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Formation of Platinum-Tin Bond by
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The first '"®Sn NMR evidence for the presence of direct platinum-tin bond in
solution has been obtained for PtCl(SnCl;)(bdpp) complex (bdpp=(2S,45)-
2,4-bis(diphenylphosphino)pentane). Various PtCl,(L,) complexes (L, = hetero-
bidentate P-P, P-O, P-N, P-S chelating ligands) have been reacted with
tin(Il)chioride resulting in the formation of the corresponding PtCl(SnCl;)(L,)
derivatives. Tin(II)chloride has been inserted into the Pt-Cl bond truns to the
harder donor atom of the L, ligand.
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INTRODUCTION

The importance of tin(II)halide additives in various homogeneous platinum-
catalyzed reactions is well known. Tin(II)chloride has been used for a long
time in hydrogenation reactions carried out in the presence of chloroplatinic
acid [1].

The hydroformylation of various functionalized and unfunctionalized
alkenes with platinum-phosphine-tin(II)chloride “preformed” and “in situ”
systems is also well documented [2-6]. The most often used systems
contain PtCl,(diphosphine) and PtCl(SnCl,)(diphosphine) precursors.
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Although the investigation of “tin chloride-free” ionic systems [7-10] are
of increasing importance, the application of the platinum-tin systems of the
above type is still overhelming.

In spite of the wide application of platinum catalysts in hydroformyla-
tion in the past two decades, the reaction mechanism has still some open
questions. The details of the reaction mechanism, especially the role of
tin(Il)halides in various steps of the reaction mechanism, have been dis-
cussed on the basis of NMR investigations using suitable model com-
pounds [ 11-13] and HP NMR under “real oxo-conditions” [ 14, 15].

The NMR has proven to be extremely useful in determining the
geometry of platinum-tin complexes in solutions [ 16]. Tin has three dif-
ferent isotopes with /= 1/2 that are observable by NMR spectroscopy. Two
of these, ''”Sn and ''’Sn, have reasonable natural abondances (8.6% and
7.6 %, respectively). For determination of NMR patterns either by direct
detection or their coupling to other NMR active nuclei can be considered.
Due to its slightly higher receptivity, !'Sn is usually the isotope that is
observed. Since tin chemical shifts are notoriously solvent and temperature
dependent, especially the coupling constants give important information on
the relative geometry of NMR active nuclei.

Although the existence of a direct platinum-tin bond in PtX(SnCl;)(L,)
complexes (where X=1, Cl; L,=mono or bidentate neutral ligand) has
been shown by the presence of tin satellites in 3P NMR (J(''"!'°Sn, 3!P)
coupling constant) [17] and by X-ray structural determination [ 18], to
the best of our knowledge, direct ''"Sn NMR-based proof for these
catalytically important species containing chelating diphosphine has not
been obtained yet.

The insertion of SnCl, into metal-halide bonds which is one of the
fundamental reactions in coordination chemistry has been reviewed [19].
It is known for a long time, that both cis- and trans-PtCly(L,) (L =
monodentate phosphine) complexes react with tin(II)chloride yielding
exclusively trans-PtCl(SnCl;)L, [ 20]. Due to the applicability of platinum-
diphosphine-tin(II)chloride systems as homogeneous catalysts, the struc-
ture of the corresponding PtCl(SnCl,)(diphosphine) precursors has been
studied in detail by *'P NMR spectroscopy. The PtCl,(L,) complexes con-
tain mainly bidentate ligands of C, symmetry (L,), like the chiral diop
[21-231, chiraphos [241, bdpp [25], etc. or achiral PPh,(CH,}, PPh,-type
diphosphines [26]. There are also some applications for diphosphines pos-
sessing two different diphenylphosphino groups like prophos [27], bppm
[28]. The successful application of a heterobidentate phosphine—-phosphite
ligand with binaphtyl skeleton in rhodium-catalyzed asymmetric hydrofor-
mylation [29, 30] focused attention to the importance of heterobidentate
ligands [S].
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In the present paper, we report on the first '"”Sn NMR of a
PtCl(SnCl,)(diphosphine) complex and the selectivity of tin(II)chloride
insertion into PtCl,(L,) complexes containing heterobidentate ligands.

EXPERIMENTAL

Chemicals

The diphosphine ligand, bdpp were purchased from Strem and has
been used without further purification. Anhydrous tin(II)chloride was
prepared from SnCl,.2H,O by reacting it with acetic anhydride and
washing with ether. The heterobidentate ligands, 1-4 were prepared as
described previously [31-34]. All PtCl,(L,) complexes were prepared
according to the literature using PtCl,(PhCN), as starting complex [35].
All complexes gave satisfactory elemental analysis.

Instrumentation

'H and *'P NMR spectra were recorded in CDCl; on a Varian Unity
300 spectrometer at 300 and 121.4 MHz, respectively. Chemical shifts
are reported in J ppm, referred to TMS (tetramethylsilane) as internal
standard and to orthophosphoric acid (85%, higher fields refer to lower
chemical shifts) as external standard. '""Sn NMR were recorded in
CD,Cl,/CH,Cl, on a JEOL GSX-270 spectrometer at 100.6 MHz. ''*Sn
chemical shifts are reported in ppm relative to tetramethylstannane.

RESULTS AND DISCUSSION

119Gn NMR of PtCI(SnCl,)(bdpp) (bdpp = (25,45)-
2,4-bis(diphenylphosphino)pentane)

The above complex containing a diphosphine ligand of C, symmetry
(Fig. 1) has been used succesfully in enantioselective hydroformylation
and its structure was determined by usual analytical methods [ 18]. The
characteristic 2J_("'"'%Sn, 3'P) and %J,,,,(!VSn, 3'P), 2J,,...('**Sn, >'P)
coupling constants of 180 Hz and 3933 Hz, 4115 Hz, respectively, obtained
from *P NMR spectrum, refer to the presence of a direct platinum-tin
bond. The two-bond coupling of tin to the trans phosphorus atom is more
than an order of magnitude larger than that to a cis phosphorus, as it is
expected. It is worth noting, that the determination of a 2J(Sn, P) coupling
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Fig. 1. The structure of PtCl{SnCl;)(bdpp) complex.

constants from a *'P NMR requires a very high signal to noise ratio,
because of the low intensity of the tin satellites. (They are as small as ca.
4% of the intensity of the main peak (central line) of the multiplet.)

Unfortunately, the Pt NMR measurements did not result in a spec-
trum of satisfactory quality giving the exact coupling information.

However, the ''"Sn NMR obtained in CD,Cl,/CH,Cl, displays a
characteristic multiplet at —21.95 ppm. The central dd pattern, due to the
coupling of ''”Sn nuclei to two chemically nonequivalent phosphorus of
bdpp, is flanked by platinum satellites of ca. 17% intensity as a conse-
quence of the 33.8 % natural abundance of '*Pt (/= 1,2). Both 2J_,(''°Sn, *'P)
=187.1 Hz and %J,,,,("'°Sn, *'P) = 4090 Hz coupling constants can easily
be determined. The difference between 2J,(Sn, P) coupling constants
obtained in *'P (vide supra) and '"’Sn NMR measurements are due to the
overlapping of ''’Sn and ''*Sn satellites in *'P NMR resulting in a much
broader satellite than usual.

The 'J('°Pt, '"Sn) coupling constant (16945 Hz) is an unques-
tionable proof for the direct platinum-tin bond. For the above square
planar complex, the magnitude of the tin-platinum coupling constant is in
agreement with the presence of a phosphine trans to the tin atom.

NMR Investigation of the SnCl, Insertion into the Pt—Cl Bond of
PtCl,(Heterobidentate Ligand)-Type Complexes

Although the PtCI(SnCl;)(c,-diphoshine) complexes have been
characterized carefully and their formation as a function of electronic and
steric parameters of the phosphine has been usually discussed together with
their catalytic investigation, a little is known about Pt-SnCl; complexes
containing various heterobidentate ligands. Therefore, PtCl,(L,) complexes
(where L, stands for 2-diphenylphosphino-1,1’'-(1-dicyclohexylphosphino-
1,3-propanediyl)ferrocene (1), 1-diphenylphosphino-a-N,N-dimethylamino
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[ 2,3 Jtetramethyleneferrocene (2), 2-diphenylphosphino-2’-diphenylphosphinyl-
1,1’-binaphthyl (3), and S-methyl 2-diphenylphosphino-1,1’-binaphthyl-2’-
thiol (4)) were reacted with a stoichiometric amount of tin(II)chloride in
chloroform or dichloromethane (Scheme 1). (All ligands were used in
racemic form.) The formation of the corresponding PtCl(SnCl;)(L,) has

PPh,

e snc, PN O <P1_
_— = €
pz/P \CI pz)D \SnCI;, P2 (O

1a 1b 1
SHER

P1> V. SnCl,
P2 g
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NO 1 snal, N N &%’NM%
PK —_— Pt = Fe
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Ny 2 @ PPh,
2a 2b 2
, » QIO
o snc, O\ C P(O)Ph,
VAN ( AN ) PPh
P’ al ~p” SnCl P @@ 2
3a 3b 3
CS\P <C' SnCl, (S\Pt/C' <S ) O @ SCH,
- ~ - PPh
" i p” sncl, P @@ 2
4a 4b 4

Scheme 1. The reaction of SnCl, with PtCl,(L) complexes containing heterobidentate P-P.
P-N, P-O, P-S8 chelating ligands (L) (in complexes 1a, 1b, and 1b": P' = PCy,, P>=PPh,).
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Table 1. 3P NMR Data of Pt Complexes Containing Heterobidentate Ligands

SP lJ( 195Pt’ 31]_')) .](Pl, PZ) ZJ(SIP, 1|7Sn) 2‘](31[), 119Sn)

Complexes® ppm Hz Hz Hz Hz

PtCKSnCl3)(1) (1b)? 0.2 3446 15 205¢ _d
537 2921 3630 3812

PtCH{SnCl4)(1} {1b")¢ 8.5 2931 16 4220 4408
594 3426 1934 —

PtCI(SnCl;)(2) (2b) 2.0 3933 — 186 195

PtCl(SnCl;3)(3) (3b) 16.7 3812 — 1854 —
483

PtCl(SnCl,)(4) (4b) 11.6 3753 — 2004 —d

“ For structures of 1b-4b see Scheme 1.

# SnCl, moiety trans to PCy,.

¢ SnCl; moiety frans to PPh,.

411780 and '"Sn satellites (27, (''7""?Sn, 3'P) coincide.

been observed in all cases. The presence of trichlorostannato moiety in the
complex has been proved by NMR. Both the changes of the *'P chemical
shifts in PtCl,(L,) complexes and the presence of the tin satellites in 3!'P
NMR indicate it (Table 1).

Two isomers, 1b and 1b’ have been formed in a ratio of ca. 60/40,
when diphosphine (1) possessing two different donor phosphorus has
been used as bidentate ligand. The signal of the phosphorus possessing
LJ(1%Pt, *'P) less than 3000 Hz can be assigned to phosphorus trans to the
trichlorostannato ligand. The structure can also be verified considering the
presence of the corresponding tin satellites on the phosphorus signals. In
the prevailing trichlorostannato complex (1b) the tin{II)chloride insertion
takes place trans to the more basic dicyclohexylphosphino moiety. It is
worth noting that similar selectivity was obtained with PtCl,(prophos)
(prophos = 1,2-bis{diphenylphosphino)propane), where tin(II)chloride inser-
tion took place trans to the slightly more basic phosphorus adjacent to CH(CH,)
moiety of the phosphine backbone [27].

Surprisingly high selectivity has been obtained for the reaction of
PtCl,(2) (2a), PtCl,(3) (3a), PtCl,(4) (4a), with tin(II)chloride resulting
in the formation of 2b, 3b, and 4b, respectively. In these cases, where
the basicity of the two donor functionality is substantially different,
tin(1I)chloride insertion into Pt-Cl bond takes place selectively trans to the
harder donor ligand.
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In case of 2b the ¢is position of the phosphorus and the trichlorostan-
nato ligand has been proved by the characteristic 2J,.(''7!°Sn, 3'P)
coupling constant in *'P NMR. The coordination of nitrogen was proved by
the Pt satellites of the proton signals (*J('*°Pt, '"H) =26 Hz, *J('*°Pt, 'H)
=30 Hz) of the diastereotopic NMe, methyl groups.

In complex 3b the tin satellites are in similar position indicating the cis
arrangement of P and Sn. The absence of both platinum and tin satellites
on phosphinyl phosphorus is due to the coordination P=0 moiety to
platinum through oxygen [36].

The bidentate coordination of the phosphino-thioether ligand, 4 in 4b
is proved both by *'P and 'H NMR. While the typical 2/ (''7!1°Sn, 3!'P)
refers to the phosphorus cis to trichlorostannato moiety, the *J('**Pt, 'H)
=39 Hz coupling on SCH; clearly shows the sulfur coordination, and
additionally, the 4J(!'"1'%Sn, 'H) =ca. 51 Hz appearing as week satellites,
is an indication for the Sn—-Pt-SCH; trans arrangement.

CONCLUSIONS

We have shown that the insertion of tin(Il)chloride into platinum-
chlorine bond in PtCl,(heterobidentate ligand) complexes takes place selec-
tively. The selectivity is substantially determined by the electronic proper-
ties of the donor ligands: tin(Il)chloride inserts into the Pt-Cl bond trans
to the harder donor ligand. This fact could be explained by the labilization
of the appropriate chloro ligand. It is in accordance with earlier findings,
which propose the coordination of tin(il)chloride to the halogen of
the Pt-Cl bond [37,38]. The Pt-Cl-SnCl, intermediate is probably
rearranged to Pt-SnCl; through a triangular intermediate with a platinum-
tin bridging halide.
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