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Introduction

Within the field of ligand design, incorporating strong c-elec- transformations'™ or exhibiting catalytic activity.
tron donors into the architecture of phosphine ligands often
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Bi- and tridentate stannylphosphines and their
coordination to low-valent platinumsi
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Semirigid bifunctional tin-substituted o-tolylphosphines of general formulae [Ph,P(o-CgH4CH;)SnR3|
(R = Ph, 1; R = Me, 2) and [{Ph,P(0-CgH4CH»)},SnPh,] (3) were synthesized and isolated in good yields.
The new compounds were fully characterized by single-crystal X-ray diffraction and multinuclear solution
NMR spectroscopic techniques. The observed J(*°Sn,*'P) values in solution NMR spectroscopy as
well as the P-..Sn distances in the solid state and DFT calculations (B3LYP) on compounds 1 and 3
do not support the existence of intramolecular P — Sn bond interactions in either of the three com-
pounds. 1 and 2 reacted with stoichiometric amounts of tristriphenylphosphine platinum(0) [Pt(PPhz)s]
under toluene refluxing conditions leading to formation of Pt(i) distorted square-planar complexes [Ph,P(o-
CeH4CH,)Pt(SNR=)(PPhs)], (R = Ph, 4; R = Me, 5), each bearing a five-membered carbometallated ring resulting
from Pt coordination to P and the benzylic C sp® atom of the ligand architecture rather than from activation of
the terminal Sn—C carbon bonds of the phenyl or methyl substituents which would have rendered six-mem-
bered rings. Additionally, the fragment SnRs also binds to the metal centre disposing cis to the cyclometalated
carbon atom and to the single remaining PPhs. This carbometallation takes place affecting the integrity of the
ligand skeleton. NBO calculations show the Sn fragment coordinates to the metal as X-type stannyl, SnRs. The
analogous reaction of [Pt(PPhz)s] towards the stannyldiphosphine 3 leads to the quantitative formation of
complex [(PhyP-0-CgH4CH,)Pt(PhoP-0-CeH4CH,SNPh3)], 6, which exhibits five- and six-membered metalla-
cycles at the expense of the ligand frame. All compounds were characterized exhaustively by solution spectro-
scopic measurements and by single crystal X-ray diffraction analysis. DFT computations corroborate the
higher stability of the observed products over those resulting from preservation of the ligand backbone.

leads to enhanced electron density at the transition metal
centre, in turn preparing the complex to undergo difficult
>0 Amongst
the preferred designs, phosphines functionalized with Si
occupy a privileged position."™'* In comparison, significantly
less studies incorporating the heavier group 14 elements into
phosphines have been performed.”*™” Kameo and Nakazawa
showed that in pentacoordinate trigonal bipyramidal rhodium
complexes [{(Ph,P)(CeH,4)}3E-Rh(CO)] (where E = Si, Ge, Sn)
derived of tetradentate EP;-type ligands, the c-electron donor
ability and ¢rans influence of the group 14 element E follows
the trend Sn ~ Ge < Si.*
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+VMP is delighted to dedicate Professor Robin N. Perutz this contribution in cel-
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1 Electronic supplementary information (ESI) available: NMR and IR spectra of
all complexes, X-Ray diffraction data of complexes as well as theoretical calcu-
lations details and optimizations. Text files of all computed molecule Cartesian
coordinates. CCDC 1909928-1909933 for 1-6. For ESI and crystallographic data
in CIF or other electronic format see DOI: 10.1039/c9dt03317¢c
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As an extension of our program targeting the reactivity of
semirigid phosphine ligands functionalized with Si,"*"*"
which makes use of the so-called “chelate assistance”***’
for the coordination of the group 14 element, we now
report the synthesis of organotin substituted phosphines
[Ph,P(0-C¢H,CH,)SnR;] (R = Ph, 1; R = Me, 2) and
[{Ph,P(0-C¢H,CH,)},SnPh,] (3) and their coordination to
platinum upon reaction towards tris(triphenylphosphine)plati-
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num(0), [Pt(PPh;);]. Herein we report the quantitative for-
mation of complexes 4, 5 and 6 with square planar coordi-
nation geometry about Pt, bearing five-membered metallacycle
rings resulting selectively from the activation of Sn-C sp® of
the benzylic carbons rather than of the terminal Sn-C sp?
phenyl or Sn—C sp® methyl substituents which would have ren-
dered six-membered metallacycles.

Results and discussion

Synthesis and characterization of triphenyl-(o-
diphenylphosphinobenzyl)tin [Ph,P(0-C¢H,CH,)SnPh;],
1 and trimethyl-(o-diphenylphosphinobenzyl)tin
[Ph,P(0-C¢H,CH,)SnMej], 2

Compounds 1 and 2 were synthesized as shown in
Scheme 1 from the organolithium phosphine [Ph,P(o-
C¢H,CHLLI-TMEDA)]** adapting the method previously
reported for the synthesis of o-tolyl-dimethylsilylphos-
phines.'®>>?¢ Therefore, monolithiation of diphenyl-o-tolyl-
phosphine in the presence of TMEDA and subsequent
quenching with excess R3;SnCl led after work up to pure 1 and
2 in good yields (85% and 70% respectively, Scheme 1). Their
full characterization is given in the experimental part and in
ESIL.I Herein, only the main features are discussed. Complexes 1
and 2 show in the *'P NMR spectra signals at § —16.0 and
—14.5 with *J(*'°sn,*'P) = 37 Hz and 21 Hz respectively. Dative
P — Sn interactions of different strengths leading to hyperva-
lent species have been reported in phosphorus derivatives of
Lewis acids including R,P(CH,);SnMe,Cl>’ and rigid ortho-
phenylene backbones R,P(0-C¢H,)SnCIR’,?® and (Ph,P-o-
CeH,);SnF.*° A significant dative interaction gives rise to
metallacyle rings exhibiting modified chemical shifts in
accordance with the increased coordination geometry and
enlarged J(**°Sn,*'P) coupling constants (>100 Hz).””***° The
observed J(*'°Sn,*'P) values in both our compounds 1 and 2
do not support the presence of significant P — Sn interactions.
Moreover, in the solid state the single crystal X-ray diffraction
molecular structures of 1 and 2 (Fig. 1 and ESI}) show central
sp® hybridized Sn centres with close to ideal tetrahedral angles
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Scheme 1 Synthesis of bifunctional semirigid stannylphosphine ligands
1-3.
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Fig. 1 ORTEP drawings of metalloligands 1 (left) and 3 (right) with ellip-
soids at 30% probability level and hydrogen atoms omitted for clarity.
Sn---P distances in A for 1: 3.917, for DFT-3: 3.999 and 3.975.

in 1; while those around P are in line with a trigonal pyramidal
geometry. The bond distances are also consistent with the
other reported structures of organotin functionalized
phosphines.>'*? The P---Sn distances in 1 (3.917 A) and 2 (two
crystallographic independent molecules at 3.692 A and
3.843 A) are closer to the sum of the van der Waals radii*® at
4.2 A than to the sum of covalent radii, 2.75 A.>*

Synthesis and characterization of diphenyl-bis-(o-
diphenylphosphinobenzyl)tin [{Ph,P(0-CcH,CH,)},SnPh,], 3

In analogous fashion, synthesized
in good yield (80%) as a fine white powder from the reaction
of two equivalents of lithium precursor [Ph,P(0-CsH,CH,Li-
TMEDA)]** with one equivalent of Ph,SnCl, (Scheme 1). The
formation of 3 is favoured over that of the monophosphine
[Ph,P(0-C¢H,CH,)SnPh,Cl], which is not detected even if using
a 1:1 stoichiometric ratio of the reagents. In solution, 'H,
Bc{'H}, *'P{'H}, and '""’Sn{'H} NMR spectra show that the
C, symmetry observed in the crystal structure is maintained
(ESIi). In the *'P{'H} and ""’Sn{'"H} NMR spectra, a singlet
with Sn satellites and a triplet are respectively observed at
8 —15.1 and —103.5, with a measured *J(*'°Sn,>'P) = 34 Hz,
which again does not back up a significant intramolecular
P — Sn interaction in solution. The single crystal X-ray diffraction
study of compound 3 gave a low-quality data set from which
we obtained a refined structure consistent with the spectro-
scopic characterization. In view of this, we have not used it to
discuss bond lengths and angles. Instead, we turned to a DFT
model (Fig. 1 and ESI}). The molecular structure shows a tetra-
hedral Sn atom and two phosphorous atoms in close to ideal
trigonal pyramidal geometries. The P1---Sn and P2---Sn dis-
tances in compound 3 are 3.999 and 3.975 A, longer than in 1
and 2 (X-ray diffraction) and far from those in compounds
with a significant P — Sn dative interaction. In the closely
related compound [{Ph,P-0-CcH,},SnMe,]| in which a feeble
P — Sn interaction was proposed, shorter P---Sn distances
were determined (3.481 and 3.394 A).*® The P — Sn dative
interaction is significantly more important in compound
[{Ph,P-0-C¢H,}5SnF].*° This was not only manifested in shorter
P1---Sn distances at 3.3660 A (for each of the three P atoms) in
the solid state but it was also corroborated by the use of DFT
computations which showed that there are three dative lone
pair interactions from the phosphorous atoms with a single
o*-antibonding Sn-F orbital.

compound 3 was
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Synthesis and characterization of k*>-C,P-(o-tolyl)diphenyl-
phosphine-triphenylphosphine-triphenylstannyl platinum(u)
[Ph,P(0-C¢H,4CH,)Pt(SnPh;)(PPh;)], 4 and x*-C,P-(o-tolyl)
diphenylphosphine-triphenylphosphine-trimethylstannyl
platinum(u) [Ph,P(0-CcH,CH,)Pt(SnMe;)(PPh;)], 5

No reaction takes place at room temperature after prolonged
vigorous stirring of toluene solutions of [Pt(PPh;);] and equi-
molar amounts of either compounds 1 or 2. However, refluxing
the reaction mixtures led after workup to isolation of white
solids as well as to release of PPh;. The platinum(ir) complexes
[PhyP(0-CcH,4CH,)Pt(SnR;)(PPh;s)] (R = Ph, 4; R = Me, 5) were
isolated in moderate to good yields (73 and 70%, respectively).
Their proposed formulations are supported by solution spec-
troscopic data as well as by FTIR, elemental analyses and
single crystal X-ray diffraction. Complexes 4 and 5 result from
the activation of Sn-C sp® bonds of the benzylic carbons rather
than of the terminal Sn-C sp” phenyl bond (in 4) or Sn-C sp’
methyl bond (in 5) of the proligands 1 or 2. Overall the reac-
tivity results in the selective formation of five-membered
carbometallated rings stemming from bonding of the P atom
and the benzylic carbon. No detectable amounts of the corres-
ponding six-membered metallacycles were observed by spectro-
scopic means. These findings are very different from those
obtained in the reaction of related silylphosphines bearing
one or two Si-H fragments. For example, reaction of
[PhP(0-C¢H,CH,-SiMe,H),]'° with [Pt(PPh;);] leads to the for-
mation of a chelate bonded through P and two Si where
the ligand skeleton is preserved.”® Also the reaction of
[Ph,yP(0-CcH,CH,)SiMe,H] towards [PtCl,(cod)] in the presence
of a base results in formation of six-membered rings from
Si-H bond activation.>®

In complexes 4 and 5, the SnR; moiety also binds to the
metal centre disposing trans to the P atom of the cyclometal-
lated ring and cis to the single remaining PPh; (Scheme 2).
The main solution "H NMR spectroscopic features of 4 and 5
comprise the benzylic CH, hydrogens as multiplets with Pt sat-
ellites with ?/(*H,'”°Pt) = 55 Hz in both cases. 5 displays a
doublet signal at § 0.27, assigned to the methyl groups bound
to Sn and shows both **°Pt and *'7/*'°sn satellites in accord-
ance with their isotopic abundance from which %/ (*H,**7/**°sn)
= 40 Hz and *J(*H,"”Pt) = 10 Hz are determined. In the
BC{'H} NMR spectrum, 4 shows a doublet at § 29.5 due to
trans P coupling, *J(*’C,*>'P) = 81 Hz with "*°Pt satellites from
which '7(**C,"°Pt) = 477 Hz is determined, while the corres-

<PPhy __toluene, reflux «PPhy
SnRy  + PhP—PL \

PPh, PPhy 24 h, -2 PPhg SnRy
R=Ph,1 R=Ph, 4
R=Me, 2 R=Me. 5

Ph PPhy
\ + PhsP—Pt loluene reflux
“pPh,
PPN, o \

" oan apeny PPh, i p
Ph,

Scheme 2 The synthesis of complexes 4-6.

3
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ponding spectrum of complex 5 shows a similarly shifted
signal at § 29.1 (d, */(**C,*'P) = 84 Hz) with J(**C,'*°Pt) =
509 Hz. The "*C-""°Pt coupling constants are direct gauges of the
bond strength in solution,?” indicating a slightly larger better
C,s—Ptg, orbital overlap in 5°° than in 4, which can be attribu-
ted to the higher o-donor character of SnMe; than SnPh; ren-
dering the Pt centre more electron rich. Similar coupling con-
stant values J(**C,'*°Pt) of 420 and 505 Hz for the benzylic
carbons were respectively determined for the six-coordinate
benzylic substituted stannylcarborane Pt(u1) complexes [(bipy’)Pt
(C6H5)(CH,CeHs5)(¢-Bu-NC)(SnBy;Hy;)] and [BuzNMe][(bipy')Pt
(Br)(CH,C6H5)(CeHs5)(SnB,;H;4)] (where bipy’ = 4,4"-di-t-butyl-
2,2"-bipyridine),* the first value being less similar to ours likely
due to it belonging to a zwiterionnic species with a formally
positive Pt centre. Additionally, complex 5 shows the signal due
to the methyl carbons on the Sn atom as a doublet at § —6.7,
which is close to the resonance found for [(Me;SnCH,CH,Ph,P)
Pt(PPh,CH,CH,SnMe,)(Me)] at § —6.5.>

The *'P{"H} and ""°Sn{"H} NMR spectroscopic data for the
new complexes are summarized in Table 1. The *'P{"H} NMR
spectra of complexes 4 and 5 show two similarly shifted
doublet signals indicative of the cis-arrangement of the
P nuclei (with >/(*'P,*'P) = 13 Hz in 4 and 11 Hz in 5.
Decoupling experiments allowed us to assign the signals at
lowest field (6 49.5, in 4 and 5) as belonging to the P nuclei of
the five-membered metallacycle which dispose trans to the
SnR; moieties. The signals at highest field (§ 23.2, in 4 and
5 26.8 ppm, in 5) are assigned to the remaining coordinated
PPh;, which resonates at a similar field than in other reported
trans Sn-Pt-PPh; containing complexes including [Cl,Sn
(p-pyS).Pt(PPh;)] (where pyS = pyridine-2-thiolate) where PPh;
appears at § 24.3 in the *'P NMR spectrum®® and [Os;(CO){Pt
(CeHs5)(PPhj), H(p-SnPhy,),-(13-SnPh)| where trans PPh; appears
at 5 34.8.*" Moreover, for complex 4, the value of the coupling
constant 'J(**P,'*>Pt) = 2388 Hz, determined from the Pt satel-
lites of the signal at & 49.5, is considerably larger than the
corresponding one for 5 also at § 49.5, which is 'J(*'P,"*’Pt) =
1978 Hz. Since it is generally stated that a stronger trans influ-
ence ligand will weaken the bond between the metal and the
trans ligand,**** a larger 'J(*'P,"°Pt) value in complex 4 with
respect to 5, is in agreement with the higher trans influence of
SnMe; with respect to ShPh;. In addition, the values of the
21(*'P,"*"*sn) coupling constants associated to the P atoms
of the metallacycles are slightly larger for complex 4
(*J(*'P,"*°Sn) = 1888 Hz and */(*'P,"'’Sn) = 1798 Hz) than for 5
(7(*"p,"*°Sn) = 1729 Hz and *(*'P,"'’Sn) = 1654 Hz). This
behaviour has been previously studied by Lin and Marder in
trans-[CIPtL(PMej;),], predicted at the DFT level* and
explained as the result of additive non-negligible cis
influences.*?

In the "'’Sn{"H} spectra, multiplet signals are observed for
both complexes: at § 44.2 for 4 and at 6 —15.6 for 5. The spec-
trum of complex 4 is a higher order multiplet which approxi-
mates a doublet of doublets due to coupling to both inequiva-
lent P nuclei. Complex 5 appears as a doublet of doublets. The
coupling constants obtained are in line with the observations

This journal is © The Royal Society of Chemistry 2019
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Table 1 Relevant NMR spectroscopic data for complexes 4—-6
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Complex 8 *'P{"H} (pph, or emr)PPM P Hsmr-“ppm 195n{'H}?
4 23.2 (d) 49.5 (d) —44.2 (m)
>I(*'p,*'P) = 13 Hz ’J('P,*'P) = 13 Hz 27 ("°sn,*'P,;) = 184 Hz
J(3'P,"°Pt) = 2183 Hz 7(3'p,"°Pt) = 2388 Hz 21 (*°Sn,*' Pyrans) = 1885 Hz
>7(3'p,"'7"1"8n) = 177 Hz ’1(°'p,'*°Sn) = 1888 Hz 7(*%sn,'*°Pt) = 12 080 Hz
’7(>*p,"’Sn) = 1798 Hz
5 26.8 (d) 49.5 (d) -15.6 (dd)
>I(*'p,*'P) = 11 Hz ’J('P,*'P) = 11 Hz 27 ("°sn,*'P,;) = 172 Hz
J(C','°Pt) = 2238 Hz J(C'P,'%°Pt) = 1978 Hz 21(**°Sn,* Pyrgns) = 1730 Hz
>7(3'p, "'71%n) = 170 Hz ’7(°'p,'*°Sn) = 1729 Hz 7(*%sn,'*°Pt) = 10 945 Hz
’J(*'p,"""Sn) = 1654 Hz
6 17.0 (d) 50.4 (d) 71.2 (dd)
>1(*'p,*'P) = 13 Hz ’J('P,*'P) = 13 Hz 27 ("°sn,*'P,;) = 215 Hz
(3P, °Pt) = 1978 Hz (3'p,'°Pt) = 2328 Hz 21 (*°Sn,*'Pyrans) = 1807 Hz
>1(3'p, "'71%n) = 225 Hz ’1(°'p,"*°Sn) = 1807 Hz 7(*%sn,'*°Pt) = 11 923 Hz
’1(**p,"’Sn) = 1726 Hz

“*emr = Six-membered ring. 161 MHz, C6Ds. bxx\1r = five-membered ring. 149 MHz, CgDs.

Fig. 2 ORTEP drawing of complex 4 with ellipsoids at 30% probability
level. Selected bond lengths in A, and angles in degrees: Pt1-C1 2.128(5),
Pt1-P1 2.2822(17), Pt1-P2 2.2791(14), Pt1-Snl 2.6036(5); C1-Pt1-P1
80.27(18); C1-Pt1-P2 175.04(19), C1-Pt1-Snl 84.46(17), P1-Pt1-Snl
160.19(4), P2—-Pt1-Sn1 91.71(4), P2—-Pt1-P1 104.14(5). For some com-
parisons, in 5: Pt1-C1 2.120(4), Pt1-P1 2.2850(11), Pt1-P2 2.2775(11),
Pt1-Sn12.6026(3).

in *'P NMR spectroscopy and overall larger for complex 4 than
for complex 5.

Additionally, crystals of 4 and 5 suitable for their study by
single crystal X-ray diffraction were obtained. Fig. 2 shows
the molecular structure of 4 while that of 5 and other impor-
tant crystallographic information are gathered in ESLi The
Pt centres are tetracoordinated with distorted square planar
geometry exhibiting cis angles around Pt between 80.27(18)—

This journal is © The Royal Society of Chemistry 2019

104.14(5)° in 4 and 81.49(12)-102.62(4)° in 5,§ reflecting the
distortion imposed by the bidentate {Ph,P(0-C¢H,CH,)}
moiety. The distances determined by X-ray diffraction for 4
and 5 are very similar and do not allow us to draw meaningful
conclusions on the comparative trans influences of SnMe;
versus SnPh; in the solid state (ESIf). The data are in agree-
ment with retention of the structure in both solid and solution
states.

Synthesis and characterization of k>-C,P-[(0-benzyl)diphenyl-
phosphine]-®>-P,Sn-[(0-benzyldiphenylstannyl)diphenyl-
phosphine] platinum(u) [(Ph,P-0-CsH,CH,)Pt(Ph,P-o0-
CeH,CH,SnPh;)], 6

In analogous fashion to the synthesis of 4 and 5, prolonged
reflux (24 h) of an equimolar toluene mixture of [Pt(PPh;);]
and 3 led after workup to isolation of a light yellow solid.
Complex [(Ph,P(0-C¢H,CH,)Pt(Ph,P(0-CcH,CH,SnPh;)], 6 was
isolated in good yield (70%) (Scheme 2). Its formulation is sup-
ported by solution spectroscopic data as well as by FTIR,
elemental analyses and single crystal X-ray diffraction. Ligand
3 also undergoes cleavage of the benzylic CH,-Sn bond upon
coordination to Pt, resulting also in the formation of a five-
membered carbometallated ring from coordination of one of
the P atoms and the benzylic carbon. The remaining phos-
phorous atom of proligand 3 also coordinates to Pt as does the
Sn atom, now forming a six-membered metallacycle ring. As in
complexes 4 and 5, the Sn group binds trans to the P atom of
the five-membered ring and the two P atoms arrange cis to one
another, thus attaining a similar structure (Scheme 2). The
main solution spectroscopic features of 6 comprise in the "H
NMR solution spectrum, a multiplet signal at § 4.52 with '*°Pt

§ Two crystallographically independent molecules were found in the unit cell of
5. Herein selected details of one of them are given, the complete information is
gathered in ESL}

Dalton Trans., 2019, 48, 15896-15905 | 15899
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satellites indicating a */(*H,"®>Pt) = 50 Hz due to the hydrogens
directly attached to the carbometallated carbon, as well as a
very broad signal (w;, = 21 Hz) at § 2.62 assigned to the
methylene hydrogens bound to Sn. In the "*C{'"H} NMR spec-
trum, two doublet signals for methylene carbons are observed
at § 22.0 and 21.6 ppm. The pseudotriplet at 6 22.0 is assigned
to the CH, carbon nuclei of the six-membered metallacycle
ring based on the lower value for its coupling constant to Pt,
J(**C,'*°Pt) = 23 Hz and observable 'J(**C-"""Sn) = 37 Hz. In
comparison, the doublet at 21.6 allows to measure a much
larger coupling constant to Pt 'J(**C,'°>Pt) = 488 Hz and the
observation of a trans *J(**C,>'P) = 81 Hz, and is assigned to
the methylene carbon of the five-membered metallacycle ring
with a direct Pt-C bond.

The *'P{'H} and ""°Sn{"H} NMR spectral data for 6 are also
summarized in Table 1. In the *'P{"H} NMR spectra the lowest
field signal at 6 ~ 50 is assigned to the P atom of the five-mem-
bered metallacycle ring, it shows two sets of Sn satellites with
the predicted intensity which thanks to the ''°Sn experiments
are assigned as */(*'P,"'°Sn) = 1807 Hz and */(*'P,'"’Sn) =
1726 Hz. Additionally, the observation of the '*°Pt satellites
allow the determination of 'J(*'P,'*>Pt) = 2328 Hz. Despite this
coupling constant being rather similar to that observed in
complex 4, it is slightly reduced, indicating that the Sn moiety
forming part of the chelate ring, SnPh,CH,(0-CcH,)PPh,,
exerts a marginally more important trans influence than
SnPh;. From the satellites of the highest field signal shifted to
8 17.0 for 6, the determination of */(*'P,'*°Sn) = 225 Hz and
2J('p,*7Sn) = 199 Hz as well as 'J(*'P,'°Pt) = 1978 Hz was
possible. In complex 6, the value of the 'J(*'P,'°°Pt) for the
five-membered P moiety is smaller (17%) than the corres-
ponding for the six-membered ring. This behaviour can be
ascribed to different ¢trans influences likely coupled with steric
effects. In general */(>'P,""*""7Sn) and 'J(*'P,"*°Pt) fall in the
range found for other platinum complexes that incorporate
stannyl moieties.”” Finally, the coupling constants obtained
from the "'°Sn{"H} NMR spectrum of complex 6 are similar to
those of complexes 4 and 5.

The solid-state molecular structure of complex 6 shown in
Fig. 3 confirms the cis disposition of the two phosphorous
atoms coordinated to Pt forming two metallacycle rings: a five-
membered one in which a P and a benzylic CH, coordinate as
in complexes 4 and 5; and a six-membered ring originating
from the coordination of P and Sn. Once again, the data agree
with the same molecular structure in solution and solid state.

DFT computations

The DFT structures of PPh; and ligands 1, and 3, and com-
plexes 4, 4B, 6, 6B, and [Pt(PPh;);] (Scheme 2 and Fig. 4) were
computed in vacuo and in toluene using the Polarizable
Continuum Model (PCM) at the B3LYP level of theory with a
mixed basis set as detailed in the Experimental section.
Table S9 (ESIf) gathers the computed Gibbs free energy
values of the optimized structures. The optimizations were
also carried out for the non-observable six-membered ring che-
lates 4B and 6B (Fig. 4) in which the ligand backbone is

15900 | Dalton Trans., 2019, 48, 15896-15905
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Fig. 3 ORTEP drawing of complex 6 with ellipsoids at 30% probability
level. Selected bond lengths in A, and angles in degrees: Pt1-Sn1 2.5693(4),
Pt1-P1 2.3007(11), Pt1-P2 2.3060(11), Pt1-C32 2.115(5); P1-Pt1-Snl
87.79(3), P2—-Pt1-Sn1 164.48(3), C32—-Pt1-Snl 82.23(15), C19-Sn1-Ptl
110.03(13).

Ph, Pha pp
PPh P
P 3
O el
4B
Sn/ Ph S/n PPhy  en
Ph, PH

Fig. 4 The structures of the computed experimentally unobservable
chelate complexes 4B and 6B resulting from formation of six-membered
rings with preservation of the ligand structure.

preserved and were initially expected to be formed. The
AG,os k values reflect that reactions that give complexes 4 and
6 are thermodynamically more favourable than reactions that
afford complexes 4B and 6B in the investigated experimental
conditions. AH,gg x values for complexes 4 and 4B, and 6 and
6B are also consistent with experimental results, being 4 more
stable by 5.18 kcal mol™ than 4B, and 6 by 12.69 kcal mol™*
than 6B. It might be hypothesized that initial ¢trans coordi-
nation of the P ligands around Pt would lead to the formation
of a ten-membered ring*® which will subsequently be followed
by intramolecular activation of the Sn—-C sp® bond to render a
more stable five-membered metallacycle. We turned to NBO
analysis to gain insight into the nature of the Pt-Sn bond in
complexes 4, 4B, 6 and 6B. Natural electronic population ana-
lyses show a proportional filling of 5s and 5p orbitals of tin
atoms for complexes 4, 4B, 6 and 6B (5s 52-54%; 5p 47-45%),
in accordance to tetravalent tin. It has been reported, both
formal tin(m) and tin(iv)*® compounds may possess these tetra-
valent tin characteristics, depending on the nature of the
Sn-Pt bond (Sn(m)-Pt(i) versus Sn(iv)-Pt(0)). Our results show
essentially apolar Pt-Sn bonds in which the platinum contri-
bution ranges from 46-58% and the tin contribution from
42-54%. The same analysis rendered polar Pt-C bonds (plati-
num contribution 0-40%, carbon contribution 60-100%),
therefore the Sn ligand can be described formally as Sn(u)
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bound to Pt(1). These findings are very similar to those
in the complexes [MeSn(p-2-C¢F4PPh,),Pd(k-C-2-C¢F,PPh,)],
[Me,Sn(p-2-C4F,PPh,)Pd(k*-2-C4F,PPh,)]  and  [MeSn(p-2-
C¢F4PPh,),PdCl].*

Atomic Natural charges on model compound Me,Sn(C¢Hs)
(CH,CgH;5) confirmed that the polarity of the Sn-C bonds
follows the trend: Sn-C (methyl) < Sn-C (phenyl) < Sn-C
(benzyl) (see ESIf). However, Natural bond analysis of the
three types of bonds does not show any significant differences
for the atomic contribution (ESI{). To further discuss the selec-
tive access to complexes 4 and 6 and the lack of formation of
4B and 6B, a discussion on E-C bond activation is pertinent.
To our knowledge, the selectivity of Sn-C sp® versus Sn—-C sp>
bond activation has been sparingly mentioned.”®" In con-
trast, the related C-C and Si-C bonds cleavages have been
extensively investigated. Milstein and other workers studied
the selectivity of unstrained C sp*-C sp® versus C sp*>-C sp®
activations, finding the product of the latter cleavage to be
more stable than the former due to the high stability of the
M-C sp® bond.”®>® Love showed that the selectivity of the C-C
reductive elimination in a Pt(wv) system is driven not only by the
hybridization of the hydrocarbyl substituents but also by the
coordination geometry and flexibility of the ligand scaffold.>*
Si-C activations by transition metals have been considerably
less studied. Turculet® and Iwasawa®® reported Si-C sp® clea-
vages induced by the chelate effect in Pd systems. Kameo and
Nakazawa notably reported a systematic comparison on the Si-C
sp® versus Si-C sp> activations in Rh and Ir systems concluding
that both proceeded with a significant rate when employing the
methylphenyl substituted ligand [o-{Ph,P-CcH,},SiMePh], the
selectivity being strongly dependent upon the temperature of
reaction due to Si-C sp’e) cleavage being entropically favoured
but enthalpically unfavoured in comparison with Si-C sp’pn).”’
Thus in the present case, the fact that reactions take place only
at elevated temperatures in contrast with the reactions of other
Pt precursors with Sn sources which occur at lower temperature*®
coupled with higher stability of five-membered cyclometalated®®
rings in comparison with six-membered; leads to complete
selectivity of the Sn-C sp® bond cleavage over Si-C sp® in com-
plexes 4 and 6. The argument of the metallacycle ring size can
also be employed to explain the formation of 5.°° It has been pre-
viously stated the possible role of steric hindrance in the methyl
versus phenyl activation,” this is not relevant in the present case.

We are currently investigating the -catalytic activity of
the Pt complexes in cooperative Friedel-Crafts alkylation of
aromatics,®”®! the results of which will be reported in due
course.

Experimental section

All experiments were performed under argon atmosphere
using standard Schlenk methods or in an MBraun glove box.
All solvents were either dried and distilled from appropriate
drying agent or purified over a MBraun column system. In
either case, they were degassed prior to use. Benzene-dg was
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degassed via three freeze-pump-thaw cycles and stored over
molecular sieves in an ampoule fitted with a J. Young’s valve.
Deuterated solvents, nBuLi (2.5 M in hexane), Ph;SnCl,
Ph,SnCl,, Me;SnCl were used as supplied for the respective
provider. Diphenyl o-tolyl phosphine and [Pt(PPh;);] were
synthetized according to reported procedures. Nuclear mag-
netic resonance was recorded on Varian Inova 400 MHz (9.4 T)
and Varian VNMRS 700 MHz (16.45 T) and Bruker 500 MHz
(AVIII-HD); the chemical shifts are given in units of ppm, with
coupling constants in Hz. Infrared spectroscopy was carried
out using a NICOLET 6700 spectroscope. Mass Spectrometry
was carried out using a JMS700-JEOL spectrometer of high
resolution.

Synthesis of triphenyl-(o-diphenylphosphinobenzyl)tin
[Ph,P(0-C¢H,CH,)SnPh;], (1)

In a Schlenk flask, diphenyl-o-tolyl phosphine (1.00 g,
3.62 mmol) and TMEDA (0.54 mL, 3.60 mmol) were dissolved
in 100 mL of hexane. A 2.5 M nBuLi solution in hexanes
(1.6 mL, 4 mmol) was added by syringe at 273 K and the reac-
tion mixture left to reach room temperature. Stirring was con-
tinued for 24 h, after which the in situ generated ([Ph,P(o-
C¢H,-CH,Li-TMEDA)] was reacted with a solution of Ph;SnCl
(1.39 g, 3.61 mmol) in 20 mL hexane, added via cannula at
room temperature. Stirring was continued for further 48 h
after which a white precipitate was observed. The mixture was
filtered-off and the solid residue re-dissolved in THF (15 mL)
before being passed through a fritted glass filter and finally
dried under vacuum to afford a fine white powder (yield 85%,
m.p. 375 K). Crystals suitable for X-ray diffraction were
obtained from a THF/hexane solution. Anal. Caled for
C;,H3,PSn-C,H,0: C, 70.61; H, 5.64. Found C, 69.70; H, 4.98.
"H NMR (700 MHz, C¢Dy): 8 7.50 (6H, dd, *J;_ = 2.8 Hz,
Jiisn = 42.7 Hz sat), 7.18-7.15 (11H, m), 7.08-6.99 (9H, m),
6.93 (1H, t, *Jy_g = 7.3 Hz), 6.83 (1H, t, *Ji;_;; = 5.9 Hz), 6.76
(1H, t, *Jy_yg = 7.3 Hz), 2.99 (2H, Yy_sp = 7 HzZ, *Jy_1ognirsn =
70 Hz sat). "C{'H} NMR (176 MHz, CeDg): & 146.19
(d, Yiscsp = 25 Hz, Cpyp), 140.19 (d, *Jugsp = 3 Hz,
isgoiosn = 491 Hz sat, Jug_nrsn = 481 Hz sat, Cypso), 137.60 (s,
*Jiscoosn = 35 Hz sat, CHarom), 136.49 (d, “Jucsp = 9 Hz),
134.32 (CHarom, d, Jiscsip = 19 Hz, Cyps0), 133.82 (S, CHarom)s
133.76 (d, *Jisc_s1p = 6 Hz, Cipso), 129.50 (S, CHarom), 129.05 (s,
}Jiscossn = 10.5 Hz sat, CHgrom), 128.86 (d, *Juc_sp = 12 Hz,
CHarom), 128.84 (8, *Jusg_1sgn = 49 Hz sat, CHyrom), 128.79 (s,
CHarom), 128.35 (S, CHarom), 125.01 (S, *Jisg_ussn = 17.5 Hz sat,
CHarom), 22.20 (d, YJucnp = 27 Hz, Juc sy = 331 Hz sat,
isconrgn = 318 Hz sat, CH,). *'P{"H} NMR (161 MHz, C¢Dy)
8: —16.00 (s, “Jsip_iwgn = 37 Hz sat). *'°Sn{'"H} NMR (149 MHz,
CeDg) 8 —112.70 (d, *Juwsnsp = 37 Hz). MS (EI+) 626 m/z
M - 1]".

Synthesis of trimethyl-(o-diphenylphosphinobenzyl)tin
[Ph,P(0-C¢H,CH,)SnMe;], (2)

Compound 2 was synthesized and purified in a similar
manner to 1, by preparing [Ph,P(0-CsH,-CH,Li-TMEDA)]
(3.62 mmol) and in situ reacting it with a hexane solution of
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Me;SnCl (721 mg, 3.62 mmol) in the same reaction conditions.
A transparent waxy solid was obtained in 70% isolated yield.
Crystals suitable for X-ray diffraction were obtained from a
THF/hexane solution. Anal. Caled for C,,H,5;PSn: C, 60.17; H,
5.74. Found C, 59.89; H, 5.81. '"H NMR (500 MHz, C¢D) &:
7.3-7.4 (m, 3H), 7.0 (m, 10H), 6.9 (m, 1H), 2.5 (2H, d, *Jiy_np =
3 Hz, *Jiyy_nosn = 63.2 Hz sat) 0.17 (9H, s, *Jiy_ussn = 52 Hz sat).
C{'"H} NMR (125.7 MHz, C¢Ds): 8 148.39(Cjpsp, d, Jissip =
25.1 Hz), 137.13 (Cypsoy d, Jusgsip = 10 Hz), 134.41 (CHarom,
d g np = 20.1 Hz) 133.62 (CHarom, S, Juc_ssn = 12.6 Hz sat),
133.15 (Cypsor d, Jisc-s1p = 8.8 Hz), 129.32 (CHarom, d, Jiscstp =
8.8 Hz), 128.94 (CHarom, S, Jic.tosn = 13.8 Hz sat), 128.44
(C-Harom, d, Jiscsp = 7.5 Hz), 128.35 (CHarom, d, Yucsp =
6.2 Hz), 124.31 (CHarom, S, “Jisc_19sn = 13.8 Hz sat), 21.61 (CH,,
d, *Juscnp = 23.8 Hz), —8.25 (CHj3, d, *Jucsp = 5 Hz, Jisg_nosn =
325.1 Hz sat). *'P{"H} NMR (161.9 MHz, C¢D¢): § —14.5
(s, Ysip_rogn = 21 Hz sat). ''”Sn{"H} NMR (186.5 MHz, C¢Ds):
50.73 (s, Yrsgn_sp = 22.3 Hz).

Synthesis of diphenyl-bis-(o-diphenylphosphinobenzyl)tin
[{Ph,P(0-CcH,CH,)},SnPhy,], (3)

Complex 3 was synthesized and purified in a similar manner
to 1, by quenching [Ph,P(0-C¢H,-CH,Li-TMEDA)] (3.62 mmol)
generated in situ with Ph,SnCl, (622 mg, 1.81 mmol) in
hexane (10 mL). The resulting white fine powder was obtained
in good yield (80%). Crystals suitable for X-ray diffraction
were obtained from a THF/hexane solution. Anal. Caled for
C50H4,P,Sn-C,HO: C, 72.42; H, 5.63. Found C, 71.99; H, 5.23.
"H NMR (400 MHz, Ce¢Dg, 293 K): 6 7.52 (4H, m, *Jig gy =
43.6 Hz sat), 7.17 (6H, m, *Jiyy = 1.6 Hz) 7.11 6.97 (22H, m),
6.91-6.77 (6H, m), 3.06 (4H, d, *Jiyy_sp = 4.8 Hz, *Jiyy_19g, = 65 Hz
sat). "°C {'"H} NMR (100 MHz, C¢Ds): 5 146.83 (Cypso, d, Jisg-sip =
26 Hz), 142.3 (Cjpso, pseudot, >Jusc-sp = 8 Hz), 137.38 (CHarom, S,
*Jiscosn = 33 Hz sat), 136.64 (4Cjps0, d, iscs1p = 10 Hz), 134.39
(CHaroms d, >Jisc_np = 19 Hz), 133.91 (CHarom, d, *Jucnp = 9 Hz),
133.57 (Cipsor Sy Jisc-iwsn = 14.1 Hz sat), 129.38 (CHarom, S,
3Jisgsgn = 13 Hz sat), 128.82 (CHarom, S), 128.76 (CHarom, S),
128.58 (CHarom, d, >Jucnp = 10 Hz), 128.53 (CHarom, S), 128.50
(CHaroms 8), 124.79 (2CHarom, S), 23.43 (CH,, dd, *Jusg_sp = 7 Hz,
Jisconp = 25 Hz). *'P{'"H} NMR (161 MHz, C¢Ds, 298 K): 6 —15.11
(s, Yoiposn = 34 Hz sat). "'°Sn {"H} NMR (149 MHz, C¢Dy):
8 —103.54 (t, *Juognnp = 34 Hz). MS (EI') 823 m/z [M — 1]".

Synthesis of k*-C,P-(o-tolyl)diphenylphosphine-triphenyl-
phosphine-triphenylstannyl platinum(u) [Ph,P(o-
C¢H,CH,)Pt(SnPh;)(PPh;)], (4)

In a Schlenk flask, [Pt(PPh;);] (100 mg, 0.10 mmol) and com-
pound 1 (64 mg, 0.10 mmol) in 20 mL toluene were refluxed for
24 h, after which time the red-orange solution showed a white
precipitate. The red solution was filtered off and the white
powder washed three times with cold hexane. The solid was
dried under vacuum. Crystals suitable for X-ray diffraction ana-
lysis were grown from a THF/CH,Cl, mixture. Yield 73%. Anal.
Caled for CssH,oP,PtSn-CH,Cl,: C, 57.60; H, 4.14. Found: C,
57.28; H, 4.69. '"H NMR (700 MHz, CDCl;, 298 K) &: 7.66 (1H,
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dd, *fyy = 7.7 Hz), 7.54 (1H, t, >y = 7.3 Hz), 7.46 (1H, t,
i = 6.6 Hz), 7.30 (2H, t, *Jy g = 7.3 Hz), 7.20-7.12 (24H, m),
7.07 (3H, t, ¥y = 7.3 Hz), 6.99 (6H, t, *Ji; 1y = 7.3 Hz), 6.93 (6H,
t, ’Juu = 7.7 Hz), 3.85 (2H, m, *Jy_y = 2.4 Hz, *Ji_»p = 6.8 Hz,
*Jigospe = 55.1 Hz). *C{'"H} NMR (176 MHz, C¢Ds, 298 K) &
160.72 (Cypsoy d, Jusgsip = 42 Hz, *fugsspe = 145 Hz), 147.64
(Cipsor d, Jiscnp = 10 Hz, *Jusc1sspe = 75 Hz, Jusgnosn = 238 Hz),
138.05 (CHarom, S, Jisc-1osn = 35.2 Hz), 135.78 (Cypsoy d, Jisg-srp =
49.3 Hz), 134.29 (CHarom, d, YJucnp = 12.3 Hz), 132.9 (CHgrom,
d, YJusc_ap = 12.3 Hz), 132.48 (Cyps0, d, YJiscsp = 12.3 Hz), 132.15
(CHarom, d, *Jusc_sp = 9 Hz), 131.93 (CHarom, d, >Jusc_sp = 21 Hz),
130.93 (CHarom, S); 129.89 (CHarom, S), 129.54 (CHarom, S), 128.57
(Cipsor d, s = 12.3 Hz), 128.35 (CHarom, d, *Jiscs1p = 10 Hz),
127.10 (CHarom, S, Jisc-1ssn = 35 Hz), 126.29 (CHarom, S), 125.01
(CHarom, d, *Jucnp = 5 Hz), 28.64 (CH,, d, *Jucsp = 81 Hz,
Yiscospe = 477 Hz) *'P {"H} NMR (161 MHz, C¢Dg, 298 K) &: 49.5
(d, >Jsip_sip = 13 Hz, Jaup_iospy = 2388 Hz sat, *Jup g, = 1888 Hz
sat, *Jup_irgn = 1798 Hz sat), 23.23 (d, >fsp_sip = 13 Hz, Jap_iesp =
2183 Hz sat, *Jup gy = 177 Hz sat). "'°Sn{'"H} RMN (149 MHz,
CeDs, 298 K) o —44.2 (dd7 2]119511—31Pcis = 184 Hz, 2]119Sn—31Ptrans =
1885 Hz, Jinsgn 105 = 12 080 Hz sat).

Synthesis of k”-C,P-(o-tolyl)diphenylphosphine-triphenyl-
phosphine-trimethylstannyl platinum(u) [Ph,P(o-
C6H4CH2)Pt(SnMe3)(PPh3)], (5)

Using the same procedure for synthesis of 4, complex 5 was
prepared from ligand 2 (45 mg, 0.10 mmol) and [Pt(PPhs;);]
(100 mg, 0.10 mmol) in toluene reflux rendering a white
powder after a 48 h reflux. Isolated yield 60%. Crystals suitable
for X-ray diffraction analysis were grown from a THF/CH,Cl,
mixture. Anal. Caled for C,yH4P,PtSn-C,HgO-CH,Cl,: C,
51.30; H, 4.78. Found: C, 51.41; H, 4.67. "H NMR (700 MHz,
CeDs, 298 K) &: 7.59 (1H, dd), 7.59-7.51 (5H, m), 7.12 (4H, t,
* o = 10 Hz), 7.06 (2H, m), 7.01 (1H, t, *Jiyyy = 7.5 Hz),
6.93-6.87 (11H, m), 6.78 (5H, t, *Jiy1y = 10 Hz), 4.35 (2H, dd,
igonp = 5 Hz, 2igospe = 55 Hz), 0.27 (9H, d, *Jiyy_1osp = 10 Hz,
*Jiponogn = 40 Hz). *C{’H} NMR (125.75 MHz, C¢Dg, 298 K) 6
161.86 (Cipso, dd, Jisc-sp = 44 Hz, *Juisgsip = 3 Hz), 137.1 (Cypso,
dd, Yiscnp = 45 Hz, *Jucnp = 4 Hz, *Jucsspe = 22.8 Hz), 134.9
(CHarom, d, >Jisc-sip = 12 Hz, *Jusgiospe = 25 Hz), 134.05 (Cjpgo, d,
Yisconp = 19 Hz), 133.17 (8, Jucnp = 13 Hz), 129.85 (C-Harom,
s), 129.55 (CHarom, S), 128.86-127.96 (CHgrom, m), 125.32
(CHarom, d, *Jucnp = 6 Hz), 29.14 (CH,, d, Juc_np = 84 Hz,
isgoospe = 509.2 Hz), —6.7 (CHs, d, *Jusc_np = 10 Hz, *Jisg_1sspg =
68 Hz) *'P{'"H} NMR (161.9 MHz, C¢Dg, 298 K) &: 49.5 (d,
apsp = 11 Hz, *Japespe = 1978 Hz, *Jup_negn = 1729 Hz,
Jupirgn = 1654 Hz), 26.8 (d, *Jap_sp = 11 Hz, *Jap_issp = 2238.3
Hz, *Jup_nogn = 170.3 Hz) "?Sn{'"H} NMR (186.5 MHz, C¢D,
298 K) 8: 71.2 (dd, *Juosnspeis = 171.58 Hz, *Juosnsiprans =
1729.7 Hz, Juogn wspe = 10 944.7 Hz). MS (EI") 897 m/z [M + 1]".

Synthesis of k*>-C,P-[(0-benzyl)diphenylphosphine]-i*>-P,Sn-
[(o-benzyldiphenylstannyl)diphenylphosphine] platinum(u)
[(Ph,P-0-C¢H,CH,)Pt(Ph,P-0-C4H,CH,SnPh;)], (6)

Using an analogous procedure to the synthesis of 4 and 5,
complex 6 was prepared from ligand 3 (84 mg, 0.10 mmol) and

This journal is © The Royal Society of Chemistry 2019


https://doi.org/10.1039/c9dt03317c

Published on 19 septembrie 2019. Downloaded by Fail Open on 23.07.2025 09:07:10.

Dalton Transactions

[Pt(PPh;);] (100 mg, 0.10 mmol) rendering a light yellow
powder after a 48 h reflux. Isolated yield 70%. Crystals suitable
for X-ray diffraction analysis were grown from a THF/CH,Cl,
mixture. Anal. Caled for C5oH,,P,PtSn-C,HO: C, 59.46; H, 4.62.
Found: C, 59.96; H, 4.44. "H NMR (700 MHz, C¢Ds, 298 K) &
7.89 (4H, d, >y = 7 Hz, *Jiguesn = 42 Hz sat.), 7.75 (1H, d,
*Jum = 7 Hz, Juygnesn = 70 Hz sat.), 7.74 (1H, d, *Ji;.4q = 7 Hz,
Jepnssn = 70 Hz sat.), 7.08-6.95 (20H, m), 6.89 (2H, t, *Jyy =
7 Hz), 6.86 (2H, t, *Jy 1 = 7 Hz), 6.79 (4H, t, *J;;4 = 7 Hz), 6.75
(1H, t, *Jyyy = 7 Hz), 6.70 (3H, t, *Jyyy = 7 Hz), 4.52 (2H, dd,
*Jap = 7 Hz, iy = 3 Hz, *igespe = 50 Hz sat., CH,-Pt), 2.62
(2H, br s, wy/, 21 Hz, Sn-CH,). >C{"H} NMR (100 MHz, C¢D,
298 K) 8: 161.35 (Cipso, dd, Jisgsip = 44 Hz, *Jisc_1osp, = 28 Hz sat,
3]130,311; = 3 Hz), 160.19 (Cipsm dd, 1.,13()—31P = 33 Hz, 3.]13()—31P =
5 Hz), 149.90 (Cjpsoy d, *Jissp = 10 Hz), 146.94 (d, isc_s1p = 29 Hz,
*Jisg_spe = 90 Hz sat), 137.96 (pseudot, *Juc_ivgn = 36 Hz sat,
Yisc_mp = 8 Hz), 137.71 (CHgrom, S), 135.24 (CHgrom, d, >Jiscsip =
12 Hz), 134.21 (CHgrom, d, >Jisc_sip = 20 Hz), 133.81 (CHarom, d,
*Jsgsp = 12 Hz), 13313 (Cpso, d, Jusgsp = 23 Hz), 133.02
(CHarom, d, *Jiscnp = 12 Hz), 132.48 (CHarom, d, Juc_sp = 10
Hz), 131.06 (CHarom, d, “Jiscsp = 18 Hz), 130.46 (Cipso, d,
1sgsp = 27 Hz), 130.10 (CHarom, S), 129.50 (CHarom, S), 128.85
(4CHgrom, S), 128.78 (CHarom, S), 128.49 (CHarom, S), 126.93
(CHarom, ), 125.51 (CHarom, d, “Juc_sp = 6 Hz) 123.4 (CHarom,
d, *Jiscnp = 9 Hz), 22.0 (Sn—CH,, pseudot, *Juic_wsp; = 23 Hz sat,
Yisgoogn = 37 Hz sat), 21.6 (Pt-CH,, d, *Juc_sp = 81 Hz,
Yisg_wosp; = 488 Hz sat). *'P{"H} NMR (161 MHz, C¢Ds, 298 K) &
50.41 (d, *Jsip_sip = 13 Hz, *Jup g, = 1807 Hz sat, *Jup gy =
1726 Hz sat, “Jupispe = 2328.1 Hz sat), 16.96 (d, *fup_sp =
13 Hz, *Jaip_iogn = 225 Hz sat, *Jap_urgn = 199 Hz sat, Jup_iepe =
1978 Hz sat). '*Sn{'"H} NMR (149 MHz, CcD, 298 K) &: 71.2
(dd7 2]11‘98n—31Pcis =214.6 Hz, Zjllqsn—ﬁlptrans =1805.1 Hz, 1.]11‘JSn—195Pt =
11923.3 Hz). MS (EI') 941 m/z [M — Ph]".

Computational details

The DFT structures in vacuo of ligands 1 and 3, complexes 4,
4B, 6 and 6B [Pt(PPh;);] and PPh; (Scheme 2 and Fig. 3) were
computed at the B3LYP level of theory in conjunction with
6-31G(d) basis set for C, H and P atoms. The platinum and tin
atoms were treated with their Stuttgart-Koln 18-active and
4-active electrons relativistic effective core potentials (RECP) in
combination with their adapted valence basis sets,*® respect-
ively. The vacuum-optimized geometries were used as starting
points for further optimizations in toluene as solvent using
the Polarizable Continuum Model (PCM)*” as implemented in
the Gaussian09 suite of programs.®® All the optimized struc-
tures have been confirmed to be minima through vibrational
analysis by the absence of imaginary frequencies and the
enthalpies and Gibbs free energies have been obtained using
the harmonic approximation at 298 K. Natural Bond Orbital
(NBO) analyses®® were performed on the optimized structures
to gain insight into the Sn-Pt bond.

X-ray single crystal diffraction

Crystals of 1-6 were fixed in a glass fibre and measured at
100 K. X-ray intensity data were collected using the program

This journal is © The Royal Society of Chemistry 2019

View Article Online

Paper

CrysAlisPro on a four-circle SuperNova, Dual EosS2 CCD
diffractometer with monochromatic Mo-Ka radiation (4 =
0.71073 A). Cell refinement, data reduction, incident beam,
decay and absorption corrections were carried out with the use
of the program CrysAlisPro. Using Olex 2, the structure was
solved by direct methods with the program SHELXT and
refined by full-matrix least-squares techniques with
SHELXL.®*"** Further details of experimental and structure
analyses are given in CCDC 1909928-1909933,f respectively.
All hydrogen atoms were generated in calculated positions and
constrained with the use of a riding model. The final model
involved anisotropic displacement parameters for all non-
hydrogen atoms.

Conclusions

In conclusion, extension of our methodology for the synthesis
of bifunctional silylphosphines allowed efficient access to stan-
nylphosphines bearing methyl or phenyl substituents on Sn.
Their reactivity towards [Pt(PPh;);] led to isolation of com-
pounds resulting from cyclometallation of the benzylic carbon
at the expense of the integrity of the ligand. However, the SnR;
fragment coordinates forming a heterobimetallic Pt-Sn apolar
bond where the Sn moiety essentially coordinates as an X
ligand. The 'J(*'P,"**Pt) values are proposed to indicate a trend
in trans influence as follows: SnMe; > SnPh,CH,(0-C¢H,)PPh, >
SnPh;.
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