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INTRODUCTION

This review delineates the advances in rhenium chemistry as reported in the literature for
1993. As in previous reviews [1], the emphasis is mainly oa coordination compounds and the format
is similar, with yome references to organometallic compounds which may be pertinent. It is based
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on a search of volumes 118, 119 and 120 of Chemical Absiracts. ln addition, major inorganic
chemisiry journals have been searched separately for the calendar year 1993,

7.4 RHENHIM{VII)

7.1 Complexes with oxygen donor ligands

Complexes of Re{VIl}oxide with N-alkylphenothiazines have been synthesised and
characterised [2]. The molecular formulae of the new ionic complexes are
IReO(PTZ),(H,0)1[ReO,), PTZ = chlorpromazine, promethazine and ¢thopropazine. A tentative

general structure (1), has been proposed for the complex cations.
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Alkylrhenium oxides of formulae RReO; and RReOy- L, L = guinuclidine (2) have been

obtained from the reaction in equation {1} [3].
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The active species of the catalytic system [CHReO31/H,0, has been elucidated [4]. The
first isolated peroxo-metal complex (3) has been obtained which contains a metal alkyl group that is
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stable to hydrolysis and peroxide. Addition of a stnall amount diglyme to n-pentane/diethyl ether
solutions of the former gives {4) as thermally stable orange-yellow crystals of the 1:1 diglyme
adduct. A single crystal X-ray structure has been obtained.
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7.1.2  Complexes with nitrogen donor ligands

The synthesis of new mixed-alkyl rhenium{VII) organoimido complexes and a new facile
route 10 Me;SiORe(N'Bu), have been documented [5]. Alkylation of MeRe(NR'),Cl,py with
MeMgCl, Et,Zn and iPrMgCl yielded the d® tialkyl diimido complexes of the formula
MeR,Re(NR'),, R = Me, Et, Pr; R' = 2,6 dimethylphenyl. The ethy) and isopropyl derivatives
decompose within a few hours. In a similar manner the alkylation of the new teri-butyl imido
derivative MeRe{N'Bu),Cl, gave trialkyl complexes of formula MeR,Re(N!Bu),, R = Mg, Et and
Pr which are thermo-labile. The gas-phase decomposition of these complexes was studied.

A study of outer-sphere complexes of Re(VII) with acridine and rhodamine dyes has been
eongducted |6). The complexes were characterized by EPR and elecronic absorption speciroscopy.

7.2 RHENIUM{VI)

The synthesis and crystal structure of [ReNCINPPh,CH,y il PhsPNH,ICLICHLCN] has
been obtained | 71. The rhenivm atoms are po-bridged via the N-atoms of the phosphoraneiminato
ligands and are six-coordinate.

73 RHENIUM{V}

7.3.1 Complexes with hydride ligands

The reactions of the polyhydride complex ReH7{PPh3)2 with quinoline, gn, (5), 2-
hydroxyguinoline Hhq, {6} and 2-mercaptoguinoline, (7}, Hmq, have been studied |8]. The species
ReHs(PPha)a(qn), ReHa(hg){PPh3)), and ReHy(mq)(PPh3); were obtained from the thermal
reaction of the title complex with gn, Hhq and Hmq when refluxing thf or EtOH was used as the
reaction solvent whereas paramagnelic chlororhenium{ill) species ReCli{qa)2(PPh3),
ReCla(hq}(PPha}y and ReCly{mq(PPh3); were formed in refluxing 1,2-dichloroethaae solutions,
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These complexes have been characterized by NMR spectroscopy, cyclic voltammetry and X-ray

00 00, 00,

{5) (6) {7)
732  Complexes with oxygen donor ligands

Neutral and ionie rhenium(V) and technetium(V) complexes of the form {MOXL3j and
[MOCXa{ma)]~ where M = T¢, X = Clor M = Re, X = Br and L is a didentate {©,0°) monobasic
ligand, 2-methyl-3-oxy-4-pyronate (maliolato, ma~) or 1,2-dimethyl-3-oxy-4-pyridinonate (dpp—)
were synthesised and characterised [9]. These complexes have been studied by IR, IH NMR, mass
spectroscopy and X-ray crysiallography. For [ReOBr{ma)>] solution 1H NMR and crystallography
indicate eis-geomewy in which the Re atom 1s in the centre of a highly distorted octahedron of ¢is-
(bromo, 0x0} donors and ketonic oxygen and hydroxy oxygen donors of the two mutually
orthogonal maltolato ligands.

Neutral oxometal{ V) complexes of the type [MOL,(OR}], M = Tc or Re; R = alcoholate,
glycolate or acetate have been synthesised by reating (o-aminophenyi)diphenylphosphine with
[ReOC,1- in basic media and a swictly controlled metal/ligand stoichiometric ratio (152 for Re, 1/3
for Tc) [10]. The compounds are referred to as equatorial because the coordination of both didentate
L~ chelates occurs symmetrically in the equatorial plane orthogonal to the M=0 moiety with a
mutual cis-phosphorus configuration. The site rans to the oxo group is always occupied by an
oxygen-containing monodentate ligand. Elemental analyses, FAB mass, IR, elecrronic, 1H and 31P
NMR spectroscopy and X-ray datg are reporied.

The preparation and siructure of oxo-rheninm{V) complexes containing the ligand 7-
azasindole (8), Haza, has been described | 1 1]. The complexes may have potential utility as precursors
to metal-metal bonded rhenium(Iil) dimers of the “paddle-wheel” type. The reaction of
ReOC14(PPh3), and Haza yielded Req0,C1(Haza},, the oxo-c¢thoxo monomers
ReO{OE)Cl (Haza), and ReG(OENCL,(1Taza)(PPhy) and the dioxe |[ReO,(Haza),iCH salt. The
iodide salt was prepared from ReO,l {(PPhy)y. X-ray diffraction on ReO{OE)Cl;(Haza), shows it
consists of individual molecules of the frans-rrans type in which the azaindole is N bonded. Crystals
of |ReQy{Haza),)C] contain well separated Cl- anions and trans-dioxe cations. The N-boaded
azaindole ligands are held parallel to the O=Re=0 axis by intramciecular N-H.....0O hydrogen
bonds.
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The structure of rrans-dibromo{ethoxo)oxobis{iriphenylphosphine)rhenium(V)
[ReBryO{OCHMP(CH)a )], has been determined [12]. The crystal contains molecules which
are roughly octahedral. The linear O-Re-O unit les on a twofold axis and the ethyl group of the
ethoxo ligand is disordered over two orientations. The Re-Ofoxo) distance is 1.678{6) A and the
Re-Ofethoxo) distance of 1.894(6) A is suggestive of partial multiple bond character.

The preparation of Re{V) oxo and imido complexes employing the ligands N N-diethyl-N"-
benzoylthiourea (DEBTH) and N N'-diethyl-N'-benzoyliminothiourea (DEBITH), (9). has been
documented {131, The neutval complexes (ReOCHDERT), | and [ReQUKDERIT),] were obtained.
The X-ray crystal structure for the former shows that the complex possesses a pseudo-octahedral
geometry with the oxo and chloride ligands in a cis position. When reacted with ArNH; imido
complexes [ReCY{NArDEBT),] were obtained in good yield. Reaction with PPhy gave rise to an
Re(ill} complex [ReDEBT),(PPh,},)*. The spectroscopic and elecrochemical properties of these
complexes are discussed. The X-ray crystal structure for the former shows that the complex
possesses a pseudo-octahedral geometry with the oxo and chloride ligands in a ¢is position. When
reacted with ArNH, imido complexes [ReCYNADEBT),| were cbtained in good yield. Reaction
with PPh; gave rise w© an Re(lif) complex |ReDEBT),(PPh,),]*. The spectroscopic and
clecrochemical properties of these complexes are discussed.

H H
EtEN\. /N\C/Ph EtZN\C/N\C/Ph

C

I I I I
S 0 5 NH
DEBTH DEBITH

733 Complexes with oxygen and sulfur donor Hgands

The reaciion of ReCls with Na fC4S.]. C3552‘ =4 5-dimercapio-1,3-dithicle-2-thionate{2-)
in ethanol in the presence of [PPh,]Br yiclded [PPhyTIReO(C355),] 134]. Ap X-ray crystal
structuze has been obtained and shows the rhenium atom to possess a square-pyramidal geometry.
The reaction of ReCls with {N“Bu4]2[2n(C385)21 in acetonitrile gave the salt {N"Buyj( Re(C3S)3].
These complexes have been swedied by CV, electronic absorption spectroscopy, IR, ESR and X-ray
PES.

734  Complexes with oxygen and nitrogen donor ligands

The synthesis and characterization of Re(V) complexes with cyclam and cyclam derivatives
has been achieved (15]. They were synthesised by ligand exchange reactions of the macrocycles
with a variety of starting compounds including ReGCl;(PPhy); and ReO,(en),Cl. Those
synthesised include [ReOj{cyclam)]*, [ReQ(OH}cyclam))Z+, ReQ,(H_1Ojcyclam),
ReO(OH}H. ) O1eyclamy), and ReQ(H_oOheyelam)Cl.
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The synthesis and characlerization of neutral MYO (M = T, Re) amine-thiol complexes has
been reported [16]. The rhenium analogues were prepared by ligand exchange reactions with
bis(amine thio}-phenylpiperidine BAT-PPP. They weve characterized by NMR spectroscopy and X-
ray crystaliography.

A series of isoelecronic Re(V)-cyclam complexes with oxo, dioxo and phenylimido moieties
has been prepared [17]. In particular, trans-[ReQa{cyclam)IReQa-1/2H,0, irans-
[RcO(OEt)(cyclam)](ClO.;)z and trans-[Re(NPh)YOH}cyclam){ClO4)3, were prepared and
structurally characterized. The rhenium-oxo bond distances in rens-[ReOz{cyclam)]?, and trans-
[ReQ{OEscyclam}lZ* are 1.775(9) and 1.643($) A respectively. UV-Visible spectroscopy has
been conducted and trans-[ReOx(cyctam)j* shows two ligand field ransitions in its spectrum at 423
and 530 nm whereas for trans-[ReO(OEcyciam}|?* the corresponding ligand field bands are red-
shifted to 481 and 625 nm respectively. The frans-[Re{NPh)(OH)(cyclam}ClOq)2 complex is
intriguing in that it is stable in aquecus medium and the Re-NPh distance is 1.731(9)A 18 consistent
with a mesal-imido foroulation, These complexes were further characterized electrochemically.

Rheniuvm diamine dithiolate complexes which have potential in tumour-targeting therapy
have been synthesised [18). The complexes ReQ(tedadt), ReQ(tedmdadt) and ReO(hmdady), (16)
were prepared by SnCly-2H,0 reduction of NHReQ, in the presence of dadt ligands under strong
acidic conditions. A single crystal of ReO(tedadt) was obtained and subjected o X-ray
crystallography, the complex is a centrosymmetric hydrogen-bonded dimer and constitutes the first
time that hydrogen bonding has been observed in rhenium diamino dithiofate compiexes, One amine

is deprotonated whereas the other couples to thenium by means of its lone pair.

R 0 R
e .
/’ ei legadl Et H
N N
\H tedmdadt  Et Me
hmdadt  Me Me
R R

(10)

73.5  Complexes with oxygen and phosphorus donor ligands

The sterecisomerism of ReOCl;(PPh,), has been reinvesiigated [19]. Of the three

"isomers" previously reported in the literarure, this work shows that two are polymorphs of the mer-
trichloro-trans-bis{phosphine) molecule (13). X-ray crystallography of crystals of the bright green
polymorph show the same monomeric molecule, but with a differing conformation of the PPhy
ligands and a different packing patiern. Attempts to prepare the third "isomer™ were uasuccessful.
Resuits from IR and 3P NMR spectroscopies are reported.
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7.3.6  Complexes with axygen , sulfur and nitrogen donor ligands

The preparadon of technetium and rhenjum complexes of the SN N, C-ligand mercaptoacetyl
diglycine and the X-ray structure of the Tc complex has been reported {20]. The preparation was
achieved by reacting either technetiom{V) or thenium(¥) gluconate in aqueous solution with
mercaptoacetyl diglycine.

737  Complexes with oxygen , sulfur and phosphorus donor Higands

Monodentate coordination of a potentially didentate N,S-donor ligand has been
demonstrated recently [21]. Specifically, the reaction of the ligand methyl 2-(¥-ethylamino)-i-
cyclopentene-dithiocarboxylate, HL, which exists in thtee tautomeric forms (12), with trans-
ReOCl3{PPh3)z has led to the complex ReQCi3(PPhayHL) in which coordination of HL occurs
through the neutral thiocarbonyl suifur atom only. An X-ray crystal siructure has been obtained and

shows the rhenium atom Lo be in a distorted octahedral environment with an Re-S distance of
2.369%DA.

N N NH

SMe Shie SMe
{12)
738 Complexes with nitrogen donor ligands

The first example of increased basicity of a nitride complex in its thermally equilibrated
excited state compared to its ground state has been reported [22]. The photoprotonation of the
ground and excited states of rrans-]INRe{RyPCHyCHoPR)CI*, R = Me, has been observed ia HCl
soluticn. An imido complex frans-[HNRe{R,PCH2CH;PR2)CI)?+ was obtaired. The increase in
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basicity which has been rationalized by a simple orbital diagram is due to an increase in electron
density at the nitride nitrogen in the excited state.

The reactivity of various rhenium(V) complexes containing different cores with
bis(diphenylphosphino)methane has been studied [23]. In particular, the reactivity of
[ReOCl14(PPhy),], [AsPhy][ReOCL], [Re(NCH;)Cl3(PPh;),] and [ReNCl,y(PPh;),] has been
documented and a complete crystallographic study was undertaken.

The electrochemistry of arylimide rhenium(V) dithiocarbamate complexes
[{Re(NR}S,CNR';), 1,01 where R = phenyl, p-tolyl, p-chlorophenyl and p-methoxyphenyl in dmf
was explored [24]. These complexes were found te undergo a quasi-reversible one-electron
reduction followed by cleavage of the p-oxo bond (Re-O-Re) concomitant with the release of one
dithiocarbamate ligand from the complex. The redox potential for the couple and stability of the
redox products was found to be dependenton R and R'.

739  Complexes with nitrogen and sulfur donor ligands

A neutral, diamagnetic phosphorane thiciminato complex, Re{NPPh4)(2-
aminothiphenclato), has been obtained from the ligand exchange reaction between ReNCl3(PPhs),
and 2-aminothiophenol [25]. X-Ray crystallography shows the complex to be square planar (13).
Since nucleophilic auack by a free wiphenylphosphine ligand onto a nitrido group is unusual, a
second complex ReQ(2-aminthiophenolato),, in which one amino group is deprotonated, was
synthesised and its reactivity towards nucleophilic attack by triphenylphosphine investigated. No
reactivity was apparent.

-
N.\ | ",N
Ry
s.' “\S
{13)

7.3.10  Complexes with nitrogen and phosphorus donor ligands

Nitrido rhenium and technetium complexes with chelating phosphines have been synthesised
and their reactivity and crystal sauctures swdied [26]. The complexes of general formula [MNCIZL]
L = bis(diphenylphosphinoethyl)propylamine, 1,8-bis{diphenylphosphino)-3,6-dioxaoctane, and
1,1,1-mis(diphenylphosphinomethyl)ethane were obtained. Reaction of these complexes with an
excess of potassium O-ethyl dithiocarbonate yielded [MN(S2CO)L] as neutral compounds while
reaction with K{S2CNE12) gave cationic and neutral complexes [MN(S5;CNEt)L}* and
[MN(S2CNEt)o).

Treatment of |ReVYNClz(PPh3)a] with LiR afforded the complexes |[ReYNR2(PPh3);], R =
Me, CC'Bu, Ph or CgH4Me-p [27]. These complexes have been characterised by spectroscopy and
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electrochemistry. An X-ray crystal structure for the methylrhenium analogue has been determined
and shows an Re-N distance of 1.641A.

74 RHENIUM(IV)
74.1  Complexes with halide ligands

The complete structural determination of bis{tetramethylammonium)hexachlororhenate(IV),
IN{CH3),]5[ReCl¢], has been described [28]. The Cl atoms occupy octahedral positions around the

central Re atom and the Re-Cl distance is 2.360(2)A.
742  Complexes with oxygen donor ligands

The synthesis, properties and crystal structures of Re;Cl,(CsH,0),(CsHgO5), and
Re;Bry(CsH4C),{CsHgO5), has been achieved [29]. An X-ray crystal structure on the former
shows it to consist of neuiral dimeric molecules with an Re-Re quadruple bond of 2.236(1) A, two
equatonial acac groups are incorporated to become chelate rings. In addition, two neutral acac
molecules occupy axial positdons each being coordinated by one oxygen atom to a rhenium centre.

743 Complexes with oxygen and nitrogen donor figands

The preparation, structure and reactivity of a dinuclear di-p-oxo-bis[{ethylenediamine-
NNN N -1etraacetato thenate(IV) complex has been described [30]. The meso AA—form of the
complex Baz[Rea(u-O)2(edta)y)-4.5H20, (14), has been characterized by X-ray crystallography.
The Re atoms possess distorted octahedral symmetry and each tetradentate edtad- ligand has two
uncoordinated -CH2CO2~ groups. The Rez03 and has an Re-Re distance of 2.362A. Evidence from
I1H and 13C NMR spectroscopy of the uncrystallised sodium salt in aqueous solution points to the
exisience of the meso AA as well as racemic AA- and AA-forms. Cyclic voltammetric and kinetic
studies have been carried out and results are reported.

Q 0

“0,CCH, o) o/«

(14)
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75 RHENIUM(IHT}

751  Compiexes with halide ligands

Several edge sharing bioctahedral dirhenium and dimolybdenum compounds with
polydentate phosphines have been synthesised [31]. The compeounds 1,2,7,8-ReaClg{meso-
tetraphos-1) and 1,2,7,.8-Re2Clg{meso-tetraphos-1).(CH3CH2)»O (where tetraphos-1 =
PhzPCH2CHaF(Ph)CH2CH,2P{Ph)CH2CH;PPh3) represent new isemeric forms of the Ma{j-
Y)2X4P4 core. The metal-metal distance in both these compounds is 2.625(1) A

Pyramidality angles and metal-metal bond distances in more than 350 dinuclear complexes
including those of Re(lII) have been analysed 1o elucidate if a correlation exists [32]. A clear
correlation was found to exist between the average pyramidality angle (M-M-X, o) and the metal-
metal bond distance (I5). The presence of axial ligands favours elongation of the metal-metal bond
but this effect is also attenuated by changes in the pyramidality angle. Electrenic structure
calculations were carried out using EH, HF-SCF and multiconfiguration CASSCF levels and show
good agreement with experimental trends.

N L
7N

X
(15)

A chloroacid of rheniumdlI11), HyO[Re;Cl,q(H50),]-5H,C has been obtained at roem
temperature from a saturated solution of ReCly2H,Q with an excess of NaCl in concentrated HCI
[33). X-ray crystallography has been carried out and reveals isolated cluster anions which are
enclosed by a cage of water molecules. The building units are connected through a swong hydrogen
bonding systemn.

The crystal structure of (NMe4)2[Re3Br]1(HEO)][Re3Br9{HZO)3](H20)2 has been
determined from four-circle diffractometer data recently {34). Two differing cluster units are
apparent, isolated anionic [Re;Br,,(H,0)}™ units and neutral cluster units that are connected
through crystal water molecules to chains of iw[[Re3Br9{H,ZO) 3I(H;0,).

A new trimeric complex (Me,NH3)3[Re4Br) ((HCOO)| Br containing the trinuclear anion
[Rc3Brm(HCOO)]2" has been obtained [35]. Two terminal bromine atoms have been substituted
by a bridging formate group in this anion.
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752 Complexes with oxygen and nitrogen donor ligands

The synthesis and characterization of some novel pentagonal bipyramidal 2.6-
diacetyipyridine bis(benzoylhydrazone) (DAPBH,) complexes has been achieved [36]. The reaction
of [ReCly(MeCN)(PPit;),] with DAPBH; and DAP-Me-BH,, (163, viekded the seven-coordinate
complexes [ReCI(L)PPh;) containing the doubly deprotonated ligands DAPB?- and DAP-Me-B2-,
The DAPB2- derivative has been studied by X-ray crystallography and shows the DAPB ligand
coordinates in a pentadeniate manner in the equatorial plane of the complex.

S
HaC - CHy
N
/N N\
H N H
0 o
R R = H, DABPH, R

R = Me, DAPMeBH;
{16}

753  Complexes with sulfur denor ligands

The reaction of irans-[ReQC1;{PPh),] with excess arenethiol and 1.2-
bis{dimethylphosphino)ethane, DMPE, generated cis and trans -[Re{SCgH,X-p),(DMPE),[PF,, X
=H, Me or Ci [37]. The complexes have been characterized by FAB mass spectrometry, UV-VIS
Spectroscopy, cychc voltammetry and elemental analyses. X-tay crystallographic characterisation of
the cis isomer showed the Re-S{av.) bond to be 2.293(4)A.

754  Complexes with nitrogen donor ligands

A low-tempesatuse voltammetric study of (BusN)[Rey(NCS)g) has been carried out in
aprCN at 290K (38]. Resvlts show two reversible one-electron reductions at -0.20 {8¢——9e™) and
-0.90V (9e~—»10e-) and a reversible oxidation at 1.10V (8e——7¢™). At 215K the reduction at
-0.90V becomes sluggish, i.e. quasi-reversible with Fp ¢ — Ep a = 0.27V. In "PrCN, at 1,40V, a
further oxidation (Te~—6e ) has been observed for the first tme.

The reactions of the ¥,0-chelated complexes [ReCly(N,COC H,-4-R¥PPhs),i, R = H, Me,
NQ,) with N N and certain N-substituted hydrazines gave the ammine complexes
{ReCl(NHy(NNCOCH,-4-R){(PPhy),], (R = H, Me, NO,) [39]. The mechanism is thought to
involve intermolecular homolytic cleavage of the N-N bond.
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755 Clusters

The synthesis of a homoleptic rhenium(II} isopropoxide cluster and its participation in an
alkoxide B-hydrogen elimination equilibrium has been described [40]. The cluster Re4(u-0-
iPr)3(0-iPr)6 was synthesized by the reaction of dry Reg(u-Clq)Clg(th); with NaOiPr. Chemical
an speciroscopic studies including direct NMR spectroscopic observation indicate that the cluster
is in equilibrivem with acetone and Rc3(u-0-iPr)3(H)(O-iPr)5 via reversible isopropoxide [B-
hydrogen climination. Solid-state thermal decomposition of Rey(it-O-1Pr);(0-1Pr) resuited in
Re;(1-O-Pr)3(HYO-1Pr)5 and the monopyridine adduct, Reg(1-0-1Pr);(HXO-Pr)c(py) was
isolated by trapping the hydride cluster from the equilibrivm reaction mixiure. The presence of
destabilizing steri¢ interactions in the parent alkoxide clusters has been proposed as a necessary
conditton for the alkoxide B-hydrogen elimination process.

Explorations in sulfide-chiorine Reg cluster systems have been conducted [41]. In pasiicular,
soluble salts of alkali metal cations were sought. The solid state synthesis, solution chemistry and
redox properties are reporied for the series of salts RbalReg(S,,,Clig o) (7 = 1-3). X-ray analysis
reveals that the cluster core contracts upon addition of sulfur atoms but not necessanly in a regular
fashion. This discontinuity was reflected in the redox data abtained.

7.6 RHENIUM({I]})
7.6.1 Complexes with halide ligands

The isolation and structural characterization of mixed-carbonyl-bis{dimethyl-
phosphino)methane complexes of dirhenium(Il) has been reported [42]. The reaction of the
complex ReaCla{u-dppm)s with CO and xyINC in deoxygenated acetone in the presence of TIPFg
produced the salts [ReaClL{u-dppm)3])PFs, L = CO, xyINC and is the first example in which one
of the equatorial ligands has been displaced by a r-acceptor ligand L. X-Ray crystailography for the
carbonyl derivative shows a very short Re-Re bond 2.3565(7)A. Dicarbonyl complexes were
produced by the reaction of Rez(U-04CCH3Xo(p-dppm}3iPFg, X = Cl, Br with CO in
deoxygenated acetone/HPFg(2q} mixtures. Of note in these structures is the fact that the bridging
dmprn ligands are now in a chelating mode and two halide ligands are bridging the metal centres.
The X-ray crystal structure for {Rea(u-Cla(U-dppm){CO)2(u-dppm)z]{HoPOy)> shows an Re-Re
distance of 2.918(2) A consistent with the presence of an Re-Re single bord.

The reaction of the dirherium complexes ReaXa{u-dppm)z , X = Cl, Br with (O has been
described [43,44]. Interestingly these reactions proceed with the reteation of the ResX4()-dppm)z
unit generating the compounds Rea()t-O)u-X¥0)X3(uU-dppm); and Rea(n-0y(OnX4(i-dppm})z in
which the four and six electron oxidations of the dirhenium unit has occurred. X-ray crysiallography
for the former compounds indicates edge-shasing bioctahedral siructures, and in the case of Rep(u-
OYp-XXO)Clz{p-dppm)z- (CH3 2 CO shows a very long Re-Re distance of 3.363(2)A, the structure
was also found to be disordered involving a terminal oxe ligand and the syn terminal chioro ligand.
These compounds have been derivatised with isocyanide ligands and results are reported. For the
latter complexes, a centrosymemetric comer-sharing bioctahedral structure has been observed,



LC. Vites, M. Lynam/Coordination Chemistry Reviews [46 (1995) 207-224 219

The reactions of guadruply bonded dirhenium(IID) complexes of the type cis-
Req(0,CCH43,X 4Ly, (X = Cl or Br; L. = Hy0 or py) has resulted in a new route 1o novel
dirhenium(Il} cations [Req(u- X)a(riphos),I*, (X = Cl or Br) [45]. The dirhenium cation has been
characterised by X-ray crystallography and is a confacial bioctahedral species with a surprisiagly
long Re-Re distance (3.199(DA, implying the absence of a metal-metal bond while the Re-Cl bonds
average 2.455A. The complexes have been further studied by NMR and ESR spectroscopic, and

cyclic voltammetric measurements.
The synthesis and crystal structure of Ky[RegBry,]-2.5H,0 has been described [46]. The

main structural unit comprises a hexanuclear complex [RegBry % with three multiple Re-Re bonds
of 2.26(A)

762  Complexes with nitrogen donor ligands

Several mononuclear octahedral Re{il) and Re(Ill) species containing only amine and halide
ligands have been reported {47). The reduction of [ReOy(en)s]*, [ReOy(NH,),]*, [ReO5(ampy), |+
in HCl{aq} gave [ReCly(en), 1%, {ReCly(NHq),I*, and [ReCly(ampy), I* respectively. When chloride
substitution in trans-|ReClalen}s) was carried out using pyridine, isonicotinamide, 4-picoline, 4-
{dimethylamino)-pyridine and s-propylamine it was accompanied by isomerization to a ¢is
geomeltry. X-ray crystallography has been conducted for [ReCla(en)z]*, [ReCly{ampy),)* and
[ReCl(picoline){en)a]{PFg),. The [ReCl(en)2]2+ shows a preference for ¢ and = donors in contrast
to the corresponding Re(ll) fragment which shows a relative affinity for pyridine n acids. Various
equilibrium constants have been determined.

7.7 RHENIUM(1)

7.7.1  Complexes with hydride ligands

Studies on the H selective and non-selective relaxation times as a function of temperature in
thenium and manganese hydride complexes have been carried out |48]. The complexes
ReH(CO},(PMes)s.p, n = 1, 2, 3, and ReH(CO)(NO}XPR,), were prepared. As a result of these
measurements, the contribution of the M-H dipole-dipole interaction to the relaxation time of the H
ligands was isolated and the M-FI bond distances were calculated using the mode! of an isotropic

meticn.
772 Complexes with oxygen and phosphorus donor ligands

The synthesis of ociahedral rhenjum(f) complexes containing the Re(NO)[srans-[P{O-
iPr)3]2 fragment has been described [49]. The complex [(MeCgH4)OS50,]Re(CO)(NOQ)[trans-
[P{O-'Pr)3]2] has been obtained, it has a cis arrangement of 02S0(CgHaMe) groups and Re-O
distances are 2.097(5) and 2.114(4) A while Re-P distances were found to be 2.431(3)A and
2.4393)A.
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773 Complexes with sulfur donor ligands

Di and trinuclear sulfide-bridged complexes with rhenium in very different oxidation
states have been obtained and the d%/d! transition studied [50). In particular the dinuclear
complex [CHCO)3Re(pn-S);ReS2]~ and the trinuclear complex [CI{CO)3Re{u-S)Re(u-
5)2Re(CO)Cl- {1'7), were synthesised and characterised by spectroelectrochemistay . Both
complexes were found to underge reduction to a dianion but UV-VIS and IR
spectroelectrochemistry showed that the less symmetrical complex slowly decomposes after the
first one-clectron reduction. The second reduction steps were found to be irreversible for both
complexes.

Cl - Cl Q
¢ Co
OC;,J. Flie';‘;\\\S{"”"R/s_‘ OCI, \ .“\\Sh,! /S\F:i/
- e e, e =]
0c* | TSN o™ | s RN
co - s’c] €O
(17)

774 Complexes with nitrogen donor ligands

The photophysics of a series of monometallic Re(l) tricarbonyl complexes containing
various methyl- and phenyl-substituted phenanthroline ligands has been explored {51}, These
complexes were found to be highly emissive at room temperature in solution or at 77K in a glass.
The room temperature data are consistent with emission from a 3MLCT state while low temperature
measurements indicate the presence of two unequilibrated emitting states, a 3MLCT and a 3L.C one.
Time-resolved spectroscopy indicates that the latter is a longer-lived state and yields a structured
spectrum similar to that of the uncoordinated ligand L.

The complex faec-ClRe(CO)3(4,7-Phaphen), (4,7-Phzphen = 4,7-diphenyl-1,10-
phenanthroline) has been used as a spectroscopic probe of the environmental changes occurring
during polymerization of photosensitive thin films [52]. UV-Curable trimethylolpropane
wriacrylate/poly(methyl methacrylate) (TMPTA/PMMA) and bisphenol A-novalac/diglycidyl ether of
bisphenol-A epoxy resins have been swdied using the title complex since it exhibits readily
decctable luminescence upon incorporation into UVY-curable coatings. The luminescence
characteristics from these thin films is auributed to a lowest energy triplet-centred MLCT excited
stale arising from the complex. When these acrylate and epoxy resins are exposed to UV light
polymerization is accompanied by a change in emission properties which is attributed to a
luminescence rigidochromic effect,

The FAB spectrometry of a series of cyano-bridged Re(I)-Ru(Il) polypyridine compounds
has been described [33]. In particular, the complexes of general formula [Re(CO)3(phem){CN)-
[Ru(bpy)z(CN)}(+1)* n = 0-2 have been studied. The production of singly, doubly and triply
charged ions was observed in a 3-nitrobenzyl alcohol matrix and their unimoiecular decomposition
processes has been studied by mass-analysed kinetic energy spectra. The decomposition pathways
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involve losses of CO and bpy neutral ligands, exidative addition of coordinated bpy with the
expulsion of HX (X = CN—, PFg) and the cleavage of the CN-Ru bond.

The reaction of [ReX(CO)s), X = Cl, Br or I with terpy, solution NMR studies of the
dynamic stereochemistry of the resultant fac-TReX(CO)3(terpy)] complexes, the conversion of fac-
[ReBe{CO)3{terpy)] to cis-[ReX{CO)z(terpy}] and the crystal structure of the [ReBr{CO){terpy))
have been reported [54]. In solution these carbonyl comglexes were found to be fluxional with the
terpyridine oscillating between equivalent didentate bonding modes. At low lemperatures rotation of
the uncoordinated py ring was restricied and in CD2Cl7 solution two preferred rotamers were found
to exist. The Re-N bonds in [ReBr(CO)z{terpy)] were found to be 2.143(10) and 2.209(10) A

The luminescence characterizations of cyclometatlated Re(I) carbonyl complexes has been
described [55]. The complexes Re(COJa(bzq) and Re(CO¥3{bzg {PPh3), bzq = benzo[kiguinelin-
10-yl anion (18) were studied. No emission could be seen from either complex in air-saturated
solutions at room temperature but strong emissions were observed in deoxygenated solutions. The
luminescence spectra of these complexes were assigned to ligand-centred excited states of the

metallated bzq tigand. +/-__\ _\
O

(18)

The successful synthesis of several new [ReL{CO)3(py}]*, L = 2,9-Phyphen, 2,5.9-Phsphen,
2,4,79-Phyphen, and 2,9-Mey-4,7-Phpphen with demonstrated excellent luminescent properties and
potential utility as sensors has been reported [56]. All complexes showed MLCT transitions in the
360 - 430 nm region and LL transitions at higher energies. Pheny! substituted ligands yielded more
intense absorptions and extended them to lower energies than did unsubstituted or methyl-
substituted phenyls. The effect was greatest for the 2,4,7,9-Phyphen foliowed by the 2,9-Mey-4,7-
Phyphea.

Time-resolved resonance Raman specwoscopy has been used to study inwamolecular
wansfer in a series of chromophore gquencher complexes based on MLCT excited states [ 57). In this
siudy the complexes fac-[Rel(bpy)(CO(py-PTZ)]*, ((MQ*HCORel(u-bbpe)Rel{CON(py-
PTZ)3+, and fac-(ReXbpy XCO)3(MQ*)]2*, py-PTZ = 10-(4-picolyl)phenothiazine, MQ* = N-
methyl-4,4-bipyridinium cation, bbpe = trans-1,2-bis(4-(4'-methyl)-2,2"-bipyridyl)ethene were
studied and the data obtained supplemented those of ransient absorption results and allowed for the
structure of shore-lived intermediates to be inferred.

The synthesis and characterization of the mono and dimetallic [Re(CO)3Cl]L2(dpop)
complexes containing the bis-didentate ligand dipyride(2,3-4;2",3'-k)phenazine, dpop, (19) has been
described [58]. Electronic spectroscopy revealed solvato-chromatic MLCT absorptions in the visible
spectrum which are red shifted from other tricarbonyirheninm(I} complexes having similar ligands,
Eiectrochemical results indicated dpop centred reversible reductions in these complexes occur at less
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negative potentials than those seen for similar pyridyl ligands in other wicarbonylrhenium(l}

PAa O
01010
o "
{19

The wansient infrared technigue has been used in a novel application to elucidate
intramolecular emergy transfer in the ligand-bridged compliex cation
[{phen}(CO)3ReANC)RuI{CN)Xbpy)2)* [59). This technique has demonstrated uviility in the
elucidation of oxidation states and mechanisms involving photochemical intermediates through the
direct observation of ligand vibrations.

The first electrocatalytic reduction of CO, by [Re(bpy)(C0);Br] and [Refterpy)XCO);Brl in
an aqueous medium has been achieved [60]. Incorporation of the rhenium complexes into a coated

Nafion membrane thereby providing 2 hydrophobic environment around the catalysts has facilitated
the elecoreduction of CQ; resulting 1n the production of formic acid and carbon monoxide. The

selectivity for HCO,H and CO was found 10 depend soongly on the applied potentials. Hydrogen

was also detected as a byproduct.

Time-resolved infrared speciroscopy has been caried out on the complex [ReCICO),(bpy))
[61]. Results indicate that the v(CO) bands shift up in frequency in the MLCT excited state. The
excited state is quenched by tiethanolamine or triethylamine producing [ReC{CG};(bpy)]~ which
displays a lowering in frequency of the v(CO) bands.

773 Clusters

A new cluster [PtyRey(1-CO)(CO)(1t—dppm),) (20) with 2 planar metal core which is
noteworthy in that it represents the first example of a trigngulo-Re, Pt cluster in which thenium -

o’V

(00}391/ \Re{/CO)s
AN
(.

LL' = dppm
{20}

\
(K —=C 0
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rhenium bondiag cccurs [62). An X-ray crystal structure for the molecule shows it to possess a

crystallographically ¥mposed centre of inversion, the Re-Re distance is 3.094(1)A and the Pt-Pt
distance is 2.982(1),
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