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Summary 

Hydrogenation of [(NBD)M(PPh,),][PF,] (M = Rh, Ir; NBD = norbornadiene) 
in CH,Cl,/thiophene gives [(q-thiophene M(PPh,),]+ (M = Rh, Ir) compounds, 
which have been isolated and characterised. In the case of [(q-thiophene)- 
Rh(PPh,),]+ the structure has been determined by X-ray diffraction; the cation 
involves a trigonal arrangement of two phosphines and a r-bonded thiophene 
around the Rh atom. Crystal data: triclinic, space group Pi, a 11.774(6), b 

18.083(8), c 11.425(5) A, (Y 75.24(2), p 105.48(2), y 103.24(2)“, U 2227(2) A3, and 
Z = 2. The coordinated thiophene is readily displaced by donor ligands from the Rh 
complex, but is strongly bound in the Ir analog. 

Hydrodesulphurisation (HDS) of fossil fuel feedstocks can arguably be consid- 
ered the most important chemical reaction practised in industry [l]. Heavy petro- 
leum fractions and coal-derived liquids contain sulphur predominantly in the form 
of thiophene derivatives, and so HDS of thiophene, benzothiophene, and dibenzo- 
thiophene over heterogeneous catalysts has been extensively investigated [l]. Never- 
theless, many fundamental mechanistic questions, such as the mode of bonding of 
thiophene to the surface and the elementary steps following adsorption, remain 
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Fig. 1. View of the cation in [(v-C4H,S)Rh(PPh3)2][PF,].2(CJH,S). Selected bond distance\ (A) and 

an& (“): Rh-P(1) 2.254(3), a-P(2) 2.239(2). Rh-S(1) 2.567(3). Rh-C(1) 2.238(12). Rh-C(2) 2.239(15). 

m-C(3) 2.259(=), a-C(4) 2.249(9), S(l)-C(1) 1.734(15), S(I)-C(4) 1.731(10), c(l)-C(2) 1.40(2), 

C(2)-C(3) L.3W). C(3)-C(4) 1.43(2): P(l)-Rh-P(2) 96.9(l). C(l)ps(l)-C(4) 90.0(6), S(1)-c(1)-C(2) 
1120). C(l)-C(2)-C(3) 113(l). C(2)-C(3)-C(4) 112(l), C(3)-C(4)ps(1) 112(l). 

thiophene ligand is only roughly planar, the deviations of S(l), C(l), C(2), C(3), C(4) 
from the mean plane pfssing through them being -0.014(4), 0.103(12), -0.046(13), 
- 0.068(12), 0.092(10) A, respectively. 

The only other reported structure of a thiophene complex is that of Cr(CO),(v- 
C,H,S) [5], which is less relevant to HDS in view of the low catalytic activity 
displayed by 3d metals in this reaction [1,2,6]. 

The coordinated thiophene in 1 is very labile in CH,Cl, solution; addition of 
norbornadiene at 25°C immediately regenerates [Rh(NBD)(PPh,)2] + quantita- 
tively, and bubbling of CO produces [trans-Rh(CO),(PPh,),]+. The thiophene is 
more strongly bound in 2, which does not react with NBD or COD at room 
temperature, and reacts only slowly with CO to yield [Ir(CO),(PPh,),]+. Such 
higher stability of Ir complexes with respect to their Rh analogs is normal. Strong 
coordination of thiophene was also observed in the case of [( q-thiophene)Ru(q- 

C,W+ [31. 
Chianelli and coworkers have shown that 3d metal sulphides show poor activity 

for HDS, whilst 4d and 5d metal sulphides are highly active, the maximum activity 
been found for Ru, Rh and OS, Ir, respectively [2a,6]. 

Our complexes 1 and 2 thus represent good models for thiophene chemisorption 
in that Rh and Ir are two of the most active HDS metals [2a,6,7]; furthermore, the 
structure of 1 shows that r-coordination of the thiophene molecule may, in fact, be 
dominant, in contrast to theoretical arguments which favour S-binding to metal 
sulphide surfaces [2]. The S-only type of coordination of thiophene to second or 
third row metals has only been proposed for the partially characterised 



[Ru(NH,),(C,H,S)]’ t [8]. TIVO complexes containing S-bonded thiophenic frag- 
ments have been characterised crystallographically, namely the complexes RuCI ,(4- 
Ph,P-DBT) [9], and [(Th(‘I-l,CiH,)Ru(PPh,),]BT_: [IO]. which xc Ias directI\ 

related to HDS substrata. We thus sugge>t that vccxxdinati~~n (>f thiophene to 
metals in complexes and on wrfaces may be more important than hitherto realised. 
We are currently extending this wwk to other metals and ligands rclo ant to HDS. 
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