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Modeling the Claus Reaction: Preparation oftrans-Pt(PPhg)2(phthalimido)S(O).SR
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The removal of sulfur from crude oil is accomplished by
hydrodesulfurization (HDS)followed by the Claus process,
which converts the b8 produced by HDS to sulfur and water
(eq 1). Natural gas contaminated by3His purified by direct

|
2H,S+ SO, =235, + 2H,0 1)
application of the Claus process. The Claus reaction is
conducted at 300C using alumina as a catalyst although other
materials also catalyze the reaction. The mechanism is un-
known, but the reaction must involve the formation of sutfur

sulfur bonds and oxygen transfer, a suite of reactions with few

precedents in homogeneous catalysis. Three simple conceptual

models of the Claus reaction can be described. MAd#¢picts

st SOZ
(SOy) (stl ) (HeS)=e—>(SOy)
A B C

attack by HS on adsorbed SOmodelB represents attack by
SO, on adsorbed k82 and inC both the BS and the S@are
adsorbed before reactidnStudies of the sequential adsorption
and reactions of S£and HS on alumin&are for the most part
inconclusive; however, preadsorbed SIS reactive toward
H,S5¢ Therefore, the complex Pt(PR§50,,5 chosen as an
example of preadsorbed $Qvas treated with a source of RS
as a simulation of modeA.
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Treatment of Pt(PRRSO, with RSphtH gave pale yellow
complexes of the typdransPt(PPRh),(phth)S(O)SR, la—f,

where phth= phthalimido (eq 2). The IR and NMRH and

Ph3P/,,h. /SOZ+RS hth.
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1a, R= CH,
b, R= CH,CH;
¢, R= n-C3H7

d, R= CHMe,

e, R= 4—C6H4MC
f, R= CH,Ph

2
Phsp?  “PPhg @)

31p) spectra ofla—f are consistent with their formulatidrand
the structure olf, shown in Figure 1, confirms the presence of
the PtS(O)SCH,Ph moiety? Interestingly, while organic thio-
sulfonates (RS(QBR) are knownt® few structures have been
reportedt! complexesla—f are the first to contain an RSS({D)
ligand12 Sulfito groups are the parent ligands of this new
class3«13

Attachment of the RSresidue to the Sgigand of Pt(PPk)s-
SO, and oxidation of the metal center result in a much shorter
Pt—S distance (2.261(3) A) itf than in the precursor (2.368-
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Figure 1. ORTEP drawing ofrrans-Pt(PPh),(phth)SQSCH,Ph, 1f.
Selected bond lengths (A) and angles (deg)-$1t2.261(3); P+P(1),
2.341(3); P+P(2), 2.360(2); PtN, 2.061(7); S(1)S(2), 2.154(4);
S(1}-0(1), 1.446(7); S(1y0O(2), 1.451(7); P£S(1}-0O(1), 114.4(3);
Pt=S(1)-0(2), 112.5(3); PtS(1)-S(2), 102.3(1); O(1yS(1)-0(2),
114.2(5); P(1yPt—=P(2), 171.1(1); S(£)Pt—N, 177.2(2).

(CH)4S] (Pt=S(O)=2.333(2) A, P+ S = 2.334(3) A)1® The
S—0 bond lengths are within the normal rangevhile the S-S
bond distance (2.154(4) A) is lond&tthan that in 4-GH,4BrS-
(0):S-4-GsH4Br (2.091(6) AflPand those iris-Pt(PPh)(phth)-
SSCHMe (2.037(4) A¥® and in other metal-coordinated
polysulfur oxide ligands of the type RS(O)and RS(0)S .18
Complex1f lost SGQ at 110°C under vacuum to giveans
Pt(PPh)2(phth)SCHPh, which does not react in solution with
SO, to regeneratdf. This leads one to suggest that the 1,2-
oxidative additio&® of RSphth to the PtSO, bond in Pt(PP¥)s-
SQ; occurs via direct attachment of the R§roup to the
pyramidal (nucleophilidy SG; ligand rather than by attack at
the platinum metal atom followed by insertion of Si@to the
Pt—SR bond thus formed. While insertion reactions of,SO
into metat-carbon bonds are well-knowf,similar insertion
reactions of S@into other metat-atom bonds are raf#13ac.21
and are unknown for MSR bonds even in complexes contain-
ing both the RS and SQ groups as ligandg(i.e., modelC).

(16) Weigand, W.; Bosl, G.; Robl, C.; Amrein, \iChem. Ber1992 125
1047.

(17) Mingos, D. M. P Transition Met. Chem1978 3, 1.

(18) S-S bond distances are as follows. (a) CpRU@EIO)EL2 E =
SS(O)CHMe, 2.076(3) A; E= SS(0}-4-CsHsMe, 2.023(3) A. (b)
CpRu(CO)E:1? E = SS(O)Ph, 2.050(4) A; E= SS(OYPh, 2.037(2)
A. (c) CpRu(PPh),E: E= SS(O)CHPh, 2.086(3) A (Weigand, W.;
Bosl, G.; Robl, C.; Kroner, XZ. Naturforsch., B:; Chem. Sc1993
48B, 627.

(19) Other examples of 1,2-oxidative addition to a met@gjand bond: (a)
Casey, C. P.; Vosejpka, P. C.; Askham, FJRAmM. Chem. Sod99Q
112 3713. (b) Reed, C. A.; Roper, W. R.Chem. Soc. A97Q 3054.

(20) Wojcicki, A. Adv. Organomet. Chenil974 12, 31.

Inorganic Chemistry, Vol. 35, No. 22, 1996357

Complexif reacted with ROH in CHGlIto give quantitatively
the sulfito complexesrans-Pt(PPh),(phth)S(O)OR8 (R = H,
C.Hs, CHMey). These are resistant to loss of S@p to 200
°C. Exchange off with RSH is very slow, whereas treatment
of 1f with H,S gave Pt(PPJ(H)(SH)2 and (PhCHS), as the
major products as determined by NMR.

Treatment of Pt(PRJSO, with the oxidized sulfur transfer
reagent RS(O)ph#A was expected to produce complexes
containing the PtS(@$(O)R moiety; however, complexéd—f
and PPBO were isolated and there was no evidence of the
expected products. Since RS(O)phth is deoxygenated only very
slowly by PPR, complexesld—f are probably the products of
deoxygenation afrans-Pt(PPh),(phth)S(O)S(O)R by free PPh
released from Pt(PBRSO,. The apparent activation of the
oxygen atom on thg-sulfur atom of the RS(0)S(Q) ligand
is noteworthy. The complexes CpRu(RREO)SS(O)R also
undergo facile oxygen exchange to give CpRu@ed)SSR
and CpRu(PPH)(CO)SS(O)R.12 Kubas and co-workers have
observed similar chemistdf %24 On the other hand, complexes
la—f, which have oxygen atoms on thesulfur atom, are inert
toward PPB This observation may be useful in developing
Claus-like chemistry with soluble metal complexes.
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