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Introduction

The pericd of this review covers those publications in volumes 96 and 97
of <Chemical Abstracts. Thus, although the majority of papere covered were
published in 1982, many from 1981 are also included. The major Jjournals are
covered up to the end of 1982,

The review concentrates upon the coordination chemistry of rhenium., No
attempt has been made to cover work of an essentially organometallic,
catalytic or kinetic nature.

Three publications of general interest to rhenium chewists have been
published this year: the firgt is a review with 39 references on the chewistry
of carbonyl flucoro complexes including rhenium f1]. Another review with 38
references con the oxygen compounds of rhenium and rare earth elewents,
including rare earth rhenates(VII )‘ and rhenium rare esarth double oxides has
been published ([2], along with a review of the luminescence properties of

complexes of rhenium{ ITI), with, inter aiia, 64 references [3].
3.1 Rhenium{VII)

3.1.1 Orides and Hydrorides

The [Red 4_]W ion is found to loee its tetrahedral symmetry when isolated
in CsCl-structured alkali metal halides. Infrared and Raman spectra indicate
at least two types of stable orientation for the [Reo“‘]_ within this
structure, resulting in gsystems which have different aymmetries, probably sz
and Csv. These are thought to be energetically similar to one another and
Bignificantly lower in energy than any other poseible orientation [4]. The
effect of uniform compressicn on the spectral characteristice of praesodymium
zhenate tetrahydrate, Pr[Rso4]3.QH Q, was investigated [5]. The chemical

2

shifta AF of the X-ray L absorption discontimuities of rhenium in some of

IIT

its binary and ternary compounds, including [Re207], K[Reo4] and Na[mq,]'

were gtudied using a bent crystal X-ray spectrograph, The values of AE were



governed by the effective charge (gq) on the abeorbing ions, which were
calculated using the theory of J.-P. Suchet., The AE/g plot was used to
datermina the charges on the rhenium ions in K[E_ua-o*] and Na[ReO“] [(8].
[N“ms)q][MQ:lz and [N:i.(;:cy)‘}][Itet.:!‘!jl2 were prepared by reacting N:i.[mo412
with aqueous ammonia or pyridine. Heating them to 150 °C gave
[Ni(NH,),(Re0,),] and [Wi(py),(Re0,),]. The kinetice of the themmal
decomponition of the diammine complex was studied. IR and Raman spectroscopy,
alectron and X-ray powder diffraction, and magnetic susceptibility studies
suggest that thease are tetragonal compounds of nickel(II} containing
coordinated rhenate(VII) {71. The salts [Zn(WH, ), ][R0, ], and
[Cd(ﬂﬂa)q][m*lz wore prepared from u[mo4]2 {M = Cd, 2n) and aguecus ammonia
solution. {[Zn(py),/J[Re0 ], and [Cd(py),}(Re0,], were cbtained by reacting
H[majz with aqueous pyridine solution followed by the addition of a[neo‘)}.
Pyrolysis of these complexes gave (Zn(NH,),(Re0 ) ], [CA(NH,) (Re0,),].
IZH(PY)Z(MQI)zl and [Od(PY)z(RBOQ)z]. IR and Raman spectroscopy and X-ray
powder diffraction studies showed that the [Red ‘]‘— is coordinated to the metal
centré in all cases except that of the tetraammines [8].

The extraction of H[ReO,] was studied at pH 1-10 and 0.001-0.2 M
concentrations of organic oxide (trioctylarsine oxide or trioctylamine oxide)
in benzene polution. The extraction isctherms indicated formation of monc— and
di-solvateg. The IR mpectra were given for tha extractants [Ramﬂ][aeo4] and
[(Ram)zﬂ][m“] {E = Ag or N) which 4o not contain water [9].

The light yellow oxide BRBRBSb 09 crystalliges with a tetragonal unit
cell. The gstructure consista of three perovekite units piled up in the ¢
direction. The cationic vacancies are partially ordered [10]. The complex salt
Bgsnazolo. which crystallises in a wonocClinic space group, P2,/b, is conponed
of “592) 40 4) rings, formed by ﬂgzz* pairz joined together by oxygen atows.
These rings are bridged by Hg’® ions and form a two dimensional network in

which the [Reo4]_ tetrahedra are located. The cchesion of this structure is

assured by electrostatic bondas Dbetween {[(ng )404&;2]“]“ macrocations and



[Reoq]_ aniong [11]. Phame equilibria in the rhenium{VII) oxide—selenium(IV)
oxide system were determined. This system is of a simple eutectic type. The

distribution coefficient of Seuz betwpan Re 07 malt and crystal is 0.044.

4
The liquid-vapour equilibrium curvee show negative deviation from ideality
[rz].

Electrical conductivity and pH measurements at 20 °c and solubility
measurements at 25 OC were made for the NaDH/ﬂa.[ReOQ], KOH.;"K[ReO4J and
[NHGJOH/[NH‘}][ReO*] aquecus Systems, The results were jinterpreted in terms of
equilibria between [ReD 4JH hydrated and condensed spaciag [13]. A
spectrophotometric study was made of saturated WNa[ReQ 4] solutions in
concentrated hydrochloric acgid at 360-700 nm, Dilution of these solutions with
18 M pulfuric acid changes the colour to bright vellow, Dehydration of H[ReO 4J
wis studied as a function of temperature; evaporation gave a mixture of pale
yellow and dark green corystals [14]. The problem of the dehydration of
rhenic(VII) acid was also investigated: during the dehydration of H[Reo‘}],
Rezos(a!) e appears as the first dehydration product which undergoes
intramolecular reduction in the s#olid phase to a rhenium{ IV) apecies ReO(O[-I)z,
which was identified by spectrophotometry [15].

A spectrophotometric study was made of the Re(VII )/Ezso 4/ [SCN ]_ syaten:
acme reduction to Raoz and HBO(OE)z wae cobserved. At pH 0.8, the solution iam
colourless, while addition of HZSOQ causes it to change to a yellow and then
to a yellow/brown scolution and finally a yellow/bDrown preacipitate appears.
Hydroxo—oxo and thiocyanato complexes of rheniuwm(VIl) are proposed along with
condensation and hydration producte [16].

The preparation of [ReOqu_] has been reported (17]: [N’!:l“J[Reoqr] is
dissolved in 98% 32504 and a 20-50 fold excess of NaBr added, The solution
turns green/blue and HEr and Brz are ovolved to give a dark blues/black solid,
which is extracted with <toluens; the extracts when dried give [Re0OBr 4].
Vigible, mass and Raman spectral properties were reported. A similar reaction

dces not yield [ReOCl4] [17}. A new, high yield synthetic route to [Rezclajz_



has Dbeaen developed. ‘Thie involvea the reaction of [(C4HQ)4N][RBO4] with
[PhCOCLl] at about 209 “c {the boiling point of [PhCOCl] at slightly greater
than atmogpheric prespure), and then subsequent addition of a HCl(g) saturated
solution of [{ i'.'.';!t!9 } 4N]Br followed by a further period under reflux to yield
the observed product in high purity. Similar reactions with K[Re0,] gave

poorer yields [16].

F.1.2 Owohaiides

The wolecular structure of [Reor'sl in the gas phase was determined by
electron diffraction. The molecule has C“ symmetry. The Re—0 amnd Re-PF
digtancez are 0.1642{(40) nm ard 0.1810(7) nm respactively. The corresponding
mean vibrational amplitudes are 0.065(55) and 0.040(12) and the O-Re—F angle
is 93.1(2)° [19].

By uweing a rigid-rotor harmonic oscillator approximation, the standard
thermodynamic functions were caloulated for gaseous [mzrsl and [mozrzj at

298,15 -~ 6000 X [20].

3.1.3 Sulfides

(¥H,][ReO,] reacts with Na [S,0,] in hydrochloric acid solution over a
wide range of component ratios to precipitate elemental rhenium and a new
rhenium sulfide {21]. The degree of precipitation of the rhenium sulfide
increases with increasing concentration of an[szos] in the coriginal agqueous
golution containing rhenium{VII) and sulfurjc acid, The dJdependence of the
degree of precipitation of &257 on Bulfuric acid concentration was also
gtudied, A comparison of +these results with those for solutions containing
hydrochloric acid indicates that the nature of the acid affects the
decomposition of the thiosulfate ion with the formation of elemental sulfur.
™e decompogition of thicsulfate is more rapid in hydrochleric acid than in

sulfuric acid {22].



3.1.4 Halldes and Halocompleaxrea

reeudopotential SCP-MO calculations have been carried out on [IF,,] with
good agreement with experimental data for the structure. Vibrational
asgignments and intermolecular force calculations were also carried out, and
it was suggested that a saimilar assignment to that of [IF_?] would be

appropriate for [ReP,?] [23]. Azidotrimethylsilane, [Me SiNal, reacted with

a
{Re?s] at —50°C in 1,1,2-trichlorotrifluorcethane to give an orange solid,
which on warming liberated Nz to give [RENF‘!] {v(Re=N) 1110 cm_l} and a black
residue. Subsequent reaction with [CIF 3] yielded the nitrenes [RerNF] (1) and
[ReFSNCl] (2). The crystal atructure of purple [ReFSNC1] shows the ReNCl and
trans P all to be in a cryatallographic mirror plane. The trans Re-F bond
length indicates that the NCl group hag a small #rang-influence; the Re=N bond
ig quite long (0.1684 nm). The cryetal structure of [RanN?] was alsc

determined and waa shown to be very aimilar to fReFSNcl], although NP exerts

an even smaller trans-influence (24).

(2)
Rel’ss wag prepared, along with fluorosulfide=s of lower oxidation states,
by the reaction of [RBF,?] with ESbZSSl] or [3253], and is a moisture sensitive
maroon sSolid, Mass spectrometry ard X-ray powdaer diffraction confirm that the

product does not contain Rer and IR Bpectxal dJdata show the presence of



terminal and bridging Re-F bonds, and of the terminal Re=S bond [25].

Addition of four equivalenta of hydrogen chloride gas in dichloromethans
selution to  [Re( majg{os:i.nes)} gave one equivalent of [u(cues )HB]Cl and
orange [Re(NcHeal)zcla]. proposed as a trigenal bkipyramidal species with
eguatorial imide ligands. Trialkyl compounds can be made in high yield from
this chlorcimido complex by weing the appropriate alkylating agent. However,
al)l attempts +to prepare {Re{NCMe3 )2(t:HzC!ul¢a3 )3] have failed, and instead a
monomertc alkylidene complex [Re{NQﬁea)z(JCH(MEB )(Cﬂzcue3)] iz formed. Thias
complex reacts with three equivalents of Z,4-dimethylpyridinium chleride in
dichloromethane solution to give the dimeric complex
[{Re(CcMe  )(CHCMe, WL )XC1,},1 (3), (L = N(CMe )H,), possibly by the mechanism
ghown in Scheme 1:
Me3CN_ NCMes Me3CN  Cl
W Cl N s

R T Re—Cl

Ls e\ ~
MesCCH "CHyCMeg Me3CCH™  CHyCMeg

1/213) - /Ré——u

Scheme 1: Possible Mechanism of Formation of [{'R&(CC‘!(Q3 )(CE[C'l'le3 )(L)Clziz]

Two other d:ma complexes, shown below, have also been prepared and

characterised by J’B and 13C NMR spectroscopy [26].
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3.1.5 Hydrides

Reductive elimination of hydrogen gas from the polyhydride complexes
[R;eﬁ_}‘(PR3 ) 2] (PR3 = 99h3 or PthEt) in the bresence of an excess of isocyanide
anag potassiom hexaflucrophosphate yielded the rhenium( 1} complexes
[Re{CNR )4( PRB }2 1{9?6] {27,281, FTreatment of pentane with
heptahydr idobie( triarylphosphine )rhentum( VII} and 3, 3=dimethylbutene gave
trihydridol trans—-penta—1, 3—diene )bra( triarylphosphine jrhenium{ IIX}, which 18
then Converted to pent—l-ene by trimethylphosaphite with high selectivity [29].
Cycloalkanes Cﬂﬂ2n {n = 6-8) are dehydrogenated at =80 oC to the corresponding
cycloalkene by | UL'CBP )zReH?] in the presence of 3,3-dimethylbutene via the
coordinated metal cycloalkene, which dissociates from the metal before further
dehwydrogenation can occur {30]. Furthermore, the complex [(Ph3P)2ReH?] reacts
with 3,3-dimethylbutene and benzene +to give the dihydrocyclohexadienyl

compound | (PhBP )2( ns—csﬂ? )Reﬁzl, whose X-ray crystal structure was reported

f313.
3.2 RHENTUM(VL)

The pregsure dependence of the 2 and Yy de Haas-van Alphen {d48vAa)}



frequencies of Reoa for the (011) direction show a non-linear change with
pressure in the region of 0 — 3 kbar. This behaviour is electronic in oridgin,
either from a change in bandwidth or an electronic redistripbution in the band
Structure, and 18 precursoury to the transition between 3 and 5 Xkbar observed
in all the dHvA frequencies (32). Chemical shifts in the X—ray 1‘..III absorption
discontinuities of rhenium 1in Reoz ware studied using a bent crystal X-ray
gpectrograph. The AE values are governed by the effective charge (g) of the
abscrbing ions which was calculated using the theory of J.-P. Suchet (6].

The standard thermodynamic functions were c¢alculated for gaseous
[Reozel uging a rigid reotor harmonic oscillator approximation [20]. According
to EPR spectrometric data, ReC‘ls is oxidised ir concentrated sulfuric acid
golutiong to {REOC].s]_, whioh is wvery astable in +thiz medium (33]. The
extraction cof [ReOBr 41 from concentrated sulfuric acid was studied at 20 “c.
The begt extractants were found to be non-polar aliphatic hydrocarbone, and
the extraction behaviour was discussed in tarms of the optimum electronic
gtructure of the extracted compound [34}. The addition of a 20 - 50 fold
excesz of sodium bromide to [NHQI[RBOQ]. dissclved in 98% sulfuric acid yields
a gsolution which turns green/blue. HBr and B::'2 are evolved ¢o leave a
bBlue/black solid which can be extracted into toluene +to give [ReOBr 4]:
visible, Raman and mass spectral characterisation were reported ([17]. A
#imilar reaction dows not yield [Reoclq‘] [17].

Azidotrimethylsilane, [lb3siN3], reacts with [Re?s] at -50 %¢ in
1,1,2=trichleoretrifluorcethane to give an orange solid which, on wawming,
liberates nitrogen gas +to yield [ReNF‘], (v{Rem) 1110 cm_]'}, and a black
raegidue, Subsequent reaction with [CJ.!'31 vields the nitrenes [RBFSNP] and
[ReP _NCl], described earlier {Section 3.1.4) [24]. ReF‘S was prapared by

5
reaction of [Rel"s] with antimony{III) sulfide or boron{III) aulfide:

+ - +
3ReF_ + Sb S, 3ReP S + 25PF,
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+ - F 5 +
IReF, + B, S, 3ReF, S + 2BF,

Characterization was achieved by X-ray powder diffraction, IR and mass
spectrometry. The structure 15 thought to be similar to that of REF4O, with a

flucrine-bridged chain [25].

3.3 ERHENIUM(V)

3.3.1 Orides

The crystal structure of LiReOa, obtained by lithium ingertion into
Reoa, was determined by neutron diffraction powder profile analysis and
refined by the Ritveld method. The Reoa host lattice, made exclusively of
corner-shared octahedra, was altered significantly on  lithium insertion
without breaking bonds. The original l2—coordinate perovegkite-like cavity was
changed 1into twe octahedral sites, which may be occupied by lithium ions
fas,3e].

A ztudy of heteropolyanions in the P{V)-Ra{V)Mo({VI)} syatem was carried
out by the trichromatic method. At pH 2-3.6, a 1:1:11 P:Re:do complex is
formad with sStability constant log 8 = B.1%0.1 (20 oc, ionic strength 0©.02).
The rhanium replaces a melybdenum atom in a {HOOG} octahedron of the
molybdophophorie acid. Formation of the highly coloured complex can serve as
the basis for a method of determining phosphorus or rhenium in complex

mixtures {37},

3.2.2 Ralides, (Orcohalides and Pseudohalides
According to EPR spectral data, in concentrated sulfuric acid solutions,
ReCl, is oxidised to [ReOClsl' {which is very stable in thi® mwedium} [33]. The

chemical shifts of the X-ray LI absorption discontinuities of Rec15 have

Ir

been studied, and the icnic radiusg of pentavalent rhenium was determined [6].

The complex trans—[Reocl3(PPhEt2)2} crystalliszges with a menoclinic space
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group P2 l/c. The atomic parameters and bond lengths are presented and compared
te those of other rhenium complexes. The gtructurd is monomdric with the
rhenium atom octahedrally coordinated [38].

Reduction of Recls. [Ra(x:la(py)z] or [ReCls(py)] with trimethylphoaphite
yields a variety of products depending on reaction conditiens. Producta
igolated include [Re {P(mie)a}lo [HRe{P(OHe)alsj,
TRG{P(%)a}S[P(O)(Om)Z}]. [“3R‘9[p(°ﬂ9)3}q] and
ffmeiP(OHe)ala{(HeOJZPDP(OEE)z}] fas].

The reactionz of crans—{ReOCla(PPha )2] with +wvinyl amides such as
[RCOCH-C(R’ NH,]  (where R = Ph or C.H ., R' = CH,CH COH; or R = Ph, R’ = Me
or CH,CH,CO Me):

NH, 0 HO,C NH2

HOzt NHZ 0 H02E NH2 0

in dry thf or benzene, give complexes of the type
{ReOCL,, {RC(O)-CH(R' )=NH}(PPh_)]. The ligands behave like chelating agents and
bind to the metal ion through N and 0; the coordination geometry was deduced
from IR and TH MMR specﬁrosccpy, which leads to the proposed structure below

[a0]:



12

The complex [PPh4][ReOCl3(sa.l)] was synthesised from [Pph4]2[ReC16] and
salicylaldehyde; characterisation was by analytical, IR spectral and magnetic
susceptibility methods [41}. Reaction of tr‘ans—[ReOCl3(PPh3 )2] and
triphenylphosphine with a boiling thf solution of Li{RN-N=NR] (R = -}—Neceﬂq,
Ph, é-clceﬂq or G—FCSFI&), generated in situ by the action of butyl lithium on
[RNE-N=NR], gives the reduced rhenium{III) CcComplexes [ReCl {RN-N=NR} PPh,),]
in 60-70 % yield as green air-stable sclids, The reducing agent is believed to
be the triphenylphosgphine. The crystal structure cof the derivative with R =

q—mCGH‘} was determined [42].

PPhy

e

N

RN ul

PPhy



13

Some igomers  of {Reox2<PPh3 1oy | {X = Cl or Br; L = N-methyl
salicylideneiminata, N—phenyl galicylideneiminate, 172
N,N'—athylenebis( salicylidenaiminate) or g~-hydroxyquinolinate) were
synthesised and characterised. Two different mechanisms for reactions of the
trans—[Raox:_l(EPhB )2] complexaes with the Schiff bases are supported by the
qualitative studies on such parameters as +the Schiff base ligand form,
conceantration of free triphenylphosphine, reaction temperature and solvent
[43]. The complexea [Reox2(99h3 JL} (L and X as abovae) react with
dimethylphenylphosphine to giva the gimple displacement Products
[Reoxz(sz L), which then reduce to give the rhenium(III) complexas
[:Re:!ch(l’!*'hlle2 )2] {44]1. The crystal atructure of trars—dibromooxo(N—phenyl
salicylideneiminato ){ triphenylphosphine )rhenium({V) has been determined and
gshows the complex to crystalliee with a wmonoclinic space group P‘zl/a.
Coordination around the rhenium atom is approximately octahedral and the two
oXygen and two bromine atoms are trans to each other. The deformation from
actahedral is due to repulsions exerted by the oxo group on the cia ligands,
and the conformation was discusped in terms of non-bonded intramolecular
potential energy [45].

The crystal structure  Thas alzo been reported [46a] for

chlorobig( N-methylsalicylideneiminato Joxorhenium(Vv):

oy
T—
07\ ']'
Cl Me
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having a monoclinic I2/¢c space group. Coordination around the rheniuwm metal is
approximately octahedral with the two bidentate ligands mutually orthogonal
and the oxygen of one of them trans to the multiply bonded oxo group. The
reasons for this arrangement were discussed in terms of the trans—influence of
the Re=0 Dbond., It is thought that there is a trans weakening caused by the
Re=0 bond which becomes® more noticeable according to the tramns ligand in  the
order RO ¢ Cl <« Br ¢ RBN' There is a slight distortion in the coordination
around the rhenium and it is suggested that this is due to steric effects
within the crystal and not to crystal packing forces as proposed by Bright and
Ibara [4&D].

The wmwetal and ligand binding energies have Dbeen measured for the
low-3pin rhenium complexes [ReClB(PPhHez)SJ, [RB{NZPh)Clz{PPhHez)Z(Nﬂsj] and
[RﬂOCla(PPhajzj and, to a first approximation, the ohserved bond energies can
be reproduced from a single set of ligand group shifts referred to the Dbare
metal atom., The metal bond energy increases 1 eV per unit increase in the
formal oxidation state of the metal (47].

The behaviour of ReCls was gtudied in the solvents pyridine,
nitromethane, tetrachloromethane, trichlorcmethane, dichloromethane, benzene,
toluene, dichlorcethane, carbon disulfide, pentane, hexane and cyclohexane,
which the authors refer to as oxidation resistant (sic). The crystalline
products, violat [Reclq(mmz)] and vellow-brown [Reclq-(py)z], were separated
from nitromethane and pyridine solutions, respectively. Coloured sclutions in
Cs2 and Dbenzene or toluene did not give any scolvent complexes {48].
Trichloroethanenitrile reackts with rhenium{ ¥) chloride to give

[ReCls(NCCI 1. However, when ReCl5 reacts with HEBCCH, reduction occurs with

3)2
the formation of [ReCl4{NCCHe3)2}, isclated in +two isomeric forms [49].

Reaction of ReF5 with antimony{ITI) sulfide yields the fluorosulfide REFSS as

a yellow solid which is very moisture sengitive [25]:
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BRBFS + Sb253 - BRQFSS + ZSbFa

The thermolysiz of geveral transition metal cyano complexes, including
K3[Re(CN)9]-EZO and KB[ae(CN)SJ.Hzo has been studied. The deccmposition of the
rhenium{ V) complex begins 80-180 OC lowaer than that of the rhenium({III)

complaex [74].

3.3.3 BHydrides
Reductive elimination of hydrogen gas from [RBHS(PRB)L] (L = PPhg,

PPhEL pyridine, piperidine or cyclchexylamine) in +the  presence of

27
isocyanides afforde the rhenium(I) complexes [Re(CNR) 4( PR3 }L]+ [27,28].
Photogeneration of [ReDS(PMezPh)z] (by 366 rm irradiation of [Rens(mezph )3])
in benzena solution in the presence of naphthalene leads to the deuteration of
the naphthalena, with preference for the H/D exchange at the four p—carbong
of naphthalene. Fhotolysis of [Raﬂs( MMe 2Ph) 3] and l1-hexene in
perdeuterocyclohexane or hexafluorcbenzene under cone atmoaphere of hydrogen
gas leads to complete hydrogenation of the alkene in three houra. With
internal alkenes, {e.g. cyclopentens), a stabla hydridc alkene complex such as
[ma(PHBZPhja(cyclopentene)] iz formed, with no hydrogenated alkene produced.
The X-ray crystal structure of the cyclopentene adduct has been determined.
Photolysis of this adduct in benzena gives both hydrogenation and
dehydrogenation of the ring +to give cyclopentane, [(CP)RBHZ( Plllezi'h )z] and
[{cp)ReBQ(Hlezph)]. Thie last complex can aleo be isolated in 20% yield after
the photolysis of [Raﬁs(mezj?hja] and cyclopentadiene in hexane, Reaction of
[Re.ES(PHezPh)z] and [Heacc&-cslz] in benzene under nitrogen gas gives
[(CGHG JRe( PHEZP'h )z{cﬂzcﬂzc.!l!e3 M | and the dinitrogen complex
fw—[cmzrh)am(mzcsﬂ4)(ﬂz)] whose crystal structure was also reported

[50].
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3.4 TRHENIUM(IV)

3.4.! Oxides, Sulfides, Selenides and Tellurides

The crystal structure of Lizneos, obtained by lithium insertion into
Re03, was determined by neutron diffraction powder profile analysis, and
refined by the Ritveld methed. The REO3 host lattice, made exclusively of
corner sharing octahedra, waa altered significantly on lithium ineertion
without breaking bonds. The original iz-coordinate perovskite-like cavity was
changed to twe E—coordinate octahedral gites, which are occupied by Lithium
ion= [35,36]. buring Aehydration of rhenic({VII) acid, the first dehydration
products are zrhenium({VII) oxo and hydroxo species, H[Reoq] and Re205(03)4.
which underge =s01id phase intramclecular reduction to a rhenpium{IV) 8pecies
ReO(OH)z, which was identified by spectrometric methods [15]. A spectrometric
study of the RB(VII)/HZ[SOQJ/[SCqu system was carried out, and scme reduction
€0 ReQ,_, and ReO{OH)2 was obgerved [16].

2

The chemical shifts (AF) of the X—ray L absorption discontinuities of

III

rhenium in Reoz, RESZ, ReSez and ReTez were gtudied using a bent crystal X-ray
spectrograph {6]. The free energy changes and pressure egquilibrium constants
were calculated for Resz reduction by hydrogen gas at 298 — 1300 K, Reduction
begins at 937 K, and the activation energy is lZSkJunl_l [51]. The dJependence

of the dissociation presgsure P of Res on its composition waa studied [52].

2%x

The complexes KztRezo(Soa)z(L)z(OH)zl (HL = 2- or 4—pyridinecarboxyliic
acid) were prepared by treating KzaZ[RBZO(L)z(Soq)ql with potassium hydroxide.
The compounds [3920(504’2(9)2‘03’2] {Q = nicotinamide or iscnicotinamide) were
prepared similarly. IR spectra were used to elucidate the structures, The rate
of base hydrolysis of the anion [Rezo($04)2(h)2]4r was found to be independent

of the concentration of the complex but is significantly affected by the

natuvre of the ligand L [53%].
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3.4.2 HRalildes and Halocomplerss
The structure of Recl4 wae gtudied [54] by X-ray diffraction and IR
aspectroscopy. The crystal has a monoclinic unit cell, with space group C2/m.

The new compound RecCl was igolated [54].

2.58+0.03

Moasurewenta of the temperature dependence of the intensities of the
halegen nuclear quadrupole resconances in Kz[mcl&] in the c¢ubic phase are
reported. The results provide indirect evidence for the formation of dynamic
¢lusters of the low symmetry phase as a precursor to the occurence of rotative
type phase transition to tetragonal structures in these coryatals., It was
thought that the cccurence of thase precursor cryatalg is almost certainly a
general phenomenon associated with all structural phase +traneitions in
antiflucrite crystals [55].

The EPR pgpectra of rhenium({IV) in single crystals of {NH4]2[RC16] at
frequencies near 10 GHz have been reported, The resulte were interpreted in
terms of two types of centre, one with octahedral symmetry and the other with
axial distoertion along the ¢ trigenal axis. It ia suggested that thise
diatortion <¢ould be due to variations in the orientations of the [NH 4]+ iona
[56]. High resoluticn IR luminescence spactra of [aec:I.G]z_ in K,[Ptcl ] and of
(ReBr, 1% in Cs,[ZrBr,] have been measured between 10000 ! and 3000 cm T at
liguid halium temperatures. Comparison with the luminescence spectrz in  the
vinible region has enabled nine luminescence transitions to be cbhserved in the
hromide and five trangitions in the chloride. Theee correspond to every
transition between states peparated by more than six quanta of the v3
vibrational mode of the ions. Most of the +transitions show extengive
vibrational structure, but the relative intensities of the magnetic dipecle
origine and the three vibronic origins vary greatly from transition to
trangition. The mechanisms of the varicus radiative and non-radiative
processes were also diacussed [57].

The 1low temperature (0-3¢ K) antiferromagnetic susceptibilities of

Kz[ReCI.s] and Kz[RaBrel have been explained uging correlated effective field
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theory and by considering the XY symmetry of the exchange Hamiltonian, The
theory gives a good account of the observed magnetic susceptibilities of these
compounds and the sublattice magnetism of KZ{Reclej [s8]. The general
quadratic valence force field has been applied to some octahedral hexahalide
ions, viz. [Recls]z— and [REBrG}z_ uging molecular kinetics constants and
Wilaon's F.G. matrix method. The kinetic constants, the seven independent
potential constants, the vibraticnal mean amplitude, the Coriolis coupling
censtant and rotational distortion constantz at 298,46 K were reported. The
ionic character of the bonde was zlso briefly discussed (59]. The electrolysis
of a molten mixture of NaCli{41-42%), KC1{45-46%) and Kz[ReCls](12~13%) at
780—900°C with an airtight seal under an atmosphere of argen deposits a £ilm
of rhenium metal {€0],

wWhen Recl5 is allewend to react with HEBCCN, reduction occurs  with the
formation of the complex [ReCIQ(NCtmba)z], igolated in two isomeric forms.
This is in ceontrast to the reaction with trichlorcethanenitrile which forms a
simple rhenium{V) adduct [Recls(ClBCCN)Z] [49]. The behaviour of Recls in the
solvents nitromethane and pyridine, which the authors report to be oxidation
registant, has been gtudied. The violet {Recl4{MeN02}] and yellow-brown
[Reclq(py)z] were geparated as crystals from nitromethane and pyridine

aclutions, respectively [48].

[Pphéj{neocla(sal)] was syntheaised from the rhenium{IV) complex
[PPhéjz[ReC1G] and salicylaldehyde. Characterigation was by the standard
techniques of analysiz, wagnetic and conductivity measurements and IR
spectrogcopy [(41].

wWhen [HPEtPhZsznaclﬁ] wag heated in argon at 180 oC, the complex
[Re(PEtth)zclq] was formed. Purther heating in air yielded [Re(OPEtPhZ)ZClq]
which can be further oxidieed to [Re{OP{OEt)th}Clql. The oxidation products
were identified by IR apectroscopy {861].

The crystal structure has been determined of

trans~trichlorobis- (diethylphenylphosphino)hydroxsrhenium(IV). The crystal
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has a meonoclinic unit cell, with space group le/a. Structural data are given
and agree with IR apectral data in indicating that the vieclet compound

corresponds to the formula [Re(OH)C1 (PEtPh,) ] (62].

3.4.3 Hydrides

Dark red [R;azli[‘a(?n'h3 )q.] was shown to undergo a reversible one—electron
oxidatioen to give the blus monocation [mzﬂs(m4)4]+ (E:l/z = —0.24 V v8 SCE
by CV). The X-band EPR spectrum of a dichloromethane glass coptaining the
monocation 1is in accord with the HOMO being a delocalised metal-based orbital
[28].

[Rez}IQ(PHezPh)é[P(OCHZJBC‘Et}Z] (4) and its conjugate acid (5) have been
Prepared, [Reznsl'q-] {L = Pllezﬂh) reacts with two equivalenta of P t:)('_‘r!2 )SCEt
{L') in benzene to give ([Re H L L’ _] [63].

z2 34 2
3.4.4 Phosphates
™he rhenium{IV} rhosphate Reon_’ has been aynthesised and shown to be

isomorphous with ZeP 207 [64]).

3.5 RHENIUM(III)

3.5.1 Haltides

The chemical shifte of +the X-ray LII absorption discontinuities of

I
rhéenium in }?.e(:l3 was studied using a bent crystal X-ray spectrograph. The
shifts were ogovernad by the effective charge on the abeorbing ions [6]. The
35{:1 NOR frequencies. v, were Jetermined for rhenium(III) chleoride at wvarious

temperatures, T;
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v/MAZ

T/ C 27 -78 —196

21.7772+0.003 21.943:0.003 21.92110.003

16.475=0.003 16.481+0.002 16.49410.003

15.C401+0.003 15,0580, 003 15,.074+0.003

Three resonance frequencies were cheserved and were attributed to three
chemically different chlorine atoms in the crystal. By analogy with NMOR
gpectrogcopic results for dimeric Group 13 metal halides, the high frequency
line was agsigned to the terminal chlorine, and the others to the two types of

bridging chlorine. Since the asymmetric bridging chlerine forms a weakly

bridging bond with rhenium in the neighbouring trimer, thils chlorine atom wasg

thought to have some terminal character and hence the middle frequency line
was asgigned to the asymmetric bridge, and the lower line to the symmetrically
bridging chloring [€5]. Argon ion bombardment of Rexs (X =¢Cl, Bror I) in a
photoelectron spectrometer yielded the lower wvalency rhenium halidea (Reclz,
ReCl, etc.). The presence of these new compounds was established on the basig

of the destabilisation of the Re( qf 5 y spin—orbit component binding

/2,772
energies and the relative decrease of the halogen spectral line intenaities. A
linear correlation between the Re{4f) binding energies for each series of
rhenium halides and the oxidation number was obeserved [66].

The electronic structure of the gquadruply metal-metal honded [Rezclalz_
species has been studied uging ab initic wave functions and relativistic
effective core potentiale. The weak couplihg between the metal orbitals of the

§-bond, in particular, necesaitates a multicenfigqurational dJescription in

terms of MO's, and a valence bond interpretation can often yield insighta into
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the nature of the states [67]. A new high vield synthetic route to [Re2<:ln]2_
has been devaloped. The reaction involves heating tetrabutylammonium
rhenate(VII) with benzoyl chloride at about 209 C, and then subsequent
addition of a HC){g)-saturated sclution of tetrabutylammonium bromide followed
by further heating at reflux. This yields the desired product in high purity,
Similar reactiong with the potassium salt gave poorer yields [1B].

when [Re Br (O

BT, zc:ne)z.:.zl (L = dimethylethanamide)} in trichloromethane

polution was heated to reflux, protonation ard dimerisation of +the ligand
occurred, forming ultimately [Lzﬂ] 2|:1?u=.-213|:r:s]. The crystal etyructure of thie

complex showed the unit cell to be triclinic [€8,69].

3.5.2 RHalo and Psaudohalo Compleras
Thae new rhenium({III) complexes [Rsclz(lm—ﬂ-NR){PPha Jz] (R = 4—!leC6H4,

Ph, 4-(:1(.‘61! or 4—PC6H4} were obtained, in 60-70% vyield, by adding

9
trr:m‘s-(ReOClH(I’I.’h3 )2] and E'Ph3 to a boiling thf saolution of Li[RN-N=NR],
generated in alitu by the action of butyllithium on RNE-N=NR. The
trirhenylphosphine is thought to act as a reducing agent. The complexes are
all green air-stable soclide, which were characterised by IR spectroscopy, With

1, and v(ReCl) between 310 and 294 an 1,

V{RNNNR) Dbetween 1250 and 1200 om
The crystal structure of the 4—tolyl derivative was determined. The unit c<ell
has a monoclinic space group, le/c. The rhenium atom is in a distorted
octahedral enviromment, with two axial phosphine greups, two cis—chlorine
atoms and the chelate ligand forming a four-mewberad ring with the metal [(42].

Dimethylphenylphosphine acts as a coordinating, reducing agent ih itse
reaction with [Raole.( PPha 3] (X = Cl or Br; L = N—-methylsalicylideneiminate,
N-phenylsalicylideneiminate, 1/2 N,N'—ethylenebie{salicylideneiminate) or
g-hydroxyquinolinate), initially forming the rhenium{ V) adduct
[Reuxzb( P!ﬁzr‘h)] which is then reduced to the rhenium{III) complex

[Resz( PﬁezPh )2] [24]. When
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cis—diagquatetrabromodi—-u—trimethylethancatodirhenium was heated in an inert
atmoaphers at 240-250 OC, trans—tetrabromodi—u~trimethylethancatodirhenium
{B) was obtained in a0% vyield, (6) reacts with HeBCCOOH to give
[Rezmrz(;L—ot:oC(:‘Me3 )4]. The cryatal structure of (&) has shownh the unit ¢ell to
be triclinic, with apace group P11, and tha rheniumrhenium duadruple bond 18
©.221 nm long [70].

The metal and ligand core binding energies of low—spin rhenium
complexes, including [Recla(PMezPh)aj, have bheen measured. The cbgerved metal
binding energies can be reproduced from a single set of ligand group shifts
referred to the bare metal atom. The metal binding energy increases lev per
unit increase in the formal oxidation state of the metal. Metal binding energy
shifts are mnegative for oc—donors and positive for m—acceptors. The reference
State is taken as the bare unligated low-spin rhenium{0O) atom, and has a value
4.0V greater than that of the bulk wmetal [47].

Cocondensation of rhenium atoms generated from a positive hearth
elactyon gas furnace with 1,2-dibromoethane, followed by extraction with thf,
gave [ReaBrg( thf )3] in 90% yield. Further reaction with trimethylghosphine

forms the reduced rhenium(IL) dimar [{ HeBP)EBr ResReBrz(Pﬁe3 )2] in 65% yield

2
[?1]. A new synthetic route is reported for the preparation of rhenium(I)
isonitrile complexes., Treatment of the dinuclear guadruply metal-metal bonded
complexes [Rez(ODC‘R}qC].a] {R = Me or Ph} with alkyl isonitriles (R'NC; R' =
Cueg or cyclohexyl) gives solutiona from which saltz of the {[Re{CNR') 6}+
cation can be isclated in good yield. This cation i= inert to further
substitution by moncdentate phosphines. The halide-rich salts [Bu‘}sz[Rezxej
(X = Cl or Br) react with Me 2‘CZ.'.NK.‘: to give the seven—coordinate rhenium(TIIIL}
species [Re(C:NC'.liea )5x2]+, isvlated as their hexafluorophosphate salts. The

mixed rhenium(III} complexes [Re{ cucuea )éL'2C12}+ {L" = PEtth or 1/2 [dppel)
are likewigse prepared by the iscnitrile cleavage of the quadruply metal-metal

bonded [Rezch(PEtP'hz )2] or [Rezclﬁ(ﬂppe)], regpactively. Spectral and

electrochemical data were reported [27],
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The reaction of photogenerated [ReCl{dppe )2]. from [Ilecl(ll2 ¥ dppe )2],
with methanol gives  decarbonylation under mild conditions to yield
[Recl{co)(dppe)z] and the rhenium{III) species [Raclﬂz(dppe}z]. [Rnﬂa(dppe)zl
may alsc be formed in amall yield, The reaction with the
tetrakis(phenyldimethylphosphine) analogue also gave carbonyl and hydrido
products, but the reaction ie not as clean as with the chelating phosphine,
and akt least four different hydrides can be identified [72].

A paper has been published, enlarging on a communication discussed in
last year's review {[73a; ref &7], concerning the preparation and crystal
structure of [Re316(00)6]. This paper alsc reports the formation of
[RBIS(CO)3] and [Reél:s(m)s] by the room temperature oxidation of
{Rezlz(m)s(thf)z] in heptane {at reflux, the trimer is formed). [Relg(OD)E]

was initially formed as a deep blue compound:

[Re,I,(CO) (thf) ] + 2I, - 2[RI (C0),] + 2thf

Magnetic susceptibility and IR speciral characterisation (v({CO0) 2012, 1982
cm_l} imdicate a fac-stereochemistry. This dimeric rhenium{III) complex ia
converted to the tetramex ([Re QIS(OO)G] on ptanding in heptane at room
temperature. An X-ray crystallographic analysais of the tetramer sahowed that

the cryatal has a meonoclinic unit ¢ell, with space greup C2/c.
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It belonge to the family of [Rezxs]z_ complexes, with bridging iodine to two
terminal {Re(CO )3 } groups. The complex im a mixed valence
rhenium( I )/rhenium({ ITL) species, the two central rhenium{III} atomgs being
triply bonded (r(Re=Re) 0.2279 tm}, and having a distorted sguare pyramidal
coordination. [REIB(CXJ)3] rearrangeg2 in thf sgolution to form the triiodo
complex [Re(I,)(CO),(thf)] containing the [131_ ion (731.

Thermolysis of aseveral transition metal cyano complexes including
Kg[Re(CN)aJ.Hzo and KB[RE(CN)GJ was studied. The deccomposition of the higher
valent state complex begins 80 ®C lower than that of the lower valent state.

R . 2+ I+ 2+ 2+ 2+ 2+
The thermal stability increases Os < Re < Mo ¢ Ru <« Vv ¢« Fe [74].

3.5.3 Sulfides

Baz[Rsssllj and srz[Ressu] were prepared by the reaction of M[c03] (M =
Ba or Sr) with rhenium metal at 1350 “C and 1450 “C respectively, in a stream
of st' X-ray studies on the barium salt show a framework of {REESQJ clugters

linked in three dimensions with bridging sulfur. The barium icns are inserted

in holeg in this framework. The barium compound is diamagnetic {75].

3.5.4 Hydrides

The reaction of photogenerated [ReCl{dppe )2] with methancl results in
decarbonylation under mild vconditiong to yield [ReCl{C0){dppe )2] ard the
rhenium{ II1) hydride [Rec:lnz(dppe)z]. [Reﬂs(dppe)z] is sometimes also formed.
The tetrakis(phenyldimethylphosphine} analogue alsc vyields carbonyl and
hydride complexes, but the reaction is not as clean and at least four
different hydrides can be identified [72].

Reduction of the complexes ReCls, [ReoCla(py)z] and [ReCIS(py)] with
trimethylphoaphite yielded a variety cof products as a sensitive function of
experimental conditicons. Products formed in the reactions include a number of

rhepium{0} and rhenium{I) phosphitc complexes (vide iInfra) and the
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thenium( II1) hydride [ReH {P(OMe),} ]. Photoactivation of another product,

[Re, (P(OMe) } 1. in the presence of hydrogen gas alsc yielded this

3
rhenium{III) hydride [39].

1Q

Reaction of [Rezﬂe( PFhHez )4] with two equivalents of P(DCHZ)BCEt (L")
in benzene gave the rhenium(II) hydride [RezHQL&L'Z] {L = Pphuez}. Reaction of

thia hydrido c<complex with excess H[BF 4].Et O in bénzene at room temperature

2
yielded [Re H L L' ][BF4] as a red oil. The corystal structure has been

254 2
determined, and protonation does not change the formal Re-Re bond order, nor
lengthen it to any chemical eignificance (see Section 3.7). It ig also evident
that five hydride bridges are not formed in the ground state of <his ti‘!—d‘E
dimer. 1B and 1P MMR spectra have been recorded and studied [63].

FPhotolyais of [RsHS(PFhHez )3] and l-hexene in perdeuterocyclohexane or
hexaflucrebenzene under 1 atm of hydrogen gas led to complete hydrogenation of
the alkene, but with internal alkgnes, sauch as c¢yclopentens, a 8stable
rhenium(II1) hydrido-—alkena complex was formed. The X-ray c¢rystal structure of
[Reﬂa( PPhuez )3( cyclopentene))] is presented. Photolysis of this cyclopentene
complex in benzene gave both hydrogenated and dehydrogenated products, viz,
cyclopentane, [(cp)ReH (PPhMe, ),] and [(cp)ReH (PPhMe,)}] {50]. Treatment of
pentane with heptahydridcbie( triarylphosphine yrhenium(VII) and
3, 3~dimethylbutene yielded
trihydro( trans—penta-1, 3—diene )bis{ triarylphosphine yrhenium( IIL).
Trimethylphosphite converts this with high selectivity inte pent-l-ene [29],
Heptahydridobia( triphenylphosphine )rhenium{VII) reacts with 3, 3-dimethylbutensa
and bhenzene to give the dihydridocyclohexadienyl compound ,

[(EPha }2( ns—csﬂv )RBHZ]: itse X-ray crystal structure was reportaed [31].
3.6 REENIUM(II)

Cocondensation of rhenium atoms with 1,2-dibromcethane followed by

extraction with thf gave {Re E,.l?,rg( thE) 3 1: further reaction with
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trimethylphosphine in  thf  at 4 %  led to the dimer

[(HeBP)znr ResRsBrZ(PHe3]2] in &5% vyield, reported as being a much better

2
gynthetic¢ route than earlier methods. The cocondensation of rhenium atoms with
excess oxalyl chloride gave the well known complex [{Re(CO)qcl}zj in 40% yield
[71]. Argon ion bombardment of some rhenium{III) halides, viz. chloride,
bromide and iodide, in a photoelectran spectrometer yielded lower valency
rhenium halides (ReClz. ReCl, etc.). The presence of these new compounds was

established on the basis of the destabilisation of +the Re(4f )

5/2,7/2
spin—orkit components of the binding energies and the relative decrease of the
halogen spectral line intensitiea. A linear correlation between the FRe(4f)
binding energies for each zeries of rhenium halideg and the oxidation number
wags observed [66].

The cation {RB(Cﬂm)q{PR3)21+ has been prepared, amongst other methods
{8ee Sections 3.1.5 and 3.5.2), by the reductive cleawvage of the triply-bonded
comp lex [R92C14(PR3)4] by RNC ligands [27].

The complex  previcusly reported as [Reclz(ND)(PPha)] has besan
reformulated as the methoxide complex [ReClz(Oﬂe)(ND)(PPhB}z], an the basis of
IR spectral data, and by comparison with the ethoxide analogue. Reformulation
alsc enables the cobgerved paramagnetic moment of 1.7 pu_ to be rationalised.

B

This is now presented as a pseudooctahedral compound of rhenium{IX) with a

-+
linear NO group. This has led to the suggestion that previously reported
reactions of this compound proceed via substitution. [ReClz(OHE){NO)( PPh3 )2]
reactg with Na[BH4] and PPh3 in ethanclic solution to give improved yields of
[ReH,,(NOY}(PPh_)}) [76].

The rhenium({II) hydride [R9234L4L'2] (L = PHeQPh, L' = P(OCHZ)3CEt) and

its conjugate acid have been prepared, [RQZHaLéj reacts with two equivalents

of phosphite L' in benzene to give [R92H4L4L'2], whose X-ray cryetal structure
has revealed an unusual asymmetric feature of the mclecule: the two rhenium
atoms bave different coordination numbers (six and seven) and different formal

oxidation numbers (1.5 and 2.5). The intermetallic distance {r{Re-Re}
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0.2597(1) nm} is very cleose to that found in the triply bonded [Rezﬂer..s]
{r(ResRe) 0.2589{1) nm}. Protohation of the complex with tetraflucroboric acid
yields [Rezﬂqu.L'z][BF 4] as a red oil. The X-ray crystal atructure, determined
at -160 °C, shows a eymmetric molecule, and this ig the first structural
determination of a wmultimeta) conjugate acid/base pair where the proton i=s
added to and removed from a terminal site. The protonated acid form shows no

1

gignificant lengthening of the Re-Fe bond. "E and 319 NMR spectra of the

conplexes were recorded and studied [63].
3.7 LOW OXIDATION STATES OF RHENIUM

3.7.1 Rhenium(I) and Rhenlum(O0)

Argon jion bombardment of the rhenium({TII) halides Rexa {X =C1, Br or I)
in a photoelectron spectrometer yielded lower wvalence halides, including
rhenium(I}. The presence of these new Ccompounds was established on the basis

of the destabilisation of the Re(4f } s8pin—orbit c<componants of +the

572,772
binding energies and the relative dJdecrease of the halogen spectral line

intensities, A linear correlation between the Re(4f) binding energies for each

geries of rhenium halides and the oxidation munber was obaerved (66].
Treatment of {RB(OZCR)‘}Clz] (R = Mo or Ph) with alkyl isocyanidea R*'NC
(R" = C:h[e3 or cyclohexyl) gave aolutiona from which salts of the [(Re{CNR’ )6]+
cation were isolated in good wyield., Thia cation ditself is inert to
substitution by the monodentate tertiary phosphines, but routes to spacies of
the type [Re{CNR' )4(9113)2]* are afforded by the reductive cleavage of the
rhenium{ II) dimers [R22014(PR3 )q] by R'NC ligands, or by reductive elimination
of hydrogen gas from the palyhydride complexes [Reﬂ,?(PHa )2] and [REHS(PR:_I)ZL}
(L = PI’h2| or cyclohexylamine) in the presence of an excess of igocyanide,
Spectroscopic and electrochemical properties were alec reported [27]. Shake-up

gatellite etructure associated with the nitrogen and carbon kinding energies

in the X-ray photoelectron spectza of [(Re{ CI.NIC‘HE3 )6][91’6] (and other similar
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alkyl and aryl isocyanida complexes of chromium, molybdenum and tungsten) was
studied. It was concluded that these =matellites most probably arise from
H(d)"ﬂ*(C'N'R) and u(d)-rr*(cum-) excitations accompanying the primary
photoemipaion process [77]. Tha isocyanide complexes trans—[ReCl(M)(dppe)zj
(R = He.CHea, +—tolyl, 2—*tolyl, 4—chlorophenyl, 4—methoxyphenyl or
2,6—dichlorophenyl) have been prepared by isocyanide  displacement of
dinitrogen from tr-ans—{ReCl(Nz ¥ dppe )2], arnd their lﬂ and 311' NMR spectra
reported. The redox properties were investigated using cyclic veltammetry and
it was found that the oxidation peotentials of the complexes became more
positive in the order R = Q!ea < Me < 4-MeOPh <« 4-MePh < 2-MePh <« 4-ClPh «
2.5—(:12911 and it broadly reflects the increasing electron withdrawing effect
of the R group. Thesze were correlated with a ligand parameter Pc (which is a
measure of the net o and # acceptor/donor propertiesg of a particular ligand?,
and this data was interpreted as showing bent coordination of the isccyanide

[(78].

The low freguency vibratiomal {IR and Raman) spectra of the complex

[ReC]( NZ )(mzphjqj were measured and partially interpreted. Vibrational
spactral lines were identified as belonging tc the valence vibraticn of the
Re-N bond and deformation of the {ReNN} fragment [72]. The reaction of
photogenerated {ReCl{dppe )2] derived from the dinitrogen adduct
[Rta-c.l(lﬁ2 Y(dppe )2], with methanol resulted in decarbonylation under mild
conditiceng to vyield [ReCl(Co)(dppe)z] and [Recmz(dppe)zlz fReHa(dppe)z] is
sometimes alzso formed. The similar reaction of the complex [ReCl(Nz ¥ H&ezp‘h )4]
alse forms carbonyl and hydride complexes, but this reaction is not as well
defined a8 with the chelating phosphine, and gives at least four different
metal hydrides ([72}.

The metal and ligand core binding energies of low spin rhenium complexes
have Dheen measured, including [RaClszZPh )(EﬁezPh}z(NHB 1. a formally
rhenium({I) complex {see alsc Section 31.6.2) [47].

Together with other reductions of organic compounds, it is reported that
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[RﬁHs(PPhIlez )2] reacts with I'Ia3(.'..'(‘_'1-1--C:El:2 in benzene under nitrogen gas to yield
[{ CEHG JRe{ sz '.'2( Cﬂzmzms 3]
and fcc—[(PPhHez )BRe(PHechH‘})(Nzﬂ. whoge crystal struckture was also reported
[50].

Raduction of Recls, {Reocla(py)z] and [Recls(py)] with  trimethyl
}

phosphite yielded a variety of products including [ReZ[P(OMe) 1¢(7),

3°10

IHRB(P(QHe)alsL [RB[P(OHE)S}B{P(O}(OHQ)Z}]. [H3RB{P(0H9)3}4] and
[HRe{P(OHe)a}a[(lleO}zE'OP(OQE)Z}]. Complex (7) reacts readily with protic acids
te give a series of cationic and hydridic products. It also undergoes
subatitution reactions through photodissociation of the phosphite, and through
photoactivation of (7) in the presence of dihydrogen, the three hydride

complexes mentioned above were prepared [39].

3.7.2 Carbonyl complexes

Mingos postulates that +the successful gynthesis of high-nuclearity
clustere requires due consideration not only of the relevant electronic
factors but also of the steric requirements of the ligands on the periphary of
the molecula, and has dquantified this function using come angles found in
clusterz, This model asuggests that [Re4(c0)12] is wunsaturated ag is
substantiated by the existence of [Re 8,(c0) .1 and (Re B (c0) 1% [81].

A multiphoton ionisation {MPI} time—of-flight mass spectrum of
[Re,(CO) ) was recorded and it showed peaks due to {‘.Rez}+ ana {re}’. a
gimilar MPI mase spectrum of a 1110 mixture of [Rez(co}lo] with [an(m)m]
showed peaks due to the reaction of (Ma}' with ([Re,(C0) ] such as
{urRe (C0Y,)" and (unRe (), 17 (R2].

The [Re(co)s]' radical was genexated in the pulse radiolysis of a
variety of organorhenium complexes in ethanoli¢ solution as well aB in the
flash photolyais of [Rez(co)lo} in 2,2,4triwethylpentane solution. The
radical absorbs radiation in the vigible region in ethanol (.km 535 nua, €

1000 £100 M_lcmul). Absolute rate constants were determined for the reactionse
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1 -1

of the solvated electron in ethancl with [RB(CO)SBr] (k = 6,7 x 109 Mg ),

g -1 -1
[Re(C0) (S0, CH )] (k = 6.6 x 107 M8 ) and [Re,(CO), )

(k= 7.8 x 109 M—lsql). The rate of chloride abstraction from Ccl4 in ethanol

15"1) and is sixty-five times

by [Re(CO) 1" was measured (k = 3.9 x 10" M
greater than that of [Mn(CD)Sj' [83].

Single crystal IR reflectance and tranemittance spectra have been
obtained for [Re(CO)SBr] and [Rez(co}lo] and their manganese analogues.
Tagether with some additisnal Raman spectral data for the bromides, theze data
have led to reviged assignments of IR and Raman spectral bands for all four
materialsa which show a good degree of internal congistency. This report is the

firat detailed investigation of their IR spectra, and almost all the predicted

lattice modes were found as well as the internal modes {[84]. Further

experiments have been conducted [B85a] on the substitution reactions of
{Rsz(co)lo] and [MnRe(CD)lo] to investigate wmore thoroughly the homolytic
cleavage of the metal-metal bond as the first =tep in the substitution
mechanism as Suggested by Poe {[85b]. The results of these new crossover
experiments gsupport initial diseociation of €0 iIn substitution reactiong of
[Rez(co)lo] and [HnRe(CO)lo] an the abaence of significant concentrationg of
metal intermediates. It was not excluded that metal-metal bond cleavage may
become important at temperatures greater than 140 OC [es5a].

Quaternary ammonium tetrahydroborates (used direcktly or generated in
prhase trangfer reactions) have proved highly effective reagents for preparing
maetal carbonyl anions from the metal carbonyl [Rez(CO)lo]. Reaction with
tetraethylammonium tetrahydroborate in ethanenitrile appears to give
[thﬂ][HReZ(CO)gl, and 1if reduction ig carried ocut in dichleromethane
solution, [Re2(c0)9C1]_ is obtained in high yield [86].

The photochemical reaction of [Rez(cﬂ)loj with water was 3tudied in
varicus solwvents using radiation of varying wavelength. The initial reaction
led to substitution of a water molecule for a carbonyl ligand on irradiation

at 3213 nm, Dby homolytic fission of the metal-metal bond followed by thermal



31

pubgtitution and reformation of the Re—Re bond. Irradiation at 366 rm led to
the formation of the hydride and  hydroxe species (HRe( C0)5] and
[Re“(m)lz(cﬁ)&] for which a mechaniem wad proposed [B87,88].

Reaction of [Rez(oo}lo] with 0?35035 has been studied with regard to the
production of methane from carbon monoxide, but it was shown that no

detectable quantities of methane were produced [B9].

3.7.32 Carbonyl Baloc Comploeres

Exposure of @dilute solutions of [RB(OO)SBr] and [Re(co)sr] in
methyltetrahydrofuran to Gc't:t:a y-rays at 77 X gave electron-addition products
characterised by large hyperfine couplings to the halogen and metal nuclei.
Oxrbital pepulaticns for the extra electron estimated therefroem showed trends
characteristic of antibonding electrons and in all cases the extra electron
appears +to be accomodated in the wmetal-halogen G* orbital comprising
primarily (dzz—pz) orbitals. The parallel components wexe easy to assign while
the perpendicular components were more difficult {90]. The reduction of
[Rez(co)lo] with gquaternary ammonium tetrahydroborates has proved very
effective for preparing carbonyl anions; if the reducticn is carried out in
dichloromethane sclution, the chloroanion [Rezt co}gclj' is obtained in high
yield {86]. Cocondensation of rhenium atoms, generated from a positive hearth
electron gas furnace, with excess oxalyl chloride yielded the well-known
conplax [{Re(co)4Cl}2] in 20% yield [71].

In +thf amcolution, [RBIB(CO)a] reaxranges to give the rhenium({I) complex
containing the [13]_ anion, [Re{Ia)(OO)S(thf)] [73].

The preparations of rhenium carbonyl complexes with glycylglycine as a
mono— and bidentate ligand have been reported. Reaction of [Re(OD)sBr] with
glyceylglycine (HL) in a 1:2 melar ratio in dioxane {Q)} solution yielded the
complex fac—{Re(CQ)aBr(EII.)(Q)] in which the amine acid is monodentate and
bonded through the amino-N atom, as poetulated on the basis of IR and TH NMR

gpectral data, and the presence of one titratable proton. When an equimolar
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ratio of reactants is used, the aminc acid is reported to deprotonate and act
as a bidentate ligand. Furthermore, reaction between the rhenium carbonyl
bromide and potassium glycylglycinate in dioxane gave a product which analysed
as Cllalsuzoane' and on the basis of lﬂ NMR and IR spectra and pH measurements
was also pogstulated to contain a bidentate deprotonated amine acid ligand.
Addition of ethanolic potassium hydroxide to a solution of the first complex
also produced this adduct [91,92].

The rasonance Ramai spectra of [Re(CD)BclL] {L =
1,2-bis{arylimino)ethane or 1,2-bis(isopropylimincjethane}, obtained by the
excitation into the lowest energy band {MLCT}, has been reported, and compared
to those of [M{CO)QL} (M = Mo or W) and [Ru(CO)aL]. The obgerved bands were
assigned, It was found that an increase of w-backbonding from the metal to the
di-imine ligand appeara to be accompanied by a decreade jin the resonance Raman
effect for the symmetrical stretching modea of the ligand with respect to the
symmetrical M-L stretching modes. At the aame time an increase 1in the
reaonance Raman effect is observed for vibrations of the aryl rings which are
virtually inactive in the Raman spectra of free ligands. This was interpreted
in terms of a distortion of the aryl ringa in the MLCOT excited state [93]),

The affects of pressure and freezing on the radiative and non-radiative
rates from the excited atates of [Re(CO)aclté,?—thphen)] and
[Re(c0)3C1(phen)] were inveatigated in a wvariety of solvents with wvarying
polarity. The radiative rates depend on the low frequency dielectric constant
() of the sclvent, A clear demonstration of this dependence iz exhibited at
the phase transition of the Bolwvent. In polar solvents kr and « drop
continucugly, whilst in non-polar solvents kr and € show une substantial
change. The npon-radiative ratea in the liguid and solid phases depend
pPrimarily on the energy gap between the emitting and ground states. The blue
shift in energy, shown in all saolvents on freezing, causea a drop in knr' At
the phase tranpsition, both the blue shift in peak energy and narrowing in the

ground state potential well affect knr [94].
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Reaction of photogenerated [ReCL(dppe),] (from [ReCL(N,)dppe),]) with
methanol repulted in decarbonylation under mild conditiona to yield
[Recl{m)(dppe)z] {and [Recmz(dppe)zl). The related reaction wusing
[ReC1l{N 2)(PP‘hﬁez ) 4] also gave carbonyl and hydride complexes, but the reaction
wae not a8 well defined as with the chelating phosphine [727.

[ReBr(GO)s] has been used as a reagent for the preparation of the
following complexes: [(€O) BrRe(P(CHe,) (SiMe )}],

[(CD)4BrRe(P(c:I!e3)(mle3)z}], [(C0)4Brae{9(m3)3}] (E = 5i, Ge or Sn) ard the
dimeric rhenium{l) species
[{(00)41?6}2(1*"?122 )2] (Pllz is P(C_llles)z. P(C!Ale3 )(Silles) ot
12'((‘;\&!4!15:3 >2) [95). Ligand substitution of [{BrRe(co)q}Z] with thpt CH,, )ncl gave
[(CO)“BIRB(Pth(CHz)nCl}I. The crystal structure of the complex for n = 2 was
determined [96]. Complexes of the type [Rax(co)al.] {(X=Cl, Bror I; L =
HeE(Cl-lz)nEIlb, n=20r 3, or MaECH=CHEMa; E = $§ or Se) have also been
prepared, and the energy barriers associated with the pyramidal inversions at
the individual chalcogen atoms were calculated using total band shape dynamic
MMR effects. These barriers were found to be lower than those for aslenoXides
and sulfoxides, which was attributed to {p—d)m bonding betwean the ligard and
matal in the tranpition state, Comparigsong were made with sgimilar platioum
complexes. The crystal structure of [Rat.(co)amasa(cnz }289115}} was determined
and showed a distorted octahedral environment around the rhenium atom with the
iodide being cts to both the selenium atoms of the chelate ring. The two
methyl groups on the aelenium atoms were positioned away from the bulky iodide
ligand {97],

When carbon disulfide is allowed to react with the compound PhaPCR'R",

. - + -
the initially formed zwitterion Ph3P t.'.ll'R"t‘:Sz is ptaple if R' and R™ are

alkyl groups. If R' = H, the molecule can further react to form the salt

+
[Ph3PCHzR" ] [PhsP-CR“CSZ }. The reactiong of PhSP CR' R"CSZ have baen

investigated: when R' = R" = Mg, reaction with [BrRe{ 00)5]. or aven better

with [ {BxRe({CO) 4] 2 ] under strict exclusion of light yields
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Fac—[( CU)BReBr( Szccnezpphg)], whose crystal structure has been determined, In
the case when R* = Me and R” = H, reaction with bromopentacarbonylrhenium(I}
yielded the expected cis-tetracarbonyl compounds, which were detected by IR
gapectroscopy but could not be isclated. Irradiation of the compounds resulted
in cleavage of the P-CRZ bond [98]. Reaction of Ph3P+Q|BZC52_ in boiling thf
with [BrRe(co) 5] under the action of light led to the formation of an orange
Bolution in which no new metal carbeonyl complex could be detectad [99].

The reaction between [BrRe{CO} s ] and the S o adduct of
dicarbonyl{cyclopentadienyl )iron( II) produced, in good yvield,
[{cp)(CO)zFe( C52 )Re(co)q] in which the {Csz} group acted as a bridge between
the two metal atoms: {PeC{=5)SRe}. Depending on the reactien conditions, both
the Sz—chelated complex [(cp)(CO)ZPEC(=S )SRe(CO)q_] and the unidentate complex
[(cp)(co)zFeC{ =5 )SRe(CD)5] were obtained. Alkylation of the (FeC{=S)SRe} unit
in this unidentate complex with methyl triflucromethane sulfonate yielded
[(cp)(CO)zFaC(SLiB)SRB(CDJS]+ {only the secaond metallosdithiocarbenemetal
complex to be reported), which reacted with methylamine to produce
[Re(CO),(NH, Me )(CONHMe )). Characterisation was by 18 MR and IR spectroscopy.
The chelated derivatives reacted with PP'h3 to give the adduct with the

phosphine bound to rhenium with loss of CO [2Q0].

3.7.4 Carbonyl Hydroro, Bydrido and C‘Oz Compleres

Reaction of [(CO)SRePBF3] with agqueous alkali yielded “RB(CO}5(OH)", a
solution of which in propanone gave crystals of [{{CO )SRe{ c02 JRe{ 0 ) 4}21. IR
and mass spectral data were recorded, and X-ray cryztallographic analysis
ghowed a tetranuclear framework with CO h bridgesa, every atom of the two C-‘.:J2

ligands being bound to a rhenium atom, [Rea(co)q.( COOH)], with the following

structural element
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H
I
O - Re
/
Re - C
\‘\
O — Re

hae been igsolated. Other reactions of [(co)snema] with methancate, oxalate,
nitrate and nitrite were also raported [101],

[{Re(m)soﬂ}ql‘zcsaa cryatallises in a cubic space group Pnim, The
gtructure consists of discrete tetramers of four rhenium and four oxygen atows
occupying the corners of a distorted cube. There are twe benzene rings per
formula unit in the lattice. The compound is probably the first characterised
example of a benzens ring uging both facee as acceptorg for OH-w hydrogen
bonding [102].

The photochemical reaction of [Rsz(cojlo] with water in thf and other
Bolvents waz gstudied using radiation of wvarying wavelengths, The initial
reaction led to [mzcm)g(cﬂz)] formed wupon irradiation at 313 mm, by
homolysis of the Re-Re bond followed by thermal substitution of the [RA(CO)S]
radical by water, and then reformation of the Re-Re bond to give the
monoaubgtituted product. This decomposed under 366 nm irradiation o form
[I-me(co)s] and [mq(m)lz(oa)ﬂ. The decomposition pathway was thought to
involva [Rez(oo)s(cu)z] as an unstable intermediate, which decomposed via
initial leoss of water and oxidative addition of an O-H bond to form
[Hnez(cmn(oa)], which then itself decomposed to give the observed products
[98].

The reaction of tetraethylammoniun tetrahydroborate with [Re 2((:()):l 0] in
athanenitrile vields the product [Et GH][EERQZ(OO) 9], vwhile analogoug
chloro—derivatives can be prepared in dichloromethane [86].

Reactions of [Rez(OO)loj and [33m3(co)12] with C:?asosa have been
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investigated with respact to the production of methane from carbon monoxide,
and it has been shown that no detectable guantity of methane was produced.
Larger rhenium clusters were not satudied [g89].

The complex [Re_?c(m)zl]z_ was isolated from the pyrolysia of
[Et ‘}N][Rel*lz( oo 3} 4] in tetradecane as a red crystalline solid, and the crystal
structure of <the tetraphenylphosphonium galt was determined. 1H NMR and IR
spectra were also reported. The molecule in the solid state consists of a
monocapped octahedron of rhenium atoms {r(Re—Re)av 0.2992 nm}. The anion is
the first reported example of a carbide species in a carbonyl cluster not
belonging to Group 8. The carbido atom lies at the centre of the octahedron
{r{Re—<C) 0,211-0.215 nm}). All carbonyl molecules are terminally bonded, The
carbide carbon is reported +to have a fundamental role in stabilising the
complex [103). similarly, the carbido apecies [Re,C(CO), 412‘ was isclated from
the pame reaction mixture as the {Re7} gpecies reported abowve, The crystal
structure of the tetraethyliummonium salt of this anion showed an octahedron of
rhenium atoms capped on two opposite triangular faces by the remaining rhenium

atoms, resulting in a rhombohedron of idealised D:-Ih symmetry.

Re
Re/ ‘ > Re

l ‘““R'e

N
|/ SR\

L iy 8

<F

This is the first reported trans-bicapped octahedron of matal atoms. Some
reported bond lengths are:

Re-Ra( octahedron) 0,2993 mm
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Re—Re{ capping ) 0.2985 nm
Re—C 0.2110(1)0.2119%1) nm; mean 0.2116 nm

13; R spectral studies indicate that the structure in solution is the same
as that in the solid [104].

™e raactions of [Re3H3(CD)12] with bis{diphaenylphosphino )methane
{dppm}, 1,2-bis(diphenylphosphincjethane (dppe) and [(Eto)zPOP(CIEt)z] (tedip}
were investigated, With dppm in octane, the previously known [Rez(oo)e( dppm} ]
(8) waz formed in E% yield, together with the novel complexes
[Rezﬂz(w}a(dppm)] (9) (25% yield), [33353(00)10(5995)] (10) (12% yield) and
[Re, H_(C0) (dppm),] (11) (30% yield) [105]. The reactions with tedip proceeded
gimilarly, forming products (12), (13) and {14), analogous to (9), (10) and
(11), along with an isomer of (13), [ReH (CO), (tedip)] (15), in which the
diphoaphine ligand chelates to a aingle rhenium atom in an axial-equatorial
configuration. Protonation of (14) gave [Re H (CO) (tedip), 17 (16). e
protonation was reversible, and the structure wae studied by NMR aspectral
technigues in solution (as the so0lid could net be iscolated). The crystal
structures of {9} and {14) were reported. {9) hae a unit cell of space group
Fbea and (7) P21/c. In molacule (9), the dppm and two hydregens bridge the
formal Re—Re double hond. The Re-Re bond length ie 0.28923(2) wm, which 1is
congiderably shorter than in systems with unbridged Re—Re single bonds or with
hydride-bridged single bonda. In meolecule (14), the {Rea(n.—ﬁ)a} core of
[Real-la( 00)12] is preserved with four axial sites occupied by the two tedip
ligands, which bridge two edges of the {nea} triangle, The Re-Re bonds bridged
by tedip are contracted relative to the hydride-bridged edge (0,.3261(5) vs.
0.3308(2) nm), and this was attributed to the bite angle of the phosgphine
ligand. Bydride positions were confirmed by cambined X-ray/neutron studies,
The reaction between [Real-la(CO)lz] and Appe gave fac-—[ReH{OD}B(dppe)] in 48%
yield as the major product, The minor product was formulated as

[mzﬂ(m)T(pthm CHZPPI'ICGH‘)] {17), as assigqned by NMR, IR and mass

2
spectrometry, but this was not confizmed [105].
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Complexes (9) and {12) above, [REZHZ(CO)G(L—L)] (I~L = dppm or tedip).
react with trimethylphogphite to yield 1:1 adducts which exist in solution in
twoe isomeric forms, both containing a terminal hydride and a bridging hydride
ligand. These werwe investigated by lH NMR ppectroscopy, and +there are three

paire of poasible optical isomers:

—_— e p—,

P P

| H l N I H[
eZ_“Re” ReZ— Re/ h
H p(OR)B (RO)3P H H P(OR’)a

AN
/R

PP p

It
~\ ~
/Te\ %

If the first two are present, then simple hridges/terminal hydrogen-atom
exchange converts these into their respectiva optical isomers, which 1is
congistent with the observed spectra. The alternmative is that two of the three
pairs of isomers are present, and that these interconvert rapidly on the NMR
timescale by reverzible phosphite dissociation at high temperature. It has not
been possible to distinguish  between these dlternatives. Roth the
trimethylphosphite adducts react with isocyanides RNC (R = CMe

3 Bu, Q—MCGH‘}

or Q-HECEHGSQZCHZ) to give the complexes [RBZH(CO)G(L—L)( L-HCNR)] containing
an NC-bonded formimideyl ligand. With ethanenitrile, the major product is
[Rezn(m} 6( I~L){ ui—NCHMa }] containing an N-bonded ethylidenimino group. For the
dppm complex, an X-ray diffraction study showed a rhernium—rhenium s=ingle bond
{r(Re—Re) 0.3035(3) rm}. The KCHMe ligand bridges symmetrically the Re—Re
bond, which is aleo believed to be bridged by hydride. Both {9) and (13) form

an unstable addquct with <0, but do not react with ethyne, ethene or
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(Meoocc=ccooMe) [106].

Reaction of the 4-fluorcobenzene diazZonium ion with {(cp)Re(CO} ZH 2 ] in
methancl/propanone solution at room temperature yielded
[{cp)Re(CD) 2( N2C GH 4—4—!’ JI[PF 6 ] and no insertion intermediates could be
detected [107].

3.7.5 Carponyt Compleres with Other Ligands
The synthegis of the ureadiido compounds n[Re(OCI)nL] {A=Lior K n=25

or 4; E L = DC(NI{R)Z), in which the ureadiide ions act as a menodentate or

2
bidentate ligand respectively, have been described. Coordination of the
ureadiide ligand ig wvia N, or N and O atoms. The force congtants of the CO
stretching vibrations were calculated and the o—donor and r-acceptor
properties of the ureadiide ligands discussed [108],

The EPR gpectra of the controversial binuclear Group 15
organcmetal-substituted rhenium radicals were studied, The stakle
quinone—rhenium  carbonyl radical complex {(dtby JRe{CO) ‘] {dtbgq =
3,5-ditertbutylquinone) was prepared in sSolutien and then allowed tQ exchange
ita labile carbkonyl ligands with Group 15 ligands. Complaxes sgtudied include
[(dtbq)ne(co)gL] {where L is PPha, B(d-—l-lecsaq)a,lﬁaua. P(OPh)S. dppm, dppe,
dppp, dppb, Sbeh,, N, AsPh, . hmpa, Ph, PCH,CH, ASPh or

2 2 2

P(CGHGMZ)B}' and

{(dtbq)Re{OO)z{P(Oue)a}zl. The EPR spectra of complexes formed by subatitution
with bulky phosphineg, such as triphenylphosphine, show that there iz
significant redistribution of spin denpity. It ig suggested that the exchange
gite is in an equatorial poaition, With P(DR)3 complexses, there is
dipubstitution and it iz suggested that both phosphite liganda replace the two
equatorial carbonyl groups. It was found that the order of the rate of ligand
exchange reactions in the {(dthg )Re(COJQ] ragdical with Group 15 ligands is N ~

P » A8 > Sb {109],
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Reaction of the 4-fluorobenzene diazotiium ion with [(cp)Re(CD)ZHZ] in a
methancl/propanone solution at room temperature yielded
{(cp)Ra(CO)Z(NZCGHQ—q—F]][Préj and no  insertion intermediates could be
detected (107]). The aryldiazenido complexes {(n5~65H5)RE(CO)Z(NzR)][BFql
(whexe R is 4-Me, 4-Mel, 2-MeO, 4—NEt2 or Z—CF3 substituted phenyl, aor 2,6— or
1,5-xylyl) have Dbeen synthesised from the reaction of the appropriate
arenediazonium tetrafluoroborate with [(cp)Re(COJz(thf)]. They react with
Na[BHq] under dinitrogen to yield the corresponding aryldiazene complexes
[(CP)RB(CO}Z(NHNR}] (&{NH}"1% ppm) and with methyl lithium under dinitrogen to
give the hydrazide(2-) derivatives [(cp)Re(CD)z(NN(Me)R}], The crystal
structure of [(cp)Re(CO)Z{NN(HB)4-C6HQ0HB}] sthows 1t to contain a bent metal
hydrazido{2—-) =skeleton [110]. The rhehium atem lies in an 1rregular
tetrahedral enviromnment provided by two carbonyls, the cyclopentadienyl ring
and the hydrazido nitrogen. The hydrazidoe ligand i3 coordinated in an end-on
fashion with a distinctly bent Re-N(1)-N(2) geometry (138.17). The
hydrazidoe{2-) complex can be proteonated at N(1) to give the hydrazido{l-)
complex {110].

Trans-hig( triphenylphesphine Jdicarbonyl{ 1, 3—di-{4~tolyl|—triazenidc }—
rthenium{I} crystallised in the +triclinic space group PI. The coordination
around the rhenium atom is approximately cctahedral, with the triazenido
ligand coordinated +to the metal 1in a Dbidentate mode with a bite angle
N(1)-Re-N(3) of 105.1°. The bond distancee Re-N({1) and Re-N(3) are 0.221{1) nm
and 0.215{1) nm and the N{1)~N{2) and N{2)}-N{3) bond lengths are 0©0.133(1) nm
and 0.231(1) nm respectively. The entire rhenium—triazenide system is
esgentially planar, indicative of 7 delocalisation over the whole system
[111].

The photoinduced homolytic fisaion of {Rsz(CD)B(PPh3)Z] was found to be
Photogensitiged by 2, 3-butanedione, which is excited to its triplet state by
vigible radiation, but this waz not observed for [ReZ(CO)lOI. It is postulated

that the triplat energy is transferred as such to the dinuclear carbonyls
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[112].

The bis(tertiary)arsine cts—[blaanC( {:F3 y=C( c:F3 )mz] reacted,
Photelytically, wikth [Rez(CO)lo]in degapsed Thenzene to give, after
chromatography, a solid — cllﬂsnsl’sosne. which crystallised in space group PIL.
The ocoordination around the rhenium i3 cleo3e to octahedral, and a {Hezml}
group has been cleaved from the ligand. The {Re(C0) 4} unit is coordinated to
the remaining arsenic and to a ¢arbonyl which has inserted between the rhenium
and the clefinic carbon to give a five-membered ring. The Re-As distance
{0,250 nm) is shorter than fourndd previously (rav. 0.257 mm)} and this is
thought to be dua to some double bond character in the Re-As bond caused by

dr—prr back donation from the rhenium atom {113].

Ot— Re ——AsMe,
| 0

c CHCFy
z
0™ ™ cir,

Carbonyl hydrogensulfido metal complexes were prepared by the reaction
of [{(CO)n(R:‘P)mRE(SSHNﬁa)}P] (n=4, m =0,
P = 2;n = 3, m = 2,p = Lyn=2,m=3, p=1; R= Me) with hydrogen
chleoride, to vyield complexes of the form [{(CO)n( RaP)mRs( SH)}p]z.
[(Co)z{P(one)a}sna( SH)] was also prepared. Reactions of these SH complexes
with wmain group elsment halides ware investigated. In soma cases {e.g. MeIl,
SzC]“z or HgClz), the 5H ligand was replaced by the halogen. Reactione with

Heasncl in the presence of +triesthylamine gave back the starting stannyl
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complex. with Me Zascl and CH,COCL, the novel compounds
[(Hesp)z(CO)3Re(snsHeZ)] and f(He3P)2(CO)3Re(SCOC'!-13}L respectively, were
obtained, Reaction  of [(Meap )3( co )2Re( SH)] with [W(CO)sf thf}} gave
[(Me_P) (CO),Re(SHW(CO),] fiie].

When [(Heapjz(CO)BRe( Ss:ina3)] was treated with the compounds: Meznsclf
Mezpcl, HezPSCl, 32612, Mezsmrlz, MeasClz or CﬁacOCl. the following new
complexes were formed: [(Me P) (CO) Re(SAsMe )) (18),

[(HEBP)Z(CO)aRE(S?NeEH (19}, [(Me,P),(CO} Re(SCOCH, )] {20),

[{(Me P),(CO) Re-S} X} (21) (X = 5§ SnMe, or AsMe). Complexes (18) and

2
{19} reacted with elemental sulfur, selenium and [F62(CO )9] to give complexaes
(22) - (26): {EME3P)2(C0)3RE{5M2=5)} (223,
[(Me,P),(CO) Re(5AsMe, =Se)) (23), [(Me P),(CO) Re(SPHe =Se)]
(24), [(HeaP)z(CO)aRECSMHez JPe(CO) ] (25) and
[(HeaP JZ(CO)BRe( SPHEZ )Fe(CO)Q:t (26). Other gimilar reactions with more stakle
carbonyl metal fragments gave dinuclear complexes {e.g. with [Hn(CO)z(cp)],
((Me P) (CO),Re(SAsMe, MR(CO}, (cp)] i3 formed}, and on further reaction the
trinuclear species produced. These reactions demonstrate the synthetic
potential of reactive sulfur ligands [11%5].

Cyclisation of the thiaphospharheniocycle {(27) with ueozccsccozue gave

¢28) [116],

MeoR -7Re( o)y,

N\

S
MEOzf
(27) P

[\

Me 2 P Re(C0) 4

N\

(28)

COzME
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[Ph3P+Q5e ,CS, ] (29) was prepared by the addition of Ph_PcMe  to carbon

disulfide, Reaction of compound {29} with [BrRe(CO)s] gave {(30):

S

\
S—S

MEz C=CM92

fac—[(m)anex(szomezms 11 (X = Cl or Br) were prepared from the compound
(29) and [{¥Re(CO),},], and the structure of the product was determined
crystallegraphically {117]. The complexes (31) (R = Me, Et or Ph} were
prepared by treating Ph P(S)CSNHR with [ClRe(CO) ]. Ph,P(O)CSNER and
[clne(omsj gave the dJdimeric complex [{(CO)SRQ[SC(-NR)P(O}PhZ}}Z]. Heating
complex {31) to refiux in hexane gave the dimeric complex

[{(w)SRB{SC(-NR)P(S)th}}ZJ {118].

3.7.6 Metallo Carbenyl Compleres

Trans—Pentacarbonylrhenic tetracarbonyl carbyne complexes of chromium
and tungsten, [{(OC)ERB}H.(HCR}(CO)&] (R = PFh or 4—21906114}, react with
trimethylphosphine <+to give binuclear transition metal ylid complexes (32) and
(33} which have one bridging ylid am well as a bridging carbonyl ligand and a

metal-metal g-bond. An axcegs of trimethylphosphine leads to the substitution

of one, or at higher temperaturs, two terminal carbonyl ligamds, to give {34),
or (35) or (36) respectively. The reaction conditions, the results of

spectroscopic measurements and the crystal structure of (34) are reported
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[113].

C
O, ReZ—M(CO),  M=Cr W
~¢F 32) (33

0
MeBP\E/’rolyl
il
MeBP(EO)BRe-\—E-EW(CO)L (34)
PqE?BFD "FQ
Me_P(C0)-Re < WI(CO),PMe, R=Ph tolyl
33 N0” 3 3 35 (36)

(32-36)

it has also Dbeen reported that [cl(c.o)“csosgcohos(m)&sl-zcla] reaces
with nucleophilic reagents to give ([C1{CO) éosOS(CO) 403((:0 H GSnC].zRe{CO)s},
which contains a {Cg-Sn—-Rel linkage: ¢the product was characteriged by IR
gpectroscopy [120]. [H(CO)SSnclzj.thf {M = Cr or W) reactz with Na{Re{ co)s] in
thf gclution to yield [H{CO}SSn{Re(CO)s}zL and the product was characterised
by IR sSpectroscopy ([221]. Addition of [H(CO}Z(CS)(cp)] (M = Mn or Re) to
[PE(C_H, WPR,),] (PR, = PMe_Ph) in  light petrol at o % gives
[mt(u—CS}(cO}z(Paa )chp)]. variable +emperature NMR studies show that the
compound undergoes dynamic behavicur in solution - at room temperature only
one 31? resonance is seen, whereas at -—60 0-‘: two rescnances cah be seen
corresponding to .-‘.'R3 groups transoid and ¢lscid to the metal-metal bond, By

analogy with the manganese compound, for which a crystal structure has been

determined, it was proposed that the structure of the rhenium complex was:
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and that the dynamic behaviour was due to CO or Pl?".3 gite exchange - a
machanism for both was suggested [122].

{BngRa(CG)s] reacts with [P-tLal {L = P‘Pha) in benzene to give
[BrI-thﬂgne(CD)s] [123]. [(co)snesmlsl, containing a Re-5m o-bond, was

prepared by the reaction of Na[Re(CD).] with SuCl, in thf solution [124].

3.7.7 Organometallic Complazes
When [(ns-c5ne5 Re( 00)3] was irradiated with UV light, two dinuclear

rhenium compounda were formed: vyellow [(ns-—c Me ) Re

MR ), 2{(:0)5] and orange-red

[{ns-csues )ZRez(cO) 3]. The crystal structure of the latter complex was studied

and revealed a highly symmetrical D molecula, with a wvery short

3h
rhenium-rhenium triple b»ond {r{Re=Res} 0.2411 nm}. IR and NMR B8Bpectra were
reported [125].

Several rhena-p-ketoimine derivatives of biologically important primary
amines containing a 2—ethylamino group, including 2—chloroethylamine (a ODNHA
alkylating agent), cystamine {an heparin antagonigt)}, histamine (a potent
vagndilator), tryptamine and O-methylserotonin (two indole alkaloids) and
0, 0-dimethyldopamine {an adrenogenic drug), have been prepared. These have

different digtribution and transport properties to the free amines and may act

as latent or prodrug forms of the biclogically active amines. 7The complexes
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were characterized by J'H NMR epectroscopy [126]. Rhena-p—diketoneimines
{formed from the reaction of the rhena-g-diketone and ammonia or a primary
amine} have also bpeen found tc react with sodium hydride to give, e.g. the

anion:

cla(CO) Re

/
N

and this will complex with boron halides to give complexes of the form

where X = ¥ = ], Br or I, or X = Cl, Y=Ph. The products were characterised by

lH NMR and IR spectroscopy [127].

[Re(CO}s(CHZCI)] has baen prepared by the reaction of Na[RE(C.D)S} with
-::J_CZI*IZ(::N:‘.‘*I3 [128]. Low temperature synthesis of the kinetically unstable formyls
{Re(CO) (CHO)PPh_)] and ((cp)RE(NO)(CO)(CED)} by reaction of Li[BHEE ] with
the corresponding metal carbonyl cations have been discugsed. These complexes
ware also synthesised by hydride transfer from the stable neutral formyl -
{{cp }Re(COB{PPhS)(C'HO)] - to the appropriate metal carbonyl cation precursor
{e¢.5. transformylation). The decomposzition of [(Re(CO)Q(CHD)(PPha)] is very

complex and sometimes involves the solvent dichloromethane [131].
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3.7.8 Formyl and Carbenyl/Nitrosyl Compounds

Metal formyl anions were produced by the reaction of hydroborategs with
metal carbonyls, Reaction of [(cp)Re(Oo)z(ED)]+ with [HB(OR)B]_ produced the
formyl complex, [(cp)Re{NG) CO)(CHC)) vwhich underwent disproportionation to
give the metalloester  [(cp)(CO)(NO)ReCO,CH,Re(CO)NOY cp)}.  Indirect
hydrolyais of thizs metalloeater produced t(cp)ne(oo)(m)(cuzon)]. the first
authentic hydroxymethyl meta]l compound. Reduction of [(cp)Re{m){m)23+ with
[nzmtzj" provided a more convenient saynthesis of [(cp}Re(NO){OO)(CHzoﬂ)].
This complex does not react with CC below 90 °c, the temperature at which the
hydroxymethyl group loaee water to form an ether linked dimer:
[{[cp)Re(co)(No)c:Elz}zoj. At room temperature, [(cp)Re(No)(co)(cna)} reacts
with two equivalaenta of trimethylphasphine to produce
[(nl_c535>m(m)(co)(pue3)Z(wa)] (129]. Reduction of ((cp)Re(NO)CO),](BF,]
{37y by Na[BH 4] in thf or thi/water mixtures afforda the formyl
[{cp)Re{NC)(CO)(CHO)) (30), hydroxymethyl [(CP)RG(NO)(CO)(Cﬁzoﬁ)] (39) and
methyl [(cp)Re(NO)(CO)(CI-Ia)] (40} darivatives in high yields, depending on the
stoicheiometry of the reaction. One eguivalent of Na{BH 4‘] with (37) in water
gave (38) in 62% yield, as orange crystala with low thermal atability. Two
equivalents gave (39}, while one equivalent of HNa{BH 4] under anhydrous
conditions gave (40) as red air-stable crystals. Individual reduction steps
between (37) and (40) were investigated: reduction of (38) to (40) and (39) to
{40} by Na[BH 41 in thf demonstirates the activation of formyl and hydroxymethyl
functional groups in these cowplexes. The pentamethylicyclopentadienyl
analogues were aleo prepared: [{(:&_,l.tlia5 YRe{NOJ(CHO)Y] has greater stability than
(37 [130).

Low  temperature syntheses of the kinetically unstable formyls
[(cp)Re{NO)Y COYCHO)] {41) and [(PPhB)nB(C:))4(CHO)] {42) by the reaction of
M[Bﬂzta] with the corresponding metal carbonyl cations were discussed. These
complexas were aleo synthesised by hydride transfer from the stable neutral

formyl [(cp)m(m)(PPha)(Cﬂo)] to the appropriate metal carbonyl cation
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precursor (transformylation). This latter method avoids the formation of BEt3
as a s8ide product. (41), in dilute molution, decarbonylates to detectable
metal hydrides upon warming, while the decomposition of the other formyl
complex is more complex [131]. [{cp)ReH{NCQ){C0O)]) reacta with tropylium
tetrafluorcborate to give the vellow air-gtable salt
[(Cp)Re(NO}(CO)(l,ZmﬂZ—C?Ha)][BFQ], which can then be deprotonated by
triethylamine to give {(cp)Re{NO){CO){nl—CTH,?)] as dark red air-stable
¢ryatals: 1B NMR and IR s=apectra were recorded [132]. Thermally stable
[(cp)Re(ND)(CHO)(PPhB)] has also been synthesised. At 50-105 % in appropriate
solvents, it decompoges to rhenium hydridez, and it can be reduced to
[(cp)Re(NO)(PPh,)(CH,)] by [H B.thfl, With CH SO.F or CF,CO H, facile ligand
disproportionation occurz and [{cp)Re(NO)(CO)(PPhB)]+ salts are formed. Other
reactiong of thesge compounds have been investigated and characterised by NMR
gpectroacopy [133].

[ReHz(NO)(PPhB)B] reacts with H[BF4] in the presence of CC to give the
novel flucro cation [ReF(NO)(CD)(PPh3)3]+, which reacts with some coordinating
anicna to give the neutral [RQXP(ND)(CO)(PPhS)Z] (X = H, 0OMe or F).
[ReHP(NO)(CO)(PPh3)2] is unusual in that its stereocchemistry can be

unambiguougly determined by a combination of IR and lH NMR apectroscopy:

™he structure of a cryatal of [RBF(NO)(CO)(PPhE)3][BF4} (grown from a

dichloromethane/cyclohexane solution) has been determined. The monoclinic unit
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cell has aolvent molecules disordered about a centre of symmetry., The
structure of the cation is that of a distorted octahedron with a maridional
arrangemant of phopphine ligands, and the fluoride #rans to the nitrosyl group

{76].

3.7.9 Nitresyl Compounds

The thermally atable nitrosyl formyl complex [{cp)Re(NO)(pPha HCHO)] has
bean aynthesised. At 50-105 oc in appropriate aolvente, it dJdeacompozes to
rhenium hydrides, and can be reduced by [HSB.thf] to [(cp)Re(NO)(PPha )(CHa}].
In trifluorcethansic acid or methylfluoroaulfate, facile formyl ligand
disproportiopation oc¢curs and {{cp)iRe(MO ) PPh 3 )(00)}+ salte are formed. Other
reactions were investigated and atudied spectroacopically [133],

The methylidene complex [(121:\)l'\'a:(m‘}v)(l’!'h3 }{CHZ}][PPEJ yields kinetically
stable sulfenium salts when  treated with MesSMe, MeSCH 2Ph or
[(CP)RB(ND)(PPH.B )(C:stua)]. The binuclear adduct formed in the latter c¢ase
[{(CE‘]IRB(WC))(I’P‘h3 )C32]253h]+ is more stable than the others, but undergoes
hydride tranafer digproportionation +to [(cp)Re{MNC) Ppha)(-casne)][PFB] and
[(cp)Rs(NO)(PPhS){Cﬂa 31 when heated [134]. [(cp}Re(HO)(EFhS)(f:BzPh)] reacts
with [Phac][PFG] at -78 %¢ to give the banzylidene
sc—[(cp )Re{NO)(?Ph3 )(ﬂCEPh)][Pl"s] (43) by stereoapecific s-hydrogen
abstraction; this isomerises on warming to a new geometric iscmer
m:-[(v.:;|;i}1?.e{M‘))(Pl?l'x3 }(=Cl-IPh)][PF6} {44). At room temperature, the (44}/{43)
equilibrium ig »>99:1, but irradiation Dbetween -78 and -20 °C egtabligshes a
55:45 photoatationary state. Structures of the two isowers were confirmed by
X-ray crystallography, and they were the subject of extended Huckel MD
calculations, Nucleophiles react sterecspecifically with { 44) and
stereoselectively with {43) (“92-95:8-5), with the minor component being
produced from the reaction with {#4). Full details of all reactions and NMR
gpectra of the productsz were reported, and an analysig of the thermodynamica

and sterxecspecificity of the reactions given [135], It was reported above that
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[(cp}Re(NQ)(PPh3)(-CEIPh)][PF6] existes as a 9%:1 mixture of anticlinal and
gynclinal Re=C bond gecmetric isomers at room temperature, and isomerises
under irradiation at low temperatures in CD2C12’ cnacN ox (CD3)2C20 to &
65{3):45(3) photostationary state. The Propylidene analogue
[{cp)Re(NO)(PPhB)(mt)][PFG] exists as a 95(1):5(1) mixture of anticlinal
and synclinal isomers at room temperature, and similarly isomerises to a
59(2):41(2) photostationary state. BAbgsoxrption aspectra of both anticlinal
isomers, and an unsuccessful attempt to photosensitise the benzylidene
iscmerisation were alsc reported [136].

Chiral rhenium vinylidene and acetylide complexes have been synthesised:

cp cp
n 1

- Rel ~R
ON"["PPhy  ON”| “PPhy

C C
I 1l

: :
H R R

Geometric isomera of the wvinylidens complexes occur corresponding to the
different oxientaticne of B and R. Thege two igomers could be +thermally and
photochemically interconverted and the thermodynamic parameters of the
conversion were calculated. Stereospecific reactions of  the acetylide
complexeg were found with methylfluorosulfate which entailed transfer of the
metal chirality through a C=C triple bond of formal cylindrical symmetry and a
possikhle explanation for thia asymmetric induction is suggested [137].

The complex previously formulated as rhenium(I) [Recla(NO)(PPhaj] has
been reformulated as the methoxide complex [Reclz(NO)(OHe)(PPhB)zJ, on the

bagis of IR spectral data and hy c¢omparison with the ethoxide analogue.



51

Reformulation has anabled the cbserved paramagnetic moment to be raticnalised,
and has ed to the suggestion that previously reported reactiong proceed vig
substitution, Reduction of the wethoxide complex with sodium tetrahydroborate
and triphenylphosphine in ethanol gave improved yields of {Reﬂz( MO M PPh3 )33.
This then reacts with HC1 in an ethanolic suspension to form the air sensitive
complex [ReCl 2(m!:b)( Ppha)z]. which further reacts with CO or CNR to give
{Reclz(co)(m)(l’?h3>21 and [Mlz(m)ztm)(l’?ha )21 (R = Q-IECGH‘})
regpectively. [Reﬁz{m}(l’?ha}a] reacts with E![BPQ] in the presence of CO +to
give the novel fluoro cation [ReF(CONNONEPh.), 17 which reacts with some
coordinating aniong to give neutral [RexE'(CO)(NO}(PPhg )2] {X =H, OMa or P).
[R@l‘l:!"(t'::t:})(N'C))(I'Ph3 }2] is unugual in that its sterecchemistry can be determined

absolutely by a combination of IR and “H NMR spectroscopic techniques:

The crystal gtructure of solvated me!?(t::o)(ucn(p?h3 )3][51?"], recryatallised
from a dichloromethane/cyclchexane solvent mixture has been determined and
shows the unit cell to be monoclinic, with solvent moleculea disordered about
a centre of symmetry. The structure of the cation iz that of a distorted
octahedron with a meridicnal array of phosphine ligands and fluoride {r{Re-F):

£.1973 nm} tranz to the linear ¥NO group. All bond lengths are as expected

[?6].
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The reaction was reported between Recl5 and C13CN02 ts give RBCIQ(NO)Z
containing chloro bridgea. This complex reacts with an excess of beoiling
ethanenitrile to give [ReClB(NO)z(HECN)] {45). (45) and tetraphenylarsonium
chleoride react +to form the salt [PhQAs][R£C14(NO)2} (46). The crystal
structure of (45) shows it +o have a monoclinic space group le/n. In the
paeudo—occtahedral envirconment of the rhenium, the three chlorides are in a
factal arrangement. {46) has a tetragonal space group P4/n. The NO groups have
clos sterecchemistry. 2all complexes were charactarised by IR spectroscopy

[138].

3.8 MISCELLANEOUS BIMNARY AND TERNARY COMPOUNDS

The chemiral shifts of the X-ray L absorption discontinuities of

ITT
rhenium in some of its binary and ternary compounds were studied and compared
to that of the pure metal, using a bent crystal X-ray spectrograph. The shifts
AE were governed by the effective charge on the absorbing icns which was
caleulated using the theory of J.—P. Suchet [6].

RezPs was prepared by the reaction of the elemental components in a tin
flux. The crystal is triclinic (space group Pfl). The metal atoms are all
approximately octahedrally coordinated, with the octahedra distorted to allow
metal-metal bonding along common edgea {r{Re-Re) 0.265-0.296 nn}, thus forming
planar [Reé} clupters. The phosphorus atoms are all tetrahedrally coordinated.
The formal oxidation numbers are: Re +3,+4; P 0,-1,-2,—2. The compound is
diamagnetic and semiconducting [139}].

The crystal structure of Lazna 37 ghows it to be orthorhombic, space

3
group Pcca, with the boron atoms forming a zig—zag chain structure [1403}. The
crystallisation of  intermetallic compounds in the Re-Ge asystems was

inveatigated at high preasure and temperature. A new phase Reqce7 was found
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which is a HNowotny chimney ladder structure, having the Tc4517-type
structure and a tetragonal unit cell which contains four molecular unite

[141],

3.9 MISCELLANEOUS

There has Dbeen a charge cowverlap study of multiple metal-metal bonding
and conjugation in linear chaine of transition metal atoms including rhenium
and technetium [142].

The intramclecular effects of metal coordination { for example, rhenium

pyridylxetones) on the photochemistry of ketones has been investigated [143].
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