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a palladium complex containing the acetamide
ligand
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Abstract — The synthesis of a square planar cationic Pd(I1) complex containing the acetamide ligand is described. The complex
has been characterised by X-ray diffraction, leading to one of the rare examples of a crystal structure showing an acetamide
molecule coordinated to a metal centre and, to the best of our knowledge, the first one with palladium. This complex may be
relevant to catalytic reactions, such as the palladium-catalysed amidocarbonylation, in which transient species with O-coordinated
acetamide can be formed. To cite this article P. Braunstein et al., C. R. Chimie 5 (2002) 131-135 © 2002 Académie des
sciences / Editions scientifiques et médicales Elsevier SAS
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Résumé—Synthése et structure cristallographique de [PdMe{PPh,NHC(O)Me}{O=C(NH,)Me}][BF,], un complexe
du palladium comportant le ligand acéamide. Nous décrivons la synthése d’ un complexe cationique du palladium (I1) avec le
ligand acétamide. Ce complexe a éé caractérisé par diffraction des rayons X, conduisant & I’'une des rares structures cristal-
lographiques montrant la coordination de NH,C(O)Me & un centre métallique par |'atome d’ oxygéne et, a notre connaissance, la
premiéere dans le cas de complexes du palladium. 1l est probable que des complexes similaires se forment de maniére transitoire
dans des processus catalytiques impliquant |’ acétamide, comme par exemple les réactions d' amidocarbonylation catalysées par
des complexes du palladium. Pour citer cet article: P. Braunstein et al.,, C. R. Chimie 5 (2002) 131-135 © 2002 Académie
des sciences/ Editions scientifiques et médicales Elsevier SAS
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[1-3]. We have recently described a series of cationic
Pd(I1) complexes, in which the heterofunctional phos-
phine ligand Ph,PNHC(O)Me 1 behaves as rigid

1. Introduction

The synthesis of polydentate hemilabile ligands,

which generally combine a hard and soft donor func-
tionality, is a subject of considerable current interest,
in particular with respect to the development of new
functional materials and homogeneous catalysts.
Numerous metal complexes containing PO or BN
type ligands are catalytically active in a wide range of
reactions of both academic and industrial interest

* Corresponding authors.
E-mail address: braunst@chimie.u-strasbg.fr (P. Braunstein).

and/or hemilabile PO chelate [4]. These complexes
were prepared in high yield in a one-pot procedure by
reacting 1 with [PdCI(Me)(COD)] (COD =15
cyclooctadiene) and a two-electron donor ligand L, in
the presence of a halide abstractor (e.g. AgBF,) in
CH,CI,,. Interestingly, these complexes could aso be
obtained by ligand substitution from the acetonitrile
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complex 2 by reaction with L (Fig. 1). The chelating
ability of 1 was compared to that of other potential
PO chelates. Based on competition experiments, 1
was found to be a stronger chelate than the keto- or
amidophosphine  ligands  Ph,PCH,C(O)Ph  and
Ph,PCH,C(O)NPh,, respectively. Thus, in complexes
3 and 4, these phosphines act as monodentate P
ligands, whereas 1 chelates the Pd centre through P
and O coordination (Fig. 1).

Furthermore, complex 2 showed a higher stability,
both in solution and in the solid state, than its
Ph,PCH,C(O)Ph analogue, which reflects a greater
stabilizing effect of 1. The dynamic behaviour of the
latter in complex 5 evidences the hemilabile properties
of this ligand. This led in solution to a fast equilib-
rium resulting from Ph,PNHC(O)Me dternatively act-
ing as PO chelate or P-monodentate ligands [4]. Tak-
ing advantage of the stability of this family of
complexes, the reactivity of 2 was investigated
towards the insertion of CO, ethylene and methylacry-

(a) HO /P\ Me

P
N Me
N \ /

| Pd\ BF,
/C§o/ L

Me
L = PPho,CHoC(O)Ph

L = PPhoCH,C(O)NPh,
L = PPhoNHC(O)Me

L = O=C(NH,)Me

Reaction conditions: (a) [PdCI(Me)(COD)], L,
AgBF,4, CH.Cl,, RT, -COD, -AgCl;

(b) [PdCIMe(COD)], AgBF,,

MeCN, RT, -COD, -AgCl;

(c) L, CHoCl,, RT, -MeCN.

Fig. 1.
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late into the Pd-Me bond, reactions which are of con-
siderable current interest [5-8]. This alowed us to iso-
late and completely characterise the first intermediates
resulting from successive ethylene/CO/methylacrylate
coupling, a model system for a terpolymerisation pro-
cess [9]. During this work, a complex containing
acetamide in its coordination sphere was serendipi-
tously obtained, which we describe here. This com-
plex was subsequently prepared in a more rationa

way.
2. Resaults and discussion

The reaction of 1, [PACI(Me)(COD)] and methy-
lacrylate in CH,Cl,, followed by the addition of
AgBF,, afforded after work-up a yellow powder. Its
S1P{TH} NMR spectrum showed two signals at o 80.3
and 60.4 ppm (ratio: 2:1), indicating the presence of
two products. This was confirmed in the *H NMR
spectrum, which showed two sets of signals, the
methylacrylate remaining apparently unreacted. The
structure of the complex to which the 3P resonance at
0 80.3 ppm was ascribed has been determined by
X-ray diffraction (Fig.2). It showed the unexpected
formation of the cationic Pd(I1) complex 6, in which
the fourth coordination site is occupied by an aceta-
mide ligand, coordinated to the metal centre by the
oxygen atom (Fig.1). This is, to the best of our
knowledge (SciFinder search), only the second com-
plex of this type with coordinated acetamide to a Pd
centre [10] and the first one to be structurally charac-
terised. This surprising result prompted us to deter-
mine the origin of this ligand. Since a similar reaction
carried out in the absence of methylacrylate led to the
same mixture of products, we could rule out a pos
sible involvement of methylacrylate in the formation
of 6. We therefore came to the conclusion that aceta
mide arose from partial decomposition (or hydroly-
sis?) of the phosphine ligand Ph,PNHC(O)Me, after
storage for several months in a Schlenk flask. In ret-
rospect, this is not too surprising if one considers that
P-N bonds are known to be reactive, as for example
in diphosphazanes where the P-N bond is easily
cleaved in protic solvents [11].

The 3P{H} NMR resonance a ¢ 60.4ppm
was ascribed to [PdMe{ PPh,NHC(O)M€}
{PPh,NHC(O)Me}][BF,] 5, which has been previ-
ously synthesised and characterised [4]. We have
rationalised the synthesis of 6 by carrying out the
reactions described in Fig. 1 in the presence of aceta
mide. The one-pot procedure also led to a mixture of
5 and 6 (ratio: 1/2). This may be due to a competition
between non-coordinated 1 and acetamide for the
fourth coordination site at Pd. We also verified that
once 5 is formed, acetamide is not capable of displac
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Fig. 2. View of the molecular structure of the cation in 6:0.5 CH,Cl,.

ing the Ph,PNHC(O)Me ligand in this complex. How-
ever, the two-step procedure allowed the synthesis of
pure 6 by displacement of the acetonitrile ligand of 2
by acetamide. Complex 6 is rather stable, even in
solution, which suggests that compounds of this type
may be present in palladium-catalysed reactions such
as the amidocarbonylation to form amino acid deriva-
tives [12] or the hydration of nitriles to carboxamides
[23].

3. Crystal structure
of [PdMe{PPh,NHC(O)M¢€}
{O=C(NH,)M¢e}][BF,]-0.5 CH_CI,

X-ray quality single crystals of 6-0.5CH,Cl, were
grown by dlow diffusion of pentane into a concen-
trated dichloromethane solution of 6. The crystals
contain 0.5 molecule of dichloromethane per molecule
of 6. The molecular structure of 6 is represented in
Figs. 2 and 3. Selected bond lengths and angles are
given in Table 1.

The geometry at Pd is square planar, as reflected in the
P-Pd—0O(2) and C(1)-Pd—O(1) angle values of 177.37(5)
and 174.2(1)°, respectively. The four atoms coordinated
to Pd, aswell as the N(1), C(14) and C(15) atoms of the
phosphine ligand, lie in the same plane, which also
contains the Pd centre. The bond lengths and angles

involving the PO chelate are within the same range as
those found in [PdM e[ PPh,NHC(O')Me}
{PPh,NHC(O)Me}][CF3SO4] [4] and in
[PdMe{ CH,CH,C(O)Me}{ PPh,NHC(Q)Me}][PF¢] [9].
The acetamide ligand is coordinated to the Pd centre via
its oxygen atom [Pd-O(2): 2.120(2) A] in a trans posi-
tion to the P atom of the PO ligand. This resultsin acis
arrangement of the two oxygen atoms around the Pd cen-
tre [O(1)—Pd-0O(2): 94.28(8)°]. The bond distances and
anglesinvolving the acetamide ligand are in the expected
range and are similar to those found in other complexes
containing an acetamide or acetamidate ligand that have
been structurally characterized [14-17].

Table 1. Selected bond distances (A) and angles (°) for 6:0.5
CH,CI.2

Pd-C(1) 2018(3)  N(1)-C(14) 1.350(3)
Pd-O(2) 2120(2)  C(14)-O(1) 1.246(3)
Po-P 2.1558(6)  O(2)-C(16) 1.252(3)
Pd-O(1) 21702)  C(16)-N(2) 1.321(3)
P-N(1) 1.709(2)

C(1)-Pd-0O(2)  90.27(11)  C(14)-N(1)-P 119.6(2)
C(1)-Pd-P 91.88(9)  O(1)-C(14)-N(1)  121.6(2)
0(2)-Pd-P 177.37(5)  C(14-O(1)-Pd  114.7(2)
C(1)-Pd-O(1)  1742(1)  C(16)-O(2)-Pd  122.5(2)
O(2-P-O(1)  94.28(8)  O(2-C(16)-N(2) 120.2(2)
P-Pd-O(1) 83.49(6)

a Estimated standard deviations in the least significant figure are
given in parentheses.
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Fig. 3. View of the packing of 6 in 6-0.5 CH,Cl, showing the ‘dimeric’ units connected through H---F bonding (see text). Dichloromethane
molecules of solvation and phenyl groups, except the ipso carbon atoms, have been omitted for clarity.

In the lattice, molecules of 6-0.5CH,Cl, form
‘dimeric’ units, resulting from a head-to-tail packing
with the centre of symmetry on the position %, 0, O of
the P2,/n space group (Fig. 3). In this arrangement,
the oxygen atom of the PO ligand of one molecule
lies above the Pd centre of the other molecule a a
Pd---O(1) distance of only 3.087 A. Furthermore, these
‘dimeric’ units are connected to other ‘dimers via
hydrogen bonding involving the N—H protons and the
BF, anions (Fig. 3) with average H---F separations of
21A. The centre of symmetry is on the posi-
tion ¥, ¥, 0 of the P2,/n space group.

4. Experimental section

All reactions were performed using Schlenk-tube
techniques under dry nitrogen. Solvents were dried
and distilled prior to use under nitrogen. The *H and
SIP{'H} spectra were recorded at 300.1 and
121.5 MHz, respectively, on a FT Bruker AC 300
instrument. The *3C{*H} NMR spectra were recorded
at 50.32 MHz on a FT Bruker AC 200 instrument. IR
spectra were recorded in the 4004000 cm™ range on
a Bruker IFS66 FT spectrometer. Elemental C, H and
N analyses were performed by the ‘Service de
microanalyse du CNRS' (ULP, Strasbourg).

4.1. Preparation
of [PdM e[PPh,NHC(O")M e{O=C(NH,)Me}][BF,] 6

4.1.1. Method (a)

Solid [PdCI(Me)(COD)] (0.248 g, 0.936 mmol) was
added to a solution of Ph,PNHC(O)Me (0.227 g,
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0.936 mmol) in CH,Cl, (75ml) at ambient tempera-
ture. Then acetamide (0.055g, 0.936 mmol) was
added and the mixture was stirred for 30 min before
solid AgBF, (0.182g, 0.936 mmol) was added. The
solution was then dtirred for 30 min before it was
filtered. The solvent was evaporated under vacuum to
leave a yellow solid, which was washed with pentane
(10ml) and diethyl ether (10ml) and dried under
vacuum. The solid that was isolated (0.350¢g) con-
sisted in a mixture of 5 and 6 in a 1:2 ratio.

4.1.2. Method (b)

To a solution of 2 (0.100 g, 0.203 mmol) in CH,CI,
(15ml) was added acetamide (0.012 g, 0.203 mmol).
The solution was dtirred for 30 min before it was
filtered. The solvent was evaporated under reduced
pressure to leave a beige powder, which was washed
with pentane (10 ml) and diethyl ether (10 ml) and
dried under vacuum (0.090g, 87% vyield). Yellow
crystals suitable for X-ray diffraction were obtained
by recrystallisation from CH,Cl./pentane.

4.1.3. Spectroscopic data for 6

IR (CH,Cl,) v (cm™): 1654, 1612 (C=0); *H NMR
(CD,Cl,): 6=0.86 (d, Yoy =21Hz, 3H, Pd-Me),
2.32 and 2.34 (two s, 6H, C(O)CH,), 6.15 and 6.35
(br s, 2H, NH,), 9.12 (br s, 1H, NH); *¥C{*H} NMR
(CD.Cl,): 0 =-0.1 (s, Pd-Me), 23.9 (s, NHC(O)CH,),
27.2 (s, NH,C(O)CHy), 1834 (d, 2*3Jpc=4.3Hz
NHC(O)CHy,), 184.1 (d, “Jpc = 1.9 Hz, NH,C(O)CHy);
S1p{1H} NMR (CD,Cl,): 0=80.3.
C,-H,,BF,N,O,PPd: caculated C, 39.99; H, 4.34; N,
5.49; found: C, 40.02; H, 4.23; N, 5.23%.
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4.2. X-ray crystallographic analysis

The relevant data for 6-0.5 CH,Cl, are summarised
in Table2 [18,19]. Data were recorded on a
KappaCCD diffractometer, at 173K, using a Mo-Ka
graphite monochromated radiation of 0.71073A. All
non-hydrogen atoms were refined anisotropically and
hydrogen atoms were included in calculated positions
with isotropic thermal parameters. Fig. 3 was gener-
ated using ATOMS 5.0.7 and Fig. 3 was created with
CrystalMaker 4.0.

. Supplementary material

The crystallographic material has been sent to the
Cambridge Crystallographic Data Centre, 12 Union
Road, Cambridge CB21EZ, UK, as supplementary
material CCDC 166432 and can be obtained by con-
tacting the CCDC (quoting the article details and the
corresponding SUP number). See http://www.rsc.org/
suppdata/166432 for crystalographic files in.cif for-
mat.

Table 2. X-ray experimental data for 6-0.5 CH,Cl,.

Formula Cs5H46B,Cl,FsN,O,P,Pd,
Molecular weight 1106.01
Color colorless
Crystal system monoclinic
Space group P2,/n
a(A) 13.046(2)
b (A) 12.817(2)
c(A) 13.805(2)
£ () 95.002(3)
V (A3) 2299.4(7)
z 2

Crystal dim (mm) 0.20 x 0.20 x 0.20
o (calcd) (g cm™ 1.597
F(000) 1108

g (mm 1.040
Temperature (K) 173
Reflections collected 6855
Reflections with | > 2 o(1) 5843
R(gt)? 0.042

Rw? 0.111
Goodness of fit 1.047

a Determined for reflections greater than threshold.

Acknowledgements. We are grateful to DrsA. DeCian, N. Gruber and Prof. R. Welter (Strasbourg) for the crystal structure determination. This
work was supported by the ‘Centre national de la recherche scientifique’ (France) and the French ‘Ministére de la Recherche’ (PhD grant to CF).

References

[1] Bader A., Lindner E., Coord. Chem. Rev. 108 (1991) 27.

[2] Slone C.S., Weinberger D.A., Mirkin C.A., Prog. Inorg. Chem. 48
(1999) 233.

[3] Braunstein P, Naud F., Angew. Chem., Int. Ed. 40 (2001) 680.

[4] Braunstein P, Frison C., Morise X., Adams R.D., J. Chem. Soc.,
Dalton Trans. (2000) 2005.

[5] Drent E., Budzelaar PH.M., Chem. Rev. 96 (1996) 663.

[6] Britovsek G.J.P, Gibson V.C., Wass D.F,, Angew. Chem., Int. Ed.
38 (1999) 428.

[7] Ittel S.D., Johnson L.K., Brookhart M., Chem. Rev. 100 (2000)
1169.

[8] Braunstein P, Durand J.,, Knorr M., Strohmann C., Chem. Com-
mun. 211 (2001).

[9] Braunstein P, Frison C., Morise X., Angew. Chem., Int. Ed. 39
(2000) 2867.

[10] Lambert JL., Liaw Y.L., Paukstelis JV., Chiang Y.C., Environ.
Sci. Technol. 21 (1987) 500.

[11] Mague JT., J. Cluster Sci. 6 (1995) 217.

[12] Beller M., Eckert M., Angew. Chem., Int. Ed. 39 (2000) 1010.

[13] McKenzie C.J.,, Robson R., J. Chem. Soc., Chem. Commun. 112
(1988).

[14] Cotton FA., Daniels L.M., Haefner S.C., Kiihn FE., Inorg. Chim.
Acta 287 (1999) 159.

[15] Stone M.E., Robertson B.E., Stanley E., J. Chem. Soc. A (1971)
3632.

[16] Erxleben A., Albinati A., Lippert B., J. Chem. Soc., Daton Trans.
(1996) 1823.

[17] Du JL., Rettig S.J.,, Thompson R.C., Trotter J., Betz P, Bino A.,
Can. J. Chem. 70 (1992) 732.

[18] Nonius B.V. (Ed.), KappaCCD Operation Manua Delft, The Neth-
erlands.

[19] Sheldrick G.M., SHELXL97. Program for the refinement of crys-
tal structures, University of Gottingen, Germany, 1997.

135



	Synthesis and crystal structure of [PdMelcubPPh2NHC(O)MercublcubO=C(NH2)Mercub][BF4], a palladium complex containing the acetamide ligand
	Introduction
	Results and discussion
	Crystal structure of [PdMelcubPPh2NHC(O)MercublcubO=C(NH2)Mercub][BF4]&middot;0.5 CH2Cl2
	Experimental section
	Preparation of [PdMelcubPPh2NHC(O)MercublcubO=C(NH2)Mercub][BF4] 6
	Method (a)
	Method (b)
	Spectroscopic data for 6

	X-ray crystallographic analysis

	Supplementary material
	Acknowledgmements
	References


