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INTRODUCTION

The period of this review covers those publications in volumes 98 and 99

of Chemical Abstracts. Thus, although the majority of papers covered were

0010-8545/87/%$17.85 © Elsevier Scicnee Publishers BV,
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published in 1983, many from 1982 are also inciuden. The major  jowrnals are
covered up to the end of 1983,

The review concentrates upon the coordination chemistry of rheniuwn, No
attempt has been made to cover work of an essentialiy organomstallic,
catalytic or #inetic nature.

Siy articles of general interest to rbenioum chemists have been publ:ished
this vweart the first 1is a review with 147 references an the coordination
themistry of rbenium and technetium [1]. Another review with I0H references
considers the chemistry of the elements of groups 4, S, & and 7, incluoding
rherium (2], while an encyclopaedia entry discusses the physical and chemical
properties of rhenium  and some of its campounds, witn 15 references {3}. A
dissertation on the chemistry of octahedral rhenium clusters has alsoc been
publisheg [4],

The photochemical activation of monomeric rhenivgm polvhydride complenes
for synthesic and catalysis 51, and the effect of gressure on the
luminescence of 3-hydroxyflavone, indple and rhenium complexess (6] were

studied,

4.1 RHENIUM(VIL}

4.1,1 Oxfdes and Hydroxides

The structure of Rezll- on alumipa at loadings of ©X and 17.3% closely
resembled that of crystalline Rezl> ©7]. The nature and existence of the
interaction between a magnesium oxide support and dispersed rhenmium(VII} oxide
has been studied by XFES, X-ray diffraction and thermogravimetric analysis,
and the effect on XFES peak intensities of several parameters such as surface
area, degree of hydration and chemical composition examined. [t was concluded
that a surface rhenate(VII)~like compler was formed which was not mobile wunder
thermal variations [81.

The results of EPR spectroscopic studies at 4,2 F pn irradiated KEr
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crystals doped with [Refla)l— indicated the formation of [ReQal® subjected to
an intramolecular Jahn-Teller distortion. Uniaxial strese experiments showed
that the rhenate (V1) i1on was reoriented locally, and a mcdel based on  the
approach of 0'Brien was proposed to explain the results [9].

The temperature dependence of the spin-lattice and spin-spin relaxation
rates of the guadrupolar nucleus in [ReDal” was studied, and it was shown
that, for rhenium, the lifetime of the excited state is greater than the
correlation time of orientational motion [10]1. The matrix IR and Raman spectra
of vaporized pctassium and caesium rhenate{VIl} showsd spectra characteristic
of the molecular species MRela with Cu. symmetry. Additional !0 enrichment
experiments provided uneguivocal assignments for the Re-0 vibrational mades,
and it was also shown that the bond dipole model led to a wseful simulation of
relative bond irtensities [11].

Extraction compositions and constants were calculated from partition
data betweer agueous solutions and 0.5 ¥ solutions of phosphoryl campounds  in
tetrachloromethane, by assuming a hydrate—-solvate mechanism. Hydrate solvates
were formed by tbp (tributylphosphate) and diiscpentyl methyl phosphonate, and
unhydrated sclvates by octyl dioctylphosphinate and trioctylphosphine oaoxide.
The extraction rconstants increased as the number of extractant molerules in
the solvate increase, from HC102 to HReda, and in the series from tbp to
trioctylphosphine oride [12].

Distribution constants, extraction constants and slopes of extraction
curves of ion-associated complexes of rhenate(VID) with monotetrazolium salts
(dimethylthiazolium bromide and lodonitrotetrazolium chloride) and
ditetrazolium salts (neotetrazolium chlaride and MNitro Blue tetrarzolium
chloride? were determined spectrophotometrically by estimating the
distribution coefficients. These constants characierised the extraction
eguilibria between the two liguid phases. Association constants were thus
caleulated £13,14].

The IR and Raman spectra of the crystalliine Ba o(Rels).(NOx)z apatite
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were reported and the vibrational properties of the nitrate 10n discussed in
depth [152. The crystal structure of Baw{Rels) o {ND.:? was alco determined, and
reported as being sim:lar to the halide anslogues [16&].

Reaction of Re.0; with I,4-tdiaxane yielded [Rec0,{OH) 1. 3CaHa02. The
unit cell was triclinic and contained dimeric, centrosymmetric  {(Re, O, @-0H) o5

uwnits linked by coordinated 1.4-diosane, as shown in Fig.l [17].

Fig,1: (Fe.0. (0K} -], iCaHd-

During an 1nvestigation by mass spectrometry into the chlorination of
metal oxides, the presence of Rel-.Cl was identified from the appearance of its
hmass spectrum. Traces of HReOa were alco aoted, and when using brominated
compounds, FRel-Br was detected. A wmechanism involving reactions with the
rhenium filament 1n the spectrometer was discussed [181,

The rheniumiV) complexes ERel.-{py)alX (X = C1 gr Cl0s) were pregared by
the reduction of potassium rhenate(VII) by igpdide, and subseguent resction
with pyridine in water. The products were fully characterised [(1%91. Reduction
of rhenate(Vill with bydroxylamine in the presence of thiocvanate yielded the
complex [Re(NJ} (NCS)={H0)1" or its derivatives [Re{NJ) (NC5).. (il Mz (Li =
2,2 -bipyridine or 1,310-phenanthroline}. Full deta:ls of the preparation ang

characterisation were quoted [20].

4.3.2 Oxehaiides

The thermal stebility of CsC1.CslRel:C£143 was studied by tensimetry. The
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decomposition products were identified as CsCl and [ReOzxClsl. Eguatiaons were
derived, and entropy and enthalpy values calculated [21]. Reaction of caesium
rhenate(V¥11) with caesium chloride in concentrated hydrochloric acid gave
crystals of Cs=[RelxCls] which were studied by single crystal X-ray
diffraction. The unit cell contained discrete [ReldsClz]=— anioms, which have

approximately Cs. symmetry. The structure was bripfly discussed [221].

4.1.1 Sulfides

Rate conatants and activation energies were determined for ReBz and
Re=5+ dissolution in aguesus sodium hydroxide, taking into account differences
in surface area. The dissolution mechanisms in the presence of dioxygen
invelved dioxygen adsorption and subseguent reaction with hydroxide ions to
give {Rez0-(0H}}* or {Relz{(DH)}* =pecies along with (520217 (which was
oxidised to [50.127), The free enargies of formation of ReSz and RexSs
correlated with the free energies of dissolution im sodium hydroxide selution

£231.

4.1.4 Hydrides

Reaction of {ReCl=(NPh)(PMes}o] with Li{AlHa] followed by methanolysis
vielded (ReHe{NHPh) (PMex}z], a nine-coordinate rhenium{(¥II}) hydrido complex.
The **F and *H NMR spectra and IR spectrum were reported (241,

[ReH+ (PPh=) 21 reacted with cyclic apd acyclic dienas to vyield
crystalline, air stable rhenium(IlI) complexes [ReHz(FPhx)z(p*-diene)l. NMR
spectral studies indicated the majority to be fiuxicnal at room temperature,
with a pentagonal bipyramidal structure having apical phosphine groups at low
temperature [251.

It was reported that reaction of (ReHy(FPhslzl wWith furan in the
presance of 3,3-dimethylhex-1-ene yielded a complex of the 4-oxobut-2-enyl

ligand, whose structure is shown in Fig.2:
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Fig.d: [Re(PFh=) o (CA) (CaH=) 1.

In the reacticn, onz furan molecule was caonverted to propene and carbon
monoxide, while a second was reduced to the 4-pxobut-2-envl ligand. The
crystal structure was determined, and presented together with IR and NMR
spectral data [26). Reaction between [ReH- (PFPh+)2]1 and the allyl halides C.HaX
(X = Cl, Br or I} vields the rhenium(IV) complex [Fh~FCxHwl.[ReX.l, with come
propene and dihydrogen. The  heptanydrido complex also reacts with
Z2-chloro-2-methylpropane, tetrachloromethane, trichloromethane,
dichloromethane and chlorobenzene to produce trans—-LRells(FPhxl<]. These and

other reactions were giscussed [27].

4.2 RHENIUM(VI)

An EFR spectral study of [ReD.l* in crystalline KCl bhas shown that a
strong, essentially intramolecular, Jahn-Teller effect has occurred.
Experiments on uniaxial stress and static electric fields were alzo carried
out (28}, Irradiation at 4.2 K of crystals of KBr doped with rhenatet(VII?}
resulted 1n the formation of rhenate(VI) ions subjected to a similar

Jahn-Teller distortion. A model was proposed to explain the distortions [9].
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FANO-type resonances in the 56 conduction band intemsity spectra have
been observed at =P..z and ®P=,» photoabsorption thresholds for Rels. The
complex structure of the gphotoelectron core level 4f spectra for Relx was
discussed on the basis of these resultz (291, The rcharge densities in Rels
were investigated by L~ray structural analysis. Anisotropic <¢harge
distributions around the rhenium atom were attributed tc nm-bonding hetween
Rei(Sd) and O(Z2p? electrons. The results were discussed in detail {301,

The complex anion {Re=0xClgl™ was prepared as the tetraphenylarsonium
and 2,3,5-triphenyltetrazolium salts. The magnetiz, conduction, IR and
electronic spectral properties were nated and reported. On the basis of IR
spectral date, the authore have assigned a cis,cis- configuration te the

{Re=0- core of the anion, as shown in Fig.3 E311,

0 0
I

g
-Re— 0—Re-

Fig.3: {Rezx0s} core.

The eynthecis of the rheniumi{V) comples A=[ReDd(NCS).(SCM)] (A = AsPha,
FPha or NEts! was reported, from MIReOCisl (prepared from kKiReOal and ACl) 1n
dichloromethang, and KLS5CEN] in ethanoic acid [321.

Ultrasonic attenuation in [ReF.] has been measured at 293k, and a single
relaxation process was observed and attributed to the total vibrational energy

of the relasing molecule. The isothermal relaxation time was measuwred, and the
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vibratignal relaxation time for this and other hexafluorides, which were
studied closely, followed the Lambert-Salter correlation [333.

The force constants and Coriolis coupling constants have been evaluated
¥pr the octahedral compounds [(Refl.l and [fRefr.] over a range of temperatures
upg to tO00 K [33al.

It was reporied that reaction of rhenium (Vi) fluoride with
tetramethoxysiiane gave [Re(BMel.] in 804 vield. 'H NMR and IR spectral data
wvere presented (%431. Reaction of rherium(V]ly fluoride with elemental sulfur at
Fi0 °C ip stainless steel reactors gave the compound EReF.8). The X-ray
erystal structure was determined and shown to contain sin {ReBF-) octahedra in
a cis-linked configuration {see Fig.4), with Re-F-Re bridges and terminzl Re=35

groups [33].

\w/
/N
\:o/
AN

Fig.4: [ReFaS]

The salt [AsPhoaliBraReN-EBr] was cbtained from [AsPhaliClaReNl and an
excess gf {BBr.], forming dark viclet, moisture sensitive crystals. Thermal
cleavage at 210 “C In vacur yvielded [AsPha.IEBraReN]l. IR spectra indicated that
both anions contain {(Re N> groups (1170 and 1099 cm— !, respectivelyl. The
erystal structure of [AsFh.1lBraReN] was determined. The anion [RehNBral- had
Ca, symmetry and the Re—-N bond length was seen to be O.162nm, corresponding to

a triple bond [3é&1.
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4.3  RHENIUM(V)

4.3.1 Oxo and Oxahaloe Complexes

The emission spectroscopic properties of trans-{ReDzLal" (L = CN™, n=-37;
l. = py, n=+1; L = {/2en, n=+l) have been repeorted, and the spectroscopic data
were discussed [371. The preparations of [Re0Dz(py}alX (¥ = Cl or ECi0a1) from
potassium rhenatetVYIl) were reported. Reaction of the rhenate(V1I) with
potassium icdige in boiling concentrated hydrochloric acid produced Kz[(ReClgld,
which was heated with pyridine in water from which the chloride salt
{RelzpyalC]l.2H=0 crystallized. Addition of & concentrated solution of sodium
chlorate(VII) to a concentrated solution of the chloride vyielded the
chlorate(Yil) salt as a precipitate [193.

The synthesis of A[ReQ{NCS)4(8CNY] (A = AsPha, PPhas or NEts) was
reported from the rheniumiVi) complex ALKEOCle] {(prepared from KIReOa.l and
ACl} in dichloromethane, and KLSCN] in ethanoic acid. Analytical and magnetic
data, molar conductances, electronic and IR spectra were distussed, and
supported the formulation Az[Re0(NCS).{(5CN}]), with one S~honded and four
N-bonded thiocyanate ligands E32].

Reaction of [Re0OCl=x(FPhs)=] with an excese of an arylthiolate armion,
CArsl -, followed by addition of tetraphenylphosphoniuvm bromide vielded the
salts [PPhalIReD{S5Arisl. IR and *H NMR spectral data were mentioned, together
with some electrochemical measurements. In boiling ethanenitrile, these
complexes reacted wWith an excess of triphenylphosphine to vield the
rhepium(IIl}  complexes {Re(SAr)s{NCMe) (PPhx)1, which could also be prepared
from the reaction ef the arylthiolate anions with the trichloro derivative.
The nitrido complex (ReMClz{(PPhz)=z] reacted with an excess of phenylthialate
anion in boiling ethasnenitrile to give a solution which, after aerial
oxidation, yielded [Re(NFPhz} (SPh)al in 20% yield. The X-ray crystal structure
of the complex was determined, and used te help assignment of the IR spectrum:

the complex contained the [PhzPN’~ ligand [381,
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A study of the secondary ion mass spectrometry (SIMS) specira of rhenium
compleses, including [RedCl-«{FPh='=]1, hazs shown that it is not possible to
differentiate between +*riphenylphosphine ligands and the correspongding
phosphonium ions in these complexes, while it 15 possible with
trialkylphosphines and their phosphoniun ions [377,

The structures of {ReOX=L.1 (X = Br gr Cl; L. = PPREt:, OPFhEt=, dppe,
daf, 0OEt or PPhs) were investigated by X-ray diffraction: the structures ot
the <is— and trars- isomers of [ReOClx(FFhEtz)z] were both determined [403F.
The rheniumiV} complexes M={ReOCls]l (M =k, Rb or Cs) and UsolRelbr=]1 were
prepared, and the unit cell parameters of the bromide svaluated: the nature of

the potassium salt was discussed with reference to its thermal stability (4137,

The IR and Raman spectra of seolid E={Re02(CN}al, Kx[ReOz(*ZCN).1 (99%
13 ehriched)  and Ks[Re?P0'=0(CN).} (204 *®0 enriched) were measured and
assignments made for the vibrational frequencies of the Da. ion. Force
constants and potential energy distributions were calculated and the results

discussed in detail {42].

4.3.2 Halo Cowplexes

The crystal structure of dichlerotrie(dimethyiphenylphosphingd -
pitridorhenicm(Y) has been determined by single crystal X-ray diffraction. The
molecule bas distorted octehedral coordination, &nd the Re-N bond length 1s
. 16608 nm, The structure was discussed with reference to similar rhenium
complexes [43].

The sodium amalgam reduction of rhenium{¥) chloride in the presence of
1, 10-phenanthroline or 2,2 -hipyridine vyielded a mixture of groducts, in
contrast to the reduction of the rhenium(IV) compler [Relia{thf)-] (441,

The reaction of rhenium{V) chloride in FOCls solutian with [{NSCl)sd
vielded chlioronitrenes: & rhenium(IV) complex [(Cl1-FOIReCl4(NSCI}I, (I}, and a

rhenium(IIL} romplex [(E1 POYReCl = (NSCLY 2T, (2. Reaction of
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tetraphenylarsonium chloride with (B8] gave the rheniumi{Vi) complex
{AsPhallReNCls), while reaction with (2} gave [AsPhaI[Rell.(NSCl)=}, whose
crystal structure Was determined [45,45]

The reactiorn of trimethylphasphine with [Re{NPhICl=(PPhz)z] vielded
[Re (NFh}Cl» (FPh=) (PMes)]. Reduction with sodium amalgam led to a range of
rhenium{Il} anhd rhenium(Ill) products dependent on the atmosphere of the
reaction (Ar, Nz, €0, butadiene or Hz); IR and NMR spectral data were
presented L471. The reaction af LReCl 5 (NFh) (PHMe~) 21 Wwith lithium
tetrahydroaluminate{II1I), followed by methanolysis, gave a nine-coerdinate
rheniumiVII) hydrido complex [ReH.(NHFh) (PMes)-1. The IR and NMR spectra were

reported (241,

4.3.31 Sulfido Complexes

The five-cgordinate anion (ReS{SCHxCH»S8)=]" was prepared from the
reaction af potassium hexachlorornenate (IV) with an  excess of
1,2-athanedithiol. Addition of tetraalkylammonium or tetraphenylphosphonium
salts produced crystals, and the tetramethylammonium salt was studied by X-ray
crystallography. IR spectral and CV data were also presented. The thio anion
was also prepared from {RelCl 4 {PPh=l 21 or FReClzN{FFhx) 21 with
1,2-ethanedithiol. The reaction between (ReEDC1x(FFPhRs)2] and an excess of
dithiolate anion produced the analcgous oxo complex {[ReQ(SCH.CH=S8)1=z]— in
80-90% vield [48). Potassium hexachlororhenate!IV) was allowed to react with
{MeC(CHz5H)=] to give, after addition of tetraphenylphosphonium bromide, the
complex (PFhal[Re{ (SCH:YxCMe}z]. Its crystal structure showed that the
molecule was almost trigonal prismatic, with a twist angle of only 6&=. The
interligand sulfur-sulfur distance of O0.283 nm indicated significant
sulfur—-sulfur interaction, contributing to the stabilisation of the trigonal
prismatic geometry. NMR spectral and CV data were gunted [49],

The new rhenium nitrene complexes LRe(NR) (S2CNR 21 =1 and

[Re (DR") (NR) (52CNR"=12] (R = Me, Ph or 4-MeCuHa} R' = Me or Et: R" = Me aor Et)
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have been prepared from [ReCl (NR)(S5=CNR'=)=] with TI[S=CNR'z]l, Me-SiSC{8INR’=z
or NaCOR"]. IR and NMR spectra suggested that the trisl(dithiccarbamato}
complexes had clis-six—coordinate geometry, with ang moncdent ate
dithiccarbamaie ligand, and that the two trans-isomers of the alkoxy complex
were oresent in solution. A detailed discussion of the complexes was
presented. Brown crystals of [Re{DEt) (4-MeC.HaN) (S=CNMez)=1 were grown, and
the structure determined at -175°0 by X-ray diffraction {Fig.3). The compiex
was seen to be monomeric, six-coordinate, ang to possess a  distarted trans
octahedral geometry. The nitrene ligand was very bent (Re-N-C = 1533.5(0r")
with an abnormally long Re-N bond (0.31745(5) nm). The ethoxy group was also

bent (Re-0-C = 131,704)=) [50].

Me

Il

MeoNC/ g CNMez
,// “\\ 7
RS IS
OEt

Fig.S: [Re{lEt! (4-Mel.HaN) (S=CNMez)=1.

4.3,4 Complexes of Group 15 Dowor Ligands

Dimethylmagnesium reacteg with phenylimidotrichloro-
bis(trimethylphosphineg)rheniumV) to yield the trimethyl campouny
[Re (NFh)Mex{(FMex) =], and the mono~ and di-methylated intermediates have been
isolated {311. The trimethyl complex reacted with tetrafiuoroboric acid to

yvield fRe (NHPh)Me=F (FMex)=1IEBF.1], with gtharnoic acid tp give
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fRe (NFh)Me (DzCHa) = (PMe=1 =1, andg with [Fh=CI[BF.1] to give
[Re (NFh)Mez (PMe=) z1[BF.]. Reaction of [Re (NFhIC1~(PR=] 4l with
bis{trimethylsilylmethyllmagnesiumn and trimethylghosphine gave
{ {MexBiCHz) = (D) Re (u~0) Re (PMex) 4Re (0} 2 (CH25iMe=} ] whose structure waS

determined, as shown in Fig.6}

Me,SSiCH P P O

N A
Me4SiCH,-Re — 0 — Re=Re —(H,SiMe
3 2 2 3

| /N

P P O

Fig.&: [{MexS5iCH=)x(0)Re (u~0)Re (PMea}aRe (0} z{CH=5iMex) 1.

The molecule contained three rhenium atoms, the central atom with four
phosphine ligands bonded to & second rhenium atom by a metal-metal bond, and

to a third rhenium atom by an asymmetric axygen hridge (513].

4.3.5 Hydrides

A study of the secondary ion mass  spectra of [ReHe {(PPhx) =1,
[ReH= (PPhz)={py)]1 and [ReHx{FPhz)=(PPhEtz)1, together with those of other
rhenium(¥}, -(Iv¥} and -{I111) complexes, demonstrated that it was possible to
differentiate between trialkylphosphine ligands and phosphonium ions in these
complexes, while the triphenyl derivatives did not show such a distinction
£391].

Reaction bDetween allyl chloride and [ReHs(PPh=)2¢L}] (L = CcHy.NH=z or
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C=H:=NH) gave the rheniumilVY) species [PhaPC=H=l=[ReCl.]. It was alsa reported
that treatment of the rhenium{IV)  hydride [RExHs (FPh«) 4] with hydragen
chloride gas in methanol vielded crystals ot the mined salt
[PhaPHlzIRezClel. SIFh=PHIIReCl={FFPh-}1 [Z7].

Activation of the rhenium(V) hydride [ReHs{PPhsl=z{L}] (L = monodentate
ligand), and a rheniumi{lV¥) hydride, has been achieved by protonation using
tetrafluorgboric acid, the formation of solvent complexes, and their oridatian
to reactive paramagnetic catiohs; this procedure has produced a range of novel
spesips, Reackion of tetrafluoroboric acid in ethanenitriie Wi th
[ReH=s (PPh=)={py)] gave yellow crystals of [ReH(NCMelz(FPhz)zipy)1[BFalz, while
similar reactions gave EReH (NCMe) = (PPh<)z (cychNHL) JIEBF ]2 and
[ReH (NEMe) 4 (FPh=) 2 1LBF s 1=, Other novel species that were generated included
{RexH- (PPh=)sL1™" and
[RezHs (PPhz) 4 (CNCMes) 21+, together with their 17-electron congeners. The CV's
of many of these complexes were described [3Z].

Addition of [Cu(NCMe)allFF.]) to = cocled solution of {ReH= (FMePhz) =1,
followed by warming to room temperature, vyielded the colourless complex
[ {REH= (PFMEFhH=) =3 2CullPF,]1, whose crystal structure was determineg (see Fig.7).
Tha copper{l) centre was coordinated octahedrally to six hydride ligands; the

rhenium was eirght ceordipate.
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Fig.7! [{ReHs(FMePhz)z}2CulIPF.d.

In solution, the cation [{ReHs{PMezPhl=1}2Cul", which was similariy prepared,
was Showrs by low temperature *H NMR spectroscopy to be consistent with an
analogous structure. The reaction of the copper salt with rhenium(IV) hydrides

was also studied {531,
4.4 RHENIUMCIV)

The structures of [ReOX¥=L.] (X = Br or Cl: L = FPhEt=:, CFPhEtz, dppe,
dmf, DEL or PPhxt n = 1| or 2) were studied by X-ray diffraction, and the
results discussed with reference to the analogous rhenium(V) complexes [40].

Earlier EPR sgectroscopit measurements on rhenium{IV} in [NHa]=[FtClsl
have indicated the presence of non—octahedral centres. An  estimation of the
degree bpf distortion of the {ReCl.} complex trequired te account for these
observations) was made [94]. A theoretical analysis of the spectra of
rhecium{I¥}) {5d%) in Kz[PtClel was performed by the means of the ligand field
method. Also, in the chosen scheme of octahedral symmetry, the energy curves
in terms of crystal field and spin-orbit parameters were calculated. The
recults were in accord with those obtained by the stromg field trestment, but
some spectral terms which were previously inadeguately assigned were corrected

[551. The theoretically calculated vibraticnal spectra of ammonium derivative
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salts of {Ftll.3= were used fgr assigning the freouencies in the vibrationai
spectra ot the apalogous [ReCl,.]7 salts; the results were discussed (941, The
1ow temperatuwre tunnelling splittings of recrienting ammanium  10nAs iR
tetrahedral suwrroundings have been measured in ENHal-{RECl.] with neutron
inelastic scattering techniques. The tunnelling splittings in this and other
ammoniun hexachloro complexes was related to lattice dimensions {571,

The low temperatue single crystal absorption spectra af [(ReX.19" (x =
f, C1 or K} in different [SnX.]1*" host lattices of trigonal symmetry were
recorded using polarized light, and band assignments made. Ligand field
talculations were performed and indicated that the {feX.1¥° ians were present
as trigonally compressed or expanded species [SHD.

feaction of kolReCl.]l with an excess of Mel (CH.GH) = yvielded a rhenium(V}
complex, which was isplatag as the tetraphenylphosphonium salt
EFhaPlERe{(BCH=)sCHMe}=]. The crystal siructure was determined and the nature
of the +trigonal prismatic geometry discussed [49). The five-coordinate
rhenium (v} aniagn [ReS5{SCH-CHA5Y =] Was also oprepared from potassium
hexachlororhenate{IV}) with an SHCBES of 1,2-ethanedithiol, and the
tetramethylammonium salt was studied by X-ray crystallography. The thio anion
was also prepared from [ReCla(FPh-?z] with ethanedithiol [(48)].

Sodium  amalgam reduction of [ReCla(thfl)z) in the presence =i
2,2'-bipyridine or 1,iQ-phenanthroline gave the complexes ([Re(bipyi=] ar
[ketphen}=] in high yield. Analvytical and magnetic moment data were presented
[44]. Rellax reacted in FOCl~ solution with {(NSCli=1 to form the
chloronitrenes [((C1=PReCla.(NSC13] {{i), a rhenium (IV) compliext, ang
[{C1=FOIReCL~INSCLY 2] ({2}, a rhenium{[I]) complex}. Complex (1} reacted with
tetraphenylarsonium chloride in dichloromethane solution to vield the
rheniumiVl]l  species [FPhaAsl[ReNClal, while under the same conditions complex
(2} produced a rhenium(lIl)  adduct {Fhafis3{ReCl.(NEC1Y=], whose crystal
structure was determined [45].

The cathodic and anod: behaviour of the rheniumdiIV} complex
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[ReCl s (FMexPh}=] was studied in ethanenitrile at platinum and mercury
electrodes. The reducticon and oxidation products were identified, and aspects
of the mechanisms involved were studied. New rhenium{iIll} and rhenium(lV}

species were detected (591,

Reaction between [ReH-(PFhz)z231 and the allyl halides CsHsX (X = C1, Br
or 1} vielded rheniumi{lV¥) compleres [FPhsPCxH=]1z(ReX.] with some propene and
hydrogen gas; allyl thiocyanate reacted similarly, The hydrides {ReHs{FPhz)zL]
(L = eychNH; or piperidine) were also converted to triphenylallylphosphonium
hexachlororhenate(IVY) by allyl chloride. However, with E[RezHe(PPhzlal, the
core wWas preserved with allvyl chloride and bromide vielding
[PhsPCaHw]zIRezXel, while allyl iodide cleaved the metal-metal bond to give
the hexaiodorhenate(iV) complex. The rheniumivil} hydride, [ReH-(PPhz)a=1, alsoc
was shown to react with chlorinated compounds such as the chloromethanes,
Z-chloro-2-methylpropane and chlorobenzene, to praoduce trans-[ReCla{(PPhs)z]
{271.

The reduction of [ReCla(thf)z] with sodium amalgam in the presence of an
excess of trimethyiphosphine vielded [ReCl (PMez)al and [ReH(PMes)sl. The
hydride reacted slowly with hydrogen gas to form [ReHs(FMes)al. The reactions
of some of these species were regorted. Further, reduction of [ReCla{thf)z]
with spdium amalgam in the presence of diethylphenylphosphine gave the complex
[ReCl (N=) (FPhEt=) 2], whose crystal structure was determined and reported
[&0].

The reaction of [Cui{MeCM)aL1[FF.] with [RexMs{FMezFhl}al was studied, and
an X-ray diffraction study of the crystalline product,
[ResCl=zH: o {PMeaFh)])[FF.]z (see Fig.8), showed that the molecule contained twa

copper cations and two rbenium dimers [531].
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Fi Q. B1 [RealuuHi . iPMesPhe]1{FF.]1=.

Activation of the rhenium(ly) hydride [ResHwiPFhx)al has been achieved
through protonation, the dJormation of solvento-complexes and oxidation to
reactive paramagnetic cations. The cations [Re=H: (FPh=x}abl1* and
[RecHz (PPh) 2 (ENCMe~) 2] were amongst the novel species generated, together
with their "“17 electron" congeners, The cyclic valtammggramss of many of these
romplexes were described [521. A study of the SIMS spectra of complexes of
rhenium, 1ncluding [(ReaHs (PPhxlsl, has shown that, although trialkylphosphine
ligands may be differentiated from the respective phosphonium ions, this
gistinction does not exist for triphenvlphogsphine complexes [39).

Rate constants and activation energies were determined for Re3.
dissolution in sodium hydroxide solution. The mechanism in the presence of
digwvygen involved dioxygen adsorption and subsequent reaction with hydroxide
ions to give {(ReDL{0MW " along with {B.023" . The free ensrgy of formation of

ReSz correlated with the free energy of dissolution (231,
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4.5 RHENIUM(IID)

The cathodic and anodic behaviour of [ReClz(PMe-Ph)-:]1 were studied at
platinum and mercury electrodes in ethanenitrile, The reduction and oridation
products were identified, and both thermodynamic and kinetic aspects of the
mechanisms were studied, MNew rhenium derivatives, such as [ReClx(PMezFh)=1"
and [ReClx{FMezfh)=(NCMa}l*, were prepared, and their redox chemistry was
discussed [371.

A study of the GIMS spectra of complexes of rhenium including
[Rellx(PMezPh)=] and [Re=Cls(PRs)=] (R = Et ar #h) showed that
trialkylphosphine ligands and the respective phosphonium ions could be
identified ang distinguished, but this was not possible for the triphsnyl
derivatives [371].

fhenium(v} chloride reacted in POCls solution with (NSCl)s to form the
chloranitrenes U[(Cl=PO)ReClo(NSC1)] {({}, a rhenium{(iV} derivative}, and
[(Cl1POYReCIx{NSC1)I=] {(2), a rhenium{1il} derivativel. While reactien of (1)
with tetraphenylarsonium chloride vielded a rheniumi¥l) complex, with (2)
under the same conditions [FhaAs][ReCls{NSC1)=1.CH2Clz, (3}, was formed. IR
spectra of all compounds were recorded and assigned, ang the X-ray crystal

structure of (3} was determined.
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Fig.9: {3).

The two NSCl ligands adopted a ¢i: configurakion, with rnearly linear Re=N=§
groups. Reaction of (3} with BaClx in dichloromethane generated [ReCls{NSCil-]
{45, 461.

The rheniumi{lIl) complex [ReClz(MeCM) (PFhx)=] was shown to react wWith
arylthiolate anions, [Ar8]1-, to vyield [Re{BAr)x(MeCh) (PFhs}]. The crystal
structure of the phenylthinlate coamplex: was determined. The ethanenitrile
ligand was noted as being in a molecular cavity, which was used to explain the
ready substitution of this iigand by CO, while molecules which bind "side-on”
isuch as ethyne) camnct react in this manner. The compler was also prepared by
the reduction of [Rel(S8Rri.l- by triphenylphosphine in boiling ethanenmitrile
[38].

The electronic spectrum and structure of [FRe:Clg]= have been
reinvestigated, and a new BCF-X,—8W calculatien has given results in essential
agreement with the earlier reports. However, the inclusien of various
corrections has caused notable shifts that are important in analysing the
spectrum. The polarised single-crystal spectrum has been remeasured, and the
new results have revealed several wminor and one major flaw in the earlier
work. Revised assignments of the weak, forbidden bands lving between the &-5~
transition and the strong near W absarptions have been made [&1].

When allyl chloride or bromide was allowed to react with the rheniumiIVi



193

hydride L[RezHa(PPhz)sl, the core of the molecule was preserved vielding
[FhsPCiHel-[RezXsl (X = Cl or Br). However, when allyl iodide was used, the
guadruple bond was cleaved and the phosphonium salt of hexaiodorhenate{IV) was
formed. Treatment of the rhenium{IV) hydride with hyvdrogen c¢hloride gas in
methanol gave crystals of [PhxPHIz[RezClal.S5[Ph=PHILReCl=(PPhz)], a mixed salt
whose reactions and properties were discussed (271,

Reaction of {[BuasNJ]=(Re:Clsl with an excess of dppp in beoiling
ethanenitrile gave [{dpppIReCl= ReCl:idppp}] as & green crystalline solid,
whose crystal structure was determined [6Z1. [Re(C)=Cl] wazs prepared from
[BusNlz{ResCla]l with carbon monosxide in ethanenitrile, and the crystal
structure of the carbonyl determined [&3].

The reduction with sodium amalgam of [Rei{NPh)Clz(PPhs}, {(PMesl.l (=0,
m=2: n=i, #=1) led to products whose nature depended on the atmosphere of the
reaction vessel: the rhenium ([11} products included
CReH (NHFh) (p* -CHzPMe=) (FMex!al, [ReH= (NHPh} (PMex}a] and
[Re INHPhICl 2 (PMe3i=]. IR and NMR spectral data were pressnted (471,

Reduction of [ReCls{thf)z] with =sodium amalgam in the presence of
trimethyiphosphine gave the rhenivm(l) hydride [ReH{PMex)=l, which slowly
reacted with hydrogen gas to form [ReH=(PMex}al, and the rhenium(l) chloride
[ReCl (PMex=}s1, which reacted with HLBF .1 or [Fh=CI[BF.] to vyield
[ReHE] (FMex)=21(BFal. it was alsoc reported that ({Re(NHPh) (Nz){PMes).]l reacted
with iodine to yield [Re(NHPh)I{PMex).]f (&0].

Activation of rhenium palyhydrides such as [ReHs (PPhz)=L] (where L is a
menodentate ligand} and [RezHeiFPhs)s] has been achieved through protonation,
the formation of tolvento-complexes and their oxidation to reactive
paramagnetic cations, and has led to a wide range of novel species. Addition
of HIBF.Y to a slurry of [ReHs{(PPhz)zipy)] in ethanenitrile gave a yellow
solution from which was isolated [ReH(NCHe)z(PPhs)=(py)l{BFala. Similar
reactions produced [ReH{NCMe)x(PPhz)=(cychNH2) I[BFalz and

EReH{NCMe) 4 (PPhs) 2J[BFol=. Many other novel complexes were generated, and the
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cyclic voltammorams of these were described in detail [S21.

[ {PPh=!=ReH>) reacted with cyclic and acyrclic dienes tao yield
crystalline, air—stable rhenium(lIl) complexes [(PPhg}ztv“—diene)ReH3J. NMR
spectral studies indicated the majority to be fluxional at room temperature,
with a oentagonal bipyramidal structure having apical phosphine groups at low
temperature. The complex {(PPhg):(qf—cvclnpentadiene)R5H3] lost hydrogen to
form [ (PPhz)oReicpiHe]l, while ather complexes were more thermally stable to
such reactions: the cyclohexa—-1,3-diene compley lost hydrogen at 3100°C  to
yield initially the (cyclohexadienylidihydridorhenium{(III) complsx and then
the (JF-benzeneihydridorhenium(l}) complex. Protonation of the trihydrido
caomplexes with trifiucsroethanogic acid gave saturated hydrocarbons and/or
alkenes [231.

4.6 RHENIUM{ID)

The emission spectrum of Rel in the range 375-870 nm has been studied,
and the rotational constants caleculated [44].

Reaction between [BuaNlz[Rez=Clo) and an excess of dppe in boiling
ethanenitrile gave [{dppoiReCl: Rellz(dppn!]) as a green c¢rystalline solid,
The molecule bas wvirtual C.. symmetry., When compared to {Re-Xs{FRs}al, the
metal -ligand distances {r (Re-Rel:10,22486nm, r(Re-Cl}:0.239Znm,
riRe-Fi:0.2401nm>  showed the existence of a structural tramns effect in the

{ReCl=Pz> unit [&21.

4,7 LOW OXIDATION STATES OF RHENIUM AND CARBONYL COMFLEXES

4.7.1 Rhenium(l}) and Rheniumi{{)

The sodium amalgam reductaion of rhenium{¥} chloride in the presence of
1,10-phenanthroline or 2,2 -bipyridine yielded a mixture of products, but when
[ReCls(thf)=1 was similarly reduced, the complexes [Reibipv}] and [(Retphen) ]

were  formed in high yield. énalytical and magnetic moment data were presented
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{44], A dissertation has been published on excited state decay processes in
rhenium(l) polvypvridine complexes [&9].

The complexes mer—[ReCl {N=) (CNMe) {F (OMe) 311, t4), and
[Rell (Nz)} (CNMe?) (PPha) {F{OEt}=3-1, (5), were prepared by the reaction of MeNC
with [ReCla(NNCOFRIL=1 (Lx = (P{OMe)33x or (PPha),{P{(0Et)=}2). Reaction of
[TReCl = (NNCOPH) (PPRx) 2] with trimethylphosphite yiel ded
mer —[ReCl (N2) (FFhs) {P(DMe) s¥=1. The structure of complex (4) was authenticated
by X-ray crystallography [&&].

Resonance Raman spectra were recarded for the rhenium(l) complexes
[Cl (PFhMez) aRe{N2}Al (A = {TiCla(thf)}, {(MoCl,(0Me}} or {Crll={(thf}ai}. The
observed lines werp associated with the {ReNe=M} group, and the results were
discussed in great detail (&7]. The electronic and vibrational spectra of the
complex [{C} (PMegPhlaRe (Nz)}zMollal have also been studied in detail. The
Raman spectra were recorded with a variety of exciting lines, and were found
to be enhanced in the vicinity of the intense absorption bands in the visible
region, in particular for the bands at 1818, &89 and 290 cm™!, attributed to
the Wilasre) WINNIYY Valase) V(MM
and w={a;;} {w(ReCl}} fundamentals. Raman band excitation profiles far many
21, bands, and approximate force-constant calculations, have been coordinated
with a proposed molecular orbital scheme for the linear skeleton. The resonant
electronic hands were assigned to transitions of the linmear chain {681,

The reaction of [Re{NFhICls(FPhal=) with trimethylphosphine yielded two
rhenium(V) complexes which, when reduced with sodium amalgam, led to
rhenium{III} and rhenium{l}) products whose formulation deperded an the
atmosphere of the reaction {argon, dinitrogen, carbon monoxide, butadiene or
gihydrogen) . Rheniumil) products tncluded CRe (NHFh} (N=) (FMes) 5],
[Re (NHPh) (CB} = (PMex) <], [Re (NHFh) (CO) = (FMes) =1 and
[Re (NHPh} (J*—CaH.) (PMex)=]1. Crystal structures were presented for the first
and last of these complexes. IR and NMR data were also guoted [471.

The reduction of [ReCla(thf)=z) with sodium amalgam in the presence of
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trimethylphosphine vielded [ReH{(FMex}=] and EReCl (PMex)=). The hydride reacted
siowly with dihydrogen ta form the rhenium{iII) complex [ReHz(PMe=)al, while
the chlpride reacted with tetrafluoroboric acid or trityl tetrafluarcborate to
form {(ReHCl (FMex)x]ilBFal. In methanol, the chloride regacted with dinitrogen,
forming [Re{Nz) {FMex=}=1Cl.MeOH, while in the absence of dinitrogen, & white
crystalline solid is formed reported to be [Re(PMex)=s1C1, Methylation of the
thloride with methyllithium vyielded [ReMe(PMexlsl, the reaction with carhbon
monoxide produced [ReCl (CO)z(PMex)=3 and the reackion with phenylethyne at

110°C vielded a dimeric complex of the ligand, shown in Fig.10:

P Ph Re

Fig.1o: [((RECPHE;):(Q“CaH:thl}gCHPh)g].

The crystal structure of the [{tRetPMe:}3q=~C5H=th)CHPh}z] was reported.
feduction of [ReClafthfl=1 by sadium amalgam in the presence af
diethylphenylphosphine gave the complex [RelCl {Nz) (FPhEt:}a3 {whose crystal
structure was reported), along with a trace af the hydride analogue.
[Re (NHFh) (N2} (FMes) o] was also reported to react with tetrafluoraboric acid to
give {Re(Na) (FMexlsl*. Reaction with carbon digride produced
[Re(NHPhJ(n?—CDQJ(PHE;J;], which was characterised by IR and NMR spectral
technigues. The synthesis of [Fe(PMex)a (IF-CH=FMe=) ], and its reactions with

dihydrogen and methyl iodide, were also reported C[ad].
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4.7.2 Carbonyl Complexes

The IR spectra of [Re={C0l10] were measured in the carbonyl stretching
region in the gas phase and seventy-four sonlvents. Comparisons with similar
studies for [MnoiCD)4,] indicated that in the rhenium complex, there is =&
stronger metal-metal bond and greater double-bond character in the axial
carbonyl groups [49]. Raman spectra of polycrystalline samples of [Rez(CO!iol,
(Mn:¢C0} .o} and various mixtures thereof, were recorded at 123-296 ¥ in the
range 10-170 cm-t [70],

[t was reported that ([MpRe(CO),o]l underwent two first-order phase
transitions undetr hydrostatic pressures, at ca7 and call khar. Thase
transitions were Tollowed by Raman spectroscopy and interpreted in terms of a
change of malecular geometry from staggered to eclipsed, and back to staggered
[711.

The reaction of girhenium decscarbonyl with dimanganese decacarbonyl at
170~1%C *C in decalin was studied. Two mechanisms were identified with the
major pathway involving prior aggregation to MnzRez(C=s, which then
underwent stepwise loss of CO0 to MnzRe=(CO)zu-» clusters (n = 1-4), These
clusters were guasi-tetrahedral, with one Mn-Mn and ome Re-Re Bbondg, n  HnA-Re
bonds and (4-r) MniuCOHRe bonds. €0 insertion or M-M bond redistribution led
to MnzRez{C0D)z« containing two Mn-Re Bbonds, and fragmentation progduced
iMnRe{C0} 0], Thermodynamic data were presented (72). The mechanisms of the
substitution reactions of [Rex=(COY.o]l were examined, using *“=Re and '©7Re
isotopes in combination with crossover experiments to probe for fragmentation
in thermal and photochemical substitution reactions. 'SCO-*=CB interchange was
studied, as wall as the thermal reaction of dirhenium decacarbonyl with
triphenylphosphine uwnder a pressure of CO. No crossover was detectable for
[Re-(CD}:al or [Rex(COYai{PPhx)zl, indicating that substitution proceeded
without Fragmentation of the dirhemnium core. In the absence of a CO

atmosphera, '®“Re/!®7Re interchange wWas almost complete at 150 °C within
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fourteen to sixteen half-lives. Fhotochemical reacticns led to complete
crossover with short reaction times. The mechanisms of thermal and
photochemical substitutiaon were discussed [731. Unlike the dimanganese
analogue, dirhenium  ang  manganeserhenium  decacarbanyl did not undergo
appreciable ligamd substitution onder ultrasonic irradiation. However, rapid
sonochemical halogenation did occur, with halocarbom  solvents generating
halogen atoms, which could be trapped by {Re=(C0}.o]l, and organic radicals,
which have been characterised as dimers (74].

The state of rhenium was studied 1p catalysts prepared by the deposition
of {Rez(C0);.] on ¥-Al0z which involved & reaction of Lewis acid centres and
hydroxyl groups on the support., The low oxidation state rheniuvm ions formed on
the catalyst surface due to thermal degradation, On subseguent adsorption of
dioxygen at room temperature, a significant concentration became reduced o
superoxide. At 57¢ K the adsorption led to oxidation of the rhenium to
rhenium{VII), which resisted redurtion with dibydrogen ta metallic rhenium at

770 K (731,

4.7.3 dLCarbaonyi Halo Complexes

The X-ray crystal structure of [Re(CO)sCll, prepared from the reaction
of CNBuslz[Re=Cis] with €0 in ethanenitrile, wWas determined. The molecule has
approximately Ca. symmetry, with a strictly linear Cl-Re-C-0 chain. The
equatorial carbonyl ligands were bent away from the axial carbonyl by ahbout
{®. The axial Re—CO bond length (00,1912 nm} was significantly shorter than the
gquatorial bond lergths {0.200% - 0.2031nm) (631,

The AC electrplysis of the complex ([Re{trams-spr={(COV.E1] (sp =
4-styrylpyridine} in ethanenitrile in an undivided electrochemical cell
converted trans—sp into cis-sp ip the coordinated state. It was suggested that
the reaction proceeds via an electrochemically excited state of the complex,
generated by a cation-amion annibilation process [763.

Haman spectral data were reported far fac-[ReX (COs«(bipy!] (X = Cl or
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Br} in their lowest electronic excited state, and the spectra compared to
those for {Rulbipv)«l=+ (771.

Efficient photogeneration of CO occurred on visible light irradiation of
carbon dioxide solutions in triethanolamine-dmf containing [ReX(bipy) (CO)=3 (X
= Cl or Hr). The mechanism was thought to proceed via an excited rhenium(l}
species, and to also involve carbon dioxide coordinated Lo the metal, with
possible lpss of halide aftording the free coordipation site (783,

It was reported that treatment of [RePr{{0)=] with Ag[CH{S0=F)=1 gave
(Re{COV={CHI{SD:F)=}1 ([79]1. Heating {Rebr (CD}z] with 1,3,5-trimethylbenzene in
bailing nonane for thres haurs gave, in 80% vield,
[ (MezCyiHz)Re (C0) 31 [Re={C0) 4Brs1-. In the absence of
1,3,5-trimethylbenzene, heating [ReBr{Cl)=l in bailing nonane for five hours
under argon yielded [Res(CO).5Brd [BGI.

The npovel ligand tri~CHN (1,3,5-tris—-{2~cvanophenyllbenzene! has been
synthesised and used to prepare (Re(CO)=(tri-CN})Brl, where the ligand acts in
a bidentate mode, and [Re(CO)z{tri-CN)JLPF,], where it acts in 2 tridentate
mode. Synthetic and speciral data were reported [B13, The synthesis and
structure ware reparted for fac-[Re(CO)=Br (Gpnp} 3 {bpnp =
2,7-b1s{2 «pyridyl}-1,B~naphthyridine), along with electrochemical, IR and
electronic spectral data. The crystal structure (sse Fig.11) was discussed,

noting the bidentate nature of the bpnp ligand [B821.
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Fig.1ll: fac-[ReiCO)=Br (bprp}l.

The crystal structure of the rhenium (1) compl ex
{Re(CD) <Br (§2CCMe=PFhs)3, as shown in Fig.l1Z2, has been determined at -110 =,
The complex decomposed at room temperature, with loss of triphenylphosphine

[83].

Fig.1Z2: [Re(C0}-Rri5zC0Me-PFh+r 1.

The reactions of the unsaturated anion ERes(4-H)a{C0).-~]1" with iodine in
various solvents has been investigated. wWhile in donor solvente such  as
ethanol, the only praoduct was the anion [Rex(-Hiz@E-1(C0O),x]", in

dichloromethane and similar solvents the reaction vielded hydrogen gas and
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mixtures of products dependent on the quantity of iodine used, The process
implied stepwise degradatien with substitution of bridging hydride groups by
bridging iodide groups, leading eventually to ([Rez(-1)=(C0)s]1" and
[Rez fi-1}z(CD)ald. The interpediate products have been identified, and all
species were tharacterized by spectroscopic methods. The crystal structures of
(Rex (uH) 2 u-132{C0) 1], 67, and TRex (ua-H) gu-1) (CD) . 1-,
(7}y have been determined. In (4), there was an open trimetallic array, with
the terminal rhenium atoms bridged by iodine, while in (7), the molecule had
idealised Cz. symmetry, and the rhenium atoms displayed almost octahedral
coordination. The Re-Re distance of Q.2954nm indicated a metal-metal bond,
unknown in other Re?a-X);Re systems. An Re-Re bond was also postulated for

{Rez (u-H) (-1 (COe] [84].

4.7.4 Carbonyl Complexes containing Hydrido Ligands

The rcomplex [Re(cp)(CO)zH=]1 wae prepard from the phetolytic reaction of
{Re (CO¥={cp}] with diethylsilane, followed by treatment with =silica gel in
trichloromethane. The compound was characterized by spectroscopic technigues.
Deprotonation with ethanolic potassium hydroxide vyielded (Redcp)i{CQ0)]2-,
isolated as its tetraethvlammonium salt. The dihydride was used to prepare
[Ref{cp) (CD)=(SnCl1=)H], EReicp) {CO)z{(SnMex)z1, [Relcp) (CO)zMe=] and
(RE(CD)(DUlz(l,g“?z“C7Halj. IR  spectroscopy was  used ta study the
sterecchemistry of these complexes. The dianion was also allowed ta react with
ethanoyl chloride to yield [Ret:p){CDJz(qz—ethenyl ethanoatel]. A mechanistic
sequence was suggested for this latter reaction [B51. It was reported that
reazction of [Re(cp){CO)=H=1 with potassium hydroxide or ethoxide in ethanol
gave the anion {Relcp) (CO)-Hl~ as the potassium salt. Spectral and analytical
data weré presented. The anion reatted with icdomethane to foram
{Relcp) (CO)2(H)Mel. Reaction of the dihydride with 1I,4-diiodobutane in thf
sclution in the presence of 1,8-diazabicyclo-[3,4,01-undec~7-ene yielded the

metallocysle (8), shown in Fig.13:
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Fig.1%: (8).

as yellow air-stable crystals: IR, NMR, mass spertral, and anslytical data
were presented. Thermoiysis of the rhenacyciopentane gave methylcyclopropane
in 40% yield., A mechaniem to account for this was discussed [B&61.

The X-ray crystal structure of [RE:(ED)EQJ_H}94‘NC3H4)], (2}, has heen
determined. The molecule contains a  hydride-bridged rhenium-rhenium
single-bond, and a bridging orthometallated pyridyl group. Reaction of this
complex with trimethylamine N-owide yielded ERE:(DD);?&—H}ly"NCEHqi(NMe3)J,
(U, which reacted with an excess of trimethylamine N-oxide to produce
[Rez(CD)7qA—H)IH—NCqu}(DNHE3>J, i1}, the erystal structure of which was
shown to be analogous to that of (?) with the amine oxide bonded to the same
rhenium atom as the pyridyl-A. The reactions of {3} with ligands under various
conditions have been studied, and the spectral data guoted and discussed for
all complexes prepared [B7].

The complex ER9394~H)3(CDJH{(EtD)zPDPCGEt}:}EJ has bheen studied by X-ray
crystallography amd neutron diffraction, and the structure (see Fig.14) was
giscussed. The molecule has {x symmetry, with a {Rex} triangle bridged in the
same plane on all sides by hydride ligands. The chelating ophosphines btridge

two of the Re-Re bonds, on opposite sides of the plane of the rhenium atoms,
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while the carbonyl ligands are 21l bonded terminally to the rhenium atoms

P—0
oc.\R __,EO\

o] l\\| %

ocloH |c0
p” €0

Fig.14: ERE;(H—H):(CD)aC(EtD)gFDP(DEtlz}zl.

1t was reported that [ReH>(PPhx!z] reacted with furan in the presence
of 3,3-dimethylhex-1-ene, ta form a complexy of the 4~oxant—2—eny1 ligand,
whose structure was shown earlier, in Fig.2., In the reactien, one furan
molecule wae converted to propene and carbon monpxide, while a second furan
molecule was reduced to the 4-oxobut-Z-enyl ligand. The X-ray crystal
gstructure was deteramined, and presented together with IR and NMR spectral

data; a reaction mechanism was proposed [26].
4.7.5 Carbanyl Complexes with Other Ligands

The photochemically induced reactions of dirhenium decacarbonyl in thf
solution with nitrogen oxide, cyclooctatetragne and 1,3~butadiene were
studied. Reactian with NO yielded [Re={(C0).=(0H}] and {Re={CO)}.a(NOz}), and
crystal structures were determined for these compounds. UY irradiation of
mixtures of the carbonyl with cyclooctatetraene or 1,3-butadiene yielded the
2,5-dihydrofuran-dirhenium octacarbonyl complex. Cyclooctatetraene was cleaved

in the reaction forming two i1,3~butadiene fragments. The knawn
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butadiene-bridged dimer [Re({C0)s{CsiH,)Rel(D)a] was obtained (87].

The infiuence of paramagnetic ligands on the mobility of carbonyl grouss
was studied by the kinetics of 11gand substitution 1n
{1, 2-quinonettetracarbonylrhenium [90], Electronic absorption spectra were
studied for a series of rhenium and manganese t,2-semiguinone complexes and
compared to the spectra of the ligand amton ratiical. The high dearee of
similarity between the two spectra was interpreted 1n terms of highly polar
metal ~oxygen bonds. The bonding of the szecond oxygen atoam to the metal
resulted in & substantial bhypsochromic shift due to exchange interactions
between the orbitals of the metal and ligand. The results were consistent with
the EFR spectra of the complexes [911.

The first full pptical characterisation of the
tetracarbonyl {3,5- (CMax) -1, 2-guinonelrhenium radical, [Ret(CO)a{dtbagil-, was
reported. The fluorescence lifetime and guantuam vyield in solution were
determined {92). Organorhenium radical complewes have been studied by CIDEP
and EFR-HPLC techmnigues. The spin-trapping of rhenium carbonyl fragments by
i,2-quinones, l,2-diketones and some nitrogen donor ligands was reporied,
together with HFLC and EPR spectral gdata. It was also possible to prepare
optically active arganorhenium radical adducts, such as
E{dtbgIReiCy{i+)-diop}] and [{dibgiRe(CH® s{({~r-drop}] [93].

The complexes [Rex (CO},.. . (RCALY (R = Me, Et, Pr or CHMe:} were
prepared via {triethylamine N-oxide)-assisted reaction of dirhenium
decacarbonyl with the cyancalkane. The complexes were characterised by IR and
NMR spectroscopy and mass spectromeiry. The cyancalkane ligands preferentially
oceuypiad egquatorial sites, although some minor axial substitution occurred
with the bulkier ligands. The ligands were not disgplaced by nucleophiles under
mild conditions [24].

The reactions of eg-I{Re-{COYsL] and of 1,2Z2-eg,eq-(Re-{Chiul=] under
sunlamp itradiation have been siudied. 1,2-¢q,eq-[Re(CO)ai{NCMe)] was

cbserved as the gprimary product from the continuous photolys:is of
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¢q-[Rez (CO)<(NCMe)]., Traces of water in the solvent led to some formation of
(RE4(CO)12(0H) 41, Fhibtolysis of the pyridine complexes vyielded dirhenium
decacarbonyl, {Re(CD)=ipy)=1, {HRE4 (CO) 151" and
ERE:9¢-H)tCD}794—NC5H4)]. Photolysis of the amine derivatives vyielded the
decacarbonyl and 1,1<«[Rez{CO}at{RNH:}z}. Mechanisms for these reactions were
proposed, involving initial metal-metal bond cleavage followed hy ligand
dissociation [951.

The complexes {{bipy'Re(CD)sL12* have been prepared and a report was
made on the appearance of a low energy vibrational progression in the emission
spectrum, the appearance of a short-lived MLCT fluorescence emission and an
intramolecular electron-transfer guenching mechanism (25].

The crystal structure of trans-bis{triphenylphosphine)-
gicarbonyl{t,3-dighenylformamidino}rhenium(I} has been determined. The rhenium
atom had epproximate octahedral coordination, and the formamidino ligand was
coordinated through both nitrogen atoms [971.

The complexes [Re{CO) =L (PR3} =1 L = N-methylsalicylideneiminate,
N-phenylsal icylideneiminate, 1/2 N,N'—ethylenebis{galicylideneiminate} ar
B-hydroxyguinolinate; FRx = FPFhs or PMezPh! were prepared from the
[ReCl {CO}=(PRs}=2] complexes, and characterised by IR and NMR spectroscapy. The
products were reported to have cis carbonyls and trans phosphine groups on the
basis of the spectral evidence. A mechanism was postulated [981.

It was shown that there is a direct relationship between 1Intk.n-} {ka- is
the nenradiative decay rate constant) and £un (the emission energy) for MLET
exrited states in the series fac-[{Relbipy) (COJ=L]1[PF.] (L = PMes, Cd, MelN,
4-Etpy, pyy H-Meimid, 4-NHzpy or A-(NMez)pyl} [97), The heats of formation of
the adducts formed between [Relcp}(COrxl and AlBrs or BaClz have been measured
{104].

The reaction of [(CD)sRe(NSF)3I{AaF-1 with dimethyl {trimethylsilyl)amine
yiplded the thiazylamide complex [{(CO)=Re{NSNMez)][AsF.]1, whose crystal

structure was determined (Fig.15):
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Fig.tS; [(CO)=Re(NSNMe2) JLAsF. .
9

The Re-N-S angle of 130 © was considerably smaller than found in ather thiazyl
derivatives. The reaction of methyibis(trimethylsilyllamine with
[{C0}=ReiNSF) 1{ABF.] vielded the bridged dimeric complex
f{C0) Re (NSN{MeISNIRe (CO)s1[AsFL1: [101].

The preparation Wwas repoirted of the thichylimide complex
[Re{C0)w(HNSD) JLAsF.] by two different routes: reaction of the 50z adduct
LRe{C) {8032 with an excess of opreformed HMSD vielded the product
guantitatively, The NSF adduct [Re{CD)={(NSF)1* was hydrolysed i1n S0z solution
with Me.wSnOH, and removal of the insgluble trimethyltin fluoride vielded the
thionylimide adduct. Elemental analysis, IR a&anéd Raman spectral data were
quoted L1023, It was reported that reaction of [Re(CO)=(NSF) 1[ASF.] with
fluorp Lewis acids, such as AsFs, yielded the [[Re(COz(NS)1¥r cation. Its
preparation from bromopentacarbonvirheniwm{l} and INSI[SbF.} was also noted,
IR speciral data were quoted [1031.

The complexes [Re(COY.{R'NC(RINR'ZJ, 123 (R = FMe or Fh, R = Ph or
Me=~4-C.Ha) containing bidentate N,¥ -chelated amiding groups, have been
prepared by four reactiocne:

{a) [{Re{CD)aX>=] with R'N(LIXCIRINR",
{b) f{Re(CO),{R'NCIRINHR ' FX] with butyllithium,

{c) [Rex(CO)swl with RNHC(RINR' or
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(d) decarbonylation of [Rel(CO)4{OCN(E")CI(RINR"}],

Triphenylphesphine displaced £0 from (12) to farm [Re(CO)SL{R’'NC(RINR'}],
(133 (L = PPhx), which was also formed from [Re(CO}aLErl L = PPhs or AsPhas)
and the amidine. When a trisubstituted amjdine R'NE(R)N{MRIR’ was wused, the
reaction scstopped at [Re(CO)={(FFhz) {R'NCIRIN(Me)R'YBrl. Treatment of {(13) with
aqueous hydrobromic acid vielded [Re{CO}s(PPh=) {R'NC(RINHR ¥Brl. L[Re(COrsX1 (X
= C1 or Br) or [{Re(CO)aBry=1} reacted with amidines to form orthometallated
species which contained a six-membered orthometallated ring. Benzamidines also
produced an orthometallated complex in which the R—-subhstituent was involved in
a five-memberad ring. Intermediate complexes (Re(CO}z{R'NC{RINHR'3zX1l (R = Me,
R = Me-4-C,Ha, X = Cl or Br) were isolated. Reaction schemes were suggested
for the course of the reactions, and structwres for the new complexes were
proposed on the basis of speEctroscopic data [104],

Enalcp)(CG)Z(H-NNC6H4HeJRe<CD);tcp)J has been synthesized fram
{Molep) (CD) 2 (W-NNCsHsHe) 3 and [Re(cp) {ED)=(thf) 1, and its crystal structure
determined (Fig.146}. The Mo—N~N group was almost linear {177.7{4) °} while the
Re-N-N group was bent {118.9(3) <}, and the N-N-C angle was 113.5(4) =,

Spectral data were also guoted [(105].

€0 Me

Fig. 1&: [Nn(cp)(CD}z$4—NNCbH4Me}Re(ED}=tcp)].

Reaction of sulfur dioxide with (I4) at =-40°C gave (I3), shown in



208

Fig.17. The X-ray analysis of {I5) was described. Carbon monoxide substitution

was afforded with the Lewis acid AlBrs to vield (18} [1#04].

M92
16

Fig.i7: (14), (I5) amd (i&).

It was reported that, when [Felcp) (CO)zE(=5){SRe(C0}a}] {(prepared from
[Fel{cp} {CO)»C523 with [Re(CO)sBrl at -78 =Cl, was allowed to react with
CH=S0sEFs, methylation of the {C=8} group cccurred to vield the dithigcarbene
[icp} (CO)zFel (SMe} (SRe(CO)w}] [1071.

A crystal structure determination of the compl e
tetracarbonyl-[1-{(N,N ~—dimethylaminomethyl)}-7-phenyl-s-carbaoranyl-8,N1lrhenium
showed the unit cell to be monoclinic: the atomic parameters and bond lengths
and angles were given. The rhenium was octahedratly bonded to the C(8)-bonded
boron atom, the C{7)-bonded nitrogen atom and the four carbonyl carbon atoms,
with the Re-B bond trarns to a Re~C0 bond [1981, The crystal structure of
tetracarbonyl—-{i-isopropyl-2-phenylazo-o-carboranyl-8,Nlrhenium was also
determined. The unit cell was monoclinic with two independent molecules in the

umpit cellt 1091,
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4.7.6 QOrganometallic Complexes

The electron spin resonance and optical rotation of organometallic
rhenium radical complexes have been studied 1101,

The photochemistries of [Ref{epizHl, (i7), L[Reicp)(CO)21, (I8}, and
[Re(ca)(?z-CuHa){Cﬂlzl, (19) have been examined in low temperature matrices,
{17} reacted by ioss of the hydrogen atem, or by partial deccordination of the
cyclopentadienyl ligand and addition of a ligand L to “form ERe(cp}(g’~cp)LH1
iL = C£8, {20} or Na, (2f}}., Photolysis of (I8 yielded fRetlcp} (CO}=1, (22},
reversibly in argon matrices, and [Rei{cp) (COJ2(N2}3, (233, irreversibly in
dinitrogen matrices. Photolysis of (19) in inert matrices led to reversible
loss of cyclopentadiene, ar oxidative hydrogen-migration to
ERE(cp)(q?-cp)(CU)zH]. which underwent secondary photolysis to (2@} and then
to €i7). In reactive matrices, the photolysis of (19) was more complex. Much
detail of the reactions was presented, together with proposed reaction
mechanisms £titl.

Field desorption MASS spectra were  reported for the salts
ERe(CO);(?—arene)]fPFal {arene = pethylbenzene or !,3,5-trimethylbenzene). The
spettra were simple, dominated by IM1*, [M+11* angd IM-COI* [112].

Reaction of NaLRe(CO)s) with perfluoronorbornadiene in thf scluiion

vielded the substitution product (24}, shown in Fig.18:

FF
r RE(CO)S

F¢F

Fig.1B: (24}.
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which was characterized by amalytical, IR, *H and *°F NMR spectroscopy [113].

Cocondsensation of rhenium atams with the A enes mathylibenzene,
lyd-dimethylbenzene ar 1,3,5trimethylbenzene gave the compounds
E((q%arEne)Re}zg4—CHR')94—H}z]. whare R° was phenyl, 4-methylphenyl or
S, 9-dimethylphenyl respectively. The structurally related campounds
{{(ararene)ﬁe}zqi—CR’R"}QA-HIzJ (R’ = Ma, R" = Fhy R' = H, R" = CHaPh! were
formed from the reaction betwsen rhenium atoms and ethylbenzene. Structures
were proposed on the basis of microanalytical data, mass spectra and NHMR
spectra [1141,

Reaction of [Re:gawH)ya—CH=CHEt)ECD)EJ with 3,3 -dimethylcyclopropene
led to carbon-carbon bond cleavage, and farmation of the .-carbene complex.
{Requ—(v‘,n’-CHCHENEz)}(CD)BJ; this reacted with carbon monoxide to form
[Re:?&-(y‘,f—CHCHCHe:) FiCl <1, which, on uy irradiation underwent
carbon~hydrogen bond cleavage with formation of  the ??‘,3f hydride
[Rez (}J—H) t}.{—CH=CHCHe=CH=) ({C0)ed [115I.

The photochemical reactioen pf dirhenium decacarbonyl with 1,3-butadiene
yields a wmixture of complexes which were separated by HPLC and characterized
spectroscopically. Two allylic rhenium{i) tetracarbonyis were obtained as
minor products, together with a dirhepium(l) octadienediyl derivative. A
rhenium(l} dimeric hydride was also isolated at 240 K, and two rheniumiQ)
butadiene adducts at 183 K [1la4],

Dirhenium decacarbonyl was reported to react with triphenylsilyllithium
to vield, after alkylation with methyl fluorosulfate or triethylosonium
tetrafluoroborate, the eguatorially substituted carbene complaxes
eq-[Rez{CO}>{C{DR)SiFPhs] (where R = Me, LaHeOMe or Et). The crystal structure
of the ethyl derivative was determined. Reaction of these carbene complexes
with aluminium{IIl) chioride r aluminium{III} bromide vyielded
av—-(Rex (CO)5 (CSiPhx) AL Xal, wWhich subsequently reacted with alcohols to give
the axial isomers of the original etuatorial carbenes, The axial and

equatorial methpxycarbenes reacted with dialkylamines to yield the respective
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isomers of [Re={COl={C{NR2)GiPhx}] ([1i73. The reaction of the decacarbonyl
with triphenylsilyllithium, followed by reaction with methyl fluorosulfate
also gave {[Rez(CO)-{C(DOMg)SiPh=i2]1 and the trimeric species {(25). An X-ray

crystal structure of (25} was reported (Fig.1%9) [1181.

SiPhy
(=0 Re(CO)
A

(00, Re—Re(C0),

Fig.19: (25).

The steric and electronic effects in the molecules cis-[{Ph=5i (RDIC:¥Rex(CO} =1
{R = Me or Et) and cis,trans—f{Phs8i {(Et0}C:}oRez(C0}m] were discussed [119].
The reaction of dirhenium decacarbonyl wWith triphenylsilyllithium and
subsequent ethylation with triethyloxonium tetrafluoroborate alsa vyielded
Rei-zx,Re“—gg—[{Fhx58i (Et0ICI=Rex(CD) al. The isomeric complexes with one
carbene ligand replaced by :C{DOEt)C.HsMe were obtained by reacting the
monLc arbene complex with methylphenvyllithiom, and then ethylating with
triethyloxonium tetrafluoroborate {1201,

While the product From the reaction of [Mr (C0)»{CH=C11 1 Wwith
triphenylphosphine in solution in the dark at room temperature was
(M {CO) > {FPh=)=Cl3, the rhenium analogue did not react. Similarly, the rhenium
methosymethyl derivative did not react [1211,

The preparation and characterization of the sixteen rhena~1,3-ketgimine
derivatives of twelve amingacids were reported. Thege rhena-labellad

aminvacids were prepared By a Schiff base condensatich of
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rhenapentane-2,4-dicne with the appropriate aminoacid free base as a methyl or
gethyl ester. Heterpatamic substitution did not prevent imine formation. Distal
rhena-labeliing of the €-amipogroup of several L-lysine derivatives was also

reported [1223.

4.8 NITROSYL AND METHANOYL COMFLEXES

The bimetallic anionic complexes Li1[ReMn (CO) & (CHO) ] and
Li[Re={(CO) % (CHO) 1 wers prepared by the attion of Li{BHHEt=] on the
decacarbonyl. The dirhenium compiex was stable over s number of days and was
igolated as a thf spolvate, 0On reaction with electrophiles such as
benzaldebtyde, iron{d) pentacarbonyl or iodooctane, hydride transfer occurred
to the electrophile. However, treatment with methyl fluorosulfonate and strong
acigs did not yield methare or hydropgen gas. The heterobimetallic complex was
noted to be & weaker hydride dopor. Thermolysis fo the dirbenium comples
vielded dirhenium decacarbonyl, but photolysis vyielded LilRez{CQ)5H]. The
potassium dirhenium methanoyl complex reacted with ¥[Bu=BH]l to form methanal
and KzfRez(COts] L1231,

[PPhallRe (ND)2Rrs1.20Cla was prepared by the rpaction of [(ReiNO)zClal
with excess BErx at room temperature. Treatment of the product with
aluminium{1Il} bromide in dibrompmethane gave [Re!NO):Brs), which 1s dimeric
with bridging bromide ions. The nitrosyl oroups in both complexes were [is in
conformation and, in the snion, a Re=N bond was observed [124]. The reaction
was reported of E[ReClgi{NO) (PPhs)z] with an excess of thiophencl in the
presente of triethylamine to yield ERez(NOYZ{(SFPh}.-17: the A-methylphenyl
derivative was alsc prepared. The structures of these complex anions were
confirmed by IR and *H NMR spectroscopy, and the 4-methylphenyl derivative was
studied by X-ray diffractien. The anign contained two rhenium centres each
with two terminal thiotolyl groups and a terminal nitrosyl group, bridged by

the remaining three thiotolyl ligands, the {Rez(N3).} unit having syn symmetry
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{Fig.2( [125]1.

NO NO

\

S —Re=>=Re—S
Nl \g/ ~S

Fig.20: syr-{Rez{ND)=F unit,

[AsFhallReCis (NO) {QC(NH=}Me}]1 was prepared from [AsPh,l[ReCls{(NOY)z]1 and
ethanenitrile in the presence of water in dichlorometane solutien. X-ray
analysis showed that the product contained an octahedral anion, with the four
chloride ions in the eguatorial plane and the ethanamide ligand bound through
the orxygen atom. The IR spectrum was assigned {1261,

The reaction of [{cp)Re(ND)(COz1(BF4l} with agueous triethylamine in
propanone yvielded {{cp)Re(NQ){COYH}, which was characterized by spectral
technigues., FReactiem of the thydride with tetrabromomethane, bromine or
N-bromosuccinimide produced the bromide E[icp)Re(NO){CDYBrl in high vyield,
while hydride abstraction by [CPhx1[PF.] in the presence of donor ligands L
(such as ethanenitrile, thf or gpropanonel les to {(cp)Re(ND) (COILICFF.].
Addition of base to [{cp)Re(ND) (COY=I1[BF.l in water produced the carboxylic
acid [teplRei(ND) {€0) (COOH) ), which was stable under anhydrous conditions, but
wés decomposed by strong bases to the hydride [i27]. Reaction of ECPh;J[PFbj
with Ltepyie (ND) (COYH] also viel ded the arene complex
[(cp)Re(ND}(CD)(S,Q—QZ-EaHECHth)JEPFbJ. The triphenylmethane Iligand was
easily replaced by triphenylphospnine, and deprotonated by triethylamine to

yield 3- and 4- isomers of {(cp)ﬂe(ND)tCD)(U‘*CéHqﬁHth}]. The reactions and
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nature of the complexes were discussed in detail (128}, The complexes
[i(cptRe(ND} (COYR] {where K = Fh, Z-, J- or §-MeC-oHa, 35— or 4-LCF«Ca.Hal have
beern prepared in high vield from the chloro derivative with an exress of the
arylcopper reagent. When FhMigBr or Phii were used, little or no phenvlrhenium
complex was formed. The complexes were charatterized by IR and *H  NMR
spectroscopy [1293.

Esterification of the complex [(cp)Re(NO} (PFhz)} (COYIEBFal with sodium
methoxide 1n methanol yielded [{ep}Re{N3) (PFhx) (COOMe) 1, which when allowed to
react with {(-)~ (51~ {1l-naphthyl)ethyl amine or
(+}— (R} —w—¢l-naphthyl Y ethylamine, vielded the amide derivative
[(cp)Re (ND) (PFh=) (CONMCHMeC ,5H+Y 1, the diasterecisomers of which were
separated. Hydrolysis vyielded pure (+}-(8}- and (-)—(R)- enanticmers of the
initial carbomyl complex. Standard reactions were then used to prepare
optically pure methyl, methylene, benzyl, ethyl and methanovyl derivative
complexes. An A-ray crystal structure of the (-)-(R)- isemer of the benzvi
derivative established the absoclute configuration of all the complexes
crepared. Various spectral dats were presented, together with the sypthesis of
[ (cp)he (ND) (FPh~} {CH=P*Ph= (O-1-menthyl ) 3 I0PF.] L1301,

[{MesCx)Re (C0) =] f{prepared from dirhenium decacarbonyl and Me=C=H)
reacted with ([NOJIBFal to give [iMesCsiRe(ND) (CO)=JIBF.1. Reaction with PhIO
1n ethanenitrile ogave [(Me=Cs}Re (MO (COY (NCMe) ILBFL1  which, subsequently
treated with triphenylphosohine or triphenylphosphite led to replacement af
the ethanenitrile ligand by the phosphorus ligand. FReduction of these
complexes with Li[BEt«H]/BH~ or MaflEHa1 respectively yielded
[{MesCcplRe(ND) {Me)i]l, which deprotonated with ([CFh.JIFF.,1 to the methvlene
complex. The properties of the Re=CH=. group (bond length O, 1898 (17 nm) were
studied in detail. The crystal structure of the phosphine complex showed
=LH=/NO  disorder at  -1&0 =0, Ths room temperature crystal structure of the
phosphite compley was also described {1311,

& number of ?z—arene compleses of the [icp)Re(NO) (CO1)* cation have been
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synthesized, and observations made regarding the similarity with electrophilic
aromatic substitution., The benzape, toluene and trifiuoromethylbenzene adducts
UicprRe (NOY (ED) {.=-ArH) 1X were prepared by reaction of the aryl complex with
tetrafluoroboric acid or methylsulfonic acid at -78 =C, and the preoducts were
studied by *H NMR spectroscopy. In the presence of triethylamine, the reaction
is reversible, and the 3-/4~ isomeric ratios of the aryl complexes formed have
been studied [132].

The complexes {{(cplRe{NDO} (FPhz)R3 iwhere R = Et, CaH», C=Hia,
{CH=) »CHCHzy (CEHx)sCCHz or (CH=)2CHY were synthesised by reaction of a
Grignard or alkyllithium with an appropriate [{cp} (ND)Re{(PPhx) (=CHR ) 1(PF.]
precursor. An acyl derivative 45 = COCH=Fh) was prepared from
[icp) (ND)Re (FFhs) (CO=Me)] with PhCH=MgBr, and was reduced by excess diborane
to the alkyl derivative. These alkyls, along with some previously synthesized,
were treated with [(CPhz][PF,) at —-78 °C, and the regioc- and stereochemistry of
hydride abstraction investigated. Enthalpy and entropy changes for wvarious
equilibrations have been measured. # very detailed study was presented L[133].

It was reported that [i{cp)Re(NQ){(COYMel reacted with high concentrations
of trimethylphosphine to form a n‘*cyclnpentadienyl derivative, which was then

converted to a cyclopentylidene ketene complex (258) (Fig.Z21):

PME3 -
| Y
MesP C
37 e |
ON"| ™0
PME3

Fig.211 (26).
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4 NMR, *TC NMR ang IR spectral data were all quoted. (24} further reacted

with propanone to insert the small molecule into the Re-0 band (Fig.22} [1341:

/

PME3 !

F1EE]F)\M“-F2 ”f,f’ E"“mﬁ

N~ \\“—

PM93

Fig.22: (Re(NO} (FMex) s {0EMe0C=UsHL) ],

A study of tha mechanism of coupling of [{cplReiNO) (PPhz) (=CHz) H{PFL]
with [{co)Re{NQ) (FPhx) (CHz=[H=)31 ha=s been carried out, investigating the
kinetice and thermodynamics of the reaction, The influence of optical purity
ot the reaction was also studied, and showed a notable effect on the reaction
rate, and a crystal structure of the navel adduct
{+)—{85) - [ {cp)Re (NO) {FPhy} {(NCCH{Fh)EL} 1[PF,] was presented {1351].

The reactians of the complexes { {(cp)Re(ND) (PPhx) (=CHCH=R) 1™ (R = H, Me
or Fr} with K[(DCMexl were studied, yielding [ (cp)Re(NO) {(FPh=) (CH=CHR}1. The
nature and further reactions of these vinviidene complexes were studied [1341].

The salts E(Cp)RE(NOJ(PPhj)(thEqu)JEPFé], (&7, and
[(cp)RE(ND)(PPhs)(nE—CHzS)]CPFb], (28}, were prepared and their crystal
structures  determined by ¥-ray diffraction techniques, Oxidation of
[{cp)RE(ND)(PPh;)iUE—CHz)]EPFb] with Phi0 vielded complex (27), while reaction

with cyclchexene sulfide vielded complex (28) (see Fig.23%):
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oN” [\ PPy

C=X

Fig.23: (27) % =03 28 X = 8,

(27} reacted with trideutercethanenitrile at S1 =0 after nineteen hours in S50%
yield to substitute an ethanenitrile ligand for the CHz0 ligand, while (2§)
showed no reaction. Treatment of (287 with NalBHsCNJ in methanol resulted in
reduction of the CH:S group to CHs5, while reacticon ot (27) with
[ {cpIRe(ND) (FPh3) (CHO}] vyielded the carbonyl and methexy complexes in high

vield. Other reactions were noted [137].
4,9 MISCELLANEOUS BINARY COMPOUNDS

The compounds TePx and RePs have been prepared by the reaction of the
elements in the presence of iodine, and alsoc in a tin flux. The structures
were determined by X-ray diffraction, and both compounds were shown to
¢rystallize 1in the space group Prma. The metal atoms were six toordinate,
while the phosphtirus atoms were tetrahedrally cogrdinated to rhenium and
phasphorus atoms, with oxidation numbers of -2, -1 and 0. The metal was then
deduced to have an oxidation pumber of +3. Metal-metal bonding between

adjecent octahedra accounted for the diamagnetism in Refs (1381,
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4,10 MIXED OXIDATION STATES

The complexes {RezClalal,

[REQE]AL&][PF&JZ

of the first with C[NQIIFF:1.

determined by X-ray diffraction technigues.

= PMezFh) were prepared,

[RezClalaI[PF4] and

The ¢rystal structures

(shown

Fig.24)

were presented and the variations between the structures discussed {1391,
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!

I}
7+

-

[RezClat s 1[PF&]

the latter twp by the oxidation
were

Electrochemical and magnetic data

-+

and fREQClALa]EPFaJ?.

The wvalence electronic structure of the compounds iRe~(l o (FH3) &l and

[Re-Cla(PHx)al" has been investigated as examples of compounds with

rhenium-rhenium bonds of order 3 or 3.5. Relativistic ¥¢-8W calculatiaons have

been performed and indicate that the two and ong electrons respectively reside

in the Re-Re &" orbital. The low temperature spectra of the P{CHMez)=:

analogues were reported and discussed [140].

The structurz of the rhenium bronze Dy, =.Relzx was determined by neutron

diffraction studies., The rhenium atoms were found to lie on the special

perovekite sites, and were surrounded by distorted octahedra of oxygen atoms.

The deuterium atoms were statistically distributed over seventy—-two possible

sites in the unit cell, with 0-0 bponds [141)].

The deouble oxide DysRez0.> has been synthesized and its crystal

structure determined. The structure was shown to consist of infinite chainms of
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(Rells} octahedra bridged by isolated {Dy0.} octahedra, forming sheets which
were linked by other dysprosium atoms [1421.

Mixed oxides of rhenium with an electropositive element, such as
Sr.Rels, Dy=Rezbiz and La.Resl:e, were reviewed, 1l}lustrating how structural
studies contribute to solving the problem of mixed valence compounds. Eleven

references were quoted [i431].
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