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Abstract

Specific chiral ligands have been designed by Trost et al. to perform enantioselective Pd-catalyzed allylic alkylations. It is shown that
the Pd(0) complex formed by addition of the Trost ligand (4) to Pd0(dba)2 is not stable in most solvents (acetone, DMF, CH2Cl2).
Indeed, Pd0(dba)(4) leads to the formation of a stable PdII complex 5 (X-ray structure), likely by activation of the two N–H bonds
of the ligand by the Pd0 centre. The formation of the PdII complex competes with the reaction of Pd0(4) with (E)-PhCH@CH–
CH(OAc)–Ph, excluding any investigation of the kinetics of the latter reaction. The ionization steps from intermediate (g2-
PhCH@CH–CH(OAc)–Ph)Pd0(4) were found to be very slow. The cationic P,P complex [(g3-Ph–CH–CH–CH–Ph)Pd(4)]+, expected
to be generated by addition of 2 equiv. of 4 to the precursor [(g3-Ph–CH–CH–CH–Ph)Pd(l-Cl)]2, in the presence of a chloride scavenger,
leads to a complex mixture whereas addition of 1 equiv. of 4 affords a stable bis-cationic PdII complex {[(g3-Ph–CH–CH–CH–
Ph)Pd]2(4)]}2+, 2ðBF4

�Þ (X-ray structure) via a P,O complexation of each allyl-Pd moieties. This dissymmetric P,O coordination will
favour the enantioselectivity of Pd-catalyzed allylic alkylation of (E)-PhCH@CH–CH(OAc)–Ph by the control of the regioselectivity
of the nucleophilic attack onto the allylic ligand which is responsible of the enantioselectivity of the overall catalytic reaction.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The allylic acetate (E)-Ph–CH@CH–CH(Ph)–OAc
((E)-1,3-diphenyl-3-acetoxyprop-1-ene) (1) has been spe-
cifically designed by Trost et al. [1] to test the efficiency
of chiral ligands on the enantioselectivity of Pd-catalyzed
nucleophilic allylic substitutions [1,2]. We have previously
established that the oxidative addition of 1 to the Pd(0)
complexes generated from Pd0(dba)2 and either 2 equiv.
of PPh3 or 1 equiv. of dppb (1,4-bis(diphenylphosph-
ino)butane) was reversible and proceeded by two succes-
sive steps as depicted in Scheme 1 [3].
0022-328X/$ - see front matter � 2006 Elsevier B.V. All rights reserved.
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The purpose of the present work was to investigated the
same reaction using the chiral bidentate ligand: (1S,2S)-
(�)-1,2-diaminocyclohexane-N,N 0-bis(2-diphenylphosph-
ino-1-naphthoyl) (4) [4] designed by Trost et al. [4a] and to
characterize the cationic complex [(g3-Ph–CH–CH–CH–
Ph) Pd(4)]+ expected to be formed in the reaction of 1 with
Pd0(4), as in Scheme 1.

NHNH
O

PPh2

4

Ph2P

O

mailto:christian.amatore@ens.fr
mailto:Anny.Jutand@ens.fr
mailto:Anny.Jutand@ens.fr


321

K0 ionizationcomplexation 
K2K1

Pd
0
(dba)L2

SPd
0
L2

 +  AcO
-

Pd0 Ph Ph   

Pd+

Ph Ph

OAc
Ph Ph

OAc L L

L L

+

- dba

L = PPh3
or L2 = dppb

Pd
0
(dba)2 + 2L  Pd

0
(dba)2 +  L2

Scheme 1.

1458 C. Amatore et al. / Journal of Organometallic Chemistry 692 (2007) 1457–1464
We report herein that the expected complex Pd0(4) gen-
erated from Pd0(dba)2 and ligand 4 is not stable and gives
rise to a Pd(II) complex, in competition with the oxidative
addition of 1. In addition, in its stabilization of the cationic
[(g3-Ph–CH–CH–CH–Ph)PdII]+ moieties, the ligand 4

behaves as a bis-P,O ligand instead of the expected P,P
ligation.
2. Experimental

2.1. General

31P NMR spectra were recorded on a Bruker spectrom-
eter (101 MHz) with H3PO4 as an external reference. 1H
NMR spectra were recorded in on a Bruker spectrometer
(250 MHz) with TMS as an external reference. Conductiv-
ity measurements were performed on a Tacussel CDM210
conductivity meter (cell constant = 1 cm�1). All experi-
ments were performed under Argon atmosphere.
2.2. Chemicals

DMF was distilled from calcium hydride under vac-
uum and kept under argon. Pd0(dba)2 [5] and (E)-1,
3-diphenyl-3-acetoxyprop-1-ene (1) [6] were prepared
according to described procedures. [Pd(g3-Ph–CH–CH–
CH–Ph)(l-Cl)]2 was synthesized according to a reported
Fig. 1. X-ray structure of complex 5 (for more clarity, the phe
procedure [7] but from Na2PdCl4. The Trost ligand 4

was commercial.

2.3. Complex 5

Observation of complex 5 by 31P NMR spectroscopy.
5.8 mg (0.01 mmol) of Pd0(dba)2 was added into an
NMR tube containing 0.5 mL of DMF and 50 lL of ace-
tone-d6 followed by 7.9 mg (0.01 mmol) of the ligand 4.
The 31P NMR was performed with times. The singlet of
5 at 21.83 ppm was observed on the first recorded spectrum
(15 min after mixing). The two broader doublets of
Pd0(dba)(4) at 20.10 and 25.43 ppm were also observed
(46%). After 1 h, the singlet of 5 was observed as the major
signal (73%). Twenty-two hours later, the singlet of 5 was
only observed.

Synthesis of complex 5. 42 mg (0.053 mmol) of the ligand
4 was added to 3 mL of degassed acetone containing
30.4 mg (0.053 mmol) of Pd0(dba)2 to give an orange solu-
tion under Argon. A yellow precipitate appeared after 2 h
at room temperature. The orange acetone solution was
transferred under Argon. After evaporation of acetone,
the crude was analysed by 1H NMR as pure dba (compar-
ison with an authentic sample). The yellow solid was crys-
tallized from acetone affording 24.6 mg of complex 5 (52%
yield). A monocrystal of the Pd(II) complex 5 was obtained
after crystallization from acetone/petroleum ether (see
Fig. 1 for the X-ray structure). 1H NMR (250 MHz,
nyl groups at C29, C35, C41 and C47 have been omitted).



Fig. 2. X-ray structure of complex 132+.

Table 1
X-ray crystallographic data for complex 5

CCDC 626050
Compound Complex 5

Molecular formula C52H42N2O2P2Pd, 2(C3H6O)
Molecular weight 1011.37
Crystal habit Pale yellow needle
Crystal dimensions (mm) 0.20 · 0.06 · 0.03
Crystal system Orthorhombic
Space group P212121

a (Å) 12.2370(10)
b (Å) 13.3510(10)
c (Å) 29.6560(10)
a (�) 90.00
b (�) 90.00
c (�) 90.00
V (Å3) 4845.1(6)
Z 4
d (g cm�3) 1.386
F (000) 2096
l (cm�1) 0.499
Absorption corrections Multi-scan; 0.9067 min, 0.9852 max
Diffractometer KappaCCD
X-ray source Mo Ka
k(Å) 0.71069
Monochromator Graphite
T (K) 150.0 (1)
Scan mode Phi and omega scans
Maximum h 23.82
Ranges �136 h 613, �156 k 612, �336 l 633
Reflections measured 12132
Unique data 7237
Rint 0.0532
Reflections used 5349
Criterion I > 2rI

Refinement type Fsqd
Hydrogen atoms Mixed
Parameters refined 608
Reflections/parameter 8
wR2 0.0912
R1 0.0469
Flack’s parameter �0.03(3)
Weights a, b 0.0222; 0.0000
Goodness-of-fit 0.964
Difference peak/hole (e Å �3) 0.454(0.076)/�0.881(0.076)
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acetone-d6, TMS): d 1.0–1.35 (m, 4H), 1.64 (br d,
J = 10 Hz, 2H), 3.26 (br d, 2H), 3.57 (br d, 2H), 6.46 (t,
J = 9 Hz, 2H), 6.80 (br t, J = 7.5 Hz, 4H), 6.95 (br t,
J = 7 Hz, 4H), 7.1–7.4 (m, 12H), 7.55–7.8 (m, 8H), 8.42
(br d, 2H); 31P NMR (101.3 MHz, acetone-d6, H3PO4): d
21.65 (s); 31P NMR (101.3 MHz, DMF + acetone-d6,
H3PO4): d 21.83 (s); ES MS (methanol): m/z = 917
[M+Na]+, 895 [M+H]+; Anal. Calc. for
C52H42N2O2P2Pd,2CH3COCH3: C, 68.87; H, 5.38; N,
2.77. Found: C, 70.40; H, 5.40; N, 2.82%.

2.4. Synthesis of complex 132+, 2(BF4
�)

Sixty-nine milligrams (0.088 mmol) of the ligand 4 in
2.5 mL of acetone was added to a solution of 51 mg
(0.076 mmol) of [(g3-Ph–C3H3–Ph)Pd(l-Cl)]2 in 2 mL of
acetone, followed by 611 mg (5.5 mmol) of NaBF4 in
6 mL of water. A yellow precipitate was formed and fil-
trated. Crystallisation from CH2Cl2/pentane give 77 mg
(84% yield) of 132+, 2ðBF4

�Þ. Monocrystals were formed
by diffusion of pentane to a solution of 132+, 2ðBF4

�Þ in
CH2Cl2 (see Fig. 2 for the X-ray structure).1H NMR
(250 MHz, acetone-d6, TMS): broad signals were observed
at 25 �C indicative of fluxionality.31P NMR (101.3 MHz,
acetone-d6, H3PO4): d 22.34 (br. s).

2.5. General procedure for the observation of the oxidative

addition of (E)-PhCH@CH–CH(Ph)–OAc, as monitored

by 31P NMR spectroscopy

To an NMR tube containing 0.5 mL of DMF and 50 lL
of acetone-d6 was added 5.8 mg (0.01 mmol) of Pd0(dba)2

followed by 7.9 mg (0.01 mmol) of the ligand 4 and
171 mg (0.68 mmol) of (E)-PhCH@CH–CH(Ph)–OAc.
The 31P NMR was performed with time (see text).

3. Results and discussion

3.1. Characterization of the complexes generated from

Pd0(dba)2 and 1 equiv. of the ligand 4 and their reaction with

(E)-Ph–CH@CH–CH(Ph)–OAc (1)

The reaction of Pd0(dba)2 (1 mM) with 1 equiv. of the
Trost ligand 4 in DMF or acetone generated Pd0(dba)(4)
upon mixing at room temperature. This complex was char-
acterized by 31P NMR spectroscopy performed in acetone-
d6 by two doublets at 19.72 (JPP = 14 Hz) and 25.34
(JPP = 14 Hz) (20.10 and 25.43 ppm in DMF, containing
10% acetone-d6) [8]. However, a second complex was
observed on the first recorded spectrum, being character-
ized as a singlet at 21.65 ppm in acetone (21.83 in DMF,
containing 10% acetone-d6) whose magnitude increased
with time at the expense of the two doublets of Pd0(dba)(4).
The formation of the new complex was retarded by excess
dba. An X-ray structure of the new complex crystallized
from acetone/ether (Fig. 1, Tables 1 and 2) revealed the
formation of the PdII complex 5 ligated to the ligand 4
which has then been formally ‘‘deprotonated’’ (Scheme 2)
[9]. The reaction was also followed by cyclic voltammetry
performed in acetone containing nBu4NBF4 (0.3 M). The



Table 2
Selected bond lengths (Å) and angles (�) for complex 5

Bond lengths (Å)

Pd(1)–N(1) 2.062(4) Pd(1)–N(2) 2.064(5)
Pd(1)–P(2) 2.243(2) Pd(1)–P(1) 2.273(2)

Bond angles (�)

N(1)–Pd(1)–N(2) 83.9(2) N(1)–Pd(1)–P(2) 172.7(1)
N(2)–Pd(1)–P(2) 91.0(1) N(1)–Pd(1)–P(1) 88.8(1)
N(2)–Pd(1)–P(1) 167.6(1) P(2)–Pd(1)–P(1) 97.04(6)
C(29)–P(1)–C(1) 105.1(3) C(29)–P(1)–C(35) 105.5(3)
C(1)–P(1)–C(35) 104.3(3) C(29)–P(1)–Pd(1) 109.6(2)
C(1)–P(1)–Pd(1) 109.7(2) C(35)–P(1)–Pd(1) 121.4(2)
C(41)–P(2)–C(47) 109.4(3) C(28)–P(2)–Pd(1) 112.6(2)
C(41)–P(2)–Pd(1) 111.6(2) C(47)–P(2)–Pd(1) 116.9(2)
C(11)–N(1)–C(12) 119.9(5) C(11)–N(1)–Pd(1) 125.9(4)
C(12)–N(1)–Pd(1) 106.9(3) C(18)–N(2)–C(17) 112.1(4)
C(18)–N(2)–Pd(1) 120.4(4) C(17)–N(2)–Pd(1) 109.1(3)
N(1)–C(11)–C(10) 118.3(6) N(1)–C(12)–C(17) 107.7(4)
N(1)–C(12)–C(13) 114.4(5) C(17)–C(12)–C(13) 107.8(4)
C(12)–C(17)–C(16) 111.2(5) O(2)–C(18)–N(2) 125.7(5)
O(2)–C(18)–C(19) 117.5(6) N(2)–C(18)–C(19) 116.1(5)

1460 C. Amatore et al. / Journal of Organometallic Chemistry 692 (2007) 1457–1464
oxidation peak of the ligand 4 (2 mM) at +1.27 V versus
SCE disappeared upon addition of Pd0(dba)2 (2 mM), lead-
ing to an oxidation peak at +0.606 V versus SCE, charac-
terizing Pd0(dba)(4). The orange solution turned
progressively to yellow because of the formation of com-
plex 5. After 6 h, the oxidation peak of Pd0(dba)(4) was
no longer observed and two dba (characterized by its
reduction peak) were released in solution. The solution
did not exhibited any oxidation peak attesting that com-
plex 5 was indeed a Pd(II) complex. This was also con-
firmed by the fact that no reaction took place between
the isolated complex 5 and PhI (50 equiv), as monitored
by 31P NMR.

The formation of a similar Pd(II) complex 6 was men-
tioned by Trost et al. in the reaction of Pd0

2ðdbaÞ3 with
the Trost ligand 7 having a phenyl group instead of
the naphthyl one [2m,10]. The complex 6 has been char-
acterized by an X-ray structure by Lloyd-Jones et al.
[11].
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According to Trost et al. the PdII complex 6 would be
generated by oxidation of Pd0(dba)(7) by air [10]. Despite
all our efforts to conduct the formation of Pd0(dba)(4)
under an atmosphere exempt of dioxygen [12] in degassed
solvents, the PdII complex 5 was always detected in ace-
tone, dichloromethane and DMF, suggesting that an alter-
native reaction might be at the origin of the formation of
the PdII complex. An intramolecular activation of one
N–H bond by the Pd0 centre might be involved
(Scheme 3), leading to a Pd(II) hydride (8) [13]. The coor-
dination of the second amino group in complex 9 [14]
would generate a proton which is more acidic than that
of the free ligand. Intramolecular deprotonation by the
hydride would generate complex 5.

Whatever the mechanism of formation of the Pd(II)
complex 5 from Pd0(dba)(4), the formation of this side-
product 5 in variable amounts prevented us to get precise
kinetic data on the reaction of Pd0(dba)(4) with (E)-Ph–
CH@CH–CH(Ph)–OAc (1). A qualitative study was thus
undertaken. When 68 equiv. of 1 were added to a fresh solu-
tion of Pd0(dba)(4) generated from Pd0(dba)2 (18 mM) and
4 (18 mM) in DMF containing 10% acetone-d6, the two
doublets of Pd0(dba)(4) were not observed on the first
recorded 31P NMR spectrum. The latter exhibited the sin-
glet of the PdII complex 5 and two kinds of signals which
revealed the formation of two different complexes 10 and
11. The complex 10 was characterized by two broad singlets
of equal magnitude at 32.16 and 26.20 ppm indicative of a
P,P bis-ligation of the Pd centre. The second complex 11

was characterized by a singlet at �13.27 ppm close to that
of the free ligand (�12.7 ppm), associated with a singlet at
29.98 ppm of same amplitude, which suggests a monoliga-
tion of the ligand 4. Such complexes were neutral. Indeed,
the same reaction was monitored by conductivity measure-
ment to follow the formation of the expected cationic com-
plex [(g3-Ph–C3H3–Ph)Pd(4)]+ (12) with AcO� as the
counter anion, as done for PPh3 and dppb ligand [3,15].
No significant increase of the conductivity (1 lS cm�1)
was observed after addition of Ph–CH@CH–CH(Ph)–
OAc (80 mM) to a solution of Pd0(dba)2 (1 mM) and 4

(1 mM) in DMF within 2 h [16].
The two neutral complexes 10 and 11 were assigned to

intermediate Pd0 complexes ligated to the C@C bond of
1 [17]. Due to the chirality of the ligand 4, the reactivity
of the two enantiomers of 1 with the chiral Pd0(4) complex
would be different and would generate two different
PdII
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intermediate Pd0 complexes 10 and 11 in a first complexa-
tion step (Scheme 4).

No significant signals that would have characterized
the cationic complex 12+, AcO� have been detected in
the time scale investigated here (6 h). Consequently, the
cationic complex 12+ was not formed in significant
amount in the oxidative addition, as also confirmed by
conductivity measurement (vide supra) due to sluggish
ionization steps from the neutral complexes 10 and 11.
As a comparison, when the reaction of Pd0(dba)(4) with
CH2@CH–CH–OAc was performed in acetone-d6, one
singlet was detected in the 31P NMR spectrum at
31.77 ppm and assigned to the cationic complexes [(g3–
CH2–CH–CH2)Pd(4)]+. It is worthwhile to note that
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under such experimental conditions, no neutral intermedi-
ate complex [(g2-CH2@CH–CH2-OAc)Pd0(4)] was
observed, attesting for its fast ionization. The fact to
observe one 31P NMR singlet for [(g3–CH2–CH–
CH2)Pd(4)]+ instead of two doublets (expected because
of the chirality of 4, [18]) attested for a scrambling due
to the reaction of the acetate ion with the cationic com-
plex in a reversible ionization step. Such a situation has
already been observed with the chiral ligand diop [19].
Indeed, whereas the cationic complex [(g3–CH2–CH–
CH2)PdII(diop)]+, BF4

� exhibited two 31P NMR doublets
in DMF, one singlet was observed after addition of nBu4-
NOAc due to the reversibility of the ionization step [19].

Consequently, the complex [(g3-Ph–CH–CH–CH–
Ph)Pd(4)]+ expected to be formed in the reaction of Pd0(4)
and PhCH@CH–CH(Ph)–OAc has not been observed
under our experimental conditions, attesting for a sluggish
ionization step from [(g2-Ph–CH@CH–CH(Ph)–OAc)Pd0

(4)]. We decided thus to synthesize such cationic complex
by an independent reaction: addition of the ligand 4 to
(g3-Ph–CH–CH–CH–Ph)palladium(II) precursors, as clas-
sically done in Pd-catalyzed allylic alkylations [1,2].

3.2. Characterization of cationic (g3-Ph–CH–CH–CH–Ph)-

palladium(II) complexes ligated by 4

Up to now, the cationic complex [(g3-Ph–CH–CH–CH–
Ph)Pd(4)]+, BF4

� has not been isolated as a stable complex
when reacting [(g3-Ph–CH–CH–CH–Ph)Pd(l-Cl)]2 with
2 equiv. of ligand 4, followed by addition of NaBF4 as a
chloride scavenger, as also observed by Lloyd-Jones et al.
using the Trost ligand 7 in the more simple complex
[(g3–CH2–CH–CH2)Pd(7)]+, OTf� [20]. A set of 2 doublets
at 21.88 (d, JPP = 12 Hz, 1P) and 27.88 (d, JPP = 12 Hz,
1P) ppm were observed by 31P NMR performed in CDCl3
which could characterize [(g3-Ph–CH–CH–CH–Ph)Pd
(4)]+, BF4

�. However, the major signal was a broad singlet
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at 29.43 ppm, which, by comparison with the work
reported by Lloyd-Jones et al. for the ligand 7 [18], was
assigned to polymeric complexes {-[(g3-Ph–C3H3–Ph)Pd]–
P–P–}n]n+, where one ligand 4 (P–P) was ligated to two dif-
ferent [(g3-Ph–C3H3–Ph)Pd] moieties via the P atoms. The
complex [(g3-Ph–CH–CH–CH–Ph)Pd(4)]+ was indirectly
detected by ES MS by the observation of two peaks centred
at m/z = 1105 [M+16]+ and m/z = 1121 [M+32]+ due to
an artefact of the ES MS, the ionization may indeed pro-
duces some phosphine oxide which coordinates the cationic
Pd complex [21]. This is nevertheless an indirect proof for
the formation of [(g3-Ph–CH–CH–CH–Ph)Pd(4)]+.

Orange crystals have been isolated when the ligand 4

(1 equiv.) was added to the dimer [(g3-Ph–CH–CH–CH–
Ph)Pd(l-Cl)]2 followed by addition of NaBF4 as a chloride
scavenger. The X-ray structure revealed the formation of
Table 3
X-ray crystallographic data for complex 132+

CCDC 626051
Molecular formula C82H70N2O2P2Pd2,2(BF4), CH2Cl2
Molecular weight 1648.69
Crystal habit Orange block
Crystal dimensions (mm) 0.20 · 0.18 · 0.18
Crystal system Orthorhombic
Space group P212121

a (Å) 9.9430(10)
b (Å) 20.1020(10)
c (Å) 38.7850(10)
a (�) 90.00
b (�) 90.00
c (�) 90.00
V (Å3) 7752.1(9)
Z 4
d (g cm�3) 1.413
F (000) 3352
l (cm�1) 0.641
Absorption corrections Multi-scan; 0.8825 min, 0.8933 max
Diffractometer KappaCCD
X-ray source Mo Ka
k (Å) 0.71069
Monochromator Graphite
T (K) 150.0(1)
Scan mode Phi and omega scans
Maximum h 23.82
Ranges �116 h 611; �226 k 622; �436 l 644
Reflections measured 11825
Unique data 11825
Rint 0.0000
Reflections used 9628
Criterion I > 2rI

Refinement type Fsqd
Hydrogen atoms Mixed
Parameters refined 901
Reflections/parameter 10
wR2 0.1529
R1 0.0515
Flack’s parameter �0.01(3)
Weights a, b 0.1049; 0.0000
Goodness-of-fit 1.056
Difference peak/hole (e Å �3) 0.729(0.071)/�0.761(0.071)

Note: A highly disordered CH2Cl2 molecule located near 0, 0.5, 0.5 was
accounted for using the Platon SQUEEZE function.
complex 132+, 2ðBF4
�Þ (Fig. 2, Tables 3 and 4). Two cat-

ionic [(g3-Ph–CH–CH–CH–Ph)Pd]+ moieties are con-
nected via the ligand 4 which behaves now as a bis-P,O
ligand. A similar structure has been established by Lloyd-
Jones et al. when considering the Trost ligand 7 in {[(g3–
CH2–CH–CH2)Pd]2(7)}2+, 2TfO� [18,20].
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Table 4
Selected bond lengths (Å) and angles (�) for complex 132+

Bond lengths (Å)

Pd(1)–O(1) 2.112(5) Pd(1)–C(54) 2.124(6)
Pd(1)–C(53) 2.133(7) Pd(1)–C(55) 2.218(6)
Pd(1)–P(1) 2.292(2) Pd(2)–O(2) 2.143(6)
Pd(2)–C(69) 2.169(8) Pd(2)–C(70) 2.181(9)
Pd(2)–C(68) 2.206(6) Pd(2)–P(2) 2.293(2)
P(1)–C(29) 1.816(7) P(1)–C(35) 1.820(7)
P(1)–C(3) 1.828(6) P(2)–C(28) 1.804(9)
P(2)–C(41) 1.827(6) P(2)–C(47) 1.836(8)
C(53)–C(54) 1.32(1) C(53)–C(56) 1.44(1)
C(54)–C(55) 1.40(1) C(55)–C(62) 1.46(1)
C(68)–C(69) 1.40(1) C(68)–C(71) 1.49(1)
C(69)–C(70) 1.41(1) C(70)–C(77) 1.48(1)

Bond angles (�)

O(1)–Pd(1)–C(54) 127.2(3) O(1)–Pd(1)–C(53) 163.0(3)
C(54)–Pd(1)–C(53) 36.2(3) O(1)–Pd(1)–C(55) 95.2(2)
C(54)–Pd(1)–C(55) 37.6(3) C(53)–Pd(1)–C(55) 68.1(3)
O(1)–Pd(1)–P(1) 87.1(1) C(54)–Pd(1)–P(1) 141.2(3)
C(53)–Pd(1)–P(1) 109.7(2) C(55)–Pd(1)–P(1) 177.1(2)
O(2)–Pd(2)–C(69) 128.7(2) O(2)–Pd(2)–C(70) 160.3(2)
C(69)–Pd(2)–C(70) 37.9(3) O(2)–Pd(2)–C(68) 94.9(3)
C(69)–Pd(2)–C(68) 37.4(3) C(70)–Pd(2)–C(68) 67.0(3)
O(2)–Pd(2)–P(2) 91.7(1) C(69)–Pd(2)–P(2) 137.0(2)
C(70)–Pd(2)–P(2) 106.2(2) C(68)–Pd(2)–P(2) 173.2(2)
C(35)–P(1)–C(3) 105.1(3) C(29)–P(1)–Pd(1) 111.1(2)
C(35)–P(1)–Pd(1) 120.2(2) C(3)–P(1)–Pd(1) 106.2(2)
C(41)–P(2)–C(47) 102.3(4) C(28)–P(2)–Pd(2) 109.9(2)
C(41)–P(2)–Pd(2) 115.9(2) C(47)–P(2)–Pd(2) 116.7(2)
C(1)–O(1)–Pd(1) 128.4(5) C(18)–O(2)–Pd(2) 123.0(4)
C(16)–C(17)–C(12) 110.7(5) O(2)–C(18)–N(2) 120.6(5)
O(2)–C(18)–C(19) 121.8(6) N(2)–C(18)–C(19) 117.5(5)
C(54)–C(53)–C(56) 129(1) C(54)–C(53)–Pd(1) 71.6(5)
C(56)–C(53)–Pd(1) 127.9(6) C(53)–C(54)–C(55) 127(1)
C(53)–C(54)–Pd(1) 72.3(4) C(55)–C(54)–Pd(1) 74.8(4)
C(54)–C(55)–C(62) 122.6(8) C(54)–C(55)–Pd(1) 67.5(4)
C(62)–C(55)–Pd(1) 114.9(4) C(57)–C(56)–C(61) 117(1)
C(57)–C(56)–C(53) 122(1) C(61)–C(56)–C(53) 121(1)
C(56)–C(57)–C(58) 125(2) C(69)–C(68)–C(71) 125.6(8)
C(69)–C(68)–Pd(2) 69.9(4) C(71)–C(68)–Pd(2) 115.1(4)
C(68)–C(69)–C(70) 118.5(8) C(68)–C(69)–Pd(2) 72.7(4)
C(70)–C(69)–Pd(2) 71.5(5) C(69)–C(70)–C(77) 122.7(8)
C(69)–C(70)–Pd(2) 70.6(5) C(77)–C(70)–Pd(2) 123.6(5)
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4. Conclusion

It is shown that it is very hard to get a stable Pd0

complex ligated by the Trost P,P ligand 4 by addition
of 4 to Pd0(dba)2. Indeed, the complex Pd0(dba)(4) gives
rise to the formation of a stable PdII complex 5 after
activation of the two N–H bonds of the ligand. This side
reaction was found to be in competition with the reac-
tion of Pd0(4) complex with (E)-PhCH@CH–CH(OAc)–
Ph, even used at large concentration. The latter reaction
gives the neutral complexes (g2-PhCH@CH–CH(OAc)–
Ph)Pd0(4) involved in a sluggish ionization step.
Independent synthesis of the expected cationic P,P com-
plex [(g3-Ph–CH–CH–CH–Ph)Pd(4)]+ by addition of
2 equiv. of 4 to the precursor [(g3-Ph–CH–CH–CH–
Ph)Pd(l-Cl)]2 leads to a complex mixture. Addition of
1 equiv. of 4 to [(g3-Ph–CH–CH–CH–Ph)Pd(l-Cl)]2 leads
to a bis-cationic allylic PdII complex via a bis-P,O com-
plexation: {[(g3-Ph–CH–CH–CH–Ph)Pd]2(4)}2+ (132+).
In Pd-catalyzed allylic alkylation of PhCH@CH–
CH(OAc)–Ph, the enantioselectivity of the overall reac-
tion is controlled by the regioselectivity of the nucleo-
philic attack onto the g3-Ph–CH–CH–CH–Ph allylic
ligand [1,2]. The dissymmetric P,O coordination in com-
plex 13 seems of interest since this may induce a regiose-
lectivity of the attack of the nucleophile and
consequently may favour the enantioselectivity of cata-
lytic reactions performed from (E)-PhCH@CH–
CH(OAc)–Ph. Trost ligands are thus versatile ligands
which may display P,P or P,O coordination.
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