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INTRODUET LON

The pseriod of this review covers thosge publications 1n volumes 98 and 979
of Chemical Abstracts. Thws, although the majority of papers covered were
puelished in 1982, many from 1982 are also included. The major journals
W, Chem. foac., Dalton Trans., J. Chewm. Soc., Chem. Commun., Inorg. Chew. and
J. Am. Chem. Joc.) are covered up to the end of 19BI.

The review rconcentrates upon the coordination chemistry of technetium,
Mo attempt has been made to cever work of an  essentially organometallic,
catalvtic or kinetic nature.

Si1% publicstions of general interest to technetium chemists have been
published this year: the first 15 a review with 147 referemces on  the

chemistry of technetium and rnenium [11. Ancother review with 30B references on

0010-8545/87/8056.25 © Elsevier Science Publishers B.V.
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the cnemistry o the tweive ftrancition elements 1n grouns 4, 5, o and 7.
inciuoing technetium, has oeen punlilsned 21, ‘The swntheciz. reactivity  and
molecular  structare of  tecknetiom 0 oxidation  states (i - wvIvy were
reviewed, and the resuits showed that the technet:umiii]) state had a a.verse

chnemisiry ane was accessibie from [To0a.7 1m0 aoueous solutian, fhe advancement

of  the cnemistrvy aof teconetiumii’  with TI-acceobor Ligakcs was noien: the

CEVIBW Nas Ui reterences 0 A review hss  also bees written oo Loe
electrochemistry of technetium cver the geriod [972%+1%8%, and topics discuszed
inclvde wvarigus elpctrochemical  fechnioues. noh-a0ueous  ysStems, chemical
reduction—onigation reactions arnd substitution reactions. The rewrew nas  od
referercegs {4). The coordination chemistrv of tecanebium a8 :elabed Lo Auclear
medicire was reviewed. with 3@ references [51. and  an :nvestigaticn of

tecnnetium canpleses containsang bicentsate arsine anc  ghosohine  ligands  aro

tnelr appiications to nuclear med1cine was unoerteken [oi.

ol TECHRETIuM LT

The temperature desersence of the sptn-spin Rl and sorn-iattice <R,

reiavation rates of the gquadrupolar fecanetium nucieps 10 [T was stucled,

and 1t was decuced that., as there 15 a minimum 10 ThRe waritation of B, ard F

Wwlth  temparature an [Tcdal . the l:fetime of the excited vibBraticonal ztate 1.

arubabiy iess than the correlation time of orientationszl]l motion o7 LR CouRgs &0

L73.

The formation of compleces of v io 1n oeidaticn scates W[ Ts, 1y, VIV
ard vlils wlth edta, dipa il ethvienetriamn nepent aacerater, aca
(=i ~acetamidoiiminogdiacetate!  and Flca th-1l.a-himethy phenvicarnancy, -

methvliiminodiacetate! wWaz studies Dy varigus pOlarcaraphic. couiomebric and
ampEr omEtric technigues, and ithe natures of the progucts Coisiaered  WiTh
respect Lo the reaction conoatiorns [ET,

ln  tripoivanosohate solurtion, the proowcts of the electroreduction of
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[TcOal were shown to be pH  dependent, with predominantly technetium{III}
formed below pH 7. and both technetium¢IIi) and (I¥) being formed above pH 7.
The electrochemistry and selution chemistry of the Tc(llD/To(IV) couple have
been studied [91].

The sodium  salt  NaalIN(CHACUG! 2377TC (-0 =7 ?ToIN{CHZCO00) =3 1. 6H=0  and
its potassium analopgue were preparec from agueous solutions of [9°TcQal- at <a
oH Z, uz1ng sulfur dioxioe as & reducing agent (see Bection .4y [10],

The preparation af a number of cationic complexes of technetiwm(¥) with
nitrogen-containing ligands was regorted, one method involving the reductian
of [vi"TcDal with tinill} chloride in the presence of an excess of the
i1gang, The pH dependerce of this route was studied, and the results of the
reaction monmitored by eiectrophoresis [113.

In the absence of a complexing ligand, technetatei(Vll) was reduced
slectrochemically to technetatetVl), and changes in seclvent and supparting
electrolyte led +to variations in the reduction potential. In the presence of
g-hydrosyguinoline, reduction ta technetium{IV) occurred with all solvents and

electrolytes except {NBualI. An explamation of this was presented [{Z1.

3.2 TECHNETIUMVI

Jrisi{i-aminobenrenethiolatoi{l-)- S,Mitechnetium(¥I} was prepared from
Z-aminobenzenethiol and  ammonium  technetate(VII). and the crystal structure
getermined by X-ray diffraction methods (see Fig.1). The wunit cell was
orthorhombic., space group PZ;Zida, ana  the rompound, which was found to be
isostrurtural with the molybdenum analogue, shown to consist of discrete
(Te (NHCaHaS! =1 moiecules with apparent trigonal prismaktic geometry. The

structure was discussed and compared to that of the molybdenum analogue [13].
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Figel: [TeiNACeHaS) 2]

Redurtion of {Tclais" by SnCl. in the presence of an excess of  the
ligqand HL (HL = l,l-digtnvl-, piperidina- o morpholino- 3-henzovlthioureal

yielaoed the air—-stable technetiumiill) complexes {Teol=1 [141].

3.3 TECHNETIUM(V)

The synthesis, reactivity and molecular structure of a variety of
technetium (V) compleses were reviawed, The o:xotechnetium(V) species ware most
conveniently characterised on the basis of their Te-0 cores: (TcOi=-,
trans={TcO.?" and linear {Tcz0-<r%". All contained a terminal Tc=0 grouwp and
were spin-paired, diamagnetic compoungs. The compleses ToF=, kI{TcF.} and
{Tocidiars)zClal", which do not contain an oxgtechnetium core, were also
discussed. The review has 41 references [19].

The electronic spectra of the techratiumiV) imidazale camplex
{feOptimidH)ai* were studied by the SCF-X -SW methad and the three bands
assigned {151, The ligand exchange rearctions of various oxotechnetiumi{Vi
compleves with 1,Z-dithiols have been 1nvestigated. The compliex: anions
[TeOiLy) 23~ (LHz = L*H=, ethane-i,2-droly L=H:, benzene-i,Z-diol: L=H=.
ethane-1-ol~2-thiol} reacted with ethane-i,Z-dithioclate, ([L*3¥", tao vield

ETcDiL*)»}", but different mechanisms or intermediates have been observed in
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each case. In the reaction of [TcO(L¥iz1", an intermediate of the general form
[{(Tclr=(L)=]1 was identified by electronic spectroscopy. The relation of theee
results to those for the ligand excnange reaction with citrates was discussed.
Furthermore, the reaction of propane-1,7-githiol with [TcOClad~ yielded the
dimer [ (TcO). (5CH.CH:CH=8) =] which did not react with more ligand to form the
monomer, 1 contrast to the reaction of the oxochloro species with
ethame-i,2-dithiol [171].

The preparation was desdi bed of the camplex salt
arotetrakis(tetramethylthiourea) technetiumiV} hexafluorophosphate, which was
used a8 a convenient starting material for the preparation of the salts
hexavwis (N, N —dimethylthiowea)technetium(ITI) hexafluorophosphate,
trans-dioxptetrapyridinetechnetiumiVy hexafluorophosphate and
tetraphenylarsoniwm oxoil,§ —ethylenebis (Z-mercaptoacetimido)technetate(V). IR
and electronic spectra, conductivity and maghmetic moment data were reported
for the first two complexes., The last tws complexes were compared with
authentic samples [18]1. In the presence pf cioxygen, {TcwClel™" in
nydrochloric acid solution formed {TczCle0-3% which decomposed to form the
technetiumtIV) species [TcCl,l< ang the technetium{v) complex ([(Tc(OH)OCial=-
{19,

The techretium(V; compiexes M.[TcOCls]l (M = K or Cs! and Cs={TcOBrsl
were prepared and the crystal unit cell dimensions of the caesium salts
determined ([221. The formation of *7Tc complexes in the +3 oxidation state of
edta, dtpa, ada and hida (see section %.11 was studied by various technigues
and the natures of the products discussed with reference to reaction
conditions {81,

The preparation of & number of cationic technetium(V) compleres with
ritrogen—-donor ligands was studied. Of the twa methods used, ligand exchange
reactions involving technetium(VY) hydroivcarboxylates gave the required
proogucts 1n high vyield, and the optimum reagents and conditions were

discussed., Redustion with tin(Il) chleoride of [7¥"TcOal- in the presence of an
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escess of the ligand also vieided the dezired comoiedes., and the pH dependence

-

of this route was considered. Elegtrophoresic resalts were ctudied. fre
li1gands used tncluded i,Z-di1aminoethane, l.2~bisidimethvl aminos ethane.
pyridine, 2,2 -bipyridine, 1. 1d-phenanth~ol ine, g-hydroovguinollne,

I-aminpovriding, nicotinamide, thvmine, cytosine, the drugs: sulfisomidine,
aminophenazone, J,{-eohedrime-HIl ang wotropine, anc the amipcacids: [vsine,
fistioine and ornithine {i1l,

A study of the reaction of [TclCla3 wits catechel. L, o methanod
showed that & comples of 112 steichiometry was produced. az sugqgested by the

equatiaon:

[TeOClAT +  ZLH. == (Tcl...} + 4KCL

The reaction was monitorec by giectrophoresis (217,

.4 TECRMETIUMIV,

The salt  We [ INGCH-CED) 377 T l'.,u. =L TN ICHGLOM Y1 ek O, ang it=s
potassium analogue, were prepared oy reducing & technetate(Vil: =clution al oo
£ with sulfur diczioe. The A-rav rrystal structure of  the socdoum salt was
determined tsee f[ig.z;, and showed that each techrnetium afom was caordindies
to cne tetradentate {NICH-CO0: 17 liganc, with two such groups bricdged by two

axyaen atoms, Evidence for a To-Te interacticon was noteo. Electromic and 'H

NMK spectral. magnetic and analvtical data were gresented and discussec (0],
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Fig, Z: Na?i(NtcHZCGG,I}??TC?rﬂ)???TC{NicHTCDO’S}]-bﬂ?Q

Compleies of technetium with edteH. and dtpaHs idiethvlenetriamine
pentaethanoic acid? were prepared by ligand exchange with Kz[TcBr.] in agqueous
splution, Spectral and physical data indicatec that the preducts are i:1
compleres with the formulae Hx{TcOd{dtpall.ZH.0, MaH[Tc=0(0H) ¢ {dtpas=1.4H-0 M
= K or [NHa)) and Hzx[Tcdtedtarl.3H:0, and each ligand was reported to
cogrdinate through only two ethanoata agroups {223,

The technetium<IV) salts M[Tc(OH)CIL] M = Kk, Kb or Cs) ang
Csf{Tc (O Br«) were prepared using HI as a reducing agent. Electrenic and IR
spectral, magnetie ano crystal umit cell data were presented, and some
chemirstry of the complexes was discussed [20].

It was reported that, in the presence of dioxygen, [Tc=Clel™ in
hydrochloric acid formed [ToczCle0:1"", which decomposed with rupture of the
Te-Te bond forming [TciOMOC1a)®" and [(TeClel® . The rate of oxidation was
first-order in diosygen concentration but independent of the concentration of
the technetiom dimer [1%]. The thermal stability of Kel(TcoLlsl was studied,
and it was shown that the anion was stable tg 374 =, whereupon thermal
gecomposition commenced and was accompanied by disproportionation at 4286 <C.
One of the disproportionation products was identified as the technetiom{IVi
species k.:[TcClsl, which remained unchanged thereafter [23].

In tripolyphosphate solutian, the products of the electroreduction of
{TcO-} were shown to be pH dependent, with technetium{IIi) and technetium(IV)}
formed above pH 7. The solution and electrochemistry of the To(IlD)/Tc(IV)
touple have been studied (91,

Complexes of "7Tc in oxidation states (11T and (IV) with
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aminopel ycarboxviate anions, including edta, dtpa, nedta, nta and ehida
WW-{Z,6-diethylphenylcarbamoylmetavliiminodiacetatel, were 1nvestigated by
various techniques, and preparative methods and resuits were reporked [243.
The formation of *%Tc complexes of edta. dtpa, ada and hida was studied by

various electrochemical technigues, and the natwe of the oroducts related to

reaction conditions {81.

3.9 TECHNETIUM<IIN)

Cationic lipophilic complexes such as trans-[77~Toidrars)-Er-JBr (1} and
trans—[%7*Tcidmper 01001 (&) were prepared and used for imaging nepatobiliary
and myocardial systems. Complex i) was prepared in &3% vield by heating =
mizture of alcoholic hydrobromic acid, Nal"%"TcOal and diars. Comclew (2} was
prepared similariy using alcohelic hydrochlor:c acid and dmpe {2551,

Nine pairs of techretiumiIIIl)/techretiumill) complexes of the formuia
trans-{TcL-X=)""*, (L = dmpe. dopb. dppee, dppe or depe: » = B, £l or SCN;
have been prepared and charascterised. The most practicz]l route was by
reduction of a nigher oxidation state of techrnetium uvsing an  escess  of
prhasphine. The compler tranz-[7c(dppe) :Br-1{BFa] was characterised hy single

crystal «-ray diffractien, and the cation is shown in Fig.3:
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Ph, B Ph|*
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)

Fig.3: trans-LTcidppe)-Brz1"

The technetium(IIi) centre has approximately octahedral syvmmetry, with four
equatorial phosphorus atoms and two avial bromine atoms. Other compleswes 1n
the =zeri1es have bDeen characterised by elemental analysis, IR and elegctronic
spectroscopy, chromatography, magnetic  measurepments and cyclic voltammebtry,
All complexes exhibited a characteristic charge-transfer band in  the wvisible
spactrum, In dmf solution, every compiex showed a reversible ToiIllD)/Tcilly
redor couple. with the motential being & function of the coordinating ligands.
B Tcill)/Tedl) cathodic wave was observed hut there was noc evidence for a
FooIvisToulll) couple [246]).

The complexes L[TcL.]l {HL = |{,i-diethvyl-, piperidino- or morpholino-
I-benzovlthiowea) were grepared by the reduction of [%°Tc0.1- with tin(lI}
chloride in the presence of an excess of the ligangd HL. The complexes were all
air-stable, and the ligand was bidentate through & and &, Characterisation was
by IR sperctroscopy (141,

Ovotetrakisitetramethylthiourea)technetiumiV} hexaflugrophosphate, whose
preparatipn wae alse described, was used to prepare, among other complexes,
hexakis{dimethvlthiourea)technetium (11} texafluorophosphate. Spectral.

conductlvity and magnetic data were reported [18],
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In rripolyphasphate  soclution, electroreauction o©of & technetateod[ls
solution yvields pregominantiv technetiumilli' below oH 7, whiie 3 minture of
technetiumilll»  and techrnetiamolV: iz formed above pH 7. The soiution and
electrochemistry of the tecnrmetium(Ilil tecrnetiumiIVy couple were stugies
{73,

Complexes of ““Tciill; with aminopolvcarbouylate amions, tncluding edua.
dtea, nedta, nta, ada. ehida and hida, were investigated by wvarious
technigues, 1nciuding electrochemical methods, and the preparstionz anag

racutits were discussed [6.2473.

3.6 TECHMNETIUMIIL:

A review has Bbeesn published with 21 references on the preparation  af
[F"Te_..X..] complexes, where L. 1% a ditertiary phosphinge Or arsine 11gand and 2
is a halide. Their X=-ray stroactural analvsis, electrochemical behaviour annd
potenti1al as myocardial 1maging agents were discussed L2771,

Nime pairs of Tc(Iilr/Tcdll) complexes of the formula trami-(TocLoX-1'
where © 15 a chelating gitertiary phasphine., and » 1s C1. EBr aor SIN] fave
been prepared and characterised. The most practics: rovte 1s by reduction of a
filgher oridation state nf technetium with amn  excess of phosphine.
Characterisation was by standard amalyticai and spectral techmigues.  wid
complenes exhibited o characreristic charge—transfer bang ir the visiole
spgctrum and, in dmf solutron, & reversible ToolilssToc:lld  redos couple, &
To (Il /Fev]l) cathodric wave has been observed, tut there was no evidence for a
TV TevIlly couple [Z61,

The technetiumili' compleves M-(Fo-Cl.l.3H0, MeligeBr 1 000, M = &k
or [MHad), {TeBro.0.8SH40 . and {(Tcl..0, S9H-0F,. and the mized-vailence comgplen
Tcz(0xCHMe) ABr have been prepared by the disproportionaticn of higher oszidation
states of technetium in the presence of the hvdrogen halide or, 1n the latter

case, hyvdrochloric ari1d  &and ethanolc acid. Repactians were carcied OUL iR A0
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autorlave, and products characterised by elemeantal analysis andg  various

spectral techrigues [Z2BI.
3.7 TECHNETIUMII}

The complexes L[Tci{CNRILILPF.] (R = C(CHex, Me, cych or Fh) have heen
prepared by the reduction of the technetate(WIIl) 1on with agueous sodius
dithionite solution in the presence of the isscvanide ligands. These complexes
have been characterised by analvtical, spectral and electrochemical methods
[29J.

Hydridobis{l,Z-bis(diphenyvlphosphino!ethaneldinitrogentechnetium(l)
crystals were studied by single-crystal X-ray diffraction, and the structure,
shown in figQ.d4, was described. The technetium is octahedrally coordinated with
the hydrido ligand trans to the dinitrogen ligand. NMR spectra are presented

£i0d.

Py, H Py
(1)
P~ 1 >p

Phy Ny Ph,

Fig-4: [TcHidppelz(N2)1]

3.8 MIXED OXIDATION STATES

The romplexw To={0=CME).Br was prepared by the disproportionation of
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higner oxigation states of technetium 1n the presence of bydrobromic acia  and
ethanaic acid. Tne reaction was carried out in an aurtociave, and the product
characterised by various spectes] and apslvtical technigues [TI283. The corystal
structure of thise camplen. presented 1n Fig. S, was oetermined and showec the
moleculie to consist of [Toc-¢l.DMe . cations oridaed by bromide 1ons to  form

linear chains., Thne Tc-Te bond order was betweern three and tour {331,

Fig.5: Toco0..0Me! o Br

The EFR spectra and magnetic suascentibility of the comelieves To -t0.CRya

(R = Me X = 1 o By R = C0. % = ClivkETc~{0.IMesal.. 3 and
[NHa3 -[Tcullala it were reccrded, ang studies indicated that, The

paramagnetism was due ta one unpalred electron on two techoetium atoms. w

NN

detallen analvsis wias presented [

The behaviowr of {fo Ciai™ 1nm hyorochioric acid soictiorn was  studied
and showr te depenc on the concentrations of  the species present, tne

temperature and the presence of other comelesind agents and aerial clo=vgen ih

the soluti1on, Ac:id hyorolvsls  through  the SPRCLES [Te 2w ovd 0, 17
gventuallv  yielded Tzale.nmoN.  Cpmplesation of {7c.C1,10  with cnlcaide 1on
led to the unstable [7e 01..17 which rapi1div  decomponmed oo mosonacleas

cispropoprilionation  sroduchs. In the presence pf diceygen in Dy oonloric asio

solutnion.,  [Tc.lianl- smitialiy formed  (Tel.0020 which  decompusec L
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{Toc(OMYOC143"  and ([TcClel"", The reaction with other hydrogen halides was
also investigated, leading to substituted derivatives of the chloro species
{191, The reactions of [TcaClgl™- im HC1 Wer e moni tored
spectrophotometrically., and a mechanism proposed to explain the metal-metal
vond cleavage [33]. The thermal stability and decomposition of the potassium
salt Kx{TcsClel were studied by DTA, IR spectrascopy and X-ray diffraction.
The aniton was observed to be stable to I74 <L, whereon thermal decompositian
took place in stages, accompanied by disproportionation at 426 20, OUne of the
disproportionation products Was identified as patassium
hexacnlorotechnetate(lV), Ultimately, technetium metal was deposited as  the
other disproportionation product (2337,

The moliecular structwe of [Tcabr.z)L0{H:0}HIBr was determined. The
crystal consisted of [TceBri«1, Br™ and [{M.0)zH1", the technetium species
being a very complex moiety, witn fouwr guadruple Toc-Tc bonds, eight bridging

bromines and four terminal bromines [341,

.9 PBINARY COMPOUNDS

Reaction of technetium with red phosphorus, uvsing the tin flux method o
ioding as mineralizer, yielded six technetium phosphides: TcxF crystallised in
the tetragonal FesP structure, isgtypic with Mn<F, while TcFa had the
prinorhombic  ReFa  structure, These two compounds were studied by X-ray
diffraction and the refined structures oresented. The other Tour ohosphides
wore reported to have the approximate compostions TcPe. -, TcP..:, TcF= and
TeF-. The structures and compositions were cdiscussed at  lemgth (331, The
compound  TcF- was alsp examined by single crystal X-ray diffraction, and the
structure presented. The metal atoms were sixz-coordinate, while the phosohorus
atoms were tetranhedrally coordinated to phosphorus and techmetium, with formal
Diidation numbers O, -1 and -2. The metal was consequently deduced to have a

formal oxidation state ot +3 [3al.



The electronic structure and partial gensitie=s of states of TiTo were

calculated by the non-relativistic AP method within a muffin-tin

approximation {371,
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