Structural and complexation properties of diselenacrown ethers.
Synthesis and crystal structure of a novel cationic palladium

tetraselena complex
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The synthesis of novel cationic structures [PdL,I[Y], [Y =
NO,, PF,; L = diselenamacrocycle] starting from PdLCl,
and L, and the first determination of the structure of such
a complex by X-ray diffraction was established.

There has been much interest in the use of macrocyclic ligands
for complexing transition metal ions." Most of the work
has concentrated on the design of selective receptors for either
alkali or alkaline-earth cations. Other research has been
devoted to selective complexations of transition metal cations.

Over the past 10 years, the main concern has certainly been
the preparation of metallomacrocycles with hard and soft
metals.? The major aim of these studies is the construction of
supramolecular species with well defined shapes and geom-
etries. In particular, it has been shown that complexes with hard
and soft metal cations can be used for bimetallic catalysis and
activation, changing in particular the redox properties of the
transition metal cation. To our knowledge, similar research has
not been performed in selenium chemistry.

As a preliminary result, we will show here the potential appli-
cation of diselenacrown ethers whose synthesis we described
earlier.’

Complexes of [16]aneSe, with Pd(i1) and Pt(i1) have been
reported.* These results have shown that transition metal ions
are readily inserted into the cavity of the tetraselenacrown ether
[16]aneSe, to yield complexes with a square planar Se, donor
set, such as [Pd([16]aneSe,)][PF¢],. The complex, [Pd([8]-
aneSe,),][PF],, constructed with two bidentate selenoether
macrocycles, has been recently obtained and characterized by
multinuclear NMR  spectroscopy (*H, 7’Se-{'H}).> We now
report the preparation of new cationic palladium complexes
binding to two selenamacrocyclic ligands and, to our know-
ledge, the first structure of such a complex, determined by
single-crystal X-ray analyses.

The reaction (see Scheme 1) of L (95 mg, 0.24 mmol) with
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one equivalent of Li,PdCl, (63 mg, 0.24 mmol) in methanol (10
cm®) at room temperature (RT) caused the immediate forma-
tion of the neutral species PALCl,, in the form of an orange
precipitate in high yield (80%). Recrystallisation of the product
was realized by the diffusion of diethyl diether into a dimethyl

sulfoxide solution of the palladium complex. As the neutral
compound is insoluble in most common organic solvents, its
spectroscopic characterisation was done in CD;NO, or in
(CD;),SO. '"H NMR spectroscopy (200 MHz) is an efficient
probe for the differentiation of the palladium complex from the
macrocyclic ligand L. The most important differences appear
in the aliphatic region. In fact, the spectrum of the palladium
complex was not well resolved with several signals (for the macro-
cyclic ligand itself, two triplets and a multiplet were observed).
The high field (500 MHz) NMR spectrum showed eight signals
(ABCD system). This indicated that the two faces of the com-
plex are anisochronous and that each proton on a given carbon
is not equivalent with its neighbours. Moreover, only eight
signals were obtained due to the symmetry properties of the
complex. However no change in morphology occurred in the
aromatic region. As expected, we saw two doublets of doublets
consistent with an ortho-disubstitued phenyl group, each reson-
ance being shifted downfield (Ad +0.5 ppm). This spectroscopic
result suggests that the metal is probably not located in the
cavity of the macrocyclic ligand, consistent with the metal’s
square planar geometry and the dimensions of the oxygenated
ring. The ”’Se-{'H} NMR is also evidence for complexation.
The 7’Se-{'H} spectra were obtained for L and PdLCl, in
(CD;4),SO solution and showed singlets at J(Se) +273 and
+522 respectively; for the palladium complex a large shift in
J(Se) to high frequency is observed.® This shift is typical and
has been observed with many other d-block complexes with
selenoether ligands.” Elemental analytical data are in accord-
ance with the formulation PdLCl, (Found: C, 29.33; H, 3.47.
C,4,H,4Se,PdO;Cl, requires C, 29.42; H, 3.53%).

We have also demonstrated that the neutral palladium com-
plex PdLCl, is an efficient precursor for the synthesis of a
selenocationic palladium complex [PdL,][Y], [Y = NO;, PF].
Two different experimental methods were used (see Scheme 2)

(1) L, MeNO; reflux

(@) PdLCl, [PdLZ][PFe]2
(2) NH4PFg (75%)
2AgNOg3, MeNO, NO,
(b) PdLCl, PAL[NO3], [PdL,][NO3]>
RT
(40%)
Scheme 2

to provide the new selenocationic palladium complex [PdL,]**:
(a) displacement of CI™ ligands from PdLCl, (110 mg, 0.189
mmol) occurs in refluxing MeNO, solution (34 cm®) in the pres-
ence of the donor ligand L (75 mg, 0.189 mmol), followed by
addition of NHPF (62 mg, 0.378 mmol) to yield [PAL,][PFl,
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Fig. 1 A CAMERON?® drawing of [PdL,][PF],. Hydrogen atoms are
omitted for clarity. Selected bond distances (A) and angles (°): Pd(1)—
Se(1) 2.4191(5), Pd(1)-Se(2) 2.4183(5), Se(1)-Pd(1)-Se(2) 90.19(2),
Se(1)-Pd(1)-Se(2") 89.81(2).

(yield: 168 mg, 75%) (Found: C, 28.81; H, 3.61. C,4H,,Se,Of-
PdP,F¢ require C, 28.39; H, 3.40%) and (b) by treatment of
PdLCl, (44 mg, 7.75 X 107> mmol) with two equivalents of
AgNO; (22 mg, 0.15 mmol) in nitromethane (10 cm®), followed
by removal of AgCl and addition of one equivalent of L (31
mg, 7.75 x 1072 mmol) (yield: 31.5 mg, 40%). The ”’Se and 'H
NMR spectra were obtained as previously in (CD;),SO or
CD;NO, solution. Important differences could be observed in
the '"H NMR spectra of the neutral and cationic complexes. In
particular, in cationic species, only five separate broad bands
were observed in the range J 3.17-4.21 integrating each for 1, 2,
3, 1 and 1 protons respectively. We also notice that the reson-
ances of the aromatic protons are shifted downfield (0.1-0.2
ppm) in changing from PdLCl, to [PdL,][Y],. The 7"Se-{'H}
spectra (CD;NO,) also showed significant differences: 6 +510
for PALCI, (0 +476 for PAL[NO;],); 6 +456 for [PdL,][NO;],
and 0 +453 for [PdL,][PF4],. These compare favorably with
similar data observed for Pd([8]aneSe,)Cl, and [Pd([8]-
aneSe,),|[PF¢], whose signals appear at 6 +199 and ¢ +164
respectively.’ Here again, we note that these compounds show
shifts to high frequency on co-ordination to palladium [free L:
6 ("Se) +268]. In order to confirm the formulation [PdL,][Y],
and establish the geometry of the complex formed, a single
crystal structure determination was carried out. Orange single
crystals were obtained by slow diffusion of Et,O vapour into a
solution of [PdL,][PF], in CH;NO,.T The single crystal X-ray
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structure determination showed a square planar arrangement
of the four selenium atom donors around the central metal
ion. The Pd-Se bond distances (see Fig. 1) were comparable
with previous values [¢f. Pd-Se, 2.423(1) and 2.432(1) A in
[Pd([16]aneSe,)][BF,J,;* 2.428(1) and 2.435(1) A in {Pd([16]-
aneSe,)][PF¢),}.* The two oxygenated cavities in the cationic
complex [PdL,][PF,], adopted a trans configuration compared
to the plane defined by the two benzene rings and the four
selenium atoms.

With a view to obtaining the cis configuration for the oxygen
cavities, we are currently investigating similar chemistry starting
from tetraselenacrown ethers.

Notes and references

T Crystal data: C,,H,,0;Pd, sSe,F;PC,H;O, 5, M = 629.45, monoclinic,
space group C2/c (no. 15), a=13.848(1), b=15917(2), ¢=19.785(1)
zf, B=95.49(1)°, U=4340.0(6) A%, Z=4, 1=39.071 cm™', T=180(2)
K, R=0.0414 and Rw = 0.0489 for 2589 reflections [I > 24(1)]. CCDC
reference number 186/1358. See http://www.rsc.org/suppdata/dt/1999/
1039/ for crystallographic files in .cif format.
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