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The first lanthanide (II) diorganophosphide complex
with planar coordination at phosphorus: synthesis, crystal
and molecular structure of [(mesityl),P],Yb(THF),
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Summary - The title compound 2 was prepared by oxidative addition of ytterbium metal to the P-P bonds of
1-dimesitylphosphido-2,3,4,5-tetramethylphosphole or tetramesitylbiphosphine, or by reaction of Mes;PK with ytterbium
diiodide in THF. Although the P-Yb bond is a single bond in the structure of 2, the tricoordinated P atom is planar.

Ytterbium / complex / phosphole / phosphide

Although the molecular chemistry of lanthanide com-
pounds in the + II oxidation state is currently
restricted to the elements samarium, europium and
ytterbium, it has nevertheless stirred considerable in-
terest recently, because of the unique combination
of their strong reducing properties, especially for
samarium(II), and strong Lewis acidity [1]. The most
widely studied compounds include Smil, in THF so-
lution [2], which is now a commercially available
reagent, and organometallic complexes of Yb(II) and
Sm(II) with the pentamethylcyclopentadienyl (Cp*) lig-
and [1,3]. Inorganic compounds of these metals with
hard amido ligands are also well known [4]. How-
ever, quite recently, studies have appeared in which
Ln(II) cations are coordinated to the softer organosul-
fide, selenide or telluride ligands [5-7]. We have previ-
ously shown that the dibenzophospholide ligand, an un-
usual diorganophosphide, was 5'-coordinated through
the soft P atom to Sm(II) [8]. This compound was
prepared by insertion of Sm into the P-P bond of
a bis(dibenzophospholyl). Since insertion of Yb metal
into a P-S bond of a 1-phenylthiophosphole was also
successful, yielding a w-phospholylytterbium(II) thio-
late dimer [9], we reasoned that insertion of Yb metal
into the P-P bond of a 1-dimesitylphosphidophosphole
(mesityl = 2,4,6-trimethylphenyl) would give a
w-phospholylytterbium(II) dimesitylphosphide com-
pound. We hoped that the bulky mesityl groups on
phosphorus would give a monomeric structure for this
compound. A transition from dimeric to monomeric
Yb(II) thiolate complexes is observed with increasing
bulk on the thiolate organic substituent [6, 7).

* Correspondence and reprints

1-Dimesitylphosphido-2,3,4,5-tetramethylphosphole
[10] 1, could be prepared by reaction of potassium
2,3,4,5-tetramethylphospholide [11} with dimesitylbro-
mophosphine. Thereafter, we tried the insertion re-
action of Yb metal in slight excess (activated with
ca 2-5% (m/m) HgCly) into the P-P bond of 1 in
tetrahydrofuran (THF). Within 48 h, the reaction
mixture turned dark red and a yellow precipitate 2
formed and was isolated. Investigation of this mate-
rial by NMR showed a broad singlet at —39.7 ppm
in the 3!'P spectrum and only resonances due to the
mesityl group in the 'H and !3C spectra. These re-
sults suggested that the product was not the expected
m-phospholylytterbium dimesitylphosphide compound,
but an ytterbium(II) bis(dimesitylphosphide). This ma-
terial was recrystallized in warm THF and an X-ray
crystal study confirmed that the structure of 2 was that
of Yb(PMes; )2(THF)4 [12] (Mes = mesityl). Ytterbium
does indeed insert into the P-P bond of 1, but dispro-
portionation occurs because of the lower solubility of 2.
Since the synthesis of 2 is not eflicient (the phospholyl
moiety-is lost in the process), two other methods were
tried, and were successful. In the first, 2 was obtained
by direct insertion of Yb metal into the P-P bond of
MesyP-PMes; [13] whereas in the second, 2 could be
obtained by an anionic route, ie by reaction of MesosPK
with YbI;(THF), (fig 1).

A PLATON plot of 2 is presented in figure 2; 2
crystallized in the tetragonal space group I4;/a (No
88) [14], with the Yb at the origin of the lattice, which
means that the molecule must have Ss symmetry. This
in turn implies three things : a) that the Yb atom lies
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Fig 2. A PLATON plot of one molecule of 2 with ellipsoids scaled at 50% probability level. Selected bond lengths (A) and
angles (degrees) : Yb-P 2.925(2), Yb-O 2.439(4), P-C 1.837(5), C-P-C 102.5(3), C-P-Yb 128.8(2), P-Yb-0O(10) 91.30(8),
P-Yb-O(10b) 88.70(8), O(10)-Yb—-O(10b) 90.0(4), O(10)-Yb-O(10a) 177.4(2).

in the middle of the P to Pa distance; b) that the co-
ordination around phosphorus is rigorously planar; and
c) that the C-P-P’-C’ dihedral angles are exact multi-
ples of 90°. These results can be compared with an in-
teresting work by G Rabe [15] that we recently became
aware of. In his study, Rabe was able to prepare the less
bulky Yb(PPhs)2(THF)4, closely related to 2, by reac-
tion of YbI; or Yblz with PhoPK, or Yb[N(SiMes)2]a
with PhoPH. However in contrast to our case, no reac-
tion occurred from the interaction of PhyP-PPh; with
Yb metal. The crystal structure of Yb(PPho)o(THF)4,
which also displays a linear P-Yb-P bonding pattern, is
different from that of 2 because the coordination around
phosphorus is now pyramidal (sum of angles = 332.7°);
the P-Yb bond lengths are similar in both cases. In-
terestingly, a crystallographically imposed planarity of
phosphorus has also been found by Aspinall [16] and

coworkers in a bulky La(III)-PPhs complex; this pla-
narity was attributed to steric crowding. The compari-
son of the structures of 2 and Yb(PPhy)o(THF)4 sup-
ports this hypothesis in view of the mostly steric dif-
ference between phenyl and mesityl. Of course, planar
coordination at phosphorus is known in the case of tran-
sition metal compounds in which there are phosphorus-
metal double bonds [17]. Further chemical studies of 2
are in progress.
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then evaporated to dryness and the product crystal-
lized on adding cold THF. After filtration, 2 (0.35 g)
was obtained in 35% yield. From MesoP-PMes; (0.4 g,
0.74 mmol) and Yb (0.2 g, 1.16 mmol), 2 (0.193 g) was
obtained in 26% yield after 7 d at room temperature
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(s, CHs-para), 2.14 (s, CHs-ortho), 3.60 (m, THF), 6.55
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