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coordinated P,O-phosphanyl enolates in a moiety such as 1
also display a very rich reactivity based on their intrinsic
ambident behavior.'! Harder electrophiles, such as chlor-
ophosphanes, generally react at the oxygen atom,*! whereas
softer electrophiles, for example, activated alkynes,[s] CO,, or
RNCO, bind to the prochiral carbon center.
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The latter selectivity also applies to late-transition metals
and opens an interesting route to (hetero)dimetallic com-
plexes in which the PC carbon atom has become sp’ hybri-
dized." Although control of the stereochemistry at the PC
carbon atom is possible,® the generation of both the R and S-
configured stereogenic P-C centers is generally expected.

We thus considered that replacing the PCH functionality
with the isoelectronic PN group of phosphanyl iminolates (2)
might simplify this issue, since the nitrogen atom could retain
a planar coordination geometry. Furthermore, the simple
exchange of a CH group by an Natom can bring about
interesting electronic and geometric differences in molecular
complexes, as shown with the phosphanes Ph,PNHC(O)R
and Ph,PCH,C(O)R, or induce unexpectedly large effects in
supramolecular chemistry.!”

We have now found that metal coordination at the
nitrogen atom of the PO chelate in a complex of type 2:
1) readily leads to (u-P,N)-bridged heterodimetallic
complexes, 2) occurs with retention of the planar coor-
dination geometry at the nitrogen atom, and rather
unexpectedly 3) opens an unprecedented route to
ordered structures containing alternating metals in
heterodimetallic units to form oriented, 1D coordina-
tion/organometallic polymers.

The new, air-stable complex 31"l was treated with one
equivalent of [Au(PPh;)|BF, in THF to afford 4-BF,
[Eq. (1)] and the structure of the analogous complex
4-SO;CF; was determined by X-ray diffraction analysis
(Figure 1 and see the Supporting Information).™"
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N-metalation leads to an Au-N distance of 2.085(6) A,
similar to those found in complexes with a covalent Au—N
bond in an Au-NPPh, moiety.'" The coordination geometry
around the nitrogen atom is planar, with the sum of the three
bond angles around N(2) being 360.0(3)° (max deviation out
of the mean plane containing the atoms Pd, P1, N2, C10, O1,
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Figure 1. ORTEP view of the structure of complex 4 in

4.SO;CF;-0.5 CH,Cl,. Only the ipso aryl carbon atoms on P1 and P2 are
shown for clarity. Thermal ellipsoids enclose 50% of the electron den-
sity.

and Au: 0.01 A).'¥ Accordingly, the NCH, protons only show
a doublet in the "H NMR spectrum as a result of coupling to
the P atom. The O1-C10 and N2—C10 bond lengths of
1.273(9) and 1.353(9) A, respectively, are consistent with

double bonds.I*

A solution of 3 in THF was then treated with pure, acid-
free AgSO;CF;in a 1:1 stoichiometry, and slow crystallization
afforded high yields of a beige product 5-SO;CF; [Eq. (2)],
which was shown by X-ray diffraction studies to be an
unprecedented Ag-Pd coordination polymer (Figure 2 and
see the Supporting Information)."]
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The Ag'ion is, as anticipated, linked to the iminolate
nitrogen atom, which retains its planar coordination geometry
(sum of the three bond angles around N2=2359.5(3)°;
Ag+~N=2.133(3) A; see the Supporting Information). If
only a covalent Ag—N interaction was present, the silver
center would remain, with 12 electrons, coordinatively unsa-
turated. It was therefore expected to interact with the triflate
oxygen atom(s),l'”] as observed in other cases,'® but it prefers
to find the required additional electron density in the Pd—C1
o bond involving the cyclometalated ligand of another com-
plex molecule (Figure 2). This situation is best described as a
multicentered interaction resulting in the donation of o- and
n-electron density from the Pd—C1 (p, orbital) and Pd-bound
aryl regions to the coordinatively unsaturated silver center.
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Figure 2. ORTEP view of the structure of the “repeat unit” Ag,Pd, of
the polymeric complex 5 in 5-SO;CF;-2 CH,Cl,. Only the ipso aryl
carbon atoms on P are shown for clarity. Thermal ellipsoids enclose
50% of the electron density.

The electronic transfer occurs from the d® Pd" center to the
d' Ag' center and results in a relatively short Ag—C1 bonding
distance of 2.263(4) A, and in one of the shortest Pd—Ag
bonds (2.884(1) A) reported in the literature.!'”>'™ Since two
consecutive square-planar Pd" units are almost orthogonal to
each other (see the Supporting Information), the structural
repeating unit in the extended structure is Ag,Pd, (Figure 2),
which results in a novel, oriented, 1D coordination/organo-
metallic wire structure in which the metal centers are situated
in the ab plane (Figure 3). A view along the a axis (see the
Supporting Information) shows the adjacent rows of silver
atoms flanked by two rows of palladium atoms and illustrates
another remarkable feature resulting from the arrangement
of these infinite zigzag chains in the solid state: the lipophilic
aromatic rings are all on one side of the metal planes and this
results in an unusual layered structure (see Figure 4).
Attempts to obtain an analogous Ag-Pd extended structure
from the isovalent phosphanyl enolate/Pd" complex have
remained unsuccessful, which emphasizes the differences that
may result from the replacement of the CH group in 1 by an
N atom in 2.

The mass spectrum (MALDI-TOF) of 5-SO;CF; contains
two main peaks at m/z 483 for [3+H]* and 1073, whose
characteristic isotopic pattern indicates the composition
[Ag(3),]". The structure of [Ag(3),]t cannot be predicted

Figure 3. View in the ab plane of the zigzag wire structure of the poly-
meric complex structure of 5 in 5-SO;CF;-2 CH,Cl,.

with certainty to reproduce the alternate bonding pattern
observed for § and is referred as the type Il structure in
Scheme 1.

Indeed, two bonding modes in which an Agtion is
coordinated to the same site of two molecules of 3 should
also be considered. In a type I structure, the donation pattern
can be viewed as intermediate between two limiting forms in
which one nitrogen atom acts as a two-electron donor and the
other as a two-electron or one-electron donor ligand,
respectively. In such a model, part of the electron density
from the nitrogen lone pair of electrons is transferred to the
7 system, thus increasing the covalent character of the Ag—N
bond and affecting in return the geometry of the phosphanyl
iminolate ligands. A further possibility to be considered is the

Ph; Ph, Phs, Ph, Ph, Ph,
Jr/P\ /P\ /P\ + /P\ /P\ P\+
L,Pd N—Ag—N" “pj ~— N ,Pd  N—Ag~—N pg =\ ,Pd  N—7TAg—N  pg
N A /J( )\\ /N N \ ’//< Voo~ N N N/ 4 N
Me, ©O o M Me, O o] Me, O 0
Me Me e, Me Me Me;, Me e Me,

(major contribution to the bonding)
Type (I) N-Ag™N

Me,

Type () N-Ag-(Pd-C)"

Type (Ill) (Pd-C)-Ag'-(Pd-C)

Scheme 1. Hypothetical discrete structures formed from 3 and Ag* ions in a 2:1 ratio. Type (I) corresponds to the actual structures of complex 6.
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Figure 4. Projection in the a,c plane of the layered structure of 5 in
5-SO;CF;-2 CH,Cl,. The space between the pairs of metal-rich layers
contains the phenyl rings, the triflate anions, and solvent molecules
(Ag green, Pd pink, N blue, P yellow, O orange).

formation of a complex of type (III), in which each neutral

molecule of 3 behaves as an electron donor through its Pd—C

o bond and its extended Pd—aryl & system (only the transoid

structure is depicted in Scheme 1).

Extended Hiickel (EHT) and density functional theory
(DFT) calculations have been carried out on a series of
discrete structures featuring the various types of attachment
that can be expected between the Agtion and one or two
molecules of 3, a model of 3 in which the methyl and phenyl
substituents have been replaced with hydrogen atoms. A
model (4) of the gold complex was also investigated.
Technical details of the calculations, Cartesian coordinates
of the optimized structures with selected interatomic dis-
tances, and an extensive discussion of the results are available
in the Supporting Information. The most important conclu-
sions of the theoretical study are as follows:

a) The amount of electron transfer to the Agtion is
equivalent in the two bonding modes symbolized as
Agt—N and Ag*—(Pd—C). However, the nature of the two
donation processes is quite different: concentrated, direc-
tional, and originating from a single source (the in-plane
p orbital of N) for N—Ag*; soft, diffuse, multicentered,
and long-range for (Pd—C)—Ag®*. In the latter case, a
variety of donor centers could interact with the Ag* ion,
with the most important being the Pd—C1 o bond (20 %);
the d shell of Pd (17 %) and the m orbitals of C1 (20%),
C2 and C6 (27%), and C4 (10%). Both types of
calculations predict that the Agt—N and the Agt—(Pd—
C) bonding modes are competitive in terms of electron-
transfer and bonding energy. This description confirms the
dual bonding ability of 3" and 3, which was substantiated
by the synthesis of (5:SO;CF;),, and suggests that the
production of monocationic, trinuclear Pd/Ag/Pd com-
plexes could be achieved by a careful tuning of the

Angew. Chem. 2004, 116, 6246 —6251

www.angewandte.de

Angewandte

Ag* supply. Such a discrete complex was indeed obtained
subsequently (see below).

b) The complexation of an Ag* ion to one molecule of 3’ is
computed to be exothermic by 2.88 eV and 2.79 eV for the
Agt—N and AgT—(Pd—C) forms, respectively, compared to
1.82 eV calculated for the n' coordination of an Ag™ ion to
benzene. The complexation energies calculated for the
three forms of [Ag(3),]t are —5.15eV for N-Agt-N
(type I in Scheme 1), —4.71 eV for type II, and —4.36 eV
for type III. The energy associated with the coordination
of a second molecule of 3’ is just slightly reduced with
respect to the first complexation for the type I system, but
somewhat more for type IIl. At variance with the
polymer, it was clear from these results that a typel
structure should be predicted for [Ag(3),]*.

This theoretical prediction was actually verified by the
reaction between AgSO;CF; and two equivalents of 3
affording the AgPd, complex 6:SO;CF; in 92% yield. The
crystal-structure analysis of this complex established indeed
that the coordination of both molecules of 3 to Ag* occurred
through their nitrogen atoms (type Iin Scheme 1; see Figure 5

Figure 5. ORTEP view of the structure of 6-SO;CF;. Only the ipso aryl
carbon atoms on P1 and P2 are shown for clarity. Thermal ellipsoids
enclose 50% of the electron density.

and the Supporting Information).""! The N2-Ag-N4 angle of
175.4(2)° allows a coordination number of two to be formally
assigned to the silver ion, a situation which occurs in less than
25% of the structures of Ag' complexes.'” However, a weak
electrostatic interaction probably exists between the triflate
anion and the Ag* ion, with the Ag--O3 distance of 2.82(1) A
being nevertheless in the upper range of those found on the
CSD (version 5.25) which are in most cases between 2.38 and
2.55 A (for comparison, the nearest triflate oxygen atom is at
3.86(2) A from Ag* in 5:SO,CF;2CH,CL,). The dihedral
angle between the two best Pd" square planes is 75(2)°.
Although the term “coordination polymers” was first
coined 40 years ago,” the corresponding research area
continues to gain increasing importance.*"! Furthermore, the
considerable current interest in extended metal atom chains
(EMAGCs)™ is partly a consequence of their expected unique
and challenging physical properties.'’*>?”) While the linking
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of homodinuclear units through (weak) metal-metal bonding
or suitable ligands allows the formation of exciting coordina-
tion polymers>?! we believe that the structure of
5-SO;CF; is not only an unprecedented example of perfectly
alternating and ordered 1D heterodimetallic polymeric struc-
ture, and the first molecular wire containing Ag—Pd bonds,
but that its synthesis reaches beyond the realm of extended
structures in purely inorganic chemistry® and opens up new
perspectives in coordination/organometallic supramolecular
chemistry.
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