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The phospholyl group, a phosphorus analogue of cyclopen-
tadienyl, has recently been characterized as a #° x ligand in
lanthanide' and actinide? chemistry. Of special interest to us
is the 2,3,4,5-tetramethylphospholyl (Tmp) ligand, which can
be compared to the 1,2,3,4-tetramethylcyclopentadienyl (Cp*Me)
ligand and to the 1,2,3,4,5-pentamethylcyclopentadienyl (Cp*)
ligand, as far as steric bulk is concerned (Chart 1). As an
example, in actinide chemistry, very recently both [(#3-Tmp);-
UCI]P? and [(°-Cp*™e);UCI}* were prepared, whereas [(575-Cp*)s-
UC1] is so far unknown, presumably for steric reasons,” which
seems to indicate that the Tmp ligand is more akin to Cp*Me
than to Cp*. Interestingly, in lanthanide chemistry, the only
[(7°-Cp*)sLin] compound known to date is [(73-Cp*);Ln] which
Evans et al. discovered in 1985.5 On the other hand, Schumann
et al, have described a range of [(%°-Cp*™¢);Ln] compounds
(Ln = La, Sm, Tb)’ by the straightforward reaction of NaCp*™e
with LnCls in tetrahydrofuran (THF). Therefore, it seemed
interesting to assess the potential of the Tmp ligand with
samarium(III). We hereafter report the synthesis and crystal
structures of the first phospholylsamarium(IIT) complexes.

Reaction of KTmp? with SmCl; (3:1 molar ratio) in toluene
at 110 °C over 24 h resulted in the formation of an orange
solution, which, after filtration, deposited crystals at room
temperature. X-ray crystallography?® revealed the structure of
a polymeric product 1, of formula [(Tmp)sSmz(KCl1)2(C7Hzg)3].
Figure 1 represents part of the supramolecular structure of 1,
where only the heteroatoms are depicted for the sake of clarity.
This structure is made up of two similar, but crystallographically
different eight-membered rings: [Sm1—P11-K1—Cl1]; (unit
A) and [Sm2—P45—K2—CI2]; (unit B), each with a crystal-
lographic inversion center in the middle; the connections
between units A and B are secured by [Sm1—P6—K2] and
[Sm2—P40—K1] links. Unit A is detailed in Figure 2. Sa-
marium atom Sm1 is in a pseudotetrahedral environment: it is
coordinated to one Tmp ligand through phosphorus atom P11,
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MOLEN software.
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two other Tmp ligands through their 7-systems (P1, C2 to C4
and P6, C7 to C10), and a bridging chlorine atom Cl1.
Potassium atom K1 is also in a pseudo-tetrahedral environment,
being coordinated to the bridging chlorine atom Cl1, one z-Tmp
ligand (through P11, C12 to C15), and one z-toluene molecule,
and also with phosphorus atom P40 belonging to unit B;
likewise, in unit B, potassium atom K2 is also bonded to P6
belonging to unit A. There is also a loose toluene molecule in
the unit cell. So, there are three types of differently coordinated
Tmp ligands: one is only #3-bonded to samarium (type 1: P1
to C5 and P35 to C39), one is #'-bonded to samarium and 7°-
bonded to potassium (type 2: P11 to C15 and P45 to C49),
and one is 7°-bonded to samarium and #'-bonded to potassium
(type 3: P6 to C10 and P40 to C44). Tmp ligands of type 3
thus make the link between units A and B and bring about the
supramolecular structure of 1.

Sm—P bond distances in 1 (2.92—2.95 A) are comparable to
those in [Sm™,Cp*4(u-BuCPPCrBu)],° but larger than in
[Sm"'(Ph,PCHPPh;);].1° The unusual #5-coordination of tolu-
ene to potassium has also been found in [Lu{CH(SiMes),}s(u-
CHK(%-toluene),].!! The K—C(toluene) and K—ClI distances
in this compound (3.21—3.56 and 3.00 A, respectively) are
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turned orange. After filtration and extraction of the residue with hot
toluene, 1 precipitated as orange crystals upon cooling. The crystals
were filtered and washed with hexane (5 mL), and dried under vacuum.
Yield: 0.12 g (22%). NMR (C;Ds, relative intensity in brackets): 'H
2 0 =475 (s, wip = 35 Hz, [1]), 4.20 (s, w12 = 40 Hz, [1]), 2.71 (s,
wip = 2.5 Hz, [3]), 2.16 (s, wi, = 2.5 Hz, [3]), 2.01 (s, win = 24
Hz, [3)), 1.19 (s, wip, = 4 Hz, [1]), 1.08 (s, w1, = 6 Hz, [3]), 0.91 (s,
Win = 6 Hz [1]), -0.25 (S, Win = 6 Hz [3]), —-0.65 (S, Win = 6Hz
[31), —2.13 (s, wip = 53 Hz [1]), —2.90 (s, wip = 59 Hz [1]). 3'P:
6 = 52.3 (s, w2 = 61 Hz [3]), 50.1 (s, w12 = 38 Hz [3]), 47.7 (s,
Win = 109 Hz [1]), 44.5 (S, Wwin = 79 Hz [0.2]), 41.4 (S, win = 18
Hz [2]), 34.1 (s, wip = 12 Hz [1]). 3P relative intensities are
approximative due to overlap and a noisy spectrum. Anal. Calcd for
CerHssCLaKoPsSmy/2C7Hg: C, 51.9; H,6.1; P, 12.3; K, 5.2; Sm, 19.8.
Found: C, 51.4; H, 5.7; P, 11.7; K, 4.5; Sm, 19.6. A half-equivalent
of toluene of crystallization was presumably lost upon drying.
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Figure 2. ORTEP plot of the [Sm1—P11—K1—Cl1]; ring structure
of 1 (unit A). Ellipsoids are scaled to enclose 50% of the overall
electronic density. Selected distances (A) and angles (deg) are as
follows: Sm1—Cll1, 2.632(3), Sm1—P1, 2.953(3), Sm1—P6, 2.924(4),
Sm1-P11, 2.931(4), Sm—C(av) = 2.79, K1—-Cll = 2.988(4), K1—
P11 = 3.263(5), K1—P40 = 3.383(5), K—C(Tmp) = from 3.02(1) to
3.20(1), K—C(toluene) = from 3.21(2) to 3.55(1); Cl1—-Sm1-P11 =
89.4(1), Sm1—-P11—-K1 = 163.1(1), P11-K1—-CI1 = 110.0(1), K1—
Cl1—-Sml = 169.9(1).

similar to those found in 1 (3.17—3.55 and 3.00 A, respectively).
The K—C(Tmp) and K—P(Tmp) distances are like those found
in [Cp*K(CsHsN),]!? and in [Ko(u-DME),(tetraphenyldiphos-
phafulvalene],,!3 respectively. In the bridging phospholyl ligands
of types 2 and 3, the n'-coordinated metals (Sm and K) are
bent away from the phospholyl plane by angles of 53 and 45°
respectively.

The solution behavior of 1 is not clearly understood. It is
not very soluble in toluene, and NMR spectra'* in this solvent
are complex: several peaks, of unequal intensity, appear in the
'H spectrum between —2.90 and 4.95 ppm (attributable to
methyl groups) and in the 3'P spectrum between 34.1 and 52.3
ppm. Presumably the supramolecular structure of 1 breaks up
in solution into several oligomers. 1 is more soluble in THF,
but the NMR spectra are again complex.

(15) KDmp was prepared as described by: Charrier, C.; Mathey, F.
Tetrahedron Lett. 1987, 28, 5025. NMR (THF-dg) : 'H: 6 = 6.40
(d, Yu-p = 41 Hz, CH), 2.12 (d, 3Jy-p = 1 Hz, CH3). BC : é =
133.4 (d, Jc-p = 43 Hz, C2), 131.0 (d, Uc-p = 3 Hz, C3), 20.7 (s,
CHj). ’'P: 8 = 64.9 (s).
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Elimination of the last equivalent of KCI in 1 could not be
achieved by further heating of the reaction mixture over several
days.

We next decided to attempt trisubstitution of Sm by the less
bulky 3,4-dimethylphospholyl (Dmp) ligand. When KDmp'?
and SmCl; were reacted together in the same conditions as above
(3:1 molar ratio, 110 °C, toluene, 24 h), a red solution was
obtained, which after filtration deposited crystals at room
temperature. X-ray crystallography® revealed the structure of
a product, 2,'S of formula [(7°-Dmp)s{u-(7°,n")-Dmp}.Smy].
The dimeric structure is thus generated by two (7°-Dmp),Sm
units bridged by two u-(n°,7")-Dmp ligands, the samarium atoms
being in a pseudotetrahedral environment. The bonding pattern
of this compound is similar to that of the actinide (IV) complex
[(73-Cp)a{u-(7°,n")-CsHa}2.Thy).'” The Sm—P bond distances
are similar to those found in complex 1 while Sm—C bonds
are slightly longer. The centroid—Sm—centroid angles (mean
value = 117.7°) are quite similar to those found in [CpsSmL]
(L being a donor molecule) such as in the recently prepared
[CpsSm(THF)].'8 The P—Sm #!-bond is almost in the Dmp
ring plane, as indicated by the sum of angles around P6 (356,7°).

Dimer 2 is only slightly soluble in toluene at room temper-
ature so interpretable NMR spectra could only be obtained in
THF-ds. The simplicity of the spectra suggests transformation
of 2 into [(Dmp);Sm(THF-dj)].

On the whole, compound 1 can be thought of as a product of
incomplete trisubstitution of the chlorine atoms of SmCl; by
Tmp ligands: although three Tmp ligands are indeed bonded
to Sm, only 2 equiv of KCl have been eliminated. The last
KCl equivalent is still present in the crystal, so the last
substitution step of Sm—Cl bonds by Tmp is stopped halfway,
as in a reaction intermediate. In the same reaction conditions,
in 2, three less bulky Dmp ligands are sr-coordinated to Sm-
(II) and do not even saturate its coordination sphere, since
samarium can accept an additional phosphorus lone pair from
the bridging Dmp ligand.

Work on other complexes of samarium(III) with phospholyl
is in progress.
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(16) 2: Similarly, KDmp (0.30 g, 2.0 mmol) and SmCl; (0.18 g, 0.7 mmol)
were heated in toluene (15 mL) for 24 h. 2 could be isolated as red
crystals by the above-described workup. Yield: 0.09 g (28%). NMR
(THF-dg): Hé = 11.03 (S, Wi = 53 HZ, CH), -0.213 (S, win = 13
Hz, CH3). 13C 8 = 137.6 (s, w2 = 20 Hz, C2 or C3), 131.1 (s, wip
=55 Hz, C2 or C3), 25.0 (s, w1, = 14 Hz, CH3); 3'P NMR 6 = 9.3
(s, wip = 120 Hz). Anal. Calcd for CyHssPsSmy: C, 44.7; H, 5.0,
Sm, 31.1. Found: C, 44.3; H, 5.2; Sm, 31.4, Selected bond lengths
(A) and angles (deg): Sm—P1 = 2.9003(5), Sm—P6 = 2.9978(5),
Sm—P6" = 2.9862(5), Sm—P11 = 2.9270(5), Sm—C(av) = 2.88; P6—
Sm—P6’ = 72.10(1), Sm-P6-Sm’ = 107.90(1).
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