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Abstract

The reaction of PtCl,(diphosphine) with mono and bidentate phosphines has been investigated by NMR spectroscopy. {Pt(diphos-
phineXPMe,),]**, [Pt(diphosphine),]?* and [Pt{(S,S)-bdppX(S,S)-chiraphos)]?* cations have been characterized by °'P NMR and
conductivity measurements. The presence of tin(I) chloride promotes the formation of the complex cations. Evidence for coordination of
the diphosphine in monodentate mode has been obtained by NMR spectroscopy. The platinum species possessing a platinum—tin bond
and ionic complexes with an SnClJ counterion can easily be distinguished by "19Sn Mossbauer spectroscopy. Asymmetric hydroformyla-
tion of styrene with [P((S,S)-bdpp),]**(SnCl3 ), as catalyst precursor gave chemo-, regio- and enantio-selectivities different from those
obtained with the covalent PtCISnCl1,X(S,S)-bdpp) as catalyst precursor.
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1. Introduction

Complex cations [Pt(monophosphine), X]* (X = Cl,
H) have been known for many years [1-4]. The facile
formation of the cation [PtCl(diphosphine)(monophos-
phine)]* containing three ligating P atoms with a SnCl;
counterion was observed in the reaction of PtCl,(di-
phosphine) and various monophosphines [5] and some
of these ionic species prepared in situ turned out to be
very efficient catalysts in hydroformylation [6]. In the
case of optically active chelating diphosphines moderate
to high ee’s were obtained in the enantioselective hy-
droformylation of styrene. An increase in the optical
yield was observed when both mono- and optically
active bidentate phosphines were used simultaneously in
rhodium- and palladium-catalyzed homogeneous hydro-
genation and hydroalkoxycarbonylation, respectively
[7,8). There has been no previous study of the platinum
complexes formed in the presence of an excess of a
diphosphine (with or without tin(II)chloride).

Although insertion of SnCl, into a transition metal—
transition metal or transition metal-halide bond has
been investigated thoroughly by Mossbauer spec-
troscopy in the case of manganese and vanadium [9-~12]
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for example, little is known about the related platinum
complexes. The equilibria involving SnCl; are well-
known for platinum species and have been investigated
in detail by various NMR techniques [13], but no at-
tempt has been made to use Mossbauer spectroscopy to
compare platinum complexes containing covalently
bonded SnCl; ligand with ion pairs in which SnCl;
acts as a counterion.

We describe below the results of >’ P NMR and ''?Sn
Mossbauer studies of platinum—phosphine—tin(II) chlo-
ride systems as well as their catalytic behavior.

2. Results and discussion

2.1.7'P NMR investigation and conductivity measure-
ments with PtCl,(PP) + PP systems

When instead of a monophosphine one equivalent of
diphosphine (chiraphos = (2S,3S)-2,3-bis(diphenyl-
phosphino)-butane, bdpp = (25,45)-2,4-bis(diphenyl-
phosphino)pentane, diop = (25,35)-2,3-0-isopropyl-
idene-2,3-dihydroxy-1,4-bis(diphenylphosphino)butane)
was added to a solution of a PtCl,(PP) complex pre-
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pared from the corresponding bidentate phosphine
(where PP = bdpp, chiraphos, diop), products of a dif-
ferent type were obtained with structure depending
strongly on the size of the chelate ring.

Whereas the addition of chiraphos (able to form
five-membered chelate ring) resulted in the fast and
exclusive formation of [Pt(chiraphos),]**(Cl7), (3)
ionic complex (Eq. (1)), the corresponding reaction of
bdpp (six-membered chelate ring), gave a 25% yield of
the cation (1) (containing three ligating P atoms and
bearing a single, positive charge), one diphenylphos-
phino center remaining uncoordinated. The formation of
the cation 2 of similar structure requires the presence of
tin(II) chloride in the case of diop (Eq. (3)). In the
absence of added tin(II) chloride no reaction was ob-
served.

The ionic species show *'P NMR spectra characteris-
tic of square-planar PtP;X species. The values of the
J(Pt-P) and J(P-P) coupling constants clearly indicate
the presence of two phosphine ligand trans to each
other and a third trans to chloride (Table 1). In addition
to 1 and 2 a minor component of rather similar structure
was detected in both cases. The similar spectrum, con-
sisting of three doublets of doublets, suggests the possi-
ble formation of a five-coordinate covalent complex
PtCl,(diphosphine),, on which one of the diphosphines
is in monodentate mode.

The use of one or two equivalent of SnCl, resulted
in the quantitative formation of a new [Pt(bdpp),]**

Table 1
3P NMR data for platinum—diphosphine cations

complex cation (4) with C17, SnCI; or 2 SnCl; coun-
terions, respectively (Eq. (4)).

PtCl,[( S,S)-chiraphos] + (S,S)-chirapos

— [Pt(S,S)-chiraphos,]** (CI7), (1)
3
PtC1,(PP) + PP

- [PtCI(PP)P] " CI
( (2)
p 1 (PP =(S,S)-bdpp)
PtC1,(PP) + PP + SnCl,

- [PtCI(PP)P] " (SnCl3)
( (3)
P 2 (PP=(S.S)-diop)

PtCL,[( S,S)-bdpp] + ( S,$)-bdpp + 2SnCl,

- [Pt( S,S)-bdpp,]** (SnCl3 ), (4)
4
Probably because of steric effects only the five- and

six-membered chelate rings such as chiraphos and bdpp,
can give the corresponding [PtP,]** cation, diop, which

Cation & (ppm) Coupling constants (Hz)
J(P-Pt) Others
1?2 28.0 (P*) 2348 J(PA-PB) =137
17.1 (P®) 3493 JPA-PC) =379
9.8 (PC) 2270 J(PB-p®) =282
04°
2 21.7 (P*) 2418 J(PA-PB) =17
4.8 (PB) 3556 J(PA-PC) =397
0.9 (P%) 2302 J(PB-pP€) =18
-225°
[PK(S, S)-chiraphos), ]** (3) 48.1 2272
[P1((5, S)-bdpp), >+ (4) 72 2228
[Pr((S, 5)-bdppXPMe,),I** (5) © 122 (P*) 2214 J(AA) =332
—22.8 (PX) 2242 J(XX') =297
J(AX)= —23
J(AX') = 306
[PH((S, S)-chiraphos)(S, S)-bdpp)** (6) © 44.8 (P*) 2216 J(AX) =362
8.5 (PX) 2277 JXX')=125.0
J(AX)= —18.4
J(AX') =295.3

* The three coordinated phosphorus atoms give AMX coupling system resulting in dd patterns for each phosphorus.

® Noncoordinated phosphorus.

¢ The chemical shifts and coupling constants are obtained from spin simulation of the AA'XX' second order coupling system.
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Fig. 1. *'P NMR spectrum of [Pt((S,5)-bdppX(S.S)-chiraphos)]** (total spectrum; °

]2+

chiraphos), ** impurities, respectively).

can give seven-membered rings, cannot be attached to
the platinum as a second chelating ligand, and so the
complex formed in this case remains in a PtP; state. The
bidentate phosphine (diop) acts as a monodentate ligand
in cation 3 even in the presence of tin(I) chloride. No
evidence for the formation of a [Pt(diop),]** cation and
an ‘‘arm-off”’ dissociation of one of the diop ligands
has been obtained by NMR spectroscopy.

The chelate effect also plays an important role in the
formation of [PtP,]*" complexes. If one of the two
chelating phosphines is replaced by two monotertiary
phosphines (PPh;, PBu,;, PMe,, etc.) in the in situ
system, only the small and basic trimethylphosphine can
coordinate to the platinum in the presence of tin(II)
chloride to give the cation [Pt(bdpp)(PMe,),** (5). In
the other cases the reaction stops at the PtP; state i.e. at

T
20

(LA S S B |

10 X 0 ppm

and *" stand for [Pi((S,S)-bdpp),I** and P«(S,S)-

[Pt(diphosphine)(monophosphine)C1]* [5]. The *'P
NMR spectrum of 5 is typical of a second-order AA' XX’
spin system. The spin simulation parameters used for
obtaining best fit to the measured spectrum are listed in
Table 1.

Surprisingly, when PtCl,((S,S)-bdpp) was treated
with chiraphos the results in the presence of one equiva-
lent of SnCl, were completely different from those in
the presence of two equivalents. In the first case an
approximately equimolar mixture of [Pt((S,S)-bddp),**
(4) and [Pt((S,S)-chiraphos), ]** (3) cations was formed
(Eq. (5)), while the use of a further equivalent of tin(I)
chloride resulted in a ‘‘mixed-diphosphine’’ platinum-
containing cation [Pt((S,S)-bdpp)((S,S)-chiraphos)]** (6)
(Eq. (6)). This also gives an AA' XX’ *>'P NMR spec-
trum similar to that of 5 and attributable to the chemi-
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Fig. 2. °'P NMR spectra of [Pt((S.5)-bdppX(S,$)-chiraphos)]** (measured and simulated spectra of the central lines assigned to PX
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Table 2
Conductivity data for PtCL,[(S, $)-bdpp) +SnCl, systems in CH,Cl,

System

Equivalent conductance, A,
(cm? mol™! ohm™!)

P(Cl,(bdpp) 0.591
PtCl,(bdpp) + bdpp 48.33
PIC1,(bdpp) + bdpp + SnCl, 79.7

PtCl,(bdpp) + bdpp + 28nCl, 69.8

cally and magnetically nonequivalent phosphorous
atoms of the two different phosphines (Fig. 1). The
original and simulated spectra of the phosphorus atoms
bonded to platinum nuclei other than '**Pt (I =1 /2)
(‘central lines’) are depicted in Fig. 2. These central
lines are flanked by platinum satellites as a result of
1%3py 3p coupling constants in the range of 2200-2300
Hz, which indicates that each phosphine phosphorus is
trans to a phosphorus of the other ligand and a comylex
of square-planar geometry. The absence of ''*''’Sn-
satellites in the *'P NMR spectrum indicates that there
is no direct platinum—tin bond.

PtCl,[( S,S)-bdpp] + (S,S)-chiraphos + SnCl, —
0.5[Pt(( S,S)-bdpp),]** C1~(SnCl;)

+0.5[Pt(( S,5)-chiraphos),] > (C17)(SnCl; )  (5)
PtCl,[( S,S)-bdpp] + (S,S)-chiraphos + 2SnCl, —
[Pt((S,S)-bdpp)(( S,S)-chiraphos)]** (SnCl3 ),  (6)

The formation of ionic complexes was also con-
firmed by conductivity measurements. The equivalent
conductance of the ‘‘covalent’’ PtCl,[(S,S)-bdpp] in
dichloromethane increased by two orders of magnitude
upon addition of a second bdpp in keeping with Eq. (1).
A further increase brought about by the addition of one
equivalent of tin(II) chloride, as a consequence of the
complete formation of [Pt((S,S)-bdpp),]** cation (Eq.
(2)). A slight decrease upon addition of second equiva-
lent of tin(II) chloride can be attributed to the presence
of two SnCl; counterions (Eq. (3)) rather than C1~ and

one SnCl; (Table 2), the smaller ionic mobility of
SnCl; leading to a decrease in the anionic conductance.

119 .. . . .
2.2. "7Sn Mossbauer investigation of platinum com-
plexes possessing SnCl; as a ligand or counterion

Further evidence for the ionic character of the above
species was gained by Mossbauer spectroscopy because
in the tin-containing complexes there is a strong correla-
tion between the Mossbauer parameters (isomeric shift
and quadrupole splitting) and the electronic structure of
tin. The isomeric shift of tin is proportional to the
electron charge density at the nucleus. The s-electrons
have a finite density at the nucleus and so an increase in
the population of the s-orbitals increases the isomeric
shift of tin. An increase in the population of the other
orbitals (p, d) lowers the isomeric shift owing to their
screening effect on the s-electrons. The quadrupole
splitting measures the electric field gradient at the nu-
cleus and so information about the symmetry of the
charge distribution around the nucleus.

Since the Sn** and Sn** ions are 5s® and 4d'°
species, respectively, they represent the positive (+ 5.6
mm s~') and negative (—3 mm s™') ends of the
isomeric shift scale for tin [14].

In four-coordinate square-planar PtCI(PP)(SnCl,)
complexes containing a covalently bonded trichlorostan-
nato ligand the phosphine ligands seem to have an
almost negligible effect on the isomeric shift and the
quadrupole splitting values. In all cases (five-, six- and
seven-membered chelate rings) both are in the region of
2 mm s~ and show a slight decrease with increase in
the size of the chelate ring (Table 3, run, 1-4).

The spectra of the cationic complexes, in which three
or four phosphorus atoms are bonded to platinum, re-
veal the presence of two components in each case
except the one for that the frozen liquid-phase experi-
ment, where a precipitate, formed as a minor component
was separated. This minor component (isomeric shift
0.41 mm s~', quadrupolar splitting 0.35 mm s~ ') is
thought to be SnOCl; anion, formed by oxidation of

Table 3

"19Sn Mossbauer data for platinum-phosphine—~tin(II) chloride systems

Run Complex ® Isomeric shift Q splitting
(mms™") (mms™")

1 PtCI(SnCl1,)[(S, S)-chiraphos] 2.024 2.079

2 PtCl(SnC1, Xdppp) 1.954 1.971

3 PtCI(SnCl,)((S, S)-bdpp] 2.007 2.010

4 PtCI(SnCl; X(dppb) 1.979 1.962

5 [P((S, S)-chiraphos),]**(SnCl3 ), 3.32 1.38

6 [PtCI(dpppXPPh3)]* (SnCl3) 3.25 1.43

7 [PH(S, §)-bdpp),I**(SnCl3 ), 3.331 1.400

8 [PU(S, S)-bdpp),I** (SnCl3 ), ® 3.450 1.183

* dppp = 1,3-bis(diphenylphosphino)propane; dppb = 1,4-bis(diphenylphosphino)butane
b

Frozen from a 0.025 mmol cm~* CH,Cl, solution.
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Fig. 3. "'”Sn Mossbauer spectra of [Pt((S,5)-bdpp),** (SnCi;3 ),
and PtCYSnCl;X(S,5)-bdpp) (<< stands for PHIV) derivative of
unknown structure).

SnCl3 in the dichloromethane solvent. The major com-
ponent was identified as the well-known trichlorostan-
nate anion (isomeric shift 3.2-3.4 mm s~', quadrupolar
splitting 1.38—1.43 mm s~ '). No significant effect of
the phosphines on the Mossbauer data was observed,
indicating that the phosphines have no influence on the
electronic structure of tin.

The Mssbauer spectrum of an easily distinguishable
covalent—ionic complex pair (bdpp as chelating ligand)
is depicted in Fig. 3.

Table 4

2.3. Asymmetric hydroformylation in the presence of
[PH(S,S)-bdpp), > * (SnCl; ), precursor

The title complexes were used for the enantioselec-
tive hydroformylation of styrene.

PhCH=CH, + CO + H,

— PhCH *(CHO)CH, + Ph(CH,),CHO + PhC,H,
B L

The [Pt((25,45)-bdpp),** (SnCl3), complex is a
suitable catalyst for hydroformylation, although at low
temperature, at which good optical yields are expected,
the relatively strong Pt—P bonds probably inhibit disso-
ciation and so the complex is too stable for carbon
monoxide and olefin coordination. Although even at
higher temperatures the presence of an excess of phos-
phine (relative to the amount of PtCl,(PP) and SnCl,)
causes inhibition the complex proved to be an active
hydroformylation catalyst. (It should be noted that the
use of basic monophosphines (e.g. PBu, or PMe,) in a
two-fold (or larger) excess in a PtCl,(diphosphine) +
monophosphine + tin(II) chloride in situ system results
in a practically inactive system.)

The presence of novel catalytic intermediates can be
deduced from the following observations. The selectivi-
ties are different from those with PtCI(SnCl,)[(25,45)-
bdpp] a precursor; while the chemoselectivity towards
aldehydes is higher the regioselectivity toward branched
aldehyde is lower (Table 4). The most interesting fea-
ture of this system, the strong temperature dependence
of the optical yield, is also different from that discussed
earlier. Whereas when PtCI(SnCl,){(25,45)-bdpp] is
used as a precursor the change of the absolute configu-
ration occurs at 88°C, in the presence of an excess of
chiral diphosphine (S)-2-phenylpropanal is predominate
even at 100°C. The R enantiomer becomes dominant
only above 105°C.

The dissociation of one of the phosphorus atoms
could result in a ‘‘PtP;”’ species coordinating with one

Hydroformylation of styrene with [P((2S, 45)-bdpp),J** (SnCl3), as catalytic precursor

Temperature (°C) Reaction time (h) Conversion (%) R: ® (%) Rgp € (%) ee (%)
40 72 — — — —
40 ¢ 55 76 96 42 64.5(5)
60 72 58.6 96.1 319 49.8(5)
100 15 66.4 90.7 31.7 3.6(8)
100 ¢ 4.5 76 86 27 17.1(R)
120 15 89.1 84.6 26.2 11.7(R)

¥ Reaction conditions: 35 ml toluene; 0.1 mol substrate; Pt/substrate = 1,/2000; p(CO) = p(H,) = 40 bar.

® chemoselectivity (mol aldehyde /mol reacted substrate X 100).

¢ regioselectivity towards branched aldehyde (mol B /(mol B + mol L) X 100.
¢ results obtained with PtCI(SnCl,X(2S, 4S)-bdpp) precursor (See Ref. [15).
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of the diphosphines in monodentate mode under *‘oxo-
conditions’’. If it is assumed that these species are
responsible for the observed differences in selectivities,
the activation of the olefin, its insertion into a Pt—H
bond and the further steps of the hydroformylation
mechanism might involve a five-coordinate catalytic
species.

3. Experimental details
3.1. Reagents and measurements

The PtCl,P,-type complexes were prepared by the
standard methods [15]. The anhydrous SnCl, was made
by dehydrating SnCl,-2H,0 with a stoichiometric
amount of acetic anhydride followed by washing with
ether.

The ionic complexes were isolated as bright transpar-
ent crystals or as white powders by adding cold pentane
dropwise to their dichloromethane solutions.

The >'P NMR spectra were recorded in CD,Cl, and
CDCIl, solutions on a Varian Unity 300 spectrometer
operating at 121.42 MHz. The signals were referenced
to the external 85% H,PO,. (A positive sign indicates a
shift to lower field.) The measurements were carried out
under argon.

The ''Sn Mossbauer spectra were recorded on a
conventional RANGER spectrometer in constant accel-
erating mode with a source of activity of 1 GBq.
Computer analysis was used to determine isomeric shifts
(IS) and quadrupole splitting (QS) values. The repro-
ducibility of the Mdssbauer parameters was found to be
+0.02 mm s~' (IS) and +0.04 mm s~' (QS), respec-
tively. The IS values are relative to that for CaSnO,.

The conductivity measurements were carried out un-
der argon in freshly distilled CH,Cl,.

3.2. Hydroformylation experiments

In a typical experiment a solution of 0.025 mmol of
[Pt(bdpp), **(SnCl;), in 30 ml of toluene containing

0.1 mmol (11.5 ml) of styrene was transferred under
argon into a 150 ml stainless steel autoclave. The vessel
was pressurized to 80 bar total pressure (CO/H, = 1/1)
and placed in an oil bath and the mixture stirred with a
magnetic stirrer. The pressure was monitored through-
out the reaction. After cooling and venting of the auto-
clave, the pale yellow solution was removed and imme-
diately analyzed by GLC then fractionally distilled, and
the optical rotation of the 2-phenylpropanal fraction was
measured.
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