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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 

oubllshed In 1982, many from 1982 are also included. The maJor Journals 

\J * Chem. 5oc.. Dal ton Trarrs., J. Chem. SCIC., Chem. Cnmmun.,, Inorg. Chrm. and 

J. Am. Chem. SK.) are covered up to the end of 198.3. 

The review concentrates upon the coordination chemistry of technetium. 

No attemp'; has been made to cover work of an essentially orqanometallic, 

catalytic or kinetic nature. 

5 1 :,: publications of general interest to technetium chemists have been 

ptrbllshed this year: the first is a review with 143 references on the 

chemlstt-v of technetium and rhenium [13. Ano,ther review with 306 references On 

OOlO-8545/87/$05.25 0 Elsevier Science Publishers B.V. 
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the chemlstrv cf the tweive transition elements in oroups 4, 5, D and 7. 

lnciuding technetium. has been piiGll5hed [_?I. The sfntherls, reactivity and 

mol er:c\l ar structure oi technetium in 0:: I dat 1 CM states (1) - <ii/i were 

revilewed, and the re5uit.s showeo that the technetlum~llr, stare had ii d1vcrE.e 

chemistry and was accesslbie from CTrOlj in aq~1~ou5 r;oli\tlor\. The atjvancement 

of ths chemlstrv of technetlumrl, with n--ac:centor ilqanrri5 wd~ nocen; the 

revlew has lr:14 ref.erences C1.j. ii review has a I 8C1 IbPen wr1 tren on i. n e 

electrochemlstrv of technetium over the pet-i& lY73~~~19Wr, ano topics disc~usseo 

Include varl TJCIS eiectrochemical technl ales. nori--aqlIeo\.is systems, cnemical 

redcict~on-,o,:1datiun reactlons and sitbstitutlan t-eac'tx~~ns. The t-eLLt?W has -4 

reference5 Cal. The coordination chpmlstrv of tecnnet.lum as r-elated to nuclear 

med.iclne Was reviewed, w1 th I,i reference5 CSI, and an inkestlaation of 

tecnnetlum cnmpiexes contalnlnq bldentate drslne and nhosuhlne 1 1 ad ii d '5 ArlCl 

their appllcatlons to nuclear medlctne wac \undertaben ibl. 

;. 1 TWHNETIUtliVII, 

The temoerature dependence of the spin--cpln iFi..j and spin-,-iattlce tFi,l 

relaxation rates of the quadrupniar technetlcun nucleiis err iic0, j WC33 st/~nIed, 

and lt was deduced that, as there IS a mlnlmum In the varlatlori 01 R, and K 

with temperature lri CTcL3 ~ the llfet~me of the e::cxted v3brariorial rtate 15 

Drobabiy iec,s than the correlation time of orrentatxonal mot~c~n oi trle comoie, 

Cij. 

The formatlon of comple;es of "'ic In n:x2da~t:lon states (VII,, IL',, (IV) 

and iIil) w1ttl edta. iJtna (d~ethvlenetr-lamlneoel-ltaacetatel ? ada 

,H-[I- acetamldn;lmlnndiacetate, and hlcla c~-~~~,6-o~methvlphenvlcarnamovi- 

methvlllminodiacetater WC75 stcialed hy var~ac~s polaroqraphlc, ro\.\iomett-lc. ancj 

amperometrlc techniques, and the nature; of the or-ocjucts con:,, dered with 

resuect ta the reactlnn cnndltlons L&3. 

in trinolyahosphate solution, the products of the elertrtxed~.~ctlon of 
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CTc043 were shown to be pH dependent, with predominantly technetium(III) 

formed below pH 7. and both technetiumtII1) and IIV) being formed above pH 7. 

The electrachemlstrv and solution chemistry of the TciIII)/Tc(IV) couple have 

been studled C91. 

The sodium salt Na,[CN(CH,COO,~I;"'Tci ~-O)_~"TC~:NI:CH~COO)-~:~~.~H~O and 

its potassiI.rm analogue were prepared from aqueous solutions of C'"Tc041- at ca 

pH 2, uslnq sulfur dioxide as a reduclnq agent (see Section 3.4) E103. 

The preparation of a number o,f catronlc complexes of technetium(U) with 

nltroqen-contalnlnq liqands was reported, one method involving the reduction 

of C"“"'TcO,l with tiniI1) chloride in the presence of an excess of the 

iiqand. The pll dependence of this route was studied. and the results of the 

reaction monitored by electrophoresls Clll. 

In the absence of a complexlnq llgand, technetate(VII) was reduced 

electrochemlcally to technetateiVI1, and changes in solvent and supporting 

electrolvte led to varlatlons in the reduction potential. In the presence of 

B-hydroxyquinoline, reduction to technetlum(IV) occurred with all solvents and 

electrolvtes except CNf3u411. An explanation of this was presented Ci21. 

3.2 TECHNETIUM(VIj 

TrislZ-aminobensenethiolato~L'-)- S,N1technetlum(UI) was prepared from 

2-amlnobenzenethiol and ammonium technetate(VII1, and the crystal structure 

determined by K-ray diffractlon methods (see Flq.1). The unit cell Wit5 

ortharhombic. space group P2,' L,2>, and the compound, which was found to be 

isostructural with the molybdenum analague, shown to consist of discrete 

CTc(NHC,,H&l 51 molecules with apparent trigonal prosmatic geometry. The 

structure was discussed and compared ta that of the molybdenum analogue [131. 
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Fig. 1: CTc(NHC~H&),I 

Reduction of CTcOalzW by SnCl, in the presence of an excess of the 

ligand H!_ (l-R_ = 1,1-dlethyl-, piperidlno- or marphollna- .3-benzovlthlourea> 

yielded the air-stable technetiumt II I) complexes CTcL,l l141. 

3 , 3 TECHNETIUM(V) 

The synthesis, reactivity and molecular structure of a varxetv of 

technetium(V) complexes were reviewed. The oxotechnetium(Vi species were most 

conveniently characterised on the basis of therr Tc-O cores: .[T#--j>" 

trans-<TcO,:,+ and linear ~~TcJJ~~~+. All contalned a terminal Tc=O group and 

were spin-parred, diamagnetic compounds. The complexes TcF5, kCTcF,,l and 

CTc(diars)&lpl', which do not contain an oxatechnetlum core, were also 

discussed. The review has 41 references Cl51. 

The electronic spectra of the technetium(V) imidaxole complex 

ETcCIz(lmidH)41" were studled by the SCF-X -SW method and the three bands 

assigned C161. The ligand exchange reactions of various oxotechnetlum(V) 

complexes with 1,2-dithials have been investigated. The complex anions 

CTcO(L)zI- (LH, = L'HZ, ethane-1,2-dlol; L"Hz_, benzene-1,2-dlol: L"H,, 

ethane-l-ol-2-thiol) reacted with ethane-1,Pdithiolate. [L4J’-’ , to yield 

CTc0(L4171-, but different mechanisms or intermediates have been observed in 
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each case. In the reaction of CTcO(Lzi21-~, an intermediate of the general form 

c (TCO)Z(L)~31 was identified by electronic spectroscopy. The relation of these 

results to those for the liqand exchange reaction with citrates was discussed. 

Furthermore, the reaction of propane-i.3-dithlol with CTcOC147-- yielded the 

dlmer C(TcO),~SCH~,CH2CH2S)31 which did not react with more ligand to form the 

monomer ‘I 1 n contrast to the reactlon of the oxochloro spec i e5 with 

ethane-1,2-dithlal C171. 

The preparation Was desui bed of the complex salt 

oxotetrakis(tetramethylthlourea)technetiL~m~V) hexafluot-ophosphate, which was 

used as a convenient startlnq materi al for the preparation of the salts 

hexa~is(N,N’-dimethylthlaurea)technptlum~III) hexaf luorophosphate, 

trans-dloxotetrapyridlnetechnetiumiv) her:af luorophosphate and 

tetraphenylarsonium oxa;N,N’-ethylenebis(Z- mercaptoacetimido)technetate(v). IR 

and electronic Spectra, conductivity and magnetic moment data were reported 

for the first twa complexes. The last two complexes were compared with 

authentic sample5 Ci83. In the presence of dioxyqen, CTcsClol’- in 

hvdrochlorlc acid solution formed CTclCloOol”- which decomposed to form the 

technetium(lV) specres rTcClclz-- and the technetium(V) complex CTc (OH)OCl,I”- 

1191. 

The technetium(V) complexes M,CTcOClc,l (M = k.1 or Cs) and CsrCTcOEre3 

were prepared and the crystal unit ccl 1 dr mensi ons of the caesium salts 

determlned C2(53. The formation of “‘iTc complexes in the +5 oxidation state of 

edta, dtpa, ada and hida (see section 3.1) was studied by var 1 OLE techni qnes 

and the natures of the products discussed with reference to reaction 

conditions C81. 

The preparation of a number of cationic technetium(V) compl exe5 with 

nitrogen-donor Ilgands was studled. Of the two methods used, ligand exchange 

reactions involvlnq technetium(V) hydroxvcarboxvlates gave the required 

products In high yield. and the optimum reagents and conditions were 

dIscussed. Heductlon with tin(IIi chloride of C “+mTcOB3- In the presence of an 
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excess af the llgand also yielded the desired comple::ecs. and the pli dependence 

of this route WA5 cons1 dered. Electropharesls resuits were studled. The 

1 igands used Included 1.3dlamlnoethane, l,~-h~sidlmet.hvlam~nolethane. 

pyrldlne, Z,Z -hrpyridlne. 1, lr:r--phenanthrol one. &h.;dro ,vqtilnoi 1 ne. 

Z-amlnopyr*dztne, nlcotlnamlde, thymine, cytoslne, the drugs: s~~lflsornld~ne, 

am~nophenazone, d,i-ephedrine-HC1 and urotroplne. and the amlnnacids: 1 ysl ne, 

hlstidlne and ornlthine C111. 

U study of the reactlon of CTCOCI~I with catechol. t-H_,, In methanol 

showed that a complex of I:2 stolchiometry ~a.5 nroduced, as sclqgesteti b,v the 

equation: 

CTcflC>l n 1 + ZLH.., e 

The reactlon was monitored bv electrophoresls LZll. 

5.4 TECHNETI!JM<IVI 

The 5al t Na,,T: ~NrCH.CEiOi .;‘>“Tc ip- 0, .~'Tc~N~CH:~COUI -?l.bki il, and Its 

potassium analogue, were prepared by reducing a technetateiVIil soiution at pH 

Z wi,th sulfur dloxlae. The X-ray Crystal structure ni the sod t hum 5131t WdS 

determined (see Fig.:), and shnwed that each techl-let1r.lm atom was coordinated 

to one tetradentate CNICH,COOJ -; ". ligand, with two such gt-cuc,s bridged by two 

oxygen atoms. Evidence for a Tc-l'c Interaction was nrked. Eiectronlc and 'H 

NMR spectral, maqnetic and analvtlcal data were presented and ~ISC'LI'~SECI I iill. 
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Cumplexes of technetium with edtaH, and dtpaH-, (diethylenetriamine 

pentaethanoic acid) were prepared by ligand exchange with kECTcBrhl in aqueous; 

solution. Spectral and physical data Indicated that the products are 1:l 

complexes with the formulae H,CTcO(dtpa)l..7H20, M,H,CTcra(OHlr(dtpa,r1.4H-0 iM 

= C:: or CNH,3) and H,CTcO(edta,l. 3Hz0, and each ligand was reported to 

coordinate through only two ethanoato groups C221. 

The technetiumlIV) salts M,CTc(DH)Cl:Fl (l'l = k, Rb or Cs) and 

Cs2ETc(OH)Br53 were prepared using HI a% a reducing agent. Electronic and IH 

spectral, magnet] c and crystal unit cell data were presented, and some 

chemistry of the complexes was discussed C201. 

It was reported that, In the presence of dioxyqen, CTc&leI’- in 

hydrochloric acid formed CTc&loO,l’-, which decomposed with rupture of the 

Tc-Tc bond forming CTc(OH)OC141'-- and CTcClhl'-. The rate of oxidation was 

first-order in dlor:ygen concentration but independent of the concentration of 

the technetium dimer C191. The thermal stability of #TCTcrClel was studied, 

and it was shown that the anion WdS stable ta 374 "C, whereupon thermal 

decomposition commenced and was. accompanied by disproportianation at 426 “C. 

One of the disproportionation products was identified 

species K,zCTcC161r which remained unchanged thereafter 

In tripolyphosphate salution, the products of 

as the technetium (IV1 

c231. 

the electroreduction of 

CTcLl- were shown to be pH dependent, with technetlum(III) and technetiumfIVl 

formed above pH 7. The solutron and electrochemistry of the Tc(III)/Tc(IV) 

couple have been studied C43. 

Comp 1 ex e5 of ?‘+Tc in oxidation states (III) and (IV) with 
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aminopolycarboxvlate anions. lncludlnq edta, dtpa, hedta. nta and ehlda 

~N-~Z,6-diethylphenylc~rbamnylmethvl:lminodi~cetate~, were lnvestlqated by 

various terhn~ques, and preparative methods and results were reported C?4i. 

The formation of "'Tc complexes of edta, dtpa, ada and hlda wa5 studied by 

various electrochemical technloues, and the nature of the products related to 

reaction conditions C81. 

3. 5 TECHNETIUM~III) 

Cationlc lipophillc compiexes such as trarrs-l: ‘3SnTc idtat-sj :2Brr,1Br (1 k and 

trar~s-E’gmTc(dmpe,,tl=lC1 Cli were prepared and used for imaqinq lhepatobllrat-v 

and myocardl al sys.tems. Compl ei: (1) was prepared in 65% yield by heating a 

mixture of alcoholic hydrohromic acid, NaC”“Tc041 and dears. Complex (21 Wit.5 

prepared slmllarly ~rslnq alcoholic hydrochlorlc acid and dmpe C:251. 

Nine pairs of technetiumrlll)itechnetium(ilj complexes of the formula 

trarrs-CTcL-IX=l”‘), CL = dmpe. dppb, dppee, dppe or depe: x = fit-. Cl or SCNi 

have been prepared and characterlsed. The most practical route was by 

reduction of a higher ox~datzon state of technetium using an excess of 

phosphlne. The complex trans_ETcidppe),Er=IIBFR3 was characterised by single 

crystal X-ray diffraction, and the cation ir; shown In fiy.3: 



165 

Flg.3: trans-CTc (dppe) &-zl* 

The technetlum(III, centre has approximately octahedral symmetry, with four 

equatorial phosphorus atoms and two axial bromine atoms.. Other complexes In 

the series have been characterlsed by elemental analysxs, IF: and electronic 

spectroscopy, chromatography. magnet i c measurements and cvcl IC vol tammetry. 

All complexes exhIbited a characteristi c charge-transfer band in the visible 

spectrum. In dmf solution, every complex showed a reversible Tc(III)/Tc(II) 

redo:.: couple, with the potential being a function of the coordinating ligands. 

A Tc <II 1 iTc II) cathodic wave was observed but there was no evidence for a 

Tc(IV)/TclIII) couple C261. 

The complexes CTcL :. 3 (HL = l,l-diethyl-, piperldino- or morpholino- 

3-benzoylthiourea) were prepared by the reduction of C79TcOsl”- with tin(II) 

chloride In the presence of an excess of the llqand HL. The complexes were all 

air-stable, and the llgand was bidentate through 5 and 0. Characterisation was 

by IR spectroscopy C141. 

O::otetrakis(tetramethylthiourea)technetium~V~ hexafluorophosphate, whose 

preparation was also descrIbed, was used to prepare, among other complexes, 

hexakls~dimethvlthiourea)technetrum(III) hexaf luorophosphate. Spectral, 

conductivity and magnetic data were reported CiBl. 
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In tripolyphosphate z.Crlution, electroreductlon of a technetateiVI1) 

solution yields predomlnantlv technetlumiIIi~ below aH '7, while a mi ::ture of 

technetlum(IIfi and techrietlumrIVj is formed above pt- 7. The soliitlon and 

electrochemistry of the technetiumiI~~l/technetlum(IV, couple were studs ed 

C91. 

Comple::es of '"TciIll~ with amlnopolycarbo::vlate anlcrns, IrtclLltJ.Lng edta. 

dtpa, hedta, nta, ada. ehlda and hida, were investigated bv vat-lous 

techniques, lncludlnq electrachemlcal methnd5, and the preparations and 

results were discussed CB.243. 

3.6 TECHNETIUM(I1) 

A review has been pL(bllshed with Sl references on the preDaratlon of 

C"TcLz.X,l complexes. where L 15 a dltertlarv phnsphlne or arslne lloand and ). 

is a halide. Thelt- X-ray structural analysis. electrochemrcal behavrour arid 

potential as myacardial imaging agents were discussed CZ'J. 

Nine Dairs of Tc(I.II)/Tc(II) complexes of the formula tvarr;--CTci,,X:,l"" 

iwhere L 15 a chelating ditertlary phosphine. and x 1s i31. br or SCN) have 

been orepared and characterised. The most Ljractlcal route 1s hv reduction of a 

higher oxidation state of technetium with an e::cess o,f phase-phone. 

Characterisation was bv standard analytical and specztral technlciue5. iii1 

comple::es exhlblted a characteristic charge-transfer band in the visible 

spectrum and, in dmf salutlon, a reversible TctIII~/Tc~II) redo:: coupie. A 

Tc(II)/TclIJ cathadic wave has been observed. but there was nn evidence fnr a 

TttIV)/TctIII, co~kple Clbl. 

The technetlum\IIl complexes rl:.CTc:-Clc,I.2HL:CI, M2CTc2Hr6.1.ZH~~0, CM = 1. 

or CNH41), :TcRr:.Ci.SHaO:, and ITc12.~:r.3i7.01,. and the mixed-valence complex 

Tc,(O,Ctle~&r have been prepared by the dlsproportlonatlon of higher o.-:Idatlon 

states of technetium In the presence nf the hydrogen halide or, in the latter 

ca5e. hydrochlor-lc acid and ethanolc acid. Reactlnns were carried a~tt in an 





168 

higher oxldatlon states of technetium In the pr-essence nf hvdrobromxc acid and 

ethanoic acid. The reaction was carried cut in an ackociave, and the pr-aduct 

characterlsed by various spectral and analytical techniques C331. The crystal 

structure of this complex, preserked in F1q.5, was determlried and showed the 

molecule to consist of ITc,tO;.CMei,~ 1 cations bv-idged bv hromlde eons to form 

linear chains. The Tc-Tc bond nrder was between three and SocIr CTll. 

u-o 
Lo 

--r/C 
‘--‘Jo 

oLo,Ti ------BP- 

0-O 

Flg.5: Tc,iO:OleJstr 

The EF'R spectra and magnetic susceotibliity n.f the complexes Tc..~~O.O?L,X 

(I? = Me, X = Cl or br; Fi = CD-., X = C1,,_,~..ETc:-(O..CMe,nC,i ..I and 

CNH,I~,.CTc,Clol.ZH,U were recorded, and st~tdi es indicated that the 

paramagnetlsm W.35 due to one unpaired electron on two technetium atoms. Fi 

detalled analysis WAS presented C1;1. 

The behavlaur of CTr.~Clt31" 1n hydrnchinrlc arid sol i.itinn Wb5 studred 

and shown to depend orI the concentratzons of the specie:; pre?,ent. the 

temperature and the presence of other conlole;:lng agents and aerial oln::ygen in 

the solut3on. iicld hvdrolvsls thrutugh the 5pecles CTc;CI,, ,, (H:II,,.]- ', 

eventually yielded Tc4il~~~,.n+13. cflflipie:.:at~~~ 0f c rc,.:clF31il w1t.f1 chlnl‘lde ion 

led to the constable ETc Ll.,l’ &I ch rNJldlV r~ecornpw%x tn moiinnucl ear 

dlsor-onort,lenat~on productr;. In the or-eserice of dlo::ygen in hvdrochlnrlc acid 

sol Llil Qll 1 CTc. Cit33z lnltlallr formed iTc.,C;li,i3..3 - WhI cl-1 Ci RI’ CJ 111 D C.7 5 @Xl 1:1, 
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The electronic structure and pat-tlal densities of states of TITC were 

calculated by the non-relativlstlc APW method wlthln a mufiln--tin 

appraximatlon C373. 
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