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ALESTRACT

Transition retal complexes of ligands ccentaining
thioether sulpliur have been investigated. Section I,
concentrates on Cu(Il) complexes, anéd to a lesser extent
Cu(I) complexes, of mixed sulphur-nitrogen ligands.
Some complexes of Co(II) and the d8 retal ions, Ti(II),
Td(II) and Tt(II), have alsc teen includeéd. In Cection II,
complexes of the Croup VIE metals (Cr(C), 'o(C), v (C)) are
discussed.
SHCTEECR_T

A1l of tke complexes have been investigzted using
infrared and electrenic spectrcscopy, with electronic
spectra for scre of the Cu(Il) cerrlexes alsc reing
reccrded at SCK. The Cu(II) corplexec Lave alsc teen studied
using electron spin rescrance (esr) spectroscopy. For a
variety of sclvents at 77K, esr has been esrecially useful in
revealing the complex behavicur of some of the compounds.

i) Complexes of 2-(3,3-dimethvl-2-thiabutyl)pyridine (ttmp)

The ligand has teer used to prerare the Cu(II) complexes,
Cu(tbmp)nX2 (n=1, X=C17, Br ; n=2, X=BF4", c1oZ, Cl™, Br7),
[Cu(tbmp)2X]BF4 (¥=C1™, Br ), and the Cu(I) complexes,
Cu(tbmp)nBr (n=1,2) and Cu(tbmpH)X2 (X=C17, Br ).

Crystallographic studies are rerorted feor Cu(tbmp)?rz,
Cu(tbmp)2Er and Cu(tbmpH)Erz.

Cu(tbmp)Er2 crystallizes as discrete, non-centrosymmetric
dibromo-bridged dimers ([Cu(tbmp)?rz]z), in which eack Cu(II)
centre has a distorted tetragconal pyraridal envircnment.,

The tetrahedrally distorted basal plane of eack Cu(II) centre

consists of one thioether sulphur ligand, (rean Cu(ILI)-S =



2.352(6) R), one pyriéyl nitrogen (mean Cu(LL)-N =

2.06(2) &) and tvo troride ions [one terminal (mean Cu(II)-
BoE 2uB7243) K) and one tridging (mean Cu(IlI)-Pr =
2.415(3) K)]. The apex cf each tetragonal pyramid is
formed by a long tond to the bridging, P2sal tromide ion
(rmean Cu(II)-Br = 2.9C2(4) A) of tre second Cu(II) centre.

In monomeric, distorted tetrahedral Cu(tbmp)2Er,
each Cu(I) ion is tound ty a termirnzl tromine (Cu(I)-Fr =
2.426(2) K), two thicether sulphur atoms (mean Cu(I)-S =
2.331(4) &) and a ryridyl nitrcegen (Cu(I)-Y = 2.11(1) k).

Cu(tbmpH)Br2 forms centrosyrretric dimers
([Cu(tbmpH)Brz]z), in which the distorted tetrakedral Cu(I)
centres are btridged by two tromide icns (rmean Cu(I)-Br =
2.5¢7(1) ). The two remaliring cceordinatirg positions of
eac:. Cu(l) ion are occuried by a terminal btrcmide ion
(Cu(I)-Br = 2.363(1) &) and a sulphur-bound (Cu(I)-S = 2.276
(2) &) tbmpH' cation.

The structural data for these and related complexes
are used in attempting to understand tlie nature of Cu(I) and
Cu(II) interactions with tiologically relevant ligands.

The spectroscopic data suggests that the Cu(tbmp)2X2
complexes are cis-octahedral in the solid state, whereas the
[Cu(tbmp)2X]BF4 complexes are tetragonal pyramidal.

An unstable deep blue species is formed by the
addition of t-tutyl tliolate tc Cu(thmp)2X2, where X is
C104_ or BF4-. The displacement of tbmp (by pyridine)
from Cu(tbmp)zx2 (X = C17, BF4_) is also discussed.

Witk Co(II) and NXi(II), the cis-octahedral H(tbmp)zxz
(X=C17,Br ) and N(tbmp)2(0104)2.nH20 (n = 1,2) comrlexes

have been characterized.



The nature of parcmagnetic metal ion EJ:Cu(II),
Co(IIﬂ interactions with tbmp under hydrorlotic ccnditions
are investigated using ]H nmr spectrosccpy.

ii) Complexes of 2-etkhvlthioetlkylamine (etea)

The tetragcnal complexes Cu(etea)X2 (X=C17, Br ),

Cu(etea)2X2 (X=BF cie, , €1, Br ) and [Cu(etea)2C1]EF4

4 7 4
have been characterized ané tle displacement cf etea from
Cu(etea)2(0104)2 (by »yridine), ics discussed.

L) Complexes of 2-methyvlthio-2-imidazoline (mti)

In the reactions of mti withk MN(II), the tetragonal

complexes Cu(mti)4X (X = BF,, C17, Br ) were successfully

2 4

syntlresized, together witl a tetrakedral ccecrplex, Co(mti)3C12.

In the latter, one mti mclecule arrears tc rerain uncorplexed.
%ith Cu(mti)4(BF4)2, tl.e ligané is nect displaced by

an excess of pyridine. A ' nmr line breoadening exreriment

provides g.od evicdence for Cu(II) binding to mti via its

non-rrotonated nitrcgen.

iv) Complexes of 2-(3,3-dimethyl-2-thiabutyl)guinoline (tbmg)

With tris ligand, the pseudotetrahedral Cu(II) complexes,
Cu(tbmq)X2 (X = C17, Br ) and the Cu(I) complexes, Cu(ttmgq)ZBr,
Cu(tbqu)Br2 and Cu(tbmq)20104, were synthesized. In
contrast to tbmp and etea, tbmq does not form the six-
ccordinate complexes, Cu(tbmq)2X2 5 = €1 g Bz e

v) Complexes_of 3-(2-methvlthiophenvlimino)campror (L)

Altliough I is cusceptible to hydrolysis, the
successful isolation and clkaracterizaticn cf tre pseudo-
tetrahedral Cul(ClO4)2.acetone.xH20 (x = C,2) complexes was
achieved from acetone sclutions. A 1H nmr line broadening
experiment indicates tlat Cu(II)/S(trioether) interactions

take place under hydropliobic conditions.



vi) Complexes of 1,2-bis(pentaflucrorhenylthio)etlane (frte)

SEt)

and ethylthiopentafluorobenzene (CéF5
In order to determine the effects of the electro-
negative pentafluorcphenyl substituents, the spectrosccric

data for cis-FtCl,fpte, cis-FdCl fpte and trans—PtC12(06F SEt)2

]
are compared with the data for scme related tkiocther ligand
complexes. The results can be explained by a comparison of
tke ionisation potentials of the sulrkur lone-pair electrons
of frte (as determined by photoelectron srcctroscopy) with
tlose of 3,4-bis(alkylthio)toluene (alkyl = methyl, ethyl)

and meta- and nara-bis(methylthio)benzene.

SHETTEN LI

A1l of tle carbonyl complexes in tlis Section have
been characterized bt; infrared anc electrcnic spectroscopy
and in most cases, 1H nmr spectroscopy.

< Complexes of 3,4-bis(methylthio)toluene (rmtt) and

3,4-bis(ethylthio)toluene (bett)

The bridged-ligand complexes, [N(CC)s]mett and
[H(CO)S]Zbett (M=Cr, %), and the chelated-ligand complexes,
N(CC)4bmtt and K(CC)4bett (L=Cr, Vo, W) were characterized
in this study. On the basis of force constant calculations
and electronic spectra, it is arrarent that for aryl trioether
ligands such as bmtt and bett, the sulphur atom acts as a
poorer o-donor and, in general, a better Ti-acceptor than
it does in aliphatic thioetker ligands. A similar

conclusion is reached for C6F SEt (sce above), with which

3
unstable N(CC)506F58Et (M=Cr, V) complexes were synthesized.

Reactivity studies are reported for [W(CC)B]Qbett

and the mass spectra of [W(CC)5]2bmtt and the N(CC)4bmtt



(K=Cr, %Yo, W) complexes arc discussed.

13C nmr sypecira were recorded for [1(@0)5]2bmtt,
N(CC)4bett (V=Cr, W), Cr(CC)4bmtt and tt.e ligands. The
13¢0 chemical shifts for [K(CC)5]2bmtt and the W(CO)BI
complexes of phosrkorus and nitrogen ligands are correlated
witli their Cotton-l'raihanzel cartonyl force ccnstants.

80 ) Complexes of 2-ethylthioethylamine (etea) and

2-(3,3-dimethyl-2-thiabutyl)pyridine (tbrp)

Both the bridged-ligand [F(CO)S]Qetea (I'=Cr,Ww)
and the chelated-ligand F(CO)4etea (V=Cr, I'o, W) complexes
were characterized for etea. Iowever, only the clkelated-
ligand complexes were isolated and characterized for tbmp,

13¢ nmr spectra for etea, Cr(CO)4etea and 1'o(CC), etea

4
(the carbonyl complexes strowing two distinct trans—13CO
resonances) and reactivity studies for [“(CC)s]Eetea and

W(CC)4etea, arc also discussed.

iii) Comnlexes of 2-methylthioanrniline (mta), 2-methyvlmercapto-

benzimidazole (mmbi) and 2-methylihio-2-imidazoline (mti)

The combined spectroscopic data for the K(CO)SL
complexes of these ligands, shows that mmbi and mti prefer
to tind to the zero-valent Group VIB metals via one of their
nitrcgen donors. Cn the other hand, mta rrefers tc bind via
the thioetlher sulphur.

Alt¥oupl: the comprlexes of mta could not be isclated
ir an analytically pure form, good evidence for their
identities was provided by their infrared and mass spectra
and the observed replacement of mta from %(CC)Smta, by

triphenylphosphite.
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THIS V.ORK

tbmp _ = 2-(3,3-dimethyl-2-thiabutyl)pyridine

tbmpH+ = 2-(3,3-dimethyl-2-thiatutyl)pyridinium cation
etea = 2-ethylthioethylamine

mti = 2-methylthio-2-imidazoline

tbmg = 2-(3,3-dimethyl-2-thiabutyl)quinoline

tbmgH® is analogous to ttmpH' (above)

I =3-(2-methylthiophenylimino)carpkcr
fpte = 1,2-bis(pentafluorophenylthio)etlane
C6F583t = ethylthiopentafluorobenzene

bmtt = 3,4-ris(methylthio)toluene

bett = 3,4-bis(ethyltkio)toluene

mta = ¢Z-methyltrioaniline

mmbi = Z2-methylmercaptotenziridazole.
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EEE = 1,8-diamino-3,6-dithiaoctane

1-Nelm = 1-methylimidazole

TE = 3,4-bis(2-aminoethylthio)toluene

! = N-(2-methylthiophenyl)(2-pyridyl)methylenimine
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