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Hydrogenation of the thiaplatinacycle [Pt{C,S-
(CHNCHC6H4S)}(dppe)] 2 (dppe = Ph2PCH2CH2PPh2)
derived from benzothiophene, leads to [Pt{C,S-
(CHMeC6H4S)}(dppe)] 3 in which 2H have added and a
H-shift has occurred; the X-ray structures of 2 and 3 are
reported.

Thiophenes (T), benzothiophenes (BT), dibenzothiophenes
(DBT), and their alkyl derivatives pose particular problems for
hydrodesulfurization (HDS) as they occur in substantial
amounts, notably in the heavier crude oils, and are rather
resistant to normal HDS catalysts such as Co–Mo–S on
alumina.1 Quite recently platinum has emerged as a viable
catalyst for second stage industrial hydrotreating;2 this has
allowed the production of the so-called city diesel fuel, with a
very low sulfur content (@30 ppm).

In our researches to model such HDS reactions we have
found that the platinum(0) complex [Pt(PEt3)3] can reversibly
oxidatively insert into the C–S bonds of T, BT or DBT, giving
six-membered thiaplatinacycles.3–5 These thiaplatinacycles ex-
trude S and Pt on reaction with sources of hydride to give
hydrocarbons, thus demonstrating a full HDS sequence medi-
ated by platinum.

Related thiametallacycles are formed by the oxidative
insertion of other metals (e.g. Rh and Ir6) into the thiophene;
those derived from BT generally react with hydrogen to give
2-ethylthiophenol (or a salt thereof)7 or 2,3-dihydrobenzo-
thiophene,8 though ethylbenzene can be obtained under forcing
conditions.9 We have now isolated and characterised a novel
isomerisation product from partial hydrogenation of a thiaplati-
nacycle derived from BT, which indicates that the HDS cycle
may be more complex than previously proposed.

The trimethylphosphine complex 1† was synthesised either
from reaction of BT with pure [Pt(PMe3)4] in refluxing toluene
[eqn. (1); 83%] or, more conveniently [eqn. (2); 69%] by a one-
pot reaction of K2PtCl4, NaOH, and trimethylphosphine,
forming [Pt(PMe3)4] in situ, to which BT was then added.
Reaction of 1 with a small excess of dppe (Ph2PCH2CH2PPh2)
gave complex 2 [eqn. (3); 89%].

The complexes were characterised by microanalysis, NMR
spectra and an X-ray structure determination for 2.‡ This
showed the expected arrangement (Fig. 1) and was very similar

to the structure already determined for [Pt{C,S-
(CHNCHC6H4S)}(PEt3)2].3 Complex 2 was hydrodesulfurised
by reaction with LiAlH4 in toluene–thf to give ethylbenzene
(42%). Similar results but poorer yields were obtained for
complex 1 and for [Pt{C,S-(CHNCHC6H4S)}(dppp)].

Complex 2 could also be hydrogenated (toluene solution,
120 °C, 20 atm H2) directly to give a mixture of ethylbenzene
(6%) and free BT (12%). The low yield of HDS product under
these conditions is explained by the additional formation of a
new platinum complex (in 74% yield). FABMS showed it to
have a molecular ion at m/z 730 corresponding to
[Pt(C8H8S(dppe)], indicating that 2 H have added to 2. The new
complex was identified as 3§ by an X-ray determination which
showed that the S-ligand did not have the expected saturated
six-membered thiaplatinacycle structure; instead a ring contrac-
tion had occurred and the product had a methyl attached to CH
in a five-membered thiaplatinacycle (Fig. 2).

The structure for 3 indicates that a hydrogen shift has
occurred in addition to the hydrogenation so that the benzylic
carbon is now attached to the metal. This also has structural
consequences: the benzothiaplatinacycle in complex 2 is very
nearly planar with a dihedral angle of only 3.2° between the
plane C(1)–Pt–S and the best plane through S–C(8)···C(2)–
C(1). By contrast, and as a consequence of the presence of the
sp3 carbon at C(1) the thiaplatinacycle in complex 3 is much
more bent, with a dihedral angle of 27.8° between the planes
C(1)–Pt–S and C(1)–C(2)–C(3).

The difference in the structures is also manifested in their
reactions with HCl. Complex 3 was degraded to give

Fig. 1 The molecular structure determined for 2. Bond lengths (Å) and
angles (°): Pt–P(1) 2.2474(13), Pt–P(2) 2.2969(14), Pt–S 2.260(2), Pt–C(1)
2.054(4); C(1)–Pt–P(1) 93.1(2), P(1)–Pt–P(2) 85.20(5), C(1)–Pt–S 88.4(2),
P(2)–Pt–S 93.40(5)°.
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2-ethylthiophenol, while the six-membered thiaplatinacycles
[Pt{C,S-(CHNCHC6H4S)}(PEt3)2] and 2 gave 2-vinylthio-
phenol.4

One attractive mechanism by which the reaction 2 ? 3 can
occur is via a s-S bonded p-alkene (h3) intermediate (A), as
shown in Scheme 1. Such species have been previously invoked
in the reactions of various thiophenes with metal hydrides; a
related iridium complex derived from thiophene itself has been
isolated and characterised as [(triphos)Ir(h3-
S(Me)CHNCHCHNCH2)]+ [triphos = MeC(CH2PPh2)3], and
this shows equivalent bonding of the irdidium to both the CH
[2.19(3) Å] and to the CH2 [2.12(3) Å].10 That complex 3 does
not have a type A structure is shown by the Pt···Me distance
[Pt···C(34)] of 3.05 Å, which is well outside bonding; by
contrast the distance Pt–C(1) is 2.202(14) Å.

Complex 3 can be hydrodesulfurised to ethylbenzene (ca.
80%) with LiAlH4 (thf, 20 °C); this demonstrates a new HDS
pathway, BT ? 2? 3? PhEt.

We thank the EPSRC, the Royal Society, EERO, the
European Community (Contract CL1*CT94-0062) and CON-
ACYT for support and Professor W. Clegg for collecting the
data for complex 2.

Footnotes and References

* E-mail: P.Maitlis@Sheffield.ac.uk
† [Pt(C,S-SC8H6)(PMe3)2] 1. Anal. Calc. for C14H24P2PtS: C, 34.9; H, 5.0;
S, 6.65. Found: C, 35.0; H, 4.95; S, 6.7%. NMR (CDCl3): 1H: d 1.2–2.0 (m,
18 H, CH3), 7.0–7.1 (m, 1 H, CH), 7.1–7.2 (m, 1 H, CH), 7.2–7.4 (m, 2 H,
CH), 7.4–7.6 (m, 1 H, CH), 7.9 (m, 1 H, CH). 31P: d222.6 [d, 1J(PPt) 3065

Hz], 229.3 [d, 1J(PPt) 1708 Hz]. 13C{1H}: d 138.6 [t, CH, 2J(PtC) 85 Hz],
131.4 (s, 2CH), 129.8 (s, C), 129.8 (s, CH), 129.7 [dd, CH, 2J(trans-PC)
100.6, 2J(cis-PC) 8.6 Hz], 125.3 (s, C), 121.7 (s, CH).
‡ [Pt(C,S-SC8H6)(dppe)] 2. Anal. Calc. for C34H30P2PtS·CH2Cl2: C, 51.7;
H, 4.0. Found: C, 52.2; H, 3.8%. NMR (CDCl3), 1H d 2.25–2.6 (m, CH2, 4
H), 7.0–8.0 (m, CH + Ar, 26 H). 31P: d 41.5 [d, 1J(PtP) 1743 Hz, 2J(PP) 6
Hz], 46.3 [d, 1J(PtP) 3122 Hz]. FABMS: m/z 728.

Crystal data for C35H32Cl2P2PtS: M = 812.60, crystallised from
CH2Cl2–hexane as yellow blocks and containing one molecule of CH2Cl2;
crystal dimensions 0.48 3 0.38 3 0.27 mm. Monoclinic, space group P21/n
(a non-standard setting of P21/c,C5

2h, no. 14), a = 9.5594(7),
b = 19.5003(14), c = 17.4993(12) Å, b = 91.683(2), U = 3260.7(4) Å3,
Z = 4, Dc = 1.655 Mg m23, Mo-Ka radiation (l = 0.710 73 Å), m(Mo-
Ka) = 4.653 mm21, F(000) = 1600.

Refinement converged at a final R = 0.0318 (wR2 = 0.0863, for all 5728
unique data, 372 parameters, mean and maximum d/s 0.000, 0.000), with
allowance for the thermal anisotropy of all non-hydrogen atoms. Minimum
and maximum final electron density 21.087 and 1.308 e A23.

§ [Pt(C,S-SC8H8)(dppe)], 3. Anal. Calc. for C34H32P2PtS·0.5CHCl3: C,
52.5; H, 4.2; Found: C, 53.1; H, 4.4%. NMR spectra in CDCl3, 1H: d 1.1–1.4
(m, 3 H, CH3), 1.9–2.7 (m, 4 H, CH2), 3.1–3.5 (m, 1 H, CH), 6.7 (t, 1 H, Ar),
6.8 (t, 1 H, Ar), 6.9 (d, 1 H, Ar), 7.4–8.0 (m, 21 H, Ar). 31P: d 43.0 [1J(PtP)
1594, 2J(PP) 4 Hz], 45.9 [1J(PtP) 3190 Hz]. FABMS: m/z 730.

Crystal data for 3: C34H32P2PtS; M = 729.69, crystallised from CH2Cl2–
hexane as yellow blocks; crystal dimensions 0.43 3 0.26 3 0.12 mm.
Monoclinic, space group P21/c (C5

2h, No. 14), a = 9.266(4), b = 15.142(7),
c = 21.303(9) Å, b = 98.51(3), U = 2956(2) Å3, Z = 4, Dc = 1.640 Mg
m23, Mo-Ka radiation (l = 0.710 73 Å), m(Mo-Ka) = 4.948 mm21,
F(000) = 1440.

Refinement converged at a final R = 0.0665 (wR2 = 0.1506, for all 5188
unique data 344 parameters, mean and maximum d/s 0.000, 0.000), with
allowance for the thermal anisotropy of all non-hydrogen atoms. Minimum
and maximum final electron density 20.892 and 1.150 e A23. CCDC
182/670.
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Fig. 2 The molecular structure determined for 3. Bond lengths (Å) and
angles (°): Pt–P(1) 2.232(4), Pt–P(2) 2.313(4), Pt–S 2.328(4), Pt–C(1)
2.202(14), Pt–C(34) 3.05 Å; C(1)–Pt–P(1) 93.3(4), P(1)–Pt–P(2) 85.49(13),
C(1)–Pt–S, 82.7(4), P(2)–Pt–S 98.60(13)°.

Scheme 1
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