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Benzo[b] thiophene (BT) is a particularly interesting substrate 
since it represents one of the most abundant and refractory 
compounds in heavy oils. It is believed that hydrodesulfurization 
(HDS) of BT over solid catalysts involves the selective hydro- 
genation to 2,3-dihydrobenzo[b]thiophene (DHBT) prior to 
desulfurization to give ethylbenzene.' Indeed, some studies of 
homogeneous hydrogenation of BT to DHBT have recently been 
reprted.2 In contrast, only one example of metal-assisted opening 
and hydrogenation of BT has been described so far. Rauchfuss 
reacted BT with an iron cluster (Fe3(CO),2), obtaining the 
benzothiaferrole Fe2(C&,S)(C0)6, which was subsequently 
hydrogenated to give primarily ethylbenzene together with some 
2-ethylbenzenethiol, bis(2-ethylphenyl) sulfide, and bis(2-eth- 
ylphenyl) disulfides3 

In this paper we report the selective hydrogenation of complexed 
BT to 2-ethylbenzenethiolate ligand assisted by a mononuclear 
metal complex in either homogeneous or heterogeneous (solid- 
gas) fashion. Also, we describe the first X-ray structure of a 
mononuclear metallabenzothiabenzene ~ o m p l e x . ~  

Stirring a tetrahydrofuran (THF) solution of the q4-benzene 
complex [(tripho~)Ir(C6H6)]BPh~~ (1) with a six-fold excess of 
BT at reflux temperature under nitrogen for 20 h produces an 
orange-red solution from which brick red crystals of [(triphos)- 
Ir(q2-C,S-C~H6S)]BPh4.1 STHF-OSEtOH (2) are obtained in 
excellent yield (90%) by addition of ethanol (Scheme I) [triphos 
= MeC(CH2PPh2)3].6 The molecular structure of the complex 
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Figure 1. ORTEPdrawing of the complex cation in 2. All of the hydrogen 
atoms and phenyl rings of triphos are omitted for clarity. The relevant 
geometric features are  as  follows: IR-PI 2.395(3), Ir-Pz 2.265(3), Ir-P3 
2.260(3), I r a 1  2.243(3), Ir-Cs 2.07(1), S I 4 1 3  1.71(1), c 6 4 7  1.36(2), 

1.34(2), CII-CIz 1.40(2), and C12-C13 1.40(2) A; Pl-Ir-Pz 88.5(1), PI- 
Ir-Ps 89.8(1), Pl-Ir-SI 87.6(1), P1-hc6 177.7(3), Pz-Ir-PS 86.9(1), Pz- 

and Sl-Ir-C6 91.6(3)'. 

Scheme I 

C& 1.44(1), Cs-Cg 1.43(2), C&l3 1.41(1), C 4 1 o  1.36(2), CIO-CII 

IPS1 136.5(1), P2-bC6 90.6(3), P3-Ir-SI 136.3(1), P,-Ir-C6 92.3(3), 
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cation in 2 is shown in Figure 1.7 The coordination geometry 
around iridium may be described as either a distorted square- 
pyramid or a trigonal-bipyramid, the metal center being sur- 
rounded by three phosphorus atoms of triphos and by a carbon 
and a sulfur atom from a CS-cleaved BT molecule. The bond 
distances between iridium and the atoms Cb and S1 [2.07(1) and 
2.243(3) A, respectively] match well those found by Angelici for 
the iridathiabenzene complex Cp*Ir(q2-C,S-2,5-Me2T).B The 
bond distances within the planar six-membered metallaring are 
suggestive of a delocalized r-bonding system, which is confirmed 
by the NMR data.6J 

Interestingly, unsolvated 2 can simply be obtained by heating 
a solid-solid mixture of 1 and BT (1:lO) a t  80 OC for 3 h (yield 

Reaction of 2 with H2 in either the solid state (5 atm H2, 80 
OC, 3 h) or T H F  solution (5 atm Ha, 20 OC, 3 h) results in the 
quantitative conversion to [(triphos)Ir(H)2(0'S(CgH4)C~H~)] (3, 
which is recovered as off-white microcrystals.10 In the course of 
the reactions, the tetraphenylborate counteranion degrades to 
BPh3 and benzene." A related hydrogenation reaction of an 
iridathiabenzene complex, namely Cp*Ir($-C,S-2,5-Me2T), has 
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= 7.5 Hz, CHZCH~),  6 2.84 (q, CH2CH3). 
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recently been reported by Angelici.12 In this case, however, the 
reaction at  room temperature stops a t  the stage of oxidative 
addition of H2, whereas in refluxing hexane, decomposition to 
uncharacterized products was observed. 

Protonolysis of 3 in CDzClz at  room temperature with a 2-fold 
excess of gaseous HCl quantitativelyaffords [(triphos)IrH(CI)~] l 3  
(4) and 2-ethylbenzenethiol ( 'H NMR, GC/MS). 

Certain of these results deserve further comment: (i) The 
hydrogenation of 2 to 3 formally requires five H atoms. Since 
we use a source of pairs of hydrogen atoms, it is reasonable to 
think of a heterolytic splitting of H2 occurring at some stage of 
the reaction. Indeed, the production of H+ well accounts for the 
conversion of BPh4- to BPhs and ben~ene.1~ Although detailed 
studies appear definitely necessary to establish a t  which stage the 
heterolytic splitting would occur, it is very much likely that this 
reaction takes place just in the initial interaction of 2 with H2. 
In this respect, it may be useful to recall that heterolytic splitting 
of H2 is easily promoted by a family of 1,l-dithio complexes of 
the formula [(triphos)Rh(S2CX)]BPh4 (X = 0, S, NPh),,which, 
like 2, are characterized by *-delocalization over the metalla- 
cycle.ls (ii) The solid-gas hydrogenation of BT confirms of the 
ability of organometallic fragments,16 and in particular of 
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[ (triphos)Ir],l6a to assist heterogeneous hydrogenation of unsat- 
urated ligands or substrates. (iii) Even though no desulfurization 
of BT occurs in the experimental conditions of this work, 
unambiguous evidence has been provided for both homogeneous 
and heterogeneous hydrogenation of the thiophenic molecule after 
and not prior to its opening. 
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