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The alkyne RCCR, R 5 CO2Me, reacts with 5-membered
metallacycles [PtMe2{SnMe2ESnMe2E}(bu2bpy)], E 5 S, Se
or Te, bu2bipy 5 4,49-di-tert-butyl-2,29-bipyridine, yielding
the corresponding 7-membered metallacycles [PtMe2-
{SnMe2ESnMe2CR]]CRE}(bu2bpy)] which slowly eliminate
“Me2SnE” to give new 5-membered metallacycles [PtMe2-
{SnMe2CR]]CRE}(bu2bpy)]; further reaction of which with
excess RCCR gives [PtMe2(CR]]CRH)(CCR)(bu2bpy)],
a complex which contains alkyl, alkenyl and alkynyl
functionalities in the same molecule.

A key property of metallacyclic compounds is their ability to
undergo easy ring expansion/contraction reactions and these
reactions are central to such useful catalytic reactions as alkene
or alkyne metathesis, dimerization or trimerization.1 This art-
icle reports that easy ring expansion and contraction can occur
in reactions of an alkyne with the metallacycles [PtMe2-
(SnMe2ESnMe2E)(bu2bpy)]; bu2bpy = 2,29-di-tert-butyl-4,49-
bipyridine, E = S, 2; Se, 3; or Te, 4, which are easily prepared by
reaction of (Me2SnE)3 with [PtMe2(bu2bpy)] 1, as shown in
Scheme 1.2 These appear to be unique examples of such reac-
tions in heteronuclear metallacycles; the closest analogy
appears to be the single chalcogen atom abstraction, which
converts the 6-membered PtIIENC(Ph)NE (E = S or Se) ring to
a 5-membered ring.3

The electrophilic alkyne dimethyl acetylenedicarboxylate
inserts regioselectively into a Sn–E bond of the 5-membered
metallacycle 2, 3, or 4 to form the corresponding 7-membered
metallacycle 5, 6, or 7. These reactions are complete in about
1 h at room temperature and the products are yellow and air-
stable when E = S or Se, but dark brown and air sensitive when
E = Te. They were characterized by their NMR spectra 4 and,
for complex 6 by an X-ray structure determination.5 The 1H
NMR spectra of 5–7 contain four MeSn, two MePt and two
MeO resonances, each corresponding to three protons, and so
demonstrate that one equivalent of alkyne has been added. The
119Sn NMR spectrum of 5 contained two resonances, one of
which displayed a coupling 1J(PtSn) = 11 860 Hz, thus showing
that the Pt–Sn bond was still present, and both resonances
exhibited a coupling 2J(Sn1–Sn2) = 151 Hz, thus showing that
the PtSnMe2SSnMe2 unit was still present. Final proof that
insertion occurred into the remaining PtE–Sn bond of 2–4
was obtained from the structure determination for complex 6
(Fig. 1).5 The conformation of the 7-membered ring leads to
relatively short transannular distances Sn2 ? ? ? Se1 = 3.42 Å,
Sn1 ? ? ? Se1 = 3.48 Å, perhaps indicating weak secondary bond-
ing between these atoms. The stereochemistry at the C]]C bond
is cis and one CO2Me group stacks below the bipyridyl ligand.
It is interesting that the Sn–E bonds in the precursor molecules
(Me2SnE)3 are unreactive towards this alkyne, and so the Sn–E
bond is activated within the platinum complex. We suggest that
the reaction is initiated by nucleophilic attack from a lone pair
of electrons of the PtE group on the electrophilic alkyne, and
that the nucleophilicity of E is increased by donation of elec-
tron density from the trans MePt group. The complexes 2–4 are
unreactive towards less electrophilic alkynes such as PhCCPh.

The complexes 5–7 decompose, over a period of about 8
hours at room temperature in solution in CH2Cl2 by elimination
of (Me2SnE)3 (identified by its NMR spectrum) 2,3 to form the
5-membered metallacycles 8–10, Scheme 1. The 1H NMR of
complexes 8–10 each contained two MeSn, two MePt and two
MeO resonances, and the 119Sn NMR spectra each contain only
one resonance with a large coupling due to 1J(PtSn).4 The
structure of 9 is shown in Fig. 2.5 The 5-membered PtSnC]]CSe
ring is only slightly distorted from planarity (torsional angle
Pt–Se–C]]C = 28.68; Pt–Sn–C]]C = 9.38), in contrast to the
twisted conformation adopted by the 7-membered ring in 6 and
the envelope conformations of 2–4.2,3 In both 6 and 9, the Pt–N
distance trans to tin is longer than that trans to methyl, as a
result of the very high trans influence of tin.

Complex 9 reacts catalytically with excess (Me2SnSe)3 and
RCCR to give a mixture of products. When reactions were
monitored by 1H NMR, 9 was shown to remain as the catalyst

Scheme 1 R = CO2Me.
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“resting state”. The organoselenium complexes were separated
chromatographically and identified as a mixture of the known 6

selenole 11 and the bis(Z-alkenyl)selenium compound 12,4,7 but
an organotin product, 13, shown to be present in the reaction
mixture by its NMR spectra,4 was decomposed on the column
and so was not isolated in pure form or structurally character-
ized. The same organoselenium and organotin compounds
were formed stoichiometrically by reaction of 9 with excess
alkyne but, in this case, a new organoplatinum complex 14 was
also formed as shown in Scheme 2. Complex 14 is stable and
fails to react with either (Me2SnSe)3 or excess alkyne; it is a
unique organoplatinum() complex in that it contains two
methyl groups, an alkenyl and an alkynyl group and it has been
characterized by its 1H and 13C NMR spectra and by a structure
determination (Fig. 3).4,5 One methyl group and the alkenyl
group are trans to nitrogen donors while the other methyl group
and the alkynyl group are mutually trans. The formation of the
alkenyl groups present in compounds 12 and 14 requires that an
H-atom abstraction step must occur and, since the alkenyl
proton is still observed in the 1H NMR when the reaction is
carried out in deuteriated solvents such as CD2Cl2 or C6D6, the
source of the H-atom in the CR]]CRH group must be one of
the reagents used. The formation of 14 also requires cleavage of
a C–C bond of the alkyne and the fate of the CO2Me fragment

Fig. 1 The molecular structure of 6. Selected bond distances (Å): Pt–
N(2) 2.156(3), Pt–N(1) 2.228(4), Pt–C(1) 2.085(5), Pt–C(2) 2.065(5), Pt–
Sn(2) 2.5625(4), Sn(2)–Se(2) 2.5671(6), Se(2)–Sn(1) 2.5137(6), Sn(1)–
C(3) 2.161(6), C(3)–C(6) 1.323(7), C(6)–Se(1) 1.919(4), Se(1)–Pt
2.5380(5). Bond angles (8): Pt–Sn(2)–Se(2) 114.52(2), Sn(2)–Se(2)–Sn(1)
103.19(2), Se(2)–Sn(1)–C(3) 112.4(1), Sn(1)–C(3)–C(6) 122.2(4), C(3)–
C(6)–Se(1) 121.4(4), C(6)–Se(1)–Pt 106.4(1), Se(1)–Pt–Sn(2) 84.12(1).

Fig. 2 The molecular structure of 9. Selected bond distances (Å): Pt–
C(1) 2.062(9), Pt–C(2) 2.091(8), Pt–Sn(1) 2.5578(7), Pt–Se(1) 2.5303(9),
Pt–N(1) 2.144(6), Pt–N(2) 2.244(7). Bond angles (8): Se(1)–Pt–Sn(1)
88.60(3), Pt–Sn(1)–C(7) 99.0(2), Sn(1)–C(7)–C(8) 120.6(6), C(7)–C(8)–
Se(1) 109.4(5), C(8)–Se(1)–Pt 104.5(2).

that is eliminated is unknown. It had been envisioned that the
platinum complex 9 might catalyze the reaction of (Me2SnSe)3

with RCCR to give organotin metallacycles of the form {(Me2-
SnSe)n(RCCR)m}, but the actual catalytic reactions are clearly
more complex. The nature of the organoselenium products
suggests that reaction of 9 with alkyne may be initiated by
nucleophilic attack by selenium on the electrophilic alkyne, but
the mechanisms of subsequent steps are still to be determined.
This work is significant in showing that Sn–E bonds are
strongly activated within organoplatinum metallacycles, that
easy ring expansion and contraction can occur in reactions
with an electrophilic alkyne, and that catalytic reactions may be
developed.
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