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ABSTRACT 

 

 

Investigation of thiophene as spacer ligand to afford mono and dinuclear biscarbene 

complexes was undertaken.  Three different methods resulted in the selective activation of 

thiophene positions after deprotonation by BuLi.   

 
Using the thienyl derivative, quaterthiophene (QTP), linked at the two and five position allowed 

for the successful lithiation of the two and five position of the outermost thienyls without the 

use TMEDA as with thiophene.  The synthesis of [Cr(CO)5{C(OEt)2,5-C16H8S4C(OEt)}Cr(CO)5] 

was afforded by addition of chromium hexacarbonyl and subsequent alkylation with 

[Et3O][BF4].  Localization of the conjugated π-electronic path on the thienyl spacer determined 

by X-ray diffraction studies was supplemented with computational studies and showed no 

communication between the metal fragments exist via the thiophene chain.   

 

Similar activation to QTP was observed with the electron withdrawing influence of the metal 

fragment on Cr(ŋ5-C4H4S)(CO)3 that permit for dilithiation on the 2 and 5 position to synthesize 

the carbene analogues [MLn{C(OEt)ŋ5-2,5-C4H2SC(OEt)}MLn(Cr(CO)3] where MLn = Cr(CO)5, 

Mo(CO)5, W(CO)5, MnCp(CO)2 and Re2(CO)9.  NMR spectroscopic techniques were used for 

identification and showed that the carbene metal ligands have restricted movement resulting in 

signal duplication.   

 
Selective replacement of thiophene hydrogens with bromine atoms and subsequent lithium-

halogen exchange to utilize specific thiophene protons.  Lithiation of 3-bromothiophene at cold 

temperatures and formation of the metal acylate allowed for the second lithiation at the 2 

position of thiophene to form the carbene chelate, [Cr{C(OEt)2,3-C4H2SC(OEt)}(CO)4].  

Correspondingly the formation of [Cr{C(OEt)ŋ5-2,3-C4H2SC(OEt)}(CO)4(Cr(CO)3)] was afforded 

by using the same procedure on chromium ŋ5-(3-bromothiophene) tricarbonyl precursor.   

 

 
 
 



ABSTRACT 

x 
 

The range of carbene chelates that could be synthesized warranted further investigation to 

advance the field in the study of these carbene complexes.  For the first time it could be shown 

that it was possible to decorate all carbon atoms in a heteroarene with Fischer carbene 

ligands.  Utilizing 2,3,4,5-tetrabromothiophene and lithium-halogen exchange methodology 

resulted in the synthesis of tetracarbene chelate complexes, [2,3,4,5-C4S{C(OEt)}4{Cr(CO)4}2] 

and [2,3,4,5-C4S{C(OEt)}4{W(CO)4}2].  The reaction also afforded the respective monocarbene 

chelates, [M{C(OEt)2,3-C4H2SC(OEt)}(CO)4], M= Cr and W.  The syntheses were 

accomplished by sequential lithium-halogen exchange of the 2 and 5 positions followed by 

metal acylate formation and ring closure by a further lithium-halogen exchange of remaining 

bromine atoms.  The stability of [2,3,4,5-C4S{C(OEt)}4{Mo(CO)4}2 did not allow for isolation but 

the carbene monochelate analogue, [Mo{C(OEt)2,3-C4H2SC(OEt)}(CO)4], was fully 

characterised.  Spectroscopic analysis indicated the difference in electronic environment of the 

respective carbene ligands and four distinct carbonyl vibrations and electron transitions were 

observed.  Mass spectral data designated sequential carbonyl loss of molecular ions for 

representative compounds.  The X-ray diffraction studies confirmed molecular structure and 

showed    incomplete     hydrolysis     of     lithium     atoms    present.        The     monochelate,  

[Mo{C(OEt)2,3-C4H2SC(OEt)}(CO)4] and [W{C(OEt)2,3-C4H2SC(OEt)}(CO)4] packed in a grid-

like structure and the tetracarbene complex and aminolysis product showed more disorder.  

Partial aminolysis of [Cr{C(OEt)2,3-C4H2SC(OEt)}(CO)4] showed the relative stability of the 

ethoxy substituents.  The resonance stabilised ethoxy group was retained in a stepwise 

aminolysis to form [Cr{C(OEt)2,3-C4H2SC(NH2)}(CO)4].  This behaviour was unique in carbene 

chemistry.  Further reaction with ammonia resulted in decomposition due to the weakening of 

the metal carbon bonds in the chelate ring, resulting in the formation of [Cr(CO)4(NH3)2].   
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