and PPh; [28]. Reaction of
{AsPhy, IC1 with the POCl; solvates (C1,PO)C1,Re=N-R (R = CCl; or C;Cls) yields the
corresponding chloride salt, viz, [AsPh, JIC1sRe=N-R]. The at system causes a
Jahn-Teller stabilisatian of the Re=N triple bond which can be cbserved in the
IR spectrum [298],

7.3 FHENIUM(V)

7.8.1 Halides, pseudohalidee and oxochalides

The optimum conditions for the preparation of graphite intercalation compounds,
maximising the amount of intercalated chloride, were found to correspond to
Cy2ReCl; 5. The structure is cansidered to consist of two {ReClg ) octahedra
sharing an edge to give an {RepClyp} unit. These bi-octahedra are then linked
by a shared chlorine atam to form infinite chains of {Re,Clg} units ordered with
respect to the adjacent carbon layers in such a way that a layer sequence of the
type C-Cl-Re-Cl-Re-C1-C results [30].

The ReCls/MeN system was studied over a wide range of camosition and
temperature. The red and green forms observed have the same camxsition ({.e.
ReCl;. Me(N) but different molar absorptivities. Comversion of the red
eis-[ReCl,(Me¥);]C1 to the greem trans-isgper {which is favoured at low
temperatures) is thought to occur vie the square pyramidal complex, [ReCl,{MeN}IC1
[31].

The reaction of HyReOCls with thiourea in agquecus HC1 gave

[ReD(tu) IC1y. [tuH)C1. [Re;0Q,XC1s (Q = l-phenylthiosemdcarbazide) was prepared
by the reaction of KiReO,] with Q in hydrochloric acid solution [32]. The optimm
region for the existence of rhenium(V) complexes in HC1-H.P,0; solution
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was determined. The dimerisation constant for [Rep(Cly4]° was determined as
130 1 mo1~! [20].

The elecironic energy levels of [Eke203(@l)3}”_ were calculated using the
=elf consistent and charge confipuration molecular orbital method [33].

The IR spectra of a single crystal of Kz{Re(»({¥),] were recorded using
polarised radiation. The dichroic behavicur of the bonds was discussed on the
basis of molecular geametry and the orientated molecular mode. Experimentaily
cbtained dichroic ratios were used to dbtain a full set of vibrational
frequencies which were cambined with Raman data to assign the fundamental lattice
and internal vibrations [34].

{AsPh, ]> [ReO(NCS)s ] has been prepared by three different methods: firstly
from Na{BeO,] and [N, ]{SCN] in acidic solution, with SnCl; as the reducing agent,
secondly fram {AsPh, J[ReOBr, ((H,CN)] and [MH, JISCN] and thirdly fram K;[ReOCis1,
suspended in (B3N, and [}, }J{S(N]. Precipitation in all cases was effected with
[AsPa, IC1.  [ReO(NCS)4 1% reacted with 5nClz and [NCS1™ to give [Re(NCS)e1%™
in splution, but the solid cculd not be isolated [391.

7.3.2 Oxtides

A review has been published, of the electronic structure and symmetry of
rhenium{V) cxo campounds containing [He0]3+ and [ReOz ]+ groups on the basis
of IR, UV- visible and X-ray spectruscopic data [351.

The mixed axidatian state phases, BisBRey(y, and BiRe,O¢ {Re(V)/Re(IV)} have
been prepared by X-ray emission in an analytical electron microscope; their cubic
Space groups were detemmined [13].

Pogitive Knight shifts of approximetely 500 ppm were observed in the proton
MR spectrum of HoygReO; at low temperatures. Band structure calcoulations an
perovskite HReQ ; show that the hydride derived 1s leyer is partially populated.
These data were interpreted as supgesting that the hydrogen is not campletely
protic in H Re0; {36].

7.3.3 Sulphides and complexes with sulphur donor ligands

The polymeric canplexes BeSCli; and ReS,(C1; were formmed by the reaction of
ReClg with S,C1, at 140 °C and 300 °C, respectively. In BeS,Cl; the Re atoms
are bridged by S5 moieties. Heating ReS,Cl; to 250 °C causes decamposition to
Re,S3Cl,, S,Cl, and Cl, [37].

The structure of CglReO{dtox);1 (2) (dtox = 1,2 dithicoxalate) hes been
determined from X-ray data. The rhenium is five-coordinate and 0.752 % above the
baszl plane formed by the four sulphur atans [38].
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7.3.4. Complexes with Group VB donor ligands.

By reaction of [ReCLli{NR){PPh;};] {(3; R = 4-CyHiMe) or (4; R = 4-CH,OMe)}
with Zn0 in CHMeEOH, the arylimido camplexes [ReCl H(NR)(PPh;};1, (5) or {§}, were
obtained, respectively. (5) can also be obtained by using NaiOOMe,) instead of

R
|
PhyP ﬁ
3
\Re/
o |
H

Cl

PPh,

(5; R
£; R

4-CeH,Me
4-CgH. Che )

Zn0. Treating (3) with ZnD in EtCH gives [ReCIH(OEL){NR)(PPh;Jj.] (7; R = 4-CgHyMe),
via the intermediate formation of {5). When the reaction was carried ocut in
C,Ds0D the product was [ReClINOC:Ds ){NR){FPh;);}. The reaction of (7) with HCl
or KC1 gave (5). The reaction of (§) with Cl, gave (3} {40.411].
[ReN(Szamz)g(Plﬂazm)n} {R =Me or Et; n = 0 or 1}, prepared by treating
[ReC1:N(PMe,Ph ), ] with the appropriate dialkylthiocarbamate, reacts with R'X
(R' = PhO0, PhSO,, 2,4(N0;).CeHs ar 2,4-(NO,;),CeHsS, X = C1; R’ = Me, X = 1),
[R';01[BF. 1 (R* = Me ar Et) or [PhC)[BF,} to give the imido camplexes
{Re(MR? ){S.(NR; )Z(P“?zph)nj [421.
The reactions of trans — [ReCX;{PPh;):] with IH{L = 2-HOC;H.(H:NR, R = Me
or Fh}, (LH);en (R = H) and [8-0—quin]” are reported to give cis and trans-
[Ra(D,{1.){PPhs)], [Re0,Xu(lren){PPh;},] and [Re0X,(8-O-quin){PPh,)}]; other products
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were [ReOX(L},1 and [ReCX(8-0-quin),], (X = C1 or Br) [43,44].

Two published papers have investigated the 338 mn irradiation of {BeHsLs]
(L = PMe,Ph, PMePh, or FPh;) [45,46]. Both groups of workers have cbtained the
same results, as shown later. However where as one emphasises the mechanistic
results [43], the other emphasises the new campounds produced [46). It wes
found that this irradiation leads to efficient loss of phosphine in the primary
photochemical reaction, Under a dihydrogen atmosphere the pentabydrides
oxidatively add H; to give [ReH,L;] canplexes [45,481.

7.4 RHENIWM (IV)

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

and magnetism of rhenium{IV) complexes [47].

7.4.1 Halides and oxohalides

Five electronic iransitions have been cbserved, by absorpticn spectroscopy
at liquid helijum temperatures, far the [ReF¢1?” ion in a single Cs;[ReF;] crystal
ard also in a Cs,[GeFg 1 host lattice. The chserved transitioms can be assigred,
with a crystal field model, to give B, C, Dg and A__ values for [ReFg]” . Raman
and luminescence results were reported and a detailed phonon structure assigned
148].

The enthalpies of solution of [ReFg 1*7 salts, obtained by direct calorimetric
measurements, have been reparted. The enthanlpy of hydrolysis of K:[ReFg¢] in
chlorine water was measured and an estimate of —2558 kJ mol~ ' made for the
&Hf of Kz:[ReFe] using ancilliary thermochemical data. The ion hydration enthalpy
of [ReFs1*” has been estimated at -960 kJ mpl ' by the direct minimisation method
[48].

The near IR intraconfigurational t;g ahsorption and MCD spectra of Re(IV)
in Cs,{ZrBrg ] and Cs,{ZrClg ] at liquid helium temperatures have been measured and
ascigned. The resulting energy levels are discussed in temms of a ligand field
model {50]. By the use of the [NHDI® probe ion, the IR spectra of [NH,1,[ReCle}
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 umder
hydrostatic conditions for Az[ReCls] (4 = Cs, Bb or K). The effect is discussed
and the shift of ¥, with temperature for K:{ReCl;] mnalysed into explicit and
implicit anhammonhic contributions [52]. New room temperature measurements of
the chlorine spin-lattice and spib-spin relaxation times in K:[ReCls] give
hyperfine parameters parzllel ard perpendicular to the Be-Cl band which are in
acceptable agresment with more 2ccurate spectroscopic values cbtained from NMR
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measurements [531.

Low temperature magnetic investipations have shown [C.HgNH;1:([ReBrgl to be
paramagnetic with a transition temperature of 9.7 K. The superexchange interacticns
amang the parammgmetic Re'" centres are thought to proceed vig the bromde ions
{54].

The aquapentachlororhenate{IV) ian has been prepared by the addition of
hydrochlaoric acid to a mixture of [NH, ]{ReQ,] and (MH,),CS to give
[ (3, ).CSSC{NH; }; 1[ReCl; {H,0) ICl1;.2H,0. The crystal structure shows that the
B,Q, Re and cae C1 lie on the mivror plane [55].

The electrohic energy ievels of the [Re,0C1;,]"" ion were calculated using
the self consistent and charge configuraticn molecular orbital method [33].
Resanance Ramen studies on this ion and [Re,0Cl;0]°” show one or more progressions
in which the u;(a}g) symmetric Re-O-Re stretiching mode is the dominant progression
forming mode, Ixcitation profile measurements on the :a.18 Raman bands were seen
to indicate that the rescnant electronic transition is anaxially polarised
a* ¢ 1 transition of the Re—0-Re 7 system. Force constant calculations suggest
Re-0O-Re double bond character [56].

{Re:I:{CD)s] (4) has been prepared by refluxing [Re,I1,{(0):] in heptane far
several days with an equivalent amamnmt of I:. The black crystals were showm by
X-ray diffraction to contain a trimiclesr, iodide bridged S6 camplex with Re

(a)
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an the three-fold axis of symmetry. The oxidation state of the terminal rhenium
is +1 and that of the central rhenium is +4 [57].

7.4.2 Oxides

Experimental values of !_\Gz for ReQ; between 850 and 1125 X have been measured
and the literature values reviewed. The best wvalues of the thermodynanic
parameters for ReQ, are sugpested [38],

TiQ; containing a few percent of rhenium was prepared by impregnaticn
of TiQ, with [NH, 1[RcDy ], subsequent reduction in dibydrogen at 773 K, and then a
Iurther heating at 1273 K under dihydrogen. ‘Thermogravimetric measurements and
X-ray diffraction show that the rhenium is present on the surface as thenium
metal and rhenium{¥II), and in solid sclution as rhenium{IV) [59,60].

7.4.3 Complexes witk other donor lignads

The reaction of Kp[{ReCly] with cysteine (Hoys) in aguecus solution gave
olive—green crystals of H,[Re.0;{cys),] which were characterised by Ramen, IR
and electronic spectroscopy and magnetic susceptibility measuremenis. It contains
ane  brideging and two terminal axygens with the cysteine ligand being coordinated
vig both 8 and N [61]. A penicillamine (§) camplex of rhenium, with the ligand

COOH
HS

NHZ
(9; pendl}

also coordinated vig S and N, has been prepared and is formalated as
HolRey0s3{pen), ], with a single oxygen bridge (62].

A conplex formulated as Re{tu),Cl..8nCl; was prepared by adding hydrochloric
acid and thiourea to [MH, }{Re(, 3, followed by addition of SnCl;. Re(N(S)..2H:0
was prepared by an enalagous route. Rel,Cl, .2H,0 (HL = 2-furil dioxime) was
prepared by the reactian of K.[ReOy ] with HL in the presence of 3nCl; in
aqueous hydrochloric acid £321. A soluticn of [Re{NS):1*” was prepared by the
reaction of [ReD{NCS)s]?” with {NCST™ in the presence of SnCl , but the solid
could not be isolated [39].

A mixture of [Re{(PEtz_n(mt)nPh}zcln] {(n =0, 1or 2) was obtained by the
oxidaticn of PEt;Ph, occuring during the heating of [HPEt,Ph},{ReCl,] and
[Re(PEt,Ph},Cl, ] in air. The sclid state thermml reactions of the two initial
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campounds were studied by IR and thermogravimetry [621].
{Re,H,L, 1 (10; L = PMc,Ph, PMePh,, PEt,Ph or Pph;) was formed by the

L

LA
7N

L H L

(10)

photolysis, under a dihydrogen purge, of [H/Relp] [45,46]. The crystal structure
of (10; L = PEt.Ph) hes been determined and shows four bridging and four terminal
hydrides with r(ReRe) = 2.350(4) A [45).

7.5 FRIENIUM{III)
7.5.1 Halides

F.A. Cotton has written an article about coordinatian complexes with metal-
metal bonds, e.g. [HeZCI.;]z_, which considers the reconciliation of theory and
experiment [64]. The chemistry of [Re.Cls)°” (66* singlet) was investigated.

The conplex ion was found to function as a strong oxident, as well as a mxderately
good reductant in non-agueous solution: for example tetracyancethene (tene)

will oxidatively quench the [Re;Clg ¥~}* luminescence to give [Re,Cls]” and
[tene]” as a transient [65].

[Res13{C0)¢ ] was prepared by the reaction of [Re:12{C0)e(thf);] with X, in
heptane and consists of a central {Rez‘HIIa} wmit with icdide bridges to two
{Re(C0);} graups [57].

7.5.2 Oxides and complexzes with oxygen donor ligands

[ResXu(02CRY2L:1 (X = C1 or Br; R = Me, Et, Pr, Bu, QIME;, (Me; or Fh;
L = Hy0, dmf, Me,50, dm, Ph,P0 or py) and [Re.X,{0(R).! were cbtained by the
reducticn of KiRe0,] in an HX-POD;H mixture in the presence and absence of L,
respectively. [RepI2(0.(Me),] was also prepared. In the dichloride complex
the carboxylate ligands bridge the Re-Re bond and are cis with respect to this
bond [66]. Similar complexes {e.g. [Re;Cl,(0.Me);L.] (L = dmf, dm, Me 50, py
ar Ph;P0)} were prepared from [ResCly(0:(M¥e);(H20):] in Me,00/MeCO(H by treatment
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with the appropriate ligand, L. The daior ligands, L, are in the axial pesitians,
but substitution of the H;O in {Re,Cl,(0,(Me):(H.0).]1 by L led to only slight
changes in the IR and electrohic spectra [671. Thermal treatment of
eie—[Rez X, (0-0Me)»(H,0):} (X = €1 or Br) gives trans—[Re,X.(C.Me),] [66,68].
The thermal lass of the axial ligands in [Re,Cl,{C:(Me),L:] (L = Me,SO, H,0,
dmf or dma} was found to occur in two stages and did not seem to be related to
the donor capacity of L [68]. Dissclutian of trams—[Re,X,(0.(Me),} (X = CI or
Br} in HOAe gave [ResCla(0.CMe);], or [Re:Br:(0.(Me).] with [Re,Br;(0.Qde);]
acting as an intenmmediate., Dissolulion of ¢rans—[Re;Bry(0:(Me): ) in CHCI,
containing a stoicheiamnetric amount of MeCOH gave {Re,Bri(0,MMe).] 168).

[Re; (0.CMe},C1: 1 was cleaved by an excess of Me,(NC in methanol to give
[Re(NQMe3) IC1 [70].

*5CL and ?'Br NgR spectrascopy was used to study the binucleer rhenium(III)
canpounds;  [Re:X:{0,(Me);L,] (L = H:0, dnf or Me,80, X =Cl or Br; L = dm,
X=Br; L=PhPO or py, X = C1). [RezXu(0:(Me),1.2L (L = dmf or Me,S0, X = Cl),
trans-{Re,X, (0-(Me); ] (X = C1 or Br), [Re,Brs(C.Me).] and A;[Re,Xe1 (A =K,
[MH,} or (PyH], X=Cl; A=K, X = Br). Their structures and chemical banding
were cansidered 1717, The most prevalent campound in the mixed halo species
cis—[Reg(ogcmse)201mBryL2] (L = dnf or dm, =+ y= 4) is that in whichx=y = 2,
with the like halo groups trans [72]. The crystal structures of
{Re2{0:.CHe ) Cl2 1{r{ReRe) = 2.2240 ﬁ} {73}, [Be (C:OMe):Br, ) {r{ReBe) = 2.216(3) by
[74] and [Re,(Q.(Me).C1l, {HC{O)NPh.}.) [75] have been determined.

The trats influence of the Re-Re quadruple bond has been investigated by
XPES, examining the axial ligands. The bonding energies of acid ligands in axial
positions is much lower than for cis-equatorial ligands showing a noticeble frams
effect of the Re-Re bond {7631.  [NH4)21Re3{80,),2H;0) was prepared by dissolving
[NH, 1, {Re,C1;(HCXOY, ] in sulphuric acid under argon. The crystal siruwture shows
a Re-Re quadruple bond length of 2,217 3, with the sulphato groups bridging the
rhenium atans [77]. The reacticn of K:[ReCle] with hcmocysteine (HL') in
aqueous solutioh gave a black amcrphous precipitate of [Re,L'.Cl;]. The chloride
ligands are thought probasbly tc be bridging with L' coordinated viz the carboxy
axygen, but not the nitrogen atom: coordination of the suiphur is uncertain
l61].

7.5.3 Complexes wiith seleniuwn donor ligands

[Re(CO){SesCNR,);] (R = Et or R, = Morpbolyl) was prepared by the irradiation
of [Re,(COY,.] mixed with [Se,(NR,]1™ in thf to give [Re(C0),L], which was then
heated under reflux for a week in the presence of [Se,(MR.) . [Re(CO)Se,CNR;);)
is thought to be seven-coordinate [78].
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7.6.4 Complexes with Group VB donor ligands

The existence of [Re{NCS)¢1’~ has been postulated on the basis of CV data
in the reduction of [Re((S)s ¥ in non-aqueals solvents, and has now been
prepared by adding a 1:4 mixture of thf:Me(H to [Bu,N],[Re{NCS).] followed by
addition of N,H,.ZH,0 to give a pale yellow solution. Precipition using
[NBu, HCIC, | gave pale yellow, air-sensitive crystals of (MBu, ),[Re(M3),1.

E, for [Re(NGS), ) 7/[Re(NCS)s "™ wes found to be -0.11 V v.s. SCE {79

The reduction of [Re(MNPh)Cli(PMes;).) in thf containing excess P¥e; by
sodium amalgam under dihydrogen, gives (11), which was characterised by 'H and
Ip NMR spectroscopy [80].

H Ph
N N
ME 3 p}‘,"- l “\\\ %3

A

PMe,

oF

(11}

UV irradiation of a benzene solution of [Rel;{dppe).] gives & gold coloured
solutian of [ReH(dppe):] and dihydrcgen [81,82]. The photolysis of [HsRel;]
(L = PMe,Ph, PMePi, or PPh,} under a dihydrogen purge gave the dimer {Re,HeL;]
as one of the products. This dimer can also be obtained by photolysis of
degessed [Re;HsL.1 together with [ReHal. ] {45, 46]. NMR results suggest that
[Re;H¢Ls ] has the structure [(L;HRe(p-H} ReH;L,}. It was also found that
{Re:H¢Ls ] activated arene C-H bonds [45].

7.5.5 Complexes with group IVE donor ligands

A series of campaunds of general formula [{n®*-CsH;)Re(C0)(X)Y], where X
or Y, or both, may be silyl, germyl or stannyl derivatives, has been prepared.
The reaction of [(n®-CsHs)Re(CO);] with GeHCl; or Phs:SnH gave trane—[(n®-CsHs)
Re(C0),X,] (X = GeCl, or 5nPh,) [B3]. The reection of [{n°-CsH;)Re(CO).1 with
Cl, ar 1; gave [(nicsﬂs)Re(C0)3C1]+ or cto—and trans-{(n®-CsHg)Re{(D).1,],
respectively [841.
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7.6 RHENIUM(II)

The arc emmission spectrum of ReQ has been photographed in the region
530-860 nm and three bands of single electronic transiticn were rotationally
analysed, The analysis of lines due to '®°Re0 and '°7Re0 in the spectrum leads
to the vibrational assigmment of these bands [851,

A series of tetracarbonyl snd tricarbonyl complexes of rhemium with phosphine
chelate ligands I[H or L7 (IH = {HXC{Y)PPh,]; X,Y = NR, O or 8) were prepared by
reaction of the metal carbanyl with the free ligands or their silyl analogues.
The silyl methods gave efs-1(CO),Rel] and cn careful addition of water,
fae-[{00},Re(X){L)] (X = C1 cr Br) [86].

The reduction of [Re{NPh)1.,(PMe;),]) in thf containing an excess of PMes,
by sodium amilgam under argon, gave the phenyl amido camplex (12) (801,

H\ /F'h
N

l/"'

(Me3P}6Re

/PMez
CH,
(12}
7.7 BHENIUM(I)

Most of the rhenium(1) chemistry this year has concerned carbonyl containing
camplexes and these hawe been classified according to the other ligands present.
Non-carhonyl complexes have been grouped separately.

7.7.1 Nom—earbonyl containing complexes

XPES spectra have been recorded for [ReC1(N;)L,} (L = %idppe}, PMe;Fh or
P¥ePh ,) and, considered with their IR spectrs, it was found that the variation of
qy, and 2 within each N, group is very amall, so that the position of the most
negative nitrogen could not be derived [87].

Some electron poor Re{I) dinitrogen complexes have been synthesised by
treating [ReCl,{N,CCPh }{FPh:); ] with carbon monoxide or organophosphites in
two-stage reacticns, ‘The camplexes were [ReN XL, (X = €1, L = dppe ar
[{¥e0) ,PCI, GI,P{(Me)]<dnope, » = 0; X = NCPh or MO, L = dppe, n = 1),
{Re(COY(N. ) (P(QMe) ), _, (PPR,), ] (n =0 or 2), [ReCL(CD),(N,)}(FPh,),] and
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[ReC1{N>}{P{(Me):},). The E, velues were measured, and found to vary linearly
with v(N;). The camplexes were treated with LiR and the nature of the products
was found to vary with R. Thus, [ReC1(CO),(N:)FPhs),] gives
[ReCL{C(CH)Me }}(OO)(N2)(PPh3),] with LiMe/H but [ReC1(CO),(PPhy);} with LiPh/H':
attack on the N: group by LiR was not cbserved [B8]. The !N NMR chemical shift
was determined for [Re{PPhMe;).{N;)C1l] and compared with these for other complexes:
it was concluded that the interpretation of !°N NMR spectra cannot unambigucusly
be linked with electran density [891.

Trans-{ReCL{NR){dppe};] (R = Me or (Me,) has been prepared by heating
[ReCL(N,}{dppe), ] with an excess of isccysnide under reflux and irradiation from
a tungsten lamp. Te 'H and *'P MMR spectra were recorded. ‘The isocyanide nitrogen
can be protonated by reaction with [Et,0H1[BF,] to give the carbyne camplex
trans—{ReCl (CHNR){dppe). J[BF, } (13). The crystal structure for {13 :R = Me) has
been cbtained and shows r(ReC) = 1.803 X. [90].

[ H R T

(13}

The reduction of [Re(NPh)Cl;(PMe;).] in thf containing an excess of DMe,
by sodiymn amalgam gives a new series of phenylamido containing camplexes {(1¢4-17).
Under dinitrogen {14) is obtained, and is converted te (15) by the addition of
carbon monexide., When the reducticn is performed under carbon moncxide the
product is {16}, and under butadiene (17) is produced {80].

Treatment of [Re,(0:(M2).Cl,} with Me;(NC cleaves the Re—Re quadruple bond to
give [Re((NCMe;)qIC1 [70].

[ReH(dppe),} 1s produced by 336 mm irradiation of a degassed benzene solution
of [ReH;{dppe):]. If the reaction is carried out in the presence of reactiwe
gases, the substituted products [ReH(N:){dppe):], [ReH{CO)(dppe).] and
[{ReH(CaH, }{dppe): ] were obtained [82].Under 00,, the orange methancate camplex
[Re(O,CH)(dppe), ] is cbtained by reversible insertion into the Re-H bonrd of
(ReB(dppe). ] [81,82].
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?.7.2 Halides

[Re(CO) sF], . 4,0 (18) was. prepared from {Re{COY;Br} by bromide extraction
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with AgF in fluorobenzene. Easch of the fluorine atams is inwvolved in a us;—type
bridge with rhenium at an average banding distance of 2.200(5) 3 The clusters
are held together by hydrogen bonding between the fluorides and water [911.

The photochemistry of [Re(CO)sBr] was investigeted at low temperature to
see if Re-Br photolysis did occur as previously reported [92]. It was found
that on irradiation in 2-Methf, spectral changes cccurred that were consisient
with the formation of [Re(CO},(Methi)Br], which is in agreement with the general
observation that monomeric carbonyl camplexes usually undergo M-CO cleavage as
the primary photoprocess [93).

{Re(C0)sX] (X = Cl or Br) have been studied by X-ray powder diffractometry
and found to be orthorhambic [84). [Re(CO)sX] (X = C1, Br or I} have been
studied using *%>%7C1, 79:3!'Bp, 1271 and '®°Re NQR spectruscopy at 77 and 293 K,
A linear correlation was abserved between the mumber of unbalanced p-electrons
and the electronegativity of the halogen [95]. [Re3Is(C0O)s], (8}, prepared fram
[Re;1,(CO);s] and iodine consists of a trinuclear iodide bridged Ss camplex with
the rhenium on the three fold axis of symmetry. The oxidaticon state of the
terminal rhenium is +1 and that of the central rhenium +4 {see Section 7.4.1)
(571,

When {Re(CO)sX} (X = C1, Br or I) is treated with methyl lithiwm in thf
at -78 °C the corresponding diacetylhalorhenate (1) di-anian is obtained, which
on protonation with HX gives the fae-f(0C)XRe{C(Me)(H!.] camplex {78). The
icdobis-carbenoid canplex, (19; X = 1) decamgposes in solution with the elimination
of ethanal and the formmtion of [{Re{C0),I},1 (20) [96].

M
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7.7.3 {lompleres with Group VIB donor ligemde

The reaction of [Re(C0)s(S0;)1[AsFs] or Re(CO)sF.ASFs with cxygen g—donors
L (L = H,0, MeCGH or Me;(0) gives camplexes of the type [Re(00)sL]1% in quantative
yield [97}. The mixed metal compaunds cis-[{(m)qRe(C[hCO)z}nM] (M = Fe or Cr,
n =3, M=Cu, n=2) and the corresponding acac caplexes were studied by CV
in dichloramethane. 1t was found thai the reduction potential for the heteronuclear

canplexes was more positive than for the non-metalle ligands e.g. the reduction
potential for the rhena-acetylacetonate iron complex, [{{CO),Re{(H£0).},;Fe], is
0.63¥ more positive than that of [Fe{acac};]. This was thought to reflect the
higher electronegativity of the rhena-acetylacetonate ligands {98].

Carbamoyl derivatives such as [(CO}4Re(COiHMe}{ NH;Me )] react with varicus
thiocyanates {BNCS) to give dithiocarbamte camlexes of the type [(CO),Re{S,ONHR)}
or {(CO};Re(CNie)(S,CHNR)]. The presence of the Qe proup bound to the metal
indicates that in these reactions the source of the isocyanide is the carbamoyl
group rather than the iso-thiocysnate reagent 199,100]. (hemical evidence has
been presented which suggested that the reaction of Cs, or €08 with carbamoyl
derivatives of transition metals occurs via electrophilic attack of the N atom of
the carbamoyl group and the Cs, route to dithiocarbamptes was assessed [100].

Cs [Rea (COYe (dtax) s ] is formed by the reaction of Cs,{dtox] with [Re(CO)sBrl.
The dimeric camplex ion contains one ligand in a transplanar conformation connecting
the two rhenium atams, each bearing one chelating dtax ligand (21) [38].

0
[
/c\c¢0
co 5| s/
0
C\I!le/ O\C—c/s\ne/
AT T ] T
5
/ s $
A
W
0 (22)

A series of tetracarbonyl complexes with phoephine chelate ligands
{HXC{Y)PPh:] (ILH; X, Y = NR, O or §) was prepared by reaction of the metal
carbcnyl with the free ligands or their silyl analogues. The thiomethanamido
ligends in camplexes such as eis-[{CO),Ref(S)C(NH)PPh,} ] were shown by
crystallographic studies to coordinate v»ig phosphorus and sulphur [853.
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Irradiation of a mixture of [Re:(C0)101 and L-L {(a 1:1 mixture of
[R,NC(Se)Se(5e)CNR, ] and [R:NC{Se)Se:{Se)NR;]) {R = Et or R = morpholyl}) in thf
under dinitrogen yields [Re(CO),{SeC(Se)NR.}]. Beating this camplex at reflux
for 2 h yields [Re:(C0)e{SeC(S2)MR:}:] (22; R = Et) ({78]. The photochemical reacticn
which produced these diselenccarbamato camplexes have been extensively studied and

NR,

Se""’:‘\/

R

co \_'
NR,
{22}

an SHI type reaction mechenism is proposed involving hamolytic M-M fision as the
rate determining step [101],

The dimeric complexes {ResX>(C0)e[E:Ph:}] (X=Br, E=Te; X=1I, E = Se,
S or Te) were prepared either by the reacticn of [Re;Br,(C0);{thf),] with Tcbh,
in methylbenzene at reflux. The X-ray structure of [Re,;Br;{C0)¢{Te,Ph;)] (23)
shows two peeudroctahedral rhenium(I) centres joined by Br and Te,Ph, bridges
{r(ReBr) = 2.64(6) &, r{(TeBr) = 3.674 & (non-bonded) and r(ReRe) = 3.945(2) }
(non-bonded )} (1027,

(23}
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7.7.4 Complexes with group VB doner ligands

[Re(CO){PPh; ), {ATNMNAT} ] (X = N or (H, Ar = 3-(H;.C¢H,, CgHs, or 3-C1-C¢H,)
were obtained in good yield by adding [Re{CO);(PPh;):Cl] to a solutian of
Lilarti@Nar] in boiling thf. The yellow-orange camplexes were characterised by
MMR, IV and IR spectrascopy and it was thought that the triazenido-1ligands were
chelating [103,104]. .

The crystal structure of fac-[ReBr{CO),{Me{H)NCH,CH,N{H)Me} ] prepared by
heating [Re;Br,(COjs] and the diamine together in trichloromethane, showed that
the rhenium has a distorted octahedral enviromment with the diamine ligand forming
a chelate ring [106]. The resonance Raman spectra of a series of fae-[Re(CO);L(X}]
(L = alkyl or aryl N N'-disubstituted ethane-1,2-diimine or 2-{N-mono substitfuted-
iminamethyl) pyridine, X = C1 or Br) complexes obtained by excitaticn within the
lowest absorption band were reported and the effect of L and X discussed [106].

[Re{C0):(bipy )Br] was prepared by heating a mixture of [ReBr(00):;] and bipy
at reflux. Bromide abstraction in the presence of AgiCl0.] or AglPF;)} led to the
formation of [Re(CO}3(bipy){C10,}} or [Re(CO);(bipy){FO.F;}] respectively. The
crystal structure of the [PO;F»] complex (24) shows a fae-structure, with the
[PO:F; 1™ being coordinated viz a single oxygen atom [107). A new chemiluntinescent
reaction inveolving a rhenium coordination camplex has been cbserved, The reaction

f24)

of [(0C)sReRe(OC)s(phen)}] with dichlorine gives [Re(CO)sCli, [Re{CO)s(phen)Cl]

arnd luminescence. ‘The chemiluminescence was tentatively assigned to [Re{CO):{phen)Cl]
which is known to show photoexcited emission [108]. Chemiluminescence was also
cbserval in the catalytic decampasition of organic peroxides by [Re{(CO){phen)Cl].
This was interpreted as sugpesting that the catalysis occurred according to the
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Shurtester mechanism, involving initial axidation of the rhenium camplex [109].
A new mechanism for photasubstitution, in inert camplexes, with a quantum yield
greater than cne has been proposed. In the reaction:

hv
[(CCHsQ¥)Re(CO) sphen]” = [ (PPh 5 )Re(CO) s (phen) 1"

3

irradiation of the Re—ephen MILT transition does not give an excited state
leading to quantum efficient substitution {e.g. on irradiation of
[ (CHy;CNIRe(CO)sphenl’ in CHyCN containing 24 pyridine, there is no substitution
reaction observed). However, irradiation of the complex in (H.(N containing
0.2 MPPh and 0.1 & [Bu,N1{PFs 1 gives clean quantum efficient substitution.
The 0.2 & PPh; is thouphi to cuench all the excited rhenium camlexes (by electron
transfer from triphenyl phosphine to the excited rhenium complex) and hence
substitution must occur after quenching i.e, at the nineteen electrom stage 1110],
The crystal and molecular structures of [ReBr(CO):{MHR;).} (R = Me or Ft)
have been studied by X-ray diffraction. The molecular structure shows a fae-
arrangement around a six-coordinate rhenium with the cis-ligands interacting
sppreciably. [ReBr{C0}:;{(NHEt:).] reacts with dry carbon dicxide in methylbenzene
in the presence of [HNEt,] to give [Re{CO);(0,(NEt,) { NHEt.)}. This carbamato
camplex shows some association and is believed to exist as an H-bonded dimer (25)
{111]. The reaction of [{Me(N);Re(CO):Br] with INO;1[BF,] gives [(Me(N);Re(CO);]{BF,]
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as ane of the products {(see also Section 7.12). Camplexes of the type

[RRe{CO)3 } (R = n®—flucrenyl) can be prepared by reaction [(Me(N).Re(CO);Brl

with K[R} [112]. The carbonyl camplexes [Re({CO});{NH,NHCS,(H,}; JBr and

[Re{C0); (NH,NHCS,CG; )Br ] were prepared by the reacticn of [Re(C0)sBr] with an
S-methyldithiccarbamate (28) in acidic or neutral conditions. In alkaline
solutians camplexes such as [Re;{CO},(MH,NCS,(33),] with the droprotonated 1igand
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S
I
H,N— NH — C —5CH54

(2¢)

are cbtained [113].

{Re(CO};L; ]n {HL = glycine, dl-leucine, dl-f-phenyl-c-alanine,
dl-g-phenyl-f-alanine, dl-g-2-thienyl-g-plsnine or dil-g-2-thientyl-g-alainine)
prepared by the reaction of {Re(CO)sBr] with KL and KBr, react with neutral ligands
in dicxane to give [Re(CO)sL{py).] and [Re(C0}.IQ.) {Q = PPh; or P((Me),} [114}.
[IR=e{C0},Br] {L = §-diphenylphosphine-2,5-dimethylpyrrole) was prepared by mixing
L with [Re(CO}sBrl in benzene at 80 °C. The IR spectrum imdicated that the
product has a eiz-octahedral structure analagous to [{Ph;P)Re(CO),Br] [115]. The
reaction of [{PPh;)Re(C0),Br] with LiMe proceeds via an intermediate to finally
give [{Ph,P){CO),Re{CH:)]. The intermmediate was characterised by MMR and IR
spectroscopy as having the structure fae-[{CO) 31?.e((:(12[~13}(11’13113}Br]_Li+ i.e. the
substitution reaction occurred by initial [Mel attack on coordinated CO [116].

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

OH
I
C—H

(CO),Re

thp

(27}
the reactian of [(CO)sRe{CH:CeHs)] with (28) in octane under reflux followed by
reaction of the silylated product with [Et NIF to give (27}. The second method
involved the partial reduction of (28} by BH;.thf and is the first example of

(I:H3 CH; 0
| &
CHy0Si — C ~—CHj (con, e ¢

Phy P CHy CH4 Ph 2 P

{28} {29}
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the partial reduction of an acyl ligand by BH;. ‘The products were characterised
by MMR and other spectroscopic techmiques [117].

‘The reaction of [(OC)s{R:PO}:Re;] (R = Ph or Mg} with {Me,C(CH,0;8CF;);}
gives the six-membered rhenacyclcoalkane (30). This will insert sulphur dioxide
to give the ring expanded product {31} (118-120]. The crystal structure of
{30; R = Me) has been determined (118}, The seven mambered analogues of (30),
viz. [(OC}.RePR,CQ{CH;):CH:], are thermmally unstable and cleave at the ¢ C-C bond
[119]. Reaction of £{30; R = Pr) with AlBr; gives (32) and is the first example
of imsertion of CO into 2 Re-C o-bond. Addition of CO to {32), followed by
hydrolysis, gives (33) [120].

0
Pth i
PPh
RE(CO) 2
PR 3 0 Re/

Re"—PR

(C0), 0, "~ (COy, o M a (CO),
2 r

(30) {31} {32) {33)

The IR and MMR spectra of [Re{00)¢]C1.HCl and {Re(CO).PPhii[PF¢] were
discussed in terms of o and 7 interaction of the metal ligand system. These were
conpared with the !V NMR data of the analogous carbonyl vansdates. The '®5Re
and }%¥7Re NMR spectra of [Re{C0)¢ IC1.HC1 were obtained and showed o(Re) 3400 ppm
{relative to NalReO,] /H,0 im CH.(J»} [121}.

7.7.5 Complexes with Group IVE domor ligands

NalRe{C0O}:;1 has been prepared Ly the reacticn of [Re;{C0),,] with sodium
amalgam in thf, This reacted with SnCl; in thf to give [{Re{CO)s}.Sn] and
[{Re(CO)s}8n). [{Re{C0)s}.8n] reacted with Mel to give [{Re{CO)s}.Sn{Me}I].
The canplexes were characterised by IR and mass spectrometry and were shown to
contain Re-Sn bonds [130). The reaction of KalRe{Q0)s] with CL{CH;)Me,SiCz(H.Cl
has also been investigated [131], The series of camplexes [{R;E)Re(COQj};L]

(R =" or Me, E= Ce or Sn, L = bipy, phen or biquinoline} were prepared by

the reaction, under arga, of [ClRe(CO) ;L] with sodium amalgam follcwed by the
addition of R3;BCl. The lowest lying excited state in these complexes is due to
charge tranasfer {(E—Re)cb—- m*L} and several of the camplexes {R = Ph. E = Ge
or Sn, L = bipy or phen) exhibited optical emission fram this state at 298 K with
lifetimes of the urder of 10°° s. The C¥ of these camplexes in Me(N/0.1 M
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[n-Bu,N1[C10, ] typically shows one electron reversible reduction in the -1.1 to
1.7V (VS SCE) range associated with the population of the lowest 7* orbital
principally located on L [132].

7.8 RHENIUM{O)

{Re, {P(OMes 3}, ] has been prepared by the treatment of either [ReCl,py] or
[Re(O)C1la(py)2 ] with the K—KI reagent in cyclchexane followsd by the addition of
P(Me0);. The product was characterised by 'H and *'P NMR and mmss spectrometry.
{HRe{P{CMe};}s ] was also obtained from this reaction [1221. The IR and MMR
spectra of [Re;(CO}g(PHPh, ), ] was discussed in context of the ¢- and -
interacticn of the metal-ligand system and compared with the spectra of the
analogous carbonyl vanadates [1217.

Accurate room temperature X-ray diffraction studies of [Re,(00),] have
been reparted and show a Re-Re bond length of 3.0413(11) R and Re-C bond lengths
of 1.811(3) & (axial) and 1.865 R (equatorial). The difference in lengths of the
axial and equatorial bonds is explained as being the result of campetition far
the drn electron density between mutually trans pairs of equatorial carbonyl
ligands [123].

¥hen a hexane solution of [Re,{C0),,] was subject to flash photolysis under
an atmosphere of carbon monoxide, the near UV absorbance due to the dinuclear
species returned to the original value according to a bimolecular rate law. In
degassed solutions, more canplex behaviour was dhserved suggesting the formation
of [Re,(00)s) and [Re,(CO)s] as intermediates [124]. Genheration of [Re(CO)s ]’
radicals in degassed cyclohexane in the presence of (Cl, and PPhy gave [C1Re(CO})s)
and [C1Re(00),(PPh;)]. Analysis of the product ratios led to the canclusion that
substitution was first order in [PPh;] and associative and also closely
proporticnal to [CCL, ] at constant [PPh,l, showing the second order nature of the
reactian (125}, HPLC-EPR has been used to separate and characterise the rhenium
carbanyl-3,5-di-tert-atyl-1, 2—quinane camplex {3¢) farmed by the 310 rm irradiation

{24}
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of [Re;{00)1s] in the presence of the quincne in benzene to give a red solution
of the eamplex [126,127]. Optically active dicp was then eadded to this red scluticn
to give a blue solution which was separated by FPR-HPIC. The product was
characterised as a quinone-Re—carbonyl-{+) or (-) diop radical, with the diop
being moncdentate in this example [127].

The mixed metal carbonyls [MnRe(CO);.] and [TcRe(CO};,] have been synthesised.
The manganese-rhenium camplex was produced by the reduction of [Mn»(CO}ie] to
[Mn(CO)s]” follawed by the dropwise addition of [Re(CO)sBrl in thf. The
technetium-rhenium conplex was produced in a similar way, but involves the reducticn
of [Tc2(COY;10] as the initial step. This synthesis follows the general procedure
of using the weakest nuclecphile with the corresponding bramide (128]. The
experimental and literature values for the thermodynamic parameters of formatiaon,
phase transitions and dissociation for these mixed metal carbonyls have been
discussed. Sets of the best values are propcsed and M-M bond energies were
determined [129].

7.9 OMPLEXES CQONTAINING RHENIUM-COBALT AND RHENIUM-PLATINIM BONDS

‘The IR spectrum,and its complete assignment an the basis of the free rotaticnal
modet, of [ReCo(0D)s] has been reported. The force attraction constants have
been calculated and it was shown that Keq and Knx values of the rhenium species
are less than those of the analogous technetium c d. There is considerable
polarisation of the Re-Co bond in the sense [(00)sRS - Cgfoo);.] [133].
[ReCo(00)s(dab)] (35) (dab = diazabutadiene} was prepared by heating
{Re(C0) ;Br{dab) ] under reflux with an excess of [Co{CO), 1 in thf [134], The
130 MMR spectrum showed characteristic features related to the bonding mode of
the dab ligand to the bimiclear Re-Co frapment. In [ReCo(CO)g{dab)] there is a
semibridging carbonyl group and there is rapid interchange of this carbonyl with
the terminal carbonyl groups on cobalt (36). The electronic balance is maintained
by an internal campensation within the dab ligand [135]. '

Tne yellow complex [RePU({p—C5)(C0);{FPhMea )2{n*—CsHs}] (37) has been prepared
by the addition of ome equivalent of LPt{C.H,)(FPhMe,),;] to [Re(00).{CS}(n*CsHs)}]
in light petroleum. The NMR spectra show that the CO and (S ligeands undergo
bridge-terminal site exchange at roam temperature, but this ceases at -60 c
[138].

L(n®~CsHs }(OC)oRedu-C{PR, }(4 - Me—CoH, ) IPL(PR; )2 1(BF, ] (38; PR, = Pe, or
PPhMe; ) were prepared by the reaction of the appropriate tertiary phosphine with
[{(n®-CsHs }(OC) ;Re{p-C{4-Me-CsH, ) IPt(PR; ). ][BFy ] 1n light petroleum. The structure
of the product was confirmed by *'P and 'H RMR spectroscopy. (38) will undergo
ligand exchange with MalS—4-Me-CsH, ] to give
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L PtBe {p—C(5-4-Me—Ce i, H4-Me—CeH, )} (C0)  (Ple,Ph), (n5-CsHs ) 1 £1371.

7.10 METAL CAASTERS

Ke~l and He-Il gas phase PE spectra have been reported for [HiRe;(CO)1.] and
[HyBe, (C0),:]. 'The spectra were assigned with the use of frapment MO analyses of
the electronic structures. The bridging hydrogen bonds are discussed in termms of
being two electron polycentre bonds, and the multicentre orbitals were shown to
possess 2 high degree of electron localisation at the hydrogen atans. The hydrogen
atams in these clusters were thought to provide some of the necessary electrons
for cluster bonding and stabilisation of the cluster mplecular orbitals [138],
The excited state decay properties of {HyBe.(C0):2) and [BuyN)»[H¢Re,{C0):.) have
been campared to thase of their deuterated analogues, The effect of replacing 'H
by 2H in both cases is to lower the rate constant for non-radiative decay with no
effect on the radiative rate constant. The guantum yields and amission lifetimes
are increassed by the change [139].

The molecular structure of eq-[HiRe:(CO)iy (PPhs)] (39) has been obtained

%O
N/
/Re\H

H

P
~—— e __Co

>

& %

(39; the {ReiHa} core in the equatorial plane)
using single crystal X-ray and neutron diffraction. The molecule has edge-
bridging hydrogen atars, with approximate D, symmetry for the {ResH;}lcaore. One
striking feature of the equatorial Pth; ligand is that the Re-H bond frans to it
is markedly shorter than the other Re—H distances (1.78{1} 3 vs, 1.82-1.83 K).
This may be related to the poor 7 acceptor properties of PPh; campared with CO
[1401.

The synthesis and characterisation of a series of polynuclear alkyl campounds
derived fran {(ResCl,(CH:SiMe;)e] (40) has been reported by Wilkinson and coworkers
f1411. The hydrogenation of (42) in thf led to the formation of
[ (Me;SiCH, )s(u-Cl);Re;-Res (u-CL) sH(CH SiMe; ), } (47) with the two triangular {Re,}
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units being linked by a single Re-Re bond {r{BeRe = 2,993 E}. In benzene,

. ¢ ct /C
\RZ/C' . \Re/c
C!/ \/ Re —

(41; the {Reg(u-Cl)eHCs) core)
however, [Reglu-Cl;)Hs((H.SiMes)s] is the major product, with the two {ResCl;}
units linked by alkyl bridges amd containing terminal hydrogens.
[Re 3{u-C1):C1H(CH,SiMe; }s{FPh;}] is produced by the hydrogenaticn of
[Re;{1-C1),C1({H,S8iMes)s ] in the presence of FFh;. 'The crystal structure shows
the phosphine to be only weakly bound. The interaction of dihydrogen with
[Res(u~Cl) 3 (CH,SiMe;)¢L:] (L = CQ, PPh:, py or H:0) will give reductive cleavage
(L = CO or FPh;) to give the Re'! dimers [Re;Cl,(CH»SiMe:)sL,). However when
L = py, a complex, [Res{u-Cl);{CH;SiMes) (py):], where the {Re;} unit is retained,
is produced. This contains paramagnetic Re(Il) amd the EPR spectrnum was discussed.
With L = H20. a polymuclesr cluster [{Re;(p—CLl}:(CH:SiMe;);(0H;)5}5]1 is produced
f1411.

The tertiary sulphides Na,Re;S; and K;Re.;5; have been synthesised by the
reduction of alkali carbonates with rhenium, at 800 °C in a stream of hydrogen
sulphide. The X-ray diffraction study showed the key structural units to be,
hitherto unknown {Re:S:} clusters. These clusters are linked in a 3-D array
[1421.

[Res{p-H){u-SnMe, )(CO)12) (42) was prepared by the treatment of
[Phyds]:[Re{u-HY(CO}12 1+ 4C.HaO with (CH,)»8rCl or ((H3);8nCl. The crystal and
molecilar structure of this yellow—orange compound has been determined, and
shawed the SnMe, to be assymetrically bridging one edge of the {Re,} triancle.
with the hydrogen probably bridging one of the cther sides. The band lengths
show the assymmetry of the Sn-Re bridge, vis. r(SnRe) = 2.87, 2.60 & [143].

A metal hydride coupling reaction, where [HRe{CO)s] acts as a two-electron
donor to [03((:0}12—:]";:]‘ {L = N or CgHju; z = 1 or 2) will give, after
oxidative addition, [HReOs3;{C0),¢] and [H:Re,05:5{CO)2,]1 (144]. The latter camplex
will react, on heating with ethanenitrile to give [{p-H}Os;Re(CO).s¢{NC(H2)1 {43)
which was shown by X-ray diffraction, to contain a triangular core of cemium atams
with the rhenium bound to one of the osmium eguatorial sites [145,146]. Heating
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O¢ cO
\Re
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Re’ Sn{—Me
OC
Re\
0c/ co
{42)

Me
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T O¢ T c0
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~0s” (Q-l /\Os/ ?
{0C)40s —-!———OS(CO)3 {COlgRe —€|Js ! Ts —COo
C C
0 oC c 0 c Co

0 0

{43} (44}

an MeCN solution of (43) under dihydrogen with an excess of trimethylamine
¥-cxide dihydrate clases the structure to give the Re capping the triangular
{0s3} face (44) 1144,145].

7.11 NITROSYL COMPLEXES

[{Me(N}2(Re(CO),Br] will react with [NO:JIEF,] to give the nitrosyl compound
[ {MeCN} ,Re(CO) . (NO)BrJiHF, ] 85 one of the products [1121,
[ (n®-CsH7 )Re(CO) NO)YPPh ; 1{BF, 1 wes obtained by the nitrosation of
{(n®-CsH;)Re(CO)PPh;] with [NO,}IBF, ). [{n°-CsHs)Re{C0),(NO)1{BF,] has been
found to react with KI or I, to give the new n-camplex [(n®-CsH; YRe(COXNOII]
[147].

[ReMeg] reacts with NO at -78 °C in light petroleum to give [ReMes(NO)] as
orange red peedles. 'The IR spectnm suggests a non-rigid seven-coordinate
structure., In diethyl ether [Re(Me)s;(NO)] remains in solution and on warming
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under NO gives cia-{ReD.Me;]. [Li [ReMeg] reacts with ND at -78 °C to give a
diemegnetic camplex of stoicheiametry [ReO,Me.{ONMe);] The 'H MMR spectrum is
consistent with the structure (4§) [148].

(45}

Addition of methoxide to either iscmer (46} or (47) of

[{0°~CsHs )Re(NO)(FPh; )(CHCsHs ) J[PFe 1 gives [(n®-Csils YRe(NO)(PPh;) {GH(OCH;)CsHs} ],
(48} and (49}, in which a new chiral centre has been generated sterecspecifically

Re Re
ON/”\PPh3 ON/“\PPh3
C C
P
Cs"'s/ S H \CSHS
(482 (47)

< &

Re Re
~
o I PPh, o I \PPh3
/C\ /C\
MeO I H MeO l CeHs
C4Hs H

(48}

(45}
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Reaction of (48) and {49) with [Ph:C][PFs] results in the chemo-specific
sbstraction of a methoxy group and the stercolspecific regemeration of {46) and
(47) [1491].

{Re{ND)1s} has been prepared by dissolving [Re{MNO}((H),] in HI and adding

s, (00;]. Fowever the dissolution of {Re(ND){OH );] in a minimmn amount of HI
followed by removal of all HI and I, gives [Re(H O} OHMND)I.]. Other nitrasyl
carplexes, i.e, [Re(NO}I,L] and [Re(ND}IL;1{PtCls] (L = phen or bipy}, havwe been
prepared [150].
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