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Original palladium pincer complexes deriving from
1,3-bis(thiophosphinoyl)indene proligands: Csp3–H versus Csp2–H bond
activation†
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Didier Bourissou*a
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A series of original 2-indenylidene palladium pincer complexes {PdL[Ind(Ph2P S)2]} (L = HNCy2,
PPh3, Cl-) have been prepared by double C–H activation of a 1,3-bis(thiophosphinoyl)indene
proligand. Crystallographic analyses and DFT calculations indicate that the bonding situation of the
{Pd[Ind(Ph2P S)2]} fragment is essentially governed by the conjugated and rigid nature of the
dianionic pincer ligand, the nature of the coligand having little influence. The formation of the
2-indenylidene complexes involves either a 2-indenyl pincer or a four-membered cyclometalated
complex as an intermediate, suggesting that Csp2 –H or Csp3 –H bond activation takes place. However,
deuterium labelling experiences show that in all cases, Csp3 –H bond activation occurs followed
eventually by a Pd/H exchange. Nevertheless, evidence for direct Csp2 –H bond activation under mild
conditions is obtained when a methyl group is introduced at the indene proligand to prevent Csp3 –H
bond activation. The ensuing dissymmetrical 2-indenyl palladium pincer complex has been fully
characterized.

Introduction

Cyclometalated pincer complexes were first reported in the middle
1970’s by Moulton and Shaw.1 After a period of latency, they
have attracted a surge of interest over the last two decades.2

In these complexes, the central M–C bond is enforced by the
coordination of the peripheral donor groups, and the chelating
rigid nature of the ZCZ pincer ligand bestow a unique balance
of stability versus reactivity. This has led to spectacular catalytic
developments especially towards alkane deshydrogenation3 and
alkane metathesis.4 In addition, the peculiar properties of ZCZ
pincer complexes have allowed for the isolation of a variety of
highly reactive species relevant to key catalytic transformations.5–10

The structure of the ZCZ pincer ligand has been extensively
modified in order to finely tune the stereoelectronic properties
and thus the reactivity of the ensuing complexes.11–15 Some rep-
resentative systems are depicted in Chart 1. Most commonly, the
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Route de Narbonne, 31062 Toulouse Cedex 09, (France)
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† Electronic supplementary information (ESI) available. CCDC reference
numbers 800695–800701. For ESI and crystallographic data in CIF or
other electronic format see DOI: 10.1039/c1dt10118h

Chart 1 Representative cyclometalated pincer complexes: symmetrical
aryl-based complexes I–III, symmetrical alkyl-based complexes IV–V and
dissymmetrical complexes VI–VII.

peripheral donor groups are chosen among phosphines, amines,
thioethers, thioamides . . . The central moiety is typically an aryl
or an alkyl fragment, so that the great majority of pincer ligands
developed thus far are formally monoanionic. A few neutral and
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dianionic ZCZ ligands based on N-heterocyclic and methanediide
skeletons have also been reported.16 Because of synthetic issues,
most of the cyclometalated pincer complexes are symmetrical,
but dissymmetrical systems are attracting increasing interest,
particularly those displaying hemilabile character.7,15

Recently, we have shown that the introduction of coordinating
side arms on indene may induce unusual coordination modes.17

In particular, the presence of two donor buttresses on positions 1
and 3 was found to support the novel 2-indenylidene coordination
mode.17c Original pincer complexes of Zr and Pd were obtained by
double C–H activation of 1,3-bis(thiophosphinoyl)indene and 1,3-
bis(phosphazene)indene proligands. Formally, these complexes
feature dianionic ZCZ (Z = S, N) pincer ligands. Their bonding
situation was analyzed on the basis of crystallographic data and
computational studies.17c Hereafter, we report a comprehensive
study on a series of 2-indenylidene Pd complexes. The coligand
in trans position to the indenylidene moiety was varied from
NHCy2 to Cl- and PPh3. A detailed mechanistic study was carried
out to gain more insight into the formation of such complexes,
and particularly into the underlying Csp3 –H versus Csp2 –H bond
activation of the 1,3-bis(thiophosphinoyl)indene proligand. A new
type of dissymmetrical pincer complex has also been synthesized
from a 1-methylated proligand.

Results and discussion

Pincer 2-indenylidene Pd complexes derived from the
1,3-bis(thiophosphinoyl)indene proligand (1-H)

As preliminarily reported,17c the [IndH2(Ph2P S)2] proligand 1-
H reacts slowly with [Pd(cod)Cl2] (cod = cycloocta-1,5-diene) at
room temperature in THF. According to NMR spectroscopy this
leads to the pincer complex 2, in which the Pd atom is bonded
to C2 (Scheme 1). The addition of two equivalents of Cy2NH
promotes rapid deprotonation of the Csp3 –H bond to afford
the novel 2-indenylidene complex 3, which was characterized by
NMR spectroscopy and single-crystal X-ray crystallography. The
low solubility of the Pd precursor in typical organic solvents
(THF, CH2Cl2) probably explains its very slow reaction with 1-
H. With [Pd(PhCN)2Cl2], which is much more soluble in organic
solvents and whose benzonitrile ligands are more labile than cod,
the reaction proceeds much more rapidly and the formation of

Scheme 1 Preparation of the pincer complexes 2–4 from the
1,3-bis(thiophosphinoyl)indene proligand 1-H and [Pd(PhCN)2Cl2].

2 is complete in less than two hours at room temperature in
CH2Cl2, compared to 10 days using [Pd(cod)Cl2]. Crystals of
2 were obtained from a CH2Cl2–Et2O solution at 20 ◦C and
its structure was definitively confirmed by single-crystal X-ray
diffraction study (Fig. 1a). The Pd atom is bonded to the two
sulfur atoms, the chlorine atom and C2, which are organized in
a quasi-ideal square planar arrangement. The most noticeable
geometric difference between 2 and the 2-indenylidene complex
3 is the tetrahedral versus planar environment around C1, as the
result of the presence, or not, of a residual proton of the proligand.
In complex 2, the C1P1 bond deviates from the mean indenyl
plane by 52◦, but rotation around this C1P1 bond allows the
sulfur atom to be positioned adequately to complete the square
planar arrangement around Pd. The dissymmetrical nature of the
indenyl in 2 is also apparent from the difference in the C1C2 and
C2C3 bond lengths [1.510(5) and 1.353(5) Å, respectively], which
are typical for single and double CC bonds, respectively. The Pd–
C2 bond length [1.962(4) Å] of 2 is similar to that observed in
3 [1.984(5) Å]17c and falls in the low range of those reported for
palladium SCsp2 S pincer complexes (1.952–2.006 Å).12c,18

Fig. 1 Ellipsoid drawings (50% probability) of the molecular structures
of 2 (a), 4 (b), 5 (c) and 6 (d). For clarity, lattice solvent molecules, hydrogen
atoms and the ammonium counter-cation of 4 are omitted and the phenyl
groups at phosphorus are simplified.

The preparation of the 2-indenylidene complex featuring a
chloride instead of the dicyclohexylamine coligand at Pd was then
attempted. Disappointingly, treatment of 2 with one equivalent of
Cy2NH led to an intractable mixture of complexes including 3. To
avoid coordination of the amine to the metal centre, we then turned
to diisopropylethylamine (DIEA) instead of Cy2NH. Monitoring
of the reaction between 2 and DIEA by 31P NMR showed
the rapid and clean formation of a new symmetrical complex
characterized by a singlet signal at d 43.6 ppm. The signal
corresponding to H1 disappeared in the 1H NMR spectrum,
while the 13C NMR spectrum displayed a Cq multiplet signal
at d 163.3 ppm attributed to C2 and an AXX¢ system signal at
104.2 ppm attributed to C1 and C3. The similarity between these
spectroscopic data and those of 3 strongly argues in favour of
the desired 2-indenylidene chloro-palladate complex 4. Orange
crystals suitable for single-crystal X-ray diffraction analysis were
obtained from a THF solution at -70 ◦C, and the structure of

This journal is © The Royal Society of Chemistry 2011 Dalton Trans., 2011, 40, 8912–8921 | 8913
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complex 4 was unambiguously confirmed (Fig. 1b). The chloro-
palladate and ammonium fragments interact via a N–H ◊ ◊ ◊ Cl
hydrogen bond [H ◊ ◊ ◊ Cl distance: 2.35(2) Å and N–H ◊ ◊ ◊ Cl bond
angle: 167.2(7)◦].19 The Pd centre is surrounded by the two sulfur
atoms, C2 and the chlorine atom, organized altogether in a square
planar arrangement. The Pd–C2 bond length [1.962(7) Å] is very
close to those of complexes 2 and 3. The planar environments
around the carbon atoms C1, C2 and C3, combined with the
short and almost equal C1C2/C2C3 bond lengths [1.410(9) and
1.435(8) Å] indicate delocalization of the p system, similar to
that found in 3 but in contrast to that observed in 2. Finally,
the Pd–Cl bond length [2.4362(18) Å] is substantially longer
than that of 2 [2.3807(10) Å] and exceeds those reported for
neutral palladium SCsp2 S pincer complexes (2.381–2.407 Å).12c,18

This feature most likely results from the hydrogen bond with the
(iPr2EtNH)+ counter-cation. Complex 4 is a rare example of an
anionic palladium pincer complex stable enough to be structurally
characterized.20,21

Aiming at further varying the nature of the coligand in the trans
position to C2, the proligand 1-H was reacted with a different
Pd precursor, namely [Pd(PPh3)Cl2]2 (Scheme 2). In this case, no
reaction occurred at room temperature in the absence of a base. But
when the reaction was carried out in the presence of one equivalent
of Cy2NH, 1-H was readily converted into a new compound (5).
The progress of the reaction was easily monitored by 31P NMR
spectroscopy: within 1.5 h, the two doublet signals associated with
1-H (d 45.5 and 31.3 ppm, JPP = 18.2 Hz) disappeared, while an
AMX system appeared. The doublet of doublets at d 28.3 ppm
(JPP = 18.6 and 5.8 Hz) is associated with the PPh3 coligand, while
the two doublet signals at d 50.4 (JPP = 18.6 Hz) and 33.1 (JPP =
5.8 Hz) ppm are attributed to non-equivalent thiophosphinoyl
groups. The latter chemical shifts clearly indicated that only the
thiophosphinoyl side arm is coordinated to the Pd atom, in
contrast to that observed in complex 2. The 1H NMR spectrum
of 5 contains no signal attributable to H1 (observed at d 4.97 ppm
for 1-H and at 5.46 ppm for 2) but a dd signal at d 6.49 ppm
(JHP = 9.9 and 3.1 Hz) is associated with H2. Consistently, the 13C
NMR spectrum displays a Cq ddd signal at d 30.6 ppm (JCP =
71.5, 62.6, 14.1 Hz) for C1 and a broad unresolved CH signal at
d 148.8 ppm for C2. All these spectroscopic data are consistent
with a four-membered metallacyclic structure for complex 5.
This would result from the activation of the Csp3 –H bond,
similarly to what had been observed for the reaction of 1-H and
the analogous bisphosphazene derivative [IndH2(Ph2P NMes)2]
with Zr(NMe2)4.17c

Scheme 2 Preparation of complexes 5 and 6 from the
1,3-bis(thiophosphinoyl)indene proligand 1-H and [Pd(PPh3)Cl2]2.

Crystals of complex 5 were obtained from a CH2Cl2–Et2O
solution at room temperature, and its molecular structure was
assessed by single-crystal X-ray diffraction (Fig. 1c). The co-
ordination sphere of Pd is composed of Cl, PPh3, one of the

thiophosphinoyl moieties and C1. The overall geometry only
slightly deviates from square planar despite the presence of a
SPC1Pd four-membered ring [SPC1 bond angle: 81.95(13)◦]. The
chlorine atom is located in cis position to C1,22 a favourable
disposition for further dehydrochlorination and pincer formation
(vide infra). The cyclometalated carbon atom C1 adopts a distorted
tetrahedral environment with the C1–P1 bond deviating from the
mean indenyl plane by 41.4◦. The Pd–C1 bond length [2.183(5) Å]
is significantly longer than those observed in 2 and in 4 [1.962(4)
and 1.962(7) Å, respectively] and falls in the typical range of Pd–
Csp3 bond lengths.

Treatment of 5 with one equivalent of Cy2NH or polystyrene
supported DIEA (PS-DIEA) in refluxing dichloromethane af-
forded the corresponding 2-indenylidene complex 6 within 12 h.
The A2X system observed in the 31P NMR spectrum (a doublet
at d 47.0 ppm and a triplet at d 17.6 ppm, JPP = 50.5 Hz)
indicated the coordination of the second thiophosphinoyl side
arm and the symmetrisation of the overall structure. 1H NMR
spectroscopy confirmed the removal of H2 and the 13C NMR
signal corresponding to C2 appeared as a Cq doublet of triplet at
d 177.8 ppm (JPC = 128.3 and 34.5 Hz). The C1 and C3 atoms
are magnetically equivalent and give rise to an AXX¢ system at
105.6 ppm, akin to that observed for the 2-indenylidene complexes
3 and 4. These data are consistent with the coordination of the
second thiophosphinoyle group, the shift of the metal centre from
C1 to C2, and the concomitant abstraction of a hydrogen atom
(see the following section for mechanistic considerations). Fig. 1d
shows the solid state structure of 6 as determined by single-crystal
X-ray diffraction. It closely resembles those of 3 and 4, with
a square planar arrangement of C2, the two sulfur atoms and
PPh3 around Pd. The Pd–C2 bond length [1.997(9) Å] is similar
to those of 3 and 4 [1.984(5) and 1.962(7) Å, respectively]. The
carbon atoms C1, C2 and C3 are in planar environments, and
p delocalization is apparent from the C1–C2 and C2–C3 bond
lengths [1.426(11) and 1.417(11) Å, respectively], which are in
between the lengths typically associated with single and double
bonds.

The spectroscopic and crystallographic data collected for the
three 2-indenylidene complexes complexes 3, 4 and 6 are very
similar, suggesting that the coligand in the trans position to C2 has
little influence on their structures. To corroborate this observation,
DFT calculations were performed on the actual complexes 4 and
6 at the same level of theory as that used previously for complex
3 [B3PW91/SDD(Pd,P),6-31G**(other atoms)].17c The optimized
structures match nicely those determined experimentally (Table 1),
confirming the ability of this computational method to describe
such complexes. The bonding situation and especially the nature
of the C2–Pd bond was analysed by NBO. As for 3, a highly
covalent s bond was found between C2 and Pd (65% C2/35%
Pd for 4 and 51% C2/49% Pd for 6 compared to 53% C2/47%
Pd for 3) but no p interaction was identified.17c The presence of
essentially single bonds between C2 and Pd was further confirmed
by the corresponding Wiberg indexes (0.73 for 4 and 0.68 for 6,
compared to 0.66 for 3) (Table 2). In line with the metric data, bond
orders significantly higher than 1.0 were found between C1–C2 and
C2–C3 (~1.35), consistent with some multiple bond character as
the result of p delocalization. The nature of the coligand in trans
position to C2 influence slightly the atomic charges at Pd and at
the elements directly bound to it, but the overall bonding situation

8914 | Dalton Trans., 2011, 40, 8912–8921 This journal is © The Royal Society of Chemistry 2011
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Table 1 Selected geometric data (bond lengths in Å, bond angles in ◦) for complexes 3, 4, 6 and 8 determined experimentally and computed at the
B3PW91/SDD(Pd,P),6-31G**(other atoms) level of theory

S–Pd C2–Pd S–P P–C S–P–C R C1a R C3a R C2a C1–C2 C2–C3

3 X-Ray 2.3398(17) 1.984(5) 2.0297(19) 1.719(6) 105.13(19) 359 360 360 1.418(7) 1.425(7)
2.3360(17) 2.030(2) 1.714(5) 106.39(19)

DFT 2.36 1.97 2.07 1.75 106 360 360 360 1.42 1.42
2.36 2.07 1.75 106

4 X-Ray 2.3438(19)) 1.962(7) 2.021(3) 1.742(7) 106.7(3) 360 360 360 1.435(8) 1.410(9)
2.3341(19 2.018(3) 1.719(7) 106.9(2)

DFTa 2.36 1.97 2.06 1.75 107 360 360 360 1.42 1.42
2.36 2.06 1.75

6 X-Ray 2.346(2) 1.997(9) 2.033(4) 1.740(8) 105.8(3) 359 359 360 1.417(11) 1.426(11)
2.319(3) 2.038(4) 1.722(9) 105.3(3)

DFT 2.35 2.01 2.07 1.75 106 360 360 360 1.42 1.42
2.36 2.07 1.75 106

8 X-Ray 2.3503(16) 1.961(5) 2.015(2) 1.842(5) 104.01(17) 323 360 359 1.520(7) 1.362(7)
2.3285(16) 2.025(2) 1.772(6) 105.37(18)

DFT 2.37 1.96 2.04 1.88 104 323 360 360 1.53 1.37
2.35 2.06 1.80 105

a The ammonium counter-cation was not included in the calculations.

Table 2 NBO atomic charges and Wiberg indexes for complexes 3, 4, 6 and 8

NBO Atomic Charges Wiberg indexes

Pd C2 S P C1/C3 Pd–C2 C2–C1/C3

3 0.44 -0.09 -0.55 1.64 -0.66 0.66 1.35
1.35

4 0.01 -0.05 -0.36 1.60 -0.65 0.73 1.33
1.33

6 0.33 -0.14 -0.40 1.64 -0.64 0.68 1.34
1.35

8 -0.002 -0.05 -0.31 1.58 -0.46 0.73 0.98
-0.54 1.63

Table 3 Crystallographic Data for Compounds 2, 4–8 and 1-Me

2 4 5 6 7 1-Me 8

Empirical formula C34H27Cl3P2PdS2 C45H52ClNOP2PdS2 C52H42Cl3P3PdS2 C52H41Cl2P3PdS2 C52H42Cl2P3PdS2,BF4 C34H28P2S2 C35H29Cl3P2PdS2

Formula weight 774.37 890.79 1036.64 1000.18 1088.02 562.64 788.39
Crystal system Monoclinic Monoclinic Triclinic Monoclinic Triclinic Monoclinic Monoclinic
Space group P21/n P21/c P1̄ P21/c P1̄ P21/c P21/n
a/Å 10.4520(2) 11.5761(5) 11.4556(3) 8.9679(12) 12.1914(3) 9.3107(2) 9.4787(3)
b/Å 14.1161(3) 24.9932(10) 12.5154(3) 20.433(3) 14.4571(3) 15.8384(3) 33.9812(9)
c/Å 21.7006(5) 14.8809(6) 18.2257(6) 24.908(5) 14.9919(3) 20.4529(4) 10.6863(3)
a/◦ 90 90 102.868(2) 90 110.963(1) 90 90
b/◦ 92.020(2) 94.803(3) 96.921(2) 94.220(12) 97.985(1) 106.571(1) 101.622(2)
g /◦ 90 90 108.763(2) 90 93.245(2) 90 90
V/Å3 3199.75(12) 4290.3(3) 2359.21(11) 4551.7(13) 2427.34(9) 2890.85(10) 3371.46(17)
Z 4 4 2 4 2 4 4
Densitycalcd, Mg
m-3

1.607 1.379 1.459 1.460 1.489 1.293 1.553

m/mm-1 1.086 0.701 0.789 0.759 0.729 0.317 1.032
Reflections
collected

34 209 41 879 19 928 25 044 36 403 33 762 35 458

Independent
reflections

6487 7258 7970 7635 8875 6721 6823

R1 (I > 2s(I)) 0.0407 0.0525 0.0517 0.0702 0.0428 0.0419 0.0513
wR2 0.0699 0.0986 0.1146 0.0790 0.0857 0.0804 0.0901
(D/r)max/e Å-3 0.479 and

-0.544
0.595 and
-0.850

0.628 and
-0.854

0.651 and
-0.534

1.096 and
-0.809

0.427 and
-0.314

0.643 and
-0.774

T 173(2) 173(2) 173(2) 173(2) 193(2) 193(2) 193(2)

This journal is © The Royal Society of Chemistry 2011 Dalton Trans., 2011, 40, 8912–8921 | 8915
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remains nearly unchanged. Thus, the geometric and electronic
properties of the 2-indenylidene complexes 3, 4 and 6 appear to
be governed essentially by the conjugated and rigid nature of the
pincer ligand.

Mechanistic investigations of the formation of the pincer
complexes: Csp3 –H versus Csp2 –H bond activation

From a mechanistic viewpoint, the formation of complexes 2
and 5 from the same proligand 1-H suggests that either Csp2 –H
or Csp3 –H bond activation might take place depending on the
nature of the metal precursor, [Pd(PhCN)2Cl2] or [Pd(PPh3)Cl2]2.
In the first case, the presence of two labile nitrile ligands might
enable coordination of the two thiophosphinoyl groups of 1-H,
and thereby, the Csp2 –H bond would be ideally positioned to be
activated. Since the displacement of PPh3 is much less favourable
than that of PhCN, the reaction of 1-H with [Pd(PPh3)Cl2]2 would
rather proceed by coordination of one thiophosphinoyl side arm
and activation of the Csp3 –H bond corresponding to the most
acidic proton. These two pathways are summarized in Scheme 3.

Scheme 3 Plausible pathways for the first C–H bond activation of the
indene proligand 1-H with dichloro palladium precursors.

In order to shed light into the different outcomes ob-
served from the two palladium precursors, the deuter-
ated 1,3-bis(diphenylthiophosphinoyl)indene 1-D was prepared
(Scheme 4). Compound 1-H was readily deprotonated with
nBuLi in THF. The ensuing anion [IndH(Ph2P S)2]- is highly
stabilized by conjugation, to the extent that it did not react with
D2O. Deuteration was thus achieved with CF3CO2D. The absence
of the signal characteristic of H1 in the 1H NMR spectrum of
1-D unambiguously indicated that the deuterium atom had been

Scheme 4 Preparation of 1-D and its reactions with [Pd(PhCN)2Cl2] and
[Pd(PPh3)Cl2]2.

introduced in this position. The labelled proligand 1-D was then
reacted with [Pd(PhCN)2Cl2] and [Pd(PPh3)Cl2]2 under the same
conditions as those used with 1-H. The ensuing complexes 2 and 5
were characterized by 1H NMR spectroscopy, and both reactions
were found to proceed with complete removal of the D-labelling.
This result is consistent with the mechanism proposed to account
for the formation of 5 (activation of the Csp3 –D bond of 1-D), but
rules out the Csp2 –H bond activation envisioned for 2. Apparently,
the reaction of 1-H/D with [Pd(PhCN)2Cl2] also proceeds via
activation of the Csp3 –H/D bond. The initially formed four-
membered metallacycle B would then rearrange by coordination
of the second thiophosphinoyl group and concomitant shifts of
Pd (from C1 to C2) and H (from C2 to C1).

To provide evidence of such a rearrangement from a four-
membered metallacycle of type B to a 2-indenyl pincer complex of
type C, complex 5 was used as a model compound. As mentioned
above, the addition of an amine readily converts 5 into the
corresponding 2-indenylidene complex 6. But no intermediate
(related to C) could be detected by NMR even at low temperature.
The thermal activation of 5 in the absence of an amine was
also found to afford 6, but this required temperatures as high as
120 ◦C and no intermediate could be detected either under these
conditions. We thus decided to induce the rearrangement of 5 by
creating a vacant site on Pd by chloride abstraction (Scheme 5).
The addition of one equivalent of AgBF4 to a CH2Cl2 solution of 5
led to a dark red solution. In addition to the signal associated with
the PPh3 coligand (dd, d 18.9 ppm, JPP = 47.6 and 30.4 Hz), the 31P
NMR spectrum of the ensuing complex 7 displayed two dd at d
54.2 (JPP = 30.4 and 5.3 Hz) and 53.3 ppm (JPP = 47.6 and 5.3 Hz),
indicating the coordination of the two thiophosphinoyl side arms
in a dissymmetrical manner. In addition, the shift of the proton
from C2 to C1 was clearly apparent by 1H NMR spectroscopy. The
corresponding signal resonates at 6.38 ppm in 5 and 5.74 ppm in 7.
These data are consistent with a cationic 2-indenyl pincer structure
for 7. This hypothesis was further corroborated by the formation
of the 2-indenylidene complex 6 upon treatment of 7 with Cy2NH,
and definitely confirmed by single-crystal X-ray crystallography
(crystals of 7 were obtained by slow diffusion of pentane into a
CH2Cl2 solution at room temperature). The molecular structure of
7 (Fig. 2) is similar to that of 2. The most noticeable difference is the
slightly longer Pd–C2 bond [2.009(4) Å compared to 1.962(4) Å in
2], which is probably due to the presence of the triphenylphosphine
coligand in the trans position to C2.

Scheme 5 Pincer formation and Pd/H exchange at C1/C2 upon reaction
of complex 5 with a silver salt.

From these mechanistic studies, it can be concluded that the
activation of the Csp3 –H bond of 1 is favoured over that of the Csp2 –
H bond whatever the palladium precursor. The apparent Csp2 –H
bond activation leading to 2 results in fact from the activation
of the Csp3 –H bond and subsequent rearrangement. The ability
of 1,3-bis(thiophosphinoyl)indene proligands to undergo direct

8916 | Dalton Trans., 2011, 40, 8912–8921 This journal is © The Royal Society of Chemistry 2011
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Fig. 2 Ellipsoid drawing (50% probability) of the molecular structure
of 7. For clarity, lattice solvent molecules, hydrogen atoms and the
tetrafluoroborate counter-anion are omitted and the phenyl groups at
phosphorus are simplified.

Csp2 –H bond activation (Pathway (a) in Scheme 3) thus remains
an open question. To address this point, a methyl group was in-
troduced at C1 to obviate the competitive Csp3 –H bond activation,
and the preparation of a 2-indenyl pincer complex was envisaged
starting from 1-methylindene.

Pincer 2-indenyl Pd complex derived from the
1,3-bis(thiophosphinoyl)-1-methylindene proligand (1-Me)

The 1,3-bis(thiophosphinoyl)-1-methylindene proligand 1-Me
(Scheme 6) was prepared from 1-methylindene, applying a
procedure similar to that used for 1-H. Two consecutive se-
quences of deprotonation with nBuLi followed by addition
of chlorodiphenylphosphine, and subsequent oxidation with S8

afforded 1-Me in 55% overall yield. Most diagnostic are the 1H
NMR signals associated with the methyl group (d, d 1.75 ppm,
JPH = 17.5 Hz) and H2 (dd, d 6.60 ppm, JPH = 10.1 and 3.1 Hz), as
well as the 13C NMR signal corresponding to C1 (dd, d 58.7 ppm,
JPC = 42.7 and 12.3 Hz). The molecular structure of 1-Me, as
assessed by single-crystal X-ray diffraction, is shown in Fig. 3a.

Fig. 3 Ellipsoid drawings (50% probability) of the molecular structures of
1-Me (a), and 8 (b). For clarity, lattice solvent molecules, hydrogen atoms
are omitted and the phenyl groups at phosphorus are simplified.

Scheme 6 Preparation of the 2-indenyl pincer complex 8 from
the 1,3-bis(thiophosphinoyl)-1-methylindene proligand 1-Me and
[Pd(PhCN)2Cl2].

Upon addition to 1-Me to a THF solution of [Pd(PhCN)2Cl2]
at room temperature, a light brown solid precipitated instanta-

neously. 31P NMR spectroscopy indicated the complete consump-
tion of 1-Me and the formation of a new complex 8 with the
two thiophosphinoyl side arms coordinated to Pd (two singlet
signals are observed at d 59.7 and 51.6 ppm). The absence of any
1H NMR signal attributable to H2 suggested that Csp2 –H bond
activation had occurred. Consistently, a Cq signal at d 191.7 ppm
was found for C2 in the 13C NMR spectrum. Crystals of 8 were
obtained from a CH2Cl2–Et2O solution at room temperature,
and its 2-indenyl pincer structure was confirmed by single-crystal
X-ray diffraction (Fig. 3b). The Pd centre is surrounded by
a chlorine atom, the two thiophosphinoyl side arms and C2
organized in a square-planar arrangement. The metric data of
8 are very close to those of 2, including the Pd–C2 bond length
[1.961(5) Å], the tetrahedral environment around C1 (the C1–P1
bond deviates by 57.7◦ from the mean indenyl plane) and the
pronounced difference in the C1–C2 and C2–C3 bond lengths
[1.520(7) and 1.362(7) Å, respectively]. The formation of complex 8
demonstrates that thiophosphinoyl side arms can indeed promote
direct Csp2 –H bond activation of indene under mild conditions.
This gives access to a new type of pincer complex supported by a
dissymmetrical monoanionic ligand.

Finally, DFT calculations were performed to compare the
bonding situation in the 2-indenyl complex 8 with that of the
2-indenylidene complexes 3, 4 and 6. The geometry determined
crystallographically was again nicely reproduced computationally
(Table 1). The computed Wiberg indexes are consistent with a
single bond character for Pd–C2 and C1–C2 and a double bond
character for C2–C3 (Table 2). In addition, NBO analyses revealed
noticeable negative atomic charges on C1 and C3 (-0.46 and -0.54,
respectively) albeit lower that those found for complexes 3, 4
and 6.

Conclusion

From the 1,3-bis(thiophosphinoyl)indene proligand 1-H, a series
of 2-indenylidene palladium pincer complexes have been prepared
and characterized by experimental (NMR spectroscopy and
single-crystal X-ray diffraction) and theoretical methods. The
nature of the coligand in the trans position to C2 (NHCy2, Cl-

or PPh3) was found to have only little influence on the geometric
and electronic properties of the complexes that are essentially
governed by the conjugated and rigid nature of the pincer ligand.
Depending on the palladium precursor used, the 2-indenylidene
complex was formed via either a 2-indenyl pincer or a four-
membered cyclometalated intermediate complex. This suggested
that either Csp2 –H or Csp3 –H bond activation took place on 1-H.
However, the deuterium labelling experiences substantiated that in
all cases, the coordination of 1-H involved Csp3 –H bond activation
that was eventually followed by concomitant and opposite shifts
of Pd and H between C1 and C2. When no competitive Csp3 –H
bond activation was possible, the two thiophosphinoyl side arms
efficiently promoted direct Csp2 –H bond activation, as evidenced
with the 1-methylated indene 1-Me as proligand. An original
dissymmetrical 2-indenyl palladium pincer complex was obtained
thereby.

Ongoing studies aim at modulating further the ligand backbone.
The reactivity of 2-indenylidene and 2-indenyl pincer complexes
is also currently being explored.

This journal is © The Royal Society of Chemistry 2011 Dalton Trans., 2011, 40, 8912–8921 | 8917
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Experimental

General comments

All reactions were performed using standard Schlenk tech-
niques under an Argon atmosphere. Solvents were dried and
distilled prior to use (Et2O, THF and toluene over sodium
and pentane and dichloromethane over CaH2). All organic
reagents were obtained from commercial sources and used
as received. [Pd(PhCN)2Cl2] was purchased from STREM.
[Pd(PPh3)Cl2]2,23 1,3-bis(diphenylphosphino)indene24 and 1,3-
bis(diphenylthiophosphinoyl)indene 1-H25 were prepared accord-
ing to literature procedures. 31P, 1H and 13C NMR spectra
were recorded on Bruker Avance 300 or 400 and AMX500
spectrometers. 31P, 1H and 13C chemical shifts are expressed with
a positive sign, in parts per million, relative to external 85%
H3PO4 and Me4Si. Unless otherwise stated, NMR was recorded at
293 K. The 1H and 13C resonance signals were attributed thanks to
2D HMQC and HMBC experiments. The same atom numbering26

has been used for the indenyl skeleton of all compounds. The N
values corresponding to 1

2
(JAX + JAX¢) are provided when second

order AXX¢ systems are observed in the 13C NMR spectra.27

Preparations

Synthesis of {PdCl[IndH(Ph2P S)2]} 2. A colourless solution
of 1-H (1.097 g, 2 mmol) in CH2Cl2 (20 mL), was added at room
temperature to an orange solution of [Pd(PhCN)2Cl2] (768 mg,
2 mmol) in CH2Cl2 (20 mL) After stirring for two hours, the
solution slightly decoloured and a yellow precipitate appeared.
The yellow precipitate was recovered by filtration, washed with
CH2Cl2 (10 mL) and finally with pentane (2 ¥ 20 mL). After
drying under vacuum, 2 was obtained as a pale yellow powder
(1.30 g, 95%). NMR data were in agreement with those previously
reported.17c Single crystals of 2 were grown from a CH2Cl2–Et2O
solution at 20 ◦C.

Synthesis of {PdCl[Ind(Ph2P S)2]}(iPr2EtNH) 4. iPr2EtN
(28 mL, 0.156 mmol) was added to a solution of 2 (107 mg,
0.156 mmol) in THF (30 mL) at -78 ◦C. After 2 h at this
temperature, pentane (40 mL) was added. The resulting precipitate
was recovered by filtration and dried under vacuum. Complex
4 was obtained as a yellow solid in good yield (80 mg, 63%).
Orange crystals suitable for single-crystal X-ray crystallography
were grown from a THF solution at -70 ◦C. 31P{1H}-NMR
(203 K, 121.4 MHz, CD2Cl2): dppm 43.6 (s). 1H-NMR (203 K,
400 MHz, CD2Cl2): dppm 7.90 (m, 8H, HorthoPPh2), 7.55–7.40 (m,
12H, Hmeta,paraPPh2) 6.99 (m, 2H, H5,8), 6.68 (m, 2H, H6,7), 3.54 (m,
2H, NCH2), 2.95 (m, 2H, NCH), 1.40 (br, 6H, CH3), 1.29 (br, 3H,
CH3). 13C{1H}-NMR (203 K, 75.5 MHz, CD2Cl2): dppm 163.3 (m,
C2), 136.4 (m, C4,9), 133.4 (d, 1J(C,P) = 81.8 Hz, CipsoPhP), 131.8
(m, CmetaPhP), 128.3 (m, Cpara,orthoPhP), 117.0 (s, C6,7), 115.3 (s, C5,8),
104.2 (AXX¢, N = 73.7 Hz, C1,3), 53.6 (s, CH2), 42.0 (s, CH), 17.8
(s, CH3), 16.4 (s, CH3). M. p. 165 ◦C (dec.).

Synthesis of {Pd(PPh3)Cl[IndH(Ph2P S)2]} 5. Cy2NH (40 ml,
0.190 mmol) was added to a suspension of [Pd(PPh3)Cl2]2 (86 mg;
0.190 mmol) and 1-H (104 mg, 0.190 mmol) in THF (30 mL) at
-78 ◦C. After 10 min at this temperature, the reaction was warmed
to room temperature and stirred for 1.5 h. The red solution was
then filtered to remove the precipitated ammonium salts. Addition

of pentane (40 mL) to the red solution resulted in the precipitation
of an orange–red solid. The solvent was filtered off and the
orange solid was dried under vacuum to yield 5 (140 mg, 75%
yield). Single crystals were grown from a CH2Cl2–Et2O solution at
20 ◦C. 31P{1H}-NMR (121.4 MHz, CDCl3): dppm 50.4 (d, 3J(P,P) =
18.6 Hz, P1), 33.1 (d, 5J(P,P) = 5.8 Hz, P2), 28.3 (dd, 3J(P,P) =
18.6 Hz, 5J(P,P) = 5.8 Hz, PPh3). 1H-NMR (500.3 MHz, CDCl3):
dppm 8.38–8.32 (m, 2H, HorthoPhP), 7.99–7.93 (m, 5H, PPh and
H5 or 8), 7.75–7.23 (m, 30H, PPh and H5 or 8), 7.05 (m, 2H, H6,7), 6.49
(dd, 1H, 3J(H,P) = 9.1 Hz, 3J(H,P) = 3.3 Hz, 1H, H2). 13C{1H}-
NMR (100.6 MHz, CDCl3): dppm 147.1 (m, C2), 144.5 (m, C9),
141.6 (ddd, 2J(C,P) = 12.9 Hz, 3J(C,P) = 9.9 Hz and 4J(C,P) =
0.8 Hz, C4), 135.1–127.9 (Ph2P and Ph3P), 127.1 (dd, 1J(C,P) =
12.0 Hz and 3J(C,P) = 6.2 Hz, C3), 123.8 (s, CInd), 123.5 (s, CInd),
123.1 (s, CInd), 30.6 (ddd, 1J(CP) = 71.5 Hz, 2J(C,P) = 62.6 Hz
and 3J(C,P) = 14.1 Hz, C1). Elemental analysis calcd (%) for
C51H40ClP3PdS2: C 64.36, H 4.24; found C 64.16, H 4.29. M. p.
192–193 ◦C.

Synthesis of {Pd(PPh3)[Ind(Ph2P S)2]} 6. Compound 5
(210 mg, 0.230 mmol) and polystyrene supported diisopropylethy-
lamine (PS-DIEA, 0.330 mg, 4 equiv.) were heated in CH2Cl2

(20 mL) at 35 ◦C during 12 h. Total consumption of compound
5 was confirmed by 31P NMR spectroscopy. The deep-orange
solution was then filtered to remove the PS-DIEA ammonium
salts. The solution was concentrated under vacuum and an orange
solid was precipitated by addition of pentane (40 mL). Filtration
and vacuum drying yielded an orange solid (175 mg, 83% yield).
Single crystals of 6 were grown from a CH2Cl2–Et2O solution
at 20 ◦C. 31P{1H}-NMR (121.4 MHz, CDCl3): dppm 47.0 (d,
3J(P,P) = 50.5 Hz, P S), 17.6 (t, 3J(P,P) = 50.5 Hz, PPh3). 1H-
NMR (500.3 MHz, C6D6): dppm 7.84 (m, 8H, HmetaPh2P), 7.67 (m,
6H, HmetaPPh3), 7.50–7.30 (m, 15H, Hortho,para Ph2P and PPh3), 7.18
(m, 2H, H6,7), 6.83 (m, 2H, H5,8). 13C{1H}-NMR (125.8 MHz,
C6D6): dppm 177.8 (dt, 2J(C,P) = 128.3 and 34.5 Hz, C2), 137.9 (m,
C4,9), 134.6 (d, 3J(C,P) = 12.6 Hz, CorthoPh3P), 132.8 (d, 1J(C,P) =
82.1 Hz, CipsoPhP), 132.2 (d, 2J(C,P) = 11.7 Hz, CorthoPhP), 131.3
(m, CparaPhP), 130.0 (m, CparaPhP), 129.08 (m, CmetaPhP), 128.17
(m, CparaPhP), 117.60 (s, C5,8), 116.9 (s, C6,7), 105.6 (AXX¢, N =
76.1 Hz, C1,3). Elemental analysis calcd (%) for C51H39P3PdS2: C
66.92, H 4.29; found: C 66.62, H 4.10. M.p. 234–236 ◦C (dec.).

Synthesis of [IndHD(Ph2P S)2]. nBuli (230 mL, 1,6 M in
hexane) was added to a degassed solution of [IndH2(P S)2]
(201 mg, 0,366 mmol) in THF (20 mL) at -80 ◦C. The mixture
was stirred for 30 min and then the reaction mixture was warmed
slowly to room temperature under stirring. CF3COOD was then
added (30 mL) at -80 ◦C. After warming up to room temperature,
the THF was partially eliminated under vacuum, and a white
precipitate appeared. The deuterated ligand was then recovered
by filtration and dried under vacuum. The product is moisture
sensitive (lost of D-labelling), and was stored in glove box. Yield
122 mg (60%). 31P{1H} NMR (121.4 MHz, CDCl3): dppm 45.5 (d,
4J(P,P) = 3.7 Hz, P1), 30.4 (d, 4J(P,P) = 4.2 Hz, P2). 1H NMR
(300 MHz, CDCl3): dppm 7.73–6.77 (m, 24H, H5–8 and PPh2), 6.36
(ddd, 3J(P,H) = 10.1 Hz, 3J(P,H) = 3.9 Hz, 3J(H,H) = 0.9 Hz, 1H,
H2), 4.90 (d br, 2J(P,H) = 22.0 Hz, 1H, H1).

Synthesis of {Pd(PPh3)[IndH(Ph2P S)2]}[BF4] 7. To a solu-
tion of 5 (50.5 mg, 0.053 mmol) in CH2Cl2 (3 mL) at -80 ◦C was

8918 | Dalton Trans., 2011, 40, 8912–8921 This journal is © The Royal Society of Chemistry 2011
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added a suspension of AgBF4 in CH2Cl2 (1 mL). The solution was
stirred at -80 ◦C for 1 h. and then warmed to room temperature.
The deep-orange solution was then filtered to remove the silver
salts. The solution was concentrated under vacuum and pentane
(4 mL) was added. Filtration and vacuum drying yielded an orange
solid. Crystals suitable for single-crystal X-ray crystallography
were obtained by slow diffusion of pentane into CH2Cl2 at room
temperature. Yield 21 mg (40%). 31P{1H} NMR (121.4 MHz,
CDCl3): dppm 54.2 (dd, 3J(P,P) = 30.4 Hz, 4J(P,P) = 5.3 Hz, P1), 53.3
(dd, 3J(P,P) = 47.6 Hz, 4J(P,P) = 5.3 Hz, P2), 18.9 (dd, 3J(P,P) =
47.7 Hz, 3J(P,P) = 30.4 Hz, PPh3). 1H NMR (500 MHz, CDCl3):
dppm 7.84–7.75 (m, 4H, PhP), 7.71–7.67 (m, 2H, PhP), 7.64–7.59
(m, 8H, PhP), 7.55 (m, 5H, PhP), 7.52 (m, 2H, Ph), 7.46 (m,
6H, Ph), 7.42–7.38 (m, 2H, Ph), 7.33 (m, 1H, H6), 7.27–7.20 (m,
2H, H5,7), 7.13–7.08 (m, 3H, Ph), 7.01–6.98 (m, 4H, Ph), 6.73 (d,
3J(H,H) = 7.5 Hz, 1H, H8), 5.74 (dd, 2J(H,P) = 24.8 Hz, 4J(H,P) =
2.7 Hz, 1H, H1). 13C NMR (125 MHz, CDCl3): dppm 190.6 (ddd,
2J(P,C) = 7.1 Hz, 2J(P,C) = 32.2 Hz, 2J(P,C) = 135.9 Hz, C2),
147.5 (dd, 1J(P,C) = 104.7 Hz, 3J(P,C) = 10.0 Hz, C3), 145.1 (ddd,
4J(P,C) = 3.1 Hz, 3J(P,C) = 6.5 Hz, 2J(P,C) = 19.8 Hz, C4), 140.2 (m,
C9), 134.8–119.7 (m, Ph2P), 133.9 (d, 2J(P,C) = 12.2 Hz, CorthoPPh3),
131.3 (m, CparaPPh3), 130.1 (d, 1J(P,C) = 49.1 Hz, CipsoPh3P), 129.6
(s, C5), 129.0 (d, 3J(P,C) = 10.2 Hz, CmetaPPh3), 125.9 (s, C7), 126.4
(d, 1J(P,C) = 80.2 Hz, CipsoPhP), 126.3 (d, 1J(P,C) = 84.7 Hz,
CipsoPhP), 125.0 (d, 1J(P,C) = 76.3 Hz, CipsoPhP), 123.8 (s, C6),
119.8 (s, C8), 119.7 (d, 1J(P,C) = 82.4 Hz, CipsoPhP), 71.1 (ddd,
1J(P,C) = 51.9 Hz, 3J(P,C) = 20.2 Hz, 3J(P,C) = 3.1 Hz, C1). M. p.
186–188 ◦C.

Synthesis of [IndH(Me)(Ph2P S)2] 1-Me. To a solution of 1-
methylindene (3.36 g, 25.8 mmol) in diethyl ether (50 mL) was
added dropwise nBuLi (16.13 mL of a 1.6 M hexane solution,
25.8 mmol) at -80 ◦C. The mixture was stirred at -80 ◦C for 1 h
and then warmed slowly to room temperature. The solution was
cooled again to -80 ◦C and diphenylchlorophosphine (4.77 mL,
25.8 mmol) was added. The reaction medium was stirred at -80 ◦C
for 30 min and then warmed to room temperature within 1 h.
The addition of nBuLi and diphenylchlorophosphine was repeated
under the same conditions. S8 (1.65 g, 51.6 mmol of S) was then
added to the formed solution of 1,3-bis(diphenylphosphino)-1-
methylindene. The mixture was stirred for 10 h, the solvent was
removed by filtration and toluene (80 mL) was added. The whitish
precipitate was recovered by filtration and washed with toluene
and pentane. The Ind(Me)(P S)2 is obtained as a white powder
(7.89 g, 14.02 mmol, 55%). Crystals suitable for single-crystal
X-ray crystallography were obtained from a CH2Cl2 solution at
room temperature. 31P{1H} NMR (121.4 MHz, CDCl3): dppm 53.8
(d, 4J(P,P) = 4.4 Hz, P1), 31.2 (d, 4J(P,P) = 4.4 Hz, P2). 1H NMR
(300 MHz, CDCl3): dppm 7.73–7.67 (m, 4H, PhP), 7.63–7.56 (m,
4H, PhP), 7.53–7.46 (m, 4H, PhP), 7.45–7.39 (m, 4H, H5 and PhP),
7.36 (m, 5H, H7 and PhP), 7.32–7.26 (m, 1H, PhP), 7.22–7.19 (m,
2H, H8,6), 6.60 (dd, 3J(P,H) = 10.1 Hz, 3J(P,H) = 3.1 Hz, 1H, H2),
1.75 (d, 3J(P,H) = 17.5 Hz, 3H, H10). 13C NMR (75 MHz, CDCl3):
dppm 151.6 (dd, 2J(P,C) = 8.9 Hz, 2J(P,C) = 1.4 Hz, C2), 146.5
(dd, 2J(P,C) = 9.5 Hz, 3J(P,C) = 0.4 Hz, C9), 141.6 (dd, 2J(P,C) =
12.4 Hz, 3J(P,C) = 3.6 Hz, C4), 138.7 (dd, 1J(P,C) = 84.8 Hz,
3J(P,C) = 8.5 Hz, C3), 133.3 (d, 2J(P,C) = 9.4 Hz, CorthoPhP),
132.2 (d, 2J(P,C) = 9.5 Hz, CorthoPhP), 132.0 (d, 4J(P,C) = 2.9 Hz,
CparaPhP), 131.9 (d, 4J(P,C) = 3.1 Hz, CparaPhP), 131.9 (d, 2J(P,C) =

11.2 Hz, CorthoPhP), 131.7 (d, 4J(P,C) = 3.0 Hz, CparaPhP), 131.6 (d,
1J(P,C) = 86.8 Hz, CipsoPhP), 131.6 (d, 2J(P,C) = 11.6 Hz, CorthoPhP),
130.8 (d, 1J(P,C) = 86.5 Hz, CipsoPhP), 130.7 (d, 1J(P,C) = 78.8 Hz,
CipsoPhP), 128.7 (d, 3J(P,C) = 2.4 Hz, CmetaPhP), 128.6 (d, 3J(P,C) =
2.4 Hz, CmetaPhP), 128.3 (d, 1J(P,C) = 77.4 Hz, CipsoPhP), 128.3 (d,
3J(P,C) = 2.3 Hz, CmetaPhP), 128.2 (d, 3J(P,C) = 1.9 Hz, CmetaPhP
and C6), 126.4 (d, 3J(P,C) = 1.3 Hz, C8), 124.7 (d, 3J(P,C) = 1.9 Hz,
C5), 123.9 (s, C7), 58.7 (dd, 1J(P,C) = 42.7 Hz, 3J(P,C) = 12.3 Hz,
C1), 19.2 (s, C10). M.p. 185 ◦C (dec.). Elemental analysis calcd (%)
for C34H28P2S2: C 72.58, H 5.02; found: C 72.80, H 4.86. HRMS
(TOF, CI+): calculated for C34H29P2S2: 563.1186, found: 563.1172.

Synthesis of {PdCl[Ind(Me)(Ph2P S)2]} 8. A solution of 1-
Me (250 mg, 0.444 mmol) in THF (10 mL) was added to a stirred
solution of [Pd(PhCN)2Cl2] (170 mg, 0.444 mmol) in THF (5 mL)
at room temperature. A brown precipitate appeared immediately.
The mixture was stirred for 2 h. to ensure complete reaction.
The precipitate was recovered by filtration and washed with THF
(5 mL). After extraction with CH2Cl2 and drying under vacuum,
complex 8 was obtained as a brown precipitate (196 mg, 63% yield).
Crystals suitable for single-crystal X-ray analysis were obtained by
slow diffusion of Et2O into a CH2Cl2 solution at room temperature.
31P{1H} NMR (121.4 MHz, CDCl3): dppm 59.7 (s, P1), 51.6 (s, P2).
1H NMR (300 MHz, CDCl3): dppm 8.02–7.95 (m, 2H, HorthoPhP),
7.75–7.67 (m, 3H, PhP), 7.65–7.51 (m, 4H, PhP), 7.50–7.40 (m,
5H, PhP and H5), 7.32–7.27 (m, 4H, PhP and H6,7), 7.21–7.08
(m, 5H, PhP), 6.73 (m, 1H, H8), 1.93 (d, 3J(P,H) = 18.4 Hz, 3H,
H10). 13C NMR (125 MHz, CDCl3): dppm 191.7 (m, C2), 146.5 (d,
2J(P,C) = 9.1 Hz, C9), 144.2 (dd, 2J(P,C) = 18.4 Hz, 3J(P,C) =
3.7 Hz, C4), 143.2 (dd, 1J(P,C) = 107.1 Hz, 3J(P,C) = 9.3 Hz,
C3), 133.6 (d, 4J(P,C) = 2.3 Hz, CparaPhP), 133.3 (d, J(P,C) =
9.7 Hz, Cortho/metaPhP), 133.1 (d, 4J(P,C) = 3.4 Hz, CparaPhP),
133.1 (d, J(P,C) = 9.3 Hz, Cortho/metaPhP), 132.7 (d, 4J(P,C) =
2.7 Hz, CparaPhP), 136.5 (d, J(P,C) = 11.2 Hz, Cortho/metaPhP),
132.4 (d, 4J(P,C) = 4.7 Hz, CparaPhP), 131.8 (d, J(P,C) = 11.5 Hz,
Cortho/metaPhP), 129.2 (d, J(P,C) = 13.5 Hz, Cortho/metaPhP), 129.1 (d,
J(P,C) = 13.1 Hz, Cortho/metaPhP), 128.7 (s, C5), 128.2 (d, J(P,C) =
12.4 Hz, Cortho/metaPhP), 128.1 (d, 1J(P,C) = 84.3 Hz, CipsoPhP),
128.0 (d, 1J(P,C) = 80.6 Hz, CipsoPhP), 124.6 (d, 1J(P,C) = 69.2 Hz,
CipsoPhP), 124.5 (s, C7), 122.8 (s, C6), 118.9 (s, C8), 75.3 (dd,
1J(P,C) = 59.0 Hz, 3J(P,C) = 17.7 Hz, C1), 21.3 (d, 3J(P,C) =
18.3 Hz, C10). HRMS (TOF, CI+): calculated for C34H27ClP2PdS2:
703.9752, found: 703.9746. M.p. 280 ◦C (dec.).

Crystal Structure Determination of complexes 2, 4, 5, 6, 7, 1-Me
and 8

Data were collected using an oil-coated shock-cooled crystal on
a Bruker-AXS SMART APEX II diffractometer with Mo-Ka
radiation (l = 0.7103 Å). Semi-empirical absorption corrections
were employed.28 The structures were solved by direct methods
(SHELXS-97)29 and refined using the least-squares method on
F 2.30 For compounds 2, 4 and 6, restraints were used to refine dis-
orders. The similar-ADP (Anisotrope Displacement Parameter)
and rigid-bond restraints were employed to make the ADP values
of the disordered atoms more reasonable.

CCDC 800695 (2), 800696 (4), 800697 (5), 800698 (6), 800699
(7), 800700 (1-Me) and 800701 (8) contain the supplementary
crystallographic data for this paper.† The crystallographic data
for the structures is given in Table 3.

This journal is © The Royal Society of Chemistry 2011 Dalton Trans., 2011, 40, 8912–8921 | 8919
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Computational details

Palladium and Phosphorus were treated with a Stuttgart–Dresden
pseudopotential in combination with their adapted basis set.31,32 In
all cases, the basis set has been augmented by a set of polarization
function (f for Pd and d for P).33 Carbon, sulfur, nitrogen and
hydrogen atoms have been described with a 6-31G(d,p) double-z
basis set.34 Calculations were carried out at the DFT level of theory
using the hybrid functional B3PW91.35,36 Geometry optimisations
were carried out without any symmetry restrictions, the nature
of the extrema (minimum) was verified with analytical frequency
calculations. All these computations have been performed with
the Gaussian 9837 suite of programs. The bonding situation was
analyzed using the NBO technique.38
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