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APSTHACT 

Transition rretal c ornrlex e s of li[ands c cntaininr 

thioether sulphur have been investirated. Section I, 

concentrates on Cu(II) complexes, and to a lesser extent 

Cu(I) complexes, of Thixed sulphur-nitrocen ligands . 

Some corr.plexes of Co(II) and the de rr.etal ions, Fi(II), 

fd(II) and ft ( II ) , .have alsc been incl�ded. In Section II, 

c::mplexes of the Group VIE r.:etals (Cr ( C ) , I"o(C), \'.(C)) are 

d i scu ssed . 

S:SCTIC·� I 

A ll of the complexes have been investicated usinc 

infrared an d electr onic sp ectros copy, �ith electronic 

srectra for sore of the Cu(II) comp�exes also �einr 

reccrded at SCK. The Cu (I I) corople�e s have also teen studied 

usinc electron spin rescr-ance ( esr) spectroscopy. For a 

variety of solvents at 77K, esr has been especially useful in 

revealing the complex behaviour of sorrie of the corr.pounds . 

i) Corr.plexes of 2-(3,3-dimettYl-2-1hiaQutyl)ryridine ( tbrr.p ) 

The ligand has been used to prerare the Cu(II) c omplexes, 

Cu(tbmp )nX
2 

( n=1, X=Cl-, Br-; n=2, X=BF4-, C104 , Cl-, Br-), 

[c u(tbmp)
2

X] BF4 (X=Cl-, Br-), and the Cu(I) cooplexes , 

Cu(tbmp)nBr (n=1,2) and Cu(tbmpH)X2 (X=Cl-, Br-). 

Crystallographic studies are rerorted for Cu(tbmp)Er
2

, 

Cu ( tbrnp)
2
Br and Cu(tbmpH)Br2• 

Cu(tbmp)Br2 crystallizes as discrete , non-centrosyrnmetric 

dibrorno-bridged dimers C[cu(tbmp)Fr2]2), in which each Cu ( II ) 

c entre has a distor ted tetraronal pyra�id al en�ir onrr ent. 
The tetrahed rally distorted basal plane of each Cu(II) centre 

consists of one thioether sulphur ligand, (rrean Cu(II)-S = 



2.352(6) 1), one pyridyl nitrocen (mean Cu(ll)-N = 

2.C6(2) A) and t�o bro�id e ion s [one ter�inal (mean Cu(II)­

Br = 2.372(3) A) and on e brid[inE (mean Cu(ll)-Er = 

2.415(3) A)]. The apex of each t e traconal ryramid is 

formed by a lon[ bond to t he bridr_inr, be.sal cromide ion 

(�ean Cu(II)-Br = 2.SC2(4) 1) of the s e cond Cu(Il) centre. 

In monomeric, disto�ted tetrahed ral Cu(tb�p)2Br, 

each Cu(I) ion is bound by a terrrinal tro�ine (Cu(I)-Pr = 

2.426(2) A), two thicether sulphur atoms (m ean Cu( I)-S = 

2.331(4) A) and a ryridyl nitrc[en (Cu(I)-r = 2.11 (1) A). 
Cu(tbmrH)Br2 forms c e�trosj�rre tric dimers 

C[cu(tbmpE)Br2]2), in which the dis torted tet rahedral Cu(I) 

c en t res a re brid[ed by t�o bromide ions (mean Cu(I)-Br = 

2.5S7(1) l). The two remairing ccordinatinE position s of 

eacL C u(l) ion are o c c uried  by a terrdnal bromid e ion 

(Cu(l)-Br = 2.363(1) l) and a sulphur-bound (Cu(I)-S = 2.276 
0 + ( 2 ) A) tbmpH cation . 

The structural data for these and relat ed complexe s 

a r e  used in att empt ing to und erstan d  the natur e of Cu(I) and 

Cu(II) interac tion s wit h biologically relevant ligand s . 

The spec t ros c opic d a t a  sucg e s t s  that the Cu(tb�p)2x2 

c omplexes ar e ci£-Oc tahedral in the solid state , whereas  t h e  

[cu(tbmp)2X] BF4 c omplexes a r e  tetragonal pyramid al . 

An un s table d eep blu e  spe cie s is  formed by t he 

a d dition of t-butyl tLiolat e  to Cu(tcmp)2x2, where X is 

Cl04 or BF4-. The displa ce�ent of tbmp (by pyridine) 

f rom Cu(tbmp)2x2 (X = Cl
-

, BF4-) is also discus s e d. 

Witl: Co(II) and Yi(II), the cis-o c tahed ral 1.1(tbrr.p)2x2 

(X=Cl-,Br-) and 1:(tbmp)2(Cl04)2.nH2o (n = 1,2) comrlexes 

have been charac t erized. 



The nature  o f  p3ro.rnacnetic metal i on [r=cu(ll ) ,  

C o (II TI int eracti ons wi th tbmp under hydr optobic conditi ons 

are  investifated using 1H nrnr spectrosccpy . 

ii) C ompl exes  of 2-ethYl1r�2ettylamine ( e tea) 

The tetragonal c omplexes  Cu ( e t ea)X2 (X=Cl- , Br-) ,  

C u ( etea)2x2 (X=BF4
-, ClC4

- , Cl-, Br-) and �u(et ea)2Cl] BF4 
have b e en charac terized and th e di splac e�ent of etea fr om 

C u ( et ea)2 ( Cl04)2 (by �yridine) , is discussed. 

iii) Comol exes of 2-m ethvlthi o-2-imidaz oline (�ti) �-----------------

In the reacti ons  of rrti v.l tL 11 ( ll), t:t e tet rae: onal 

complexes  Cu(mti)4x2 ( X  = BF4
-, Cl-, Rr-) w er e  suc c e s sful ly 

synthe siz ed, t ogether with a t etrah edral compl ex , C o(�ti)3cJ2. 

In th e la t t er ,  one mti mol ecul e appears  tc re:-rain uncoDplexed . 

�ith Cu(mti)4(BF4)2 , th e lieand is not displaced b� 

an exc e ss of py r i din e. A 1II nmr line broad enint; exp erimen t 

pr ovid e s  g� od evidence  for Cu ( I I) bindin[ t o  mti via i t s  

n on-prot onated nitrogen. 

iv) Corr.pl exe§_ of  2=i.lt.3=_dim�l-2-thia:QutYl�in oline ( tbmq) 

Wi th trc.is ligand , the p s eud otetrahedral Cu ( II) c ompl exe s ,  

C u ( tbmq)X2 (X = C l- , Br-) and the Cu (I) c ompl exes , Cu ( tcmq)Br ,  

C u ( tbmqH)Br2 and Cu ( tbmq)2Cl04 , were synthesized . In 

c ontra st t o  tbmp and etea ,  tbmq d oes  not  form the six-

co ordina t e  c ompl exe s , Cu ( tbmq)2x2 (X = Cl-, Br-) .  

v ) C oml2.1.§.Xe§_2U-( 2-meth;yl thi ophen;vlimino) camp :t or ( l )  

Alth ou�h I. i s  su sc eptible  t o  hydroly si s ,  the 

succ e s s ful i s olati on and charact erization of the p s eud o-

t etrahed ral  Cul ( Cl04)2 .ac et one.xH20 (x = C , 2) c ompl exe s  wa s 

a chi eved from a c et one soluti ons . A 1H nrnr line broad eninc 

experiment indica t e s  tLat Cu ( I I)/S ( thi oether) int eracti ons  

tak e p la c e  und er hydr oph obi c c onditi on s. 



vi) ComTJlexes of 1�-bisiJ2entafluororhen;yltLiolg__!_Lane lfl2hl 
and ethyltliopentafluorobenzene ( C6F5sEt) 

In order to deter�ine the effects of the electro-

negative pentafluorcphenyl substituents, the spectroscoric 

data for cis-FtC12fpte, ci�-PdCl�fpte and trans-PtCl2( c6F5SEt) 2 
are compared with the data for some related thioether ligand 

complexes. The results can be explained by a comparison of 

the ionisation pote�tials of the s�lptur lone-pair electrons 

of fpte ( as determined by photoelectron sp::ctroscopy) \'.'ith 

those of 3,4-bis( alkylthio) toluene (alkyl = methyl, ethyl) 

and m eta- and para-bi s ( methyl tr1i o) benzene. 

SECTION II 

AlJ of tLe carbonyl corr.plexes in tl_is Section have 

been characterized b} infrared and electronic spectroscopy 

and in most cases, 1 H nrnr spectroscopy. 

i )  Complex��_Q!_�4-bis(methyl thio)toluen�(tmt.tl_and 

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

The bridged-ligand complexes, [K( Cc) 5] 2bmtt and 

[�(C0 ) 5] 2bett (K=Cr, W), and the chelated-ligand complexes, 

K(C0)
4

bmtt and �( CC)4bett ( �=Cr, �o, �) were characterized 

in this study. On the basis of force constant calculations 

and electronic spectra, it is a-r;parent that for aryl t1:ioether 

ligands such as bmtt and bett, the sulphur atom acts as a 

poorer <5-donor and, in general, a better n-acceptor than 

it does in aliphatic thioether ligands. A similar 

conclusion is reached for c6F5SEt ( s�Se above), with which 

unstable hl ( Co)5c6F5sEt (� =Cr, t) complexes were synthesized. 

Reactivity studies are reported for [�( CC) 5] 2bett 

and the mass spectra of (t( Co) 5] 2bmtt and the �(CC)4bmtt 



(K=Cr, �o, W) complexes are discussed. 

13c nmr spectra were recorded for [�(Co)5]2bmtt, 

K(C0)4bett (K=Cr, W), Cr(CC)4bmtt and tte ligands. The 

13co Cllemical sl:ifts for [v:(CC)
5
] 2br::tt and the v;(CC1)5l 

complexes of phosphorus and nitroeen ligands are correlated 

with their Cotton-Fraihanzel carbonyl force constants. 

ii) Complexes of 2-etb;yl thioethvlaJTiine ( etea) anc1 

2-(.i.t.J-dimethvl-2-tt.iabutyl)p;vridine (tbrr:p) 

Both the bridged-lie-and [r(co)5]2etea (I"=Cr,v�·) 

and the chelated-lieand V(C0)4etea (�=Cr, �o, �) complexes 

V;ere characterized for etea. Lowever, only the chelated-

ligand complexes were isolated and characterized for tbmp. 

13c nmr spectra for etea, Cr(C0)4etea and �o(C0)4etea 

(the carbonyl complexes sto�in£ two distinct trans-13co 

resonances) and reactivity studies for [�(CC)
5] 2etea and 

W(C0)4etea, arc also discussed. 

iii) Comnlexes of 2-meth.Yl thi oaniline (mta), 2-metrJylmercapto­

benzimidazole (mmbi) and 2-meth:vlthio-2-imidazoline (mti) 

The combined spectroscopic data for the �(Co)5L 

complexes of these ligands, shows that mmbi and mti prefer 

to bind to the zero-valent Group VIB metals via one of their 

nitrogen donors. Cn the other tand, mta rrefers tc bind via 

the thioether sulphur. 

Alttouch the comrlexes of mta could not be isolated 

in an analytically pure form, good evidence for their 

identities was provided by their infrared and mass srectra 

and the observed replacement of mta from t(co)5mta, by 

triphenylphosphite. 
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liGAl\'})S .ALG ABJ?REVIATIO��S 

OcH2SBu' 
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bett 

a:>-SMe 

t!i 
mmbi 



tbrnp 

tbmpH + 

et  ea 

mti 

tbmq 

= 

= 

= 

"" 

= 

T HIS \','ORK 

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

2- ( 3 ,  3-dim ethyl-2-tbiabutyl )pyri dini urn ea ti on 

2-ethyl thi oe thylamine  

2-methylthi o-2-iiT-idaz oline 

2- (3 ,3-dim ethyl-2-thiabutyl )quinoline 

tbmqH+ i s  analogous to tbmpH+ (above ) 

I 

fpt e  

c 6F5SEt 

bTPtt 

b et t  

m ta 

mmbi 

A) SECTIO: I 

dm en 

0( -pi e 

tmen 

maep 

dth  

BBTE 

pdt o  

EEE 

=3- ( 2-methyl thi oph enylimino )  earr.pl:or 

= 1 , 2-bi s ( p enta fluor ophenylthi o ) ethane 

= ethyl thi op en ta fl uorobenzen e  

= 3,4-ti s ( me thyl thio)t oluen e  

= 3 , 4-bi s ( ethylthi o ) t oluene 

= 2-me thylthi oaniline 

= 2-methylmercapt obenzi�i daz ole. 

IIT:2EAT1:RE DATA 

C���ER 1 

= � , N-dimethylethylenediamine 

= 2-methylpyri dine ( e>< -pi coline ) 

= 

= 

= 

= 

= 

= 

= 

= 

= 

lT, l:, N', N�tetramethylethyl eneG.iamine 

2- (2-methylamin oethyl ) pyridine 

2 , 5-di tbiahexane  

5 , 8-di thiadodeeane 

1 ,8-bi s (2-pyri dyl )-3 , 6-dithiaoetane 

1 , 8-diamino-3 , 6-di thia octane 

1 -methylirni daz ol e  

3 , 4-bi s (2-amino ethylthi o ) t oluene 

N- ( 2-methyl thi ophenyl ) ( 2-pyri dyl ) methylenimine  
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a ep 

amp 
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dip 

tren 

bipy 

t ctd 

t reru;: e 6 
tri enR6 
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d t o  

1 4-ane-s4 

PY282 
py2Et2S 2 
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= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

bi s (N , lJ-dimethylac etamid  o )  thi o e ther 

1 , 4 , 8 , 1 1 -tetrathiacycl otetrad ecane  

2-methyl thioethylamine 

[3 ,  3 '  -ethyl enedi tt.i obi s( o-phenyl eneimino­

methylidyne ) bi s(pentane-2 , 4-di onat o ) ]2-

tri cycl o[1 7 . 5 . 5 . 5 7 '13]t etraaza- 1 , 7 , 1 3 , 1 9-di oxa-

4 , 1 6-tetrathia- 1 C , 2 2 , 27 , 32-t etratriacontane 

1 - oxa-4 , 1 3-di thia-7 , 1 C-diazacycl op entad ecan e 

2- ( 2-dimethylaminoettyl )pyridine 

2-(2-aminoethy l ) pyri dinc 

2-amin omethylpyri dine 

N , N'-tetramethyl enebi s ( 2-pyri dinaldirrin e ) 

t:bi our ea 

2 , 2' -bipyri dyl 

tri s(2-a�inoethane ) arr.ine 

2 , 2 ' -bipyridyl 

1 , 4 , 8 , 1 1 -t etrathiacy cl otetradecane  

[ 1  , 1 , 1 , 5 , 5 , 5-hexafluoro-2 , 4-p entanedi onat o]-

CHAPTER 2 

hexamethyl  N-substi tut ed tri s(2-amin oethan e ) amine 

hexaalkyl  N-substi tut ed 1 , 4 , 7 , 1 0-tetraazad ecane 

1 , 2-�iaminoethane ( ethyl enediamine )  

CHAPTER 3 

= 3 , 6-di thiaoc tane 

= 1 , 4 , 8 , 1 1 - tetrathiacycl otetrad ecane 

= bi s(2-pyridyl ) di sulphi d e  

= bi s [2-(2-pyri dyl ) e thyl]di sulphi d e  

= [2-( 2-pyridyl ) ethyl] bi s [2-( ethy l  thi o )  e thyl] amine  



tal-i -C 3H7 = N-(2-thenyli d ene ) i s opropyla�ine 

C8H8 = cycl o o c tatetraer.e 

DPPA = bi s(diphenylpho sphino )ac etylene 

tal-CH3 = N-(2-thenyli d ene )rnethylamine 

0�e 2R ) 2Et 2s2 = bi s [2-(R , R-dirnethylarnino )  ethyl] di sulphide 

CHAPTER 4 

Hpyrnt = pyrimi dine-2-t�i one 

mmp = 2-rnethyl thi ornethylpyri dine 

NSS_T = 1 , 6-bi s ( 2-pyri dy l ) -2 , 5-d i thiahexane 

rnrnt q = 2-methyl-8-rnethylthi oquinoline 

A = 1 , E-bi s ( 2-pyri dyl ) - 3 , 6-di thiaoctane 

Cf�FTER 6 

N-R- sal = [N-sali cylid enealkylarninat o] -

11 = N ,:N' - ( 1 ,  7 ,  7-trimethylbi cy c l o  [2 , 2 , 1] hep tane-

2 , 3-diyli d ene ) dianiline 

CHAPTER_]_ 

drnedt  = 1 ,  2-bi s (methyl thi o )  ethy l ene 
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