
This article was downloaded by: [Renmin University of China]
On: 13 October 2013, At: 10:49
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gcoo20

Synthesis and characterization
of cyclometallated
palladium(II) complexes with 2-
(diphenylphosphino)benzaldehyde
Gregorio Sánchez a , Joaquín García a , Malva Liu b , Luis García c ,
José Pérez c , Eduardo Pérez c & José L. Serrano c
a Departamento de Química Inorgánica , Universidad de Murcia ,
Murcia , Spain
b Departamento de Termodinámica , Universidad de Valencia ,
Burjassot (Valencia) , Spain
c Departamento de Ingeniería Minera , Geológica y Cartográfica.
Área de Química Inorgánica, Campus Mare Nostrum, Universidad
Politécnica de Cartagena, Cartagena , Spain
Accepted author version posted online: 20 Jun 2013.Published
online: 24 Jul 2013.

To cite this article: Gregorio Sánchez , Joaquín García , Malva Liu , Luis García , José Pérez ,
Eduardo Pérez & José L. Serrano (2013) Synthesis and characterization of cyclometallated
palladium(II) complexes with 2-(diphenylphosphino)benzaldehyde, Journal of Coordination
Chemistry, 66:16, 2919-2929, DOI: 10.1080/00958972.2013.817572

To link to this article:  http://dx.doi.org/10.1080/00958972.2013.817572

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

http://www.tandfonline.com/loi/gcoo20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00958972.2013.817572
http://dx.doi.org/10.1080/00958972.2013.817572


This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

49
 1

3 
O

ct
ob

er
 2

01
3 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Synthesis and characterization of cyclometallated palladium
(II) complexes with 2-(diphenylphosphino)benzaldehyde

GREGORIO SÁNCHEZ†, JOAQUÍN GARCÍA†, MALVA LIU‡, LUIS GARCÍAx,
JOSÉ PÉREZx, EDUARDO PÉREZx and JOSÉ L. SERRANO*x

†Departamento de Química Inorgánica, Universidad de Murcia, Murcia, Spain
‡Departamento de Termodinámica, Universidad de Valencia, Burjassot (Valencia), Spain

xDepartamento de Ingeniería Minera, Geológica y Cartográfica. Área de Química
Inorgánica, Campus Mare Nostrum, Universidad Politécnica de Cartagena, Cartagena,

Spain

(Received 13 February 2013; in final form 15 May 2013)

New palladium(II) complexes containing 2-(diphenylphosphino)benzaldehyde a (Ph2P(o-C6H4CHO),
displaying different coordination modes, have been synthesized in moderate to good yields
(62–91%). The cyclometallated palladium(II) complexes [Pd(C^N)(Ph2P(o-C6H4CHO)(Cl)] (1–4) in
which a is P-monodentate have been prepared by reacting it with selected cyclometallated precursors
containing bridging chlorides [Pd(C^N)(μ-Cl)]2 [C^N=2-phenylpyridine (Phpy), 7,8-benzoquinoline
(Bzq), azobenzene (Phazo), and 2-phenyloxazoline (Phox), respectively]. A rigid P,O-chelating
behavior of a, confirmed by the crystal structure determination of [Pd(Phox)(Ph2P(o-C6H4CHO)]
[CF3SO3] (8), is observed in complexes (5–8) obtained by adding AgCF3SO3 in 2: 1 ratio to [Pd
(C^N)(μ-Cl)]2 precursors. NMR spectroscopy helped identify the proposed coordination modes, with
noticeable shifts of resonances upon chelation: upfield in the case of 31P and CHO in 1H, downfield
for the C=O signal in 13C NMR. All the new complexes have been characterized by partial elemental
analyses and spectroscopic methods (IR, fast atom bombardment, 1H, 13C, 19F, and 31P NMR).

Keywords: Cyclometallated palladium(II) complexes; 2-(Diphenylphosphino)benzaldehyde;
Hemilabile properties; Crystal structure

1. Introduction

Ligands that contain dissimilar chemical functions [1–5], such as soft phosphine and hard
N or O donors, have attracted considerable interest mainly due to their versatile coordina-
tion behavior [6–9] and potential hemilability [3–5, 10]. Interesting applications of these
properties have been the “weak-link approach” [11] or the use of some ligands and
complexes in chemical sensing [12] and catalytic processes [13] in which the hard donor
dissociates readily from soft metal centres, generating a vacant site on the metal ion for
substrate binding. Both ligand design and studies about the conditions in which the differ-
ent bonding patterns may take place, like the one we present here, are of considerable
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importance to understand and make use of the properties exhibited by ligands and
complexes.

N^P-ligands are the most abundant type of hybrid ligands [13]. Among them, imino-
phosphine ligands prepared by condensation of 2-(diphenylphosphino)benzaldehyde with
primary amines (o-Ph2PC6H4CH=N-R) and its complexes have found interesting applica-
tions [14] since first reported in the early nineties [15]. We have described the syntheses
of some organometallic derivatives containing iminophosphine ligands, either with an
ortho-metallated palladium(II) backbone [16], pentafluorophenyl derivatives of Ni(II) and
Pd(II) [17] or just coordination compounds bearing N^P-/NPO-ligands [18]. It is surprising
that the chemistry of the unit employed to prepare such variety of ligands with interesting
properties, 2-(diphenylphosphino)benzaldehyde, has not been explored, given that it is
capable of behaving as potential P-donor or P^O-chelate [19]. In fact, only a few articles
have described to date its chemistry coordinating palladium [20] and just four crystal
structures have been reported, as found in CSD version 5.33 (November 2011 updates
Feb–May–Aug 2012; Refcodes: QARPOP, YIKTOC, UZEBIL, and UZEBEH).

As mentioned above in general for hemilabile ligands, studies about the conditions in
which 2-(diphenylphosphino)benzaldehyde can act as P-monodentated or P^O-chelate are
of interest and have been directly related with applications in catalysis of, for example, its
Pd [20a] and Ru [21] complexes.

We present here the synthesis and characterization of new 2-(diphenylphosphino)
benzaldehyde derivatives of palladium(II) in which this ligand adopts different coordina-
tion modes depending on the reaction conditions with classical orthometallated
halide-bridged dimers.

2. Experimental

2.1. Material and measurements

C, H, and N analyses were carried out with a Carlo Erba instrument. IR spectra were
recorded on a PerkinElmer spectrophotometer 16F PC FT-IR using Nujol mulls between
polyethylene sheets. NMR data (1H, 13C, 31P, 19F) were recorded on Bruker Avance 200 or
300 spectrometers. Mass spectrometric analyses were performed on a Fisons VG Autospec
double-focusing spectrometer, operated in negative mode. Ions were produced by fast atom
bombardment (FAB) with a beam of 25-KeV Cs atoms. The mass spectrometer was operated
with an accelerating voltage of 8 kV and a resolution of at least 1000.

The cyclometallated precursors [Pd(C^N)(μ-Cl)]2 [C^N=2-phenylpyridine (Phpy),
7,8-benzoquinoline (Bzq), azobenzene (Phazo), and 2-phenyloxazoline (Phox)] were pre-
pared as described [22]. Commercially available chemicals were purchased from Aldrich
Chemical Co., and used without purification; all solvents were dried by standard methods
before use.

2.2. X-ray crystallography

Crystals suitable for diffraction were prepared by slow diffusion of hexane into CH2Cl2
solutions. Crystallographic data are summarized in table 1. For 8, data collection was
performed at 293K on a Nonius Kappa-CCD single-crystal diffractometer. Crystal-detector
distance was fixed at 35mm, and a total of 122 images were collected using the oscillation
method, with scan angle per frame, 2° oscillation and 20 s exposure time per image. Data

2920 G. Sánchez et al.
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collection strategy was calculated with the program collect [23]. Data reduction and cell
refinement were performed with the programs HKL Denzo and Scalepack [24].

The structure was solved by direct methods [25] and refined by full-matrix least-squares
using anisotropic thermal parameters for non-H atoms [25] (table 1). Hydrogens were intro-
duced in calculated positions and refined during the last stages of the refinement. CCDC
reference number 924213 contains the Supplementary crystallographic data for this article.
These data can be obtained free of charge at www.ccdc.cam.ac.uk/conts/retrieving.html.

2.3. Synthesis

Complexes [Pd(C^N)(Ph2P(o-C6H4CHO)(Cl)] [C^N=2-phenylpyridine (Phpy) 1, 7,8-ben-
zoquinoline (Bzq) 2, azobenzene (Phazo) 3, and 2-phenyloxazoline (Phox) 4]

The new complexes were obtained by treating [Pd(C^N)(μ-Cl)]2 with 2-(diphenylphos-
phino)benzaldehyde in molar ratio 1 : 2 using CH2Cl2 as solvent and according to the
following general method. To a dichloromethane suspension (10mL) of the corresponding
precursor [Pd(C^N)(μ-Cl)]2 (100mg; 0.168, 0.156, 0.155; and 0.174mM, respectively)
was added the stoichiometric amount of solid 2-(diphenylphosphino)benzaldehyde. The
resulting solution was stirred for 60min, filtered through a short celite column and then
concentrated to half volume under reduced pressure. Addition of ether caused precipitation
of the new complexes, which were filtered off, air-dried, and recrystallized from
dichloromethane-hexane.

[Pd(Phpy)(Ph2P(o-C6H4CHO)(Cl)] (1) (yield: 179mg; 91%). Anal. Calcd for
C30H23ClNOPPd (%): C, 61.4; H, 3.9; N, 2.4. Found: C, 61.2; H, 4.1; N, 2.7. IR Nujol mull
(νmax, cm

�1: 1698(s), 1682(s), 1602(s), 1580(s). 1H NMR (200MHz; CDCl3) δH: 10.51 (1H,
d, CHO, J = 2.6Hz); 9.61 (1H, m, arom); 7.91 (6H, m, arom); 7.76 (1H, d, arom, J= 7.6Hz);
7.46–7.34 (9H, m, arom); 7.23 (1H, m, arom); 6.99 (2H, m, arom); 6.56 (2H, m, arom). 13C
NMR (50.3MHz; CDCl3) δC: 189.7 (d, CHO, JPC = 36.6Hz); 164.7 (d, Phpy, JPC = 12.0Hz);
154.3 (s, O^P ligand); 150.7 (s, Phpy); 147.4 (s, Phpy); 139.2–118.3 (C6H5, C6H4).

31P
NMR (121.49MHz; CDCl3) δP: 38.3 (s). FAB-MS (positive mode) m/z: 550 (M+–Cl).

[Pd(Bzq)(Ph2P(o-C6H4CHO)(Cl)] (2) (yield: 118mg; 62%). Anal. Calcd for
C32H23ClNOPPd (%): C, 63.0; H, 3.8; N, 2.3. Found: C, 63.3; H, 4.1; N, 2.6. IR Nujol

Table 1. Crystallographic data for 8.

Complex 8 (deposit CCDC 924213)
Formula C29H23F3NO5PPdS
Formula weight 691.91
Crystal system Monoclinic
Space group P21/c
Unit cell dimensions (Å, °)
a 8.9780(2)
b 21.6710(6)
c 14.8610(5)
α 90
β 107.6800(10)
γ 90
Volume (Å3), z 2754.82(13), 4
Calculated density (g cm�3) 1.668
μ (mm�1) 0.869
Rint 0.0580
R1 (I > 2σ(I )) 0.1353
ωR2 (all data) 0.1426
Goodness-of-fit on F2 0.997

Cyclometallated palladium(II) 2921
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mull (νmax, cm�1: 1698(s), 1694(s), 1568(s). 1H NMR (300MHz; CDCl3) δH: 10.47
(1H, d, CHO, J = 1.4Hz); 9.75 (1H, m, arom); 8.25 (1H, dd, JHH = 5.4; JHp = 0.6Hz); 7.97
(5H, m, arom); 7.65 (1H, d, JHH = 5.2Hz); 7.45–7.04 (11H, m, arom); 6.90 (1H, dd,
JHH = 8.1; JHp = 7.0Hz); 6.86 (1H, m, arom); 6.72 (1H, m, arom). 13C NMR (75.47MHz;
CDCl3) δC: 189.5 (d, CHO, JPC = 36.3Hz); 154.4 (d, Bzq, JPC = 12.0Hz); 152.7 (s, O^P
ligand); 149.8 (s, Bzq); 142.8 (s, Bzq); 137.9–121.5 (C6H5, C6H4).

31P NMR
(121.49MHz; CDCl3) δP: 39.4 (s). FAB-MS (positive mode) m/z: 574 (M+–Cl).

[Pd(Phazo)(Ph2P(o-C6H4CHO)(Cl)] (3) (yield: 150mg; 79%). Anal. Calcd for
C31H24ClN2OPPd (%): C, 60.7; H, 3.9; N, 4.6. Found: C, 60.4; H, 4.0; N, 4.9 IR Nujol
mull (νmax, cm

�1: 1701(s), 1680(s), 1575(s). 1H NMR (300MHz; CDCl3) δH: 10.15 (1H, d,
CHO, J= 1.8Hz); 7.95 (1H, d, J= 7.2Hz) 7.85 (7H, m, arom); 7.54–7.21 (11H, m, arom);
7.06 (1H, m, arom); 6.94 (1H, dd, JHH = 7.8; JHp = 7.0Hz); 6.64 (1H, m, arom); 6.53 (1H,
m, arom). 13C NMR (75.47MHz; CDCl3) δC: 190.2 (d, CHO, JPC = 24.4Hz); 165.5 (s,
Phazo); 156.7 (s, O^P ligand); 151.8 (d, Phazo, JPC = 18.6Hz); 137.5–124.2 (C6H5, C6H4).
31P NMR (121.49MHz; CDCl3) δP: 40.4 (s). FAB-MS (positive mode) m/z: 577 (M+–Cl).

[Pd(Phox)(Ph2P(o-C6H4CHO)(Cl)] (4) (yield: 129mg; 64%). Anal. Calcd for
C28H23ClNO2PPd (%): C, 58.1; H, 4.0; N, 2.4. Found: C, 58.4; H, 4.3; N, 2.5. IR Nujol
mull (νmax, cm

�1: 1698(s), 1682(s), 1580(s). 1H NMR (200MHz; CDCl3) δH: 10.65 (1H,
d, CHO, J= 1.2Hz); 8.76 (1H, m, arom); 7.85 (4H, m, arom); 7.58 (1H, m, arom); 7.45–
7.30 (8H, m, arom); 7.22 (1H, m, arom); 6.85 (1H, m, arom); 6.58 (1H, m, arom); 6.40
(1H, m, arom); 4.73 (2H, t, -CH2–, J= 9.6Hz); 4.19 (2H, t, –CH2–, J= 9.6Hz).

13C NMR
(50.3MHz; CDCl3) δC: 191.2 (d, CHO, JPC = 25.0Hz); 177.6 (s, Phox); 153.0 (s, O^P
ligand); 151.0 (s, Phox); 138.0–124.1 (C6H5, C6H4); 70.8 (s, Phox); 51.9 (s, Phox). 31P
NMR (121.49MHz; CDCl3) δP: 38.4 (s). FAB-MS (positive mode) m/z: 542 (M+–Cl).

Complexes [Pd(C^N)(Ph2P(o-C6H4CHO)] [CF3SO3] [C^N=2-phenylpyridine (Phpy) 5,
7,8-benzoquinoline (Bzq) 6, azobenzene (Phazo) 7, and 2-phenyloxazoline (Phox) 8]

The complexes were obtained by treating [Pd(C^N)(μ-Cl)]2 with 2-(diphenylphosphino)
benzaldehyde in molar ratio 1 : 2 using CH2Cl2 as solvent and according to the following
general method. To a CH2Cl2 suspension (10mL) of the precursor [Pd(C^N)(μ-Cl)]2
(100mg; 0.168; 0.156; 0.155; and 0.174mM, respectively) was added the stoichiometric
amount of solid 2-diphenylphosphino)benzaldehyde and Ag(CF3SO3). After stirring under
reflux for 30min, the solution was filtered through celite to remove AgCl and then
concentrated under reduced pressure to half volume. Addition of diethyl ether caused
precipitation of the new complexes, which were filtered off, air-dried, and recrystallized
from dichloromethane-diethyl ether.

[Pd(Phpy)(Ph2P(o-C6H4CHO)][CF3SO3] (5) (yield: 174mg; 74%). Anal. Calcd for
C31H23F3NO4PSPd (%): C, 53.2; H, 3.3; N, 2.0. Found: C, 53.0; H, 3.6; N, 2.3. IR Nujol
mull νmax, cm

�1: 1648(s), 1601(s), 1579(s), 1030(s), 636(m). 1H NMR (200MHz; CDCl3)
δH: 10.38 (1H, d, CHO, J= 1.8Hz); 8.91 (1H, m, arom); 8.62 (1H, dd, JHH = 8.2;
JHp = 4.4Hz); 8.04–7.74 (5H, m, arom); 7.63–7.44 (11H, m, arom); 7.23 (1H, m, arom);
7.07 (1H, m, arom); 6.63 (1H, m, arom); 6.33 (1H, m, arom). 13C NMR (50.3MHz;
CDCl3) δC: 199.8 (d, CHO, JPC = 16.6Hz); 162.8 (d, Phpy, JPC = 10.8Hz); 148.3 (s, Phpy);
147.0 (d, Phpy, JPC = 14.8Hz); 142.2 (d, O^P ligand, JPC = 26.0Hz); 140.8 (s, O^P ligand);
138.0–119.0 (C6H5, C6H4, triflate).

31P NMR (121.49MHz; CDCl3) δP: 36.0 (s). 19F NMR
(282.4MHz; CDCl3) δF: �77.8 (s). FAB-MS (positive mode) m/z: 550 (M+–CF3SO3).

[Pd(Bzq)(Ph2P(o-C6H4CHO)][CF3SO3] (6) (yield: 140mg; 62%). Anal. Calcd for
C33H23F3NO4PSPd (%): C, 54.7; H, 3.2; N, 1.9. Found: C, 54.4; H, 3.0; N, 2.2. IR Nujol

2922 G. Sánchez et al.
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mull νmax, cm
�1: 1658(s), 1566(s), 1030(s), 638(m). 1H NMR (300.13MHz; CDCl3) δH:

10.35 (1H, d, CHO, J= 1.8Hz); 9.10 (1H, m, arom); 8.56 (1H, dd, JHH = 7.2;
JHp = 4.2Hz); 8.38 (1H, dd, JHH = 7.8; JHp = 1.2Hz); 7.87 (1H, m, arom); 7.77 (1H, m,
arom); 7.71 (2H, m, arom), 7.63 (1H, d, JHH = 9.0Hz); 7.54 (6H, m, arom); 7.49 (1H, d,
JHH = 7.8Hz), 7.42 (4H, m, arom), 7.24 (1H, dd, JHH = 10.8; JHp = 7.8Hz); 6.93 (1H, m,
arom); 6.39 (1H, m, arom). 13C NMR (75.47MHz; CDCl3) δC: 199.9 (d, CHO,
JPC = 16.2Hz); 152.2 (d, Bzq, JPC = 12.0Hz); 146.6 (s, Bzq); 145.9 (s, O^P ligand); 142.7
(d, O^P ligand, JPC = 30.9Hz); 142.1 (s, Bzq); 139.0–122.5 (C6H5, C6H4, triflate). 31P
NMR (121.49MHz; CDCl3) δP: 36.3 (s). 19F NMR (282.4MHz; CDCl3) δF: �77.7 (s).
FAB-MS (positive mode) m/z: 574 (M+–CF3SO3).

[Pd(Phazo)(Ph2P(o-C6H4CHO)][CF3SO3] (7) (yield: 191mg; 85%). Anal. Calcd for
C32H24F3NO4PSPd (%): C, 52.9; H, 3.3; N, 3.8. Found: C, 53.1; H, 3.3; N, 3.8. IR Nujol
mull νmax, cm�1: 1662(s), 1578(s), 1030(s), 636(m). 1H NMR (200MHz; CDCl3) δH:
10.13 (1H, d, CHO, J= 2.6Hz); 8.65 (1H, dd, JHH= 4.6; JHp = 4.4Hz); 8.06 (1H, dd,
JHH = 7.6; JHp = 1.4Hz); 8.00–7.78 (4H, m, arom); 7.54–7.21 (12H, m, arom); 7.76 (3H,
m, arom); 6.76 (1H, m, arom); 6.23 (1H, m, arom). 13C NMR (50.3MHz; CDCl3) δC:
199.6 (d, CHO, JPC = 17.2Hz); 164.6 (s, Phazo); 150.1 (d, Phazo, JPC = 15.2Hz); 149.6 (s,
O^P ligand); 142.8 (d, O^P ligand, JPC = 32.0Hz); 137.6–123.0 (C6H5, C6H4, triflate).

31P
NMR (121.49MHz; CDCl3) δP: 34.8 (s). 19F NMR (282.4MHz; CDCl3) δF: �77.8 (s).
FAB-MS (positive mode) m/z: 577 (M+–CF3SO3).

[Pd(Phox)(Ph2P(o-C6H4CHO)][CF3SO3] (8) (yield: 154mg; 64%). Anal. Calcd for
C29H23F3NO5PSPd (%): C, 50.3; H, 3.3; N, 2.0. Found: C, 50.0; H, 3.6; N, 2.2. IR Nujol
mull νmax, cm

�1: 1632(s), 1578(s), 1564(s), 1028(s), 634(m). 1H NMR (200MHz; CDCl3)
δH: 10.13 (1H, d, CHO, J= 1.4Hz); 8.54 (1H, m, arom); 7.90 (2H, m, arom); 7.68–7.24
(12H, m, arom); 7.03 (1H, m, arom); 6.71 (1H, m, arom); 6.20 (1H, m, arom); 4.86
(2H, t, –CH2–, J= 9.4Hz); 4.28 (2H, t, –CH2–, J= 9.4Hz).

13C NMR (50.3MHz; CDCl3)
δC: 199.3 (d, CHO, JPC = 17.0Hz); 175.4 (d, Phox, JPC = 8.8Hz); 144.4 (s, Phox); 142.6
(d, O^P ligand, JPC = 32.0Hz); 137.2–117.3 (C6H5, C6H4, triflate); 71.2 (s, Phox); 49.9
(s, Phox). 31P NMR (121.49MHz; CDCl3) δP: 34.3 (s). 19F NMR (282.4MHz; CDCl3) δF:
�77.8 (s). FAB-MS (positive mode) m/z: 542 (M+–CF3SO3).

3. Results and discussion

3.1. Synthesis and spectroscopic characterization

In dichloromethane, the chloro-bridged cyclometallated dimers [{Pd(μ-Cl)(C^N)}2] react
under the conditions described in the experimental section with 2-(diphenylphosphino)
benzaldehyde to give moderate to good yields the yellow derivatives 1–4 in which the
ligand displays η1-phosphine coordination. The spectroscopic and analytical data support
the proposed structures presented in scheme 1.

Infrared spectra of 1–4 show characteristic absorptions of the corresponding cyclometal-
lated ligand, together with a ν(CO) absorption in the range observed for free ligand, indi-
cating that the aldehyde oxygen is not coordinated to Pd. A noticeable signal downfield
(10.30–10.55 ppm) attributable to the aldehydic proton is found in 1H-NMR spectra, while
the 31P{1H}-NMR spectra of the mononuclear complexes consist of singlets with chemical
shifts in the usual range of Pd(II)-bound phosphorus [26]. Further evidence for the identity
of the new complexes comes from FAB mass spectrometry (see experimental).
Spectra show a similar pattern of fragmentation which includes the peaks corresponding to
[M+–Cl]. Each peak in the mass spectra actually represents a group of signals resulting

Cyclometallated palladium(II) 2923
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from a number of combinations of naturally occurring isotopes. This situation becomes
more complex when transition metals are involved, since transition metals have a large
number of natural isotopes. Thus, Pd has six isotopes with masses ranging from 101.91 to
109.91, with the most abundant the one with mass 105.90. Comparison of the calculated
(with the corresponding formula) and experimental isotopic distribution for the [M+–Cl]
fragments found in the spectra of 1–4 is in excellent agreement.

In order to induce a κ2-P,O coordination mode in 2-(diphenylphosphino)benzaldehyde,
the reactions between this ligand and the precursors were performed in the presence of
Ag(CF3SO3), also in CH2Cl2. After elimination of the precipitated AgCl, 5–8 were iso-
lated as triflate salts. The presence of ν(CF3SO3) bands in their IR spectra accompanied
by a noticeable change in the carbonyl region, with the band now shifted to lower
frequencies in comparison with the free ligand and the corresponding P-ligated analogous
[20a], confirmed that the proposed reactions took place. 19F-NMR spectra indicated the
presence of triflate. Upon chelation, the aldehyde proton resonance shifts upfield as
previously reported [20c, 20d, 21]. The 31P chemical shift of cationic complexes is dis-
placed downfield with regard to free ligand but in less than corresponding P-coordinated
complexes, as reported previously for Pd(II) [20c, 20d], Cu(I) [27] and Ru(II) [21]. The
coordination of aldehyde to palladium is also evidenced by the ca. 10 ppm downfield
shift of the C=O resonance in 13C spectra of 5–8 with regard to 1–4, a fact that has
been previously reported [21]. The positive FAB mass spectra of the complexes show
the signals at the same m/z as 1–4 due in this case to the M+ fragments, indicating
[CF3SO3] loss.

Throughout the discussion, a regioselective P-trans-N bonding mode is assumed for both
P-monodentated and P^O-chelating complexes. For the latter, the structural analysis by
X-ray diffraction of 8 confirms the relative cis position of the phosphine and the metallated
carbon suggested by NMR data and reported in related complexes [20c, 20d, 26c]. This is
the typical arrangement of the phosphine in cyclopalladated complexes of the type

Scheme 1. Preparation of new palladium(II) metal complexes with 2-(diphenylphosphino)benzaldehyde
displaying η1-P (1-4) or κ2-P,O (5-8) coordination modes.
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[Pd(C^N)(phosphine)(L)] [26 b, d] (L=anionic monodentate ligand), very similar to 1–4,
due to the so-called transphobia effect [28].

3.2. Crystal structure of 8

It was possible to grow single crystals of 8 suitable for X-ray diffraction so its molecular
structure was determined and is shown in figure 1, with bond lengths and angles in table 2.
The asymmetric part of the unit cell of 8 contains one molecule.

Table 2. Selected bond lengths (Å) and angles (°) for 8.

Pd1–C1 2.020(6)
Pd1–N1 2.073(5)
Pd1–O1 2.106(5)
Pd1–P1 2.2453(16)
C1–Pd1–N1 81.6(3)
C1–Pd1–O1 168.8 (2)
C1–Pd1–P1 97.6(2)
N1–Pd1–O1 87.92(19)
N1–Pd1–P1 177.99(14)
O1–Pd1–P1 92.75(13)

Table 3. Selected bond lengths (Å) and angles (°) corresponding to interactions displayed in figure 2.

Interaction

Hydrogen-bonding “dimer” Hydrogen-bonding triflate

Length (Å) Length (Å)
O2� � �C8 3.193 O5� � �H8A 2.609
O2� � �H8B 2.743 O3� � �H8B 2.770
O2� � �H8A 3.119 O3� � �H9A 2.965
Angle (°) Angle (°)
C8–H8A–O2 85.50 C8–H8A–O5 140.32
C8–H8B–O2 108.99 C8–H8B–O3 131.71

C9–H9A–O3 125.83

Figure 1. ORTEP diagram of 8 with the atom numbering scheme; displacement ellipsoids are drawn at the 50%
probability level.
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The crystal packing results from several C–H� � �O hydrogen-bonding interactions that
involve three or more centres together with π–π face-to-face interactions. As inferred from
data collected in table 3, the hydrogen-bonding interactions can be described as moderate
to weak following the classification of Jeffrey who called moderate hydrogen bonds
X–H� � �A when distances X� � �A and H� � �A are between 2.5–3.2 and 1.5–2.2Å, respec-
tively, and the angle X–H–A> 130°. The same author described a weak interaction when
the distances are >3.2 Å and > 2.2Å and the angle is between 130 and 90° [29].

Figure 2 displays the resulting packing, with interactions between two molecules as
complementary hydrogen-bonding pairs [30]. Thus, the oxygen of each oxazolinyl

Figure 2. Two views of the crystal packing in 8 highlighting the main interactions. (a) Perspective displaying
several C–H� � �O interactions. Complementary hydrogen-bonding “dimers” are formed by interaction between O2
from one molecule and H8A/H8B of the other. Two triflate anions reinforce this interaction through O3 and O5
oxygens as displayed above. (b) View perpendicular to phenyl (C1–C6) plane to emphasize π–π interactions
between two dimers. Some trifaltes have been omitted for clarity.
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fragment interacts with hydrogens from adjacent methylenic groups of the other molecule.
This contact is reinforced by interaction of the oxygens of two triflates that bridge the
–CH2– groups (figure 2(a)). The dimers are completed through π–π face-to-face interac-
tions between phenyl groups of phenyloxazoline and chelating phenyl from 2-(diphenyl-
phosphino)benzaldehyde (red dot centroid [C1–C2–C3–C4–C5–C6]–C12 distances of
3.525Å), as shown in figure 2(b). We have not found short range interactions involving
fluorines of triflate anions.

The structure around palladium may be described as nearly planar and deviation from
planar coordination has been quantified by measures of improper torsion angles: 1.36 and
�2.75° (square pyramidal) [31]. The angle between planes C1–Pd1–N1 and O1–Pd1–P1 is
4.50(15)°. The distances Pd1–C1/Pd1–N1 and the angle C1–Pd1–N1 in the orthometallated
moiety are similar to those found in mononuclear complexes containing the same ligand
[26b]. Distances and angles are listed in table 4.

The 2-(diphenylphosphino)benzaldehyde fragment displays very close Pd1–P1 and
Pd1–O1 distances to the ones found in the few crystals reported to date containing the
chelated ligand [20a, 20d], 2.2453(16) Å versus 2.2508(10) and 2.237(1) Å; 2.106(5) Å
versus 2.106(2) and 2.106(4) Å, respectively, with a larger bite angle O1–Pd1–P1 of 92.75
(13)° (88.16(6) and 90.5(1)°). As expected also a similar C=O distance, C10–O1= 1.217
(7) Å versus 1.219(4) and 1.211(6) Å, indicative of an important double-bond character has
been found.

Methods for conformational classification of medium size rings have been described
[32]. Using the classification method, the five- Pd1–N1–C7–C6–C1 and six-Pd1–O1–C10–
C11–C16–P1 membered palladacycles exhibit almost planar conformation for σ = 10°
(HC= 0.5143; E= 0.4857 and SB= 0.9876; HC= 0.0100; E= 0.0024, respectively). The
six-membered ring of our compound detailed above can be described as screw-boat
deformed 27°, while a comparison with related structures labeled with refcodes UZEBEH
(SB= 0.9387; E = 0.0441; HC= 0.0172) [20a] and YIKTOC (SB= 0.9947; HC= 0.0049;
E = 0.0004) [20d] shows that they are also screw-boats deformed 16 and 14°, respectively.

4. Conclusion

The versatile coordination properties of 2-(diphenylphosphino)benzaldehyde Ph2P(o-
C6H4CHO) have been stated by synthesizing and characterizing two series of cyclometal-
lated palladium(II) complexes in which P-monodentate or P,O-bidentate coordination
modes are displayed. NMR spectroscopy is a crucial tool to identify the proposed coordi-
nation modes. Despite the wide use of 2-(diphenylphosphino)benzaldehyde as precursor in
the preparation of iminophosphine ligands, its coordination chemistry remains largely
unexplored. The fact that related mononuclear cyclopalladated complexes have found inter-
esting catalytic applications [33] allows us to envisage future studies on the compounds
presented here. The crystal structure of one of the new complexes has been determined,

Table 4. Bond lengths (Å) and angles (°) for 8 and similar complexes [26b].

8 4 [30] 4a [30] 5a [30]

Pd1–C1 2.020(6) 1.976(4) 2.027(3) 2.046(12)
Pd1–N1 2.073(5) 2.017(3) 2.068(3) 2.062(10)
C1–Pd1–N1 81.6(3) 81.08(6) 81.04(12) 81.O(4)

Cyclometallated palladium(II) 2927
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confirming the proposed formula and providing an interesting structural discussion
regarding its crystal packing and conformational trends.
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