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As part of an effort to develop the coordination environments
of the lanthanides using phosphido ligands, as well as to

Figure 1. Thermal ellipsoid plot of Sm{(-PBu,).Li(thf)] », 1, drawn

at the 50% probability level. Hydrogen atoms were omitted for clarity,
and only one orientation of the heavily disordered tetrahydrofuran

molecules is shown.

investigate the corresponding bonding aspects, we have been

examining the reaction behavior of lanthanide triflatesth
lithium bis(tert-butyl)phosphidé.

terization of a novel four-coordinate homoleptic phosphido
complex of divalent ytterbium: Ybj-PBu),Li(thf)]23 A

Contrary to the ytterbium(ll) species YRHP'BuU,),Li(thf)] 2,

. . 2 (f14, the samarium(ll) analoguk(f®) was not found to exhibit
Recently, we described the synthesis and structural charac-

photoluminescent properties, indicating that the nature of the
lanthanide(ll) cation is probably responsible for this behavior
rather than the properties of the ligand system.

question of considerable interest is how the size of the lanthanide o molecular structure of complek (Figure 1F features
cation influences the observed structure. To probe this iSsue,q four-coordinate samarium cation surrounded by phosphido

we decided to determine whether the structure of the above'ligands only,

mentioned ytterbium species in the solid state would change
employing the larger samarium(ll) cation in place of ytterbium-
(I1). Additionally, Yb[(u-PBuy),Li(thf)] » was found to exhibit
strongly photoluminescent propertiesWe wanted to find out
whether this behavior is determined by the ligand system or

structure determination of a tetrakis(phosphido) species of
divalent samarium.

Reaction of Sm(OSELRs)s! with 5 equiv of LiPBuy?
proceeds under immediate reduction of trivalent samarium to
give the dark purple monomeric bis “ate” complex Sw[(
PBuy),Li(thf)] 2, 1, and¥; equiv of Bu,P-PBu, (eq 1). Complex
1 was the only samarium containing species being formed both
for a 1:3 and a 1.5 ratio of reagents. FormatiofBaf,P-PBu,
was demonstrated b$*P NMR spectroscopy of the hexanes
fraction (© = 40.0 ppm in GDg) and comparison with a standard
sample.

Sm(OSQCF.); + 5LiP'Bu, —
Sm[(u-PBu,),Li(thf)] , + 3LIOSQ,CF, + '/, Bu,P-PBu,
1

@)

Formation of the tetrakis(phosphido) specieis surprising
in light of earlier reports on the formation of the hexa-coordinate
bis(phosphido) complex Sm[PR¥(thf)4, which does form using
three different synthetic routés.Reduction of Sm(lll) was
reported as well in other systerfis.
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arranged in a distorted tetrahedral fashion. The
molecular structures of complexésnd?2 are isostructural. The
samarium(ll)}-P distances in complek range from 3.036(1)

to 3.070(2) A (average: 3.048(13) A). These distances are

approximately 0.09 A longer than the corresponding values

found for Yb[u-PBuy).Li(thf)],, 2 [2.948(1)-2.985(1) A;
the metal center. Here we report the synthesis and X-ray crystalac:/Lg;ageorz_%é(éllg)) Ua)eLi(thD)] 2 [ (1 (L)

A]. According to Shanrfosamarium(Il)
can be expected to be approximately 0.14 A larger than

ytterbium(ll) for a given coordination number. Therefore, the

observed Sm(Ih-P distances il are shorter than one would
expect. As a matter of fact, these distances are significantly
shorter than the Sm(HP distance of 3.1908(6) A reported for
hexa-coordinater(-C;,HgP)Sm(thf)!? as well as the 3.139-
(3) A distance in hexa-coordinated Sm[BR{N-Melm);* (N-
Melm = N-methylimidazole). Also, they are slightly shorter

than the corresponding distance of 3.0775(1) Aribonded

(7°-2,3-(CH)2(CoHeP)2Sm(thfy.19 However, they can be com-
pared with the shortest SmHP distances (3.019(3)
3.066(3) A) found in (MgSi),PSm-P(SiMey),]sSm(thfl.1t

(8) Crystal data forl (CaoHsgli2O2PsSm) at 231 K: M, = 889.27,
monoclinic, space grouP2;/c, with a = 21.651(2) Ab = 12.252(1)
A, c=20.556(2) A8 = 108.86(1}, V = 5160.1 &, Dcaica= 1.145
g cm3, Z = 4, andF(000) = 1888; Enraf Nonius CAD4 diffracto-
meter. The structure was solved by direct methods. Data collected
at 211 K with Mo Ko (1 = 0.710 69 A). Data were corrected for
Lorentz and polarization effects as well as for absorption [empirical,
Trmin = 0.7820,Tax= 0.9999 u(Mo Ka) = 12.89 cntl]. From 9720
measured [(si®)/Amax= 0.59 A-1] and 8018 unique reflections, 6700
were considered “observedF{ > 40(F.)] and used for refinement.
All non-H atoms were refined with anisotropic displacement param-
eters, except for those of the two tetrahydrofuran molecules, which
were heavily disordered in split positions. Accordingly, the corre-
sponding H-atoms were neglected. All other H-atoms were calculated
and allowed to ride on their corresponding carbon atom with fixed
isotropic contributionsWiso(rixy = 0.08 A2). The structure converged
for 456 refined parameters to @ (R,) value of 0.0375 (0.0417).
The function minimized was Jw(|Fo| — [Fe|)¥IWFAY2, w =
1/0%(F,). Residual electron densities:1.13/~0.64 eA3, located at
the samarium atom.
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The two bridging P-Sm—P angles ofl are 82.6(1) [P(3) shifts gradually downfield, while the signal at higher field shifts
Sm—P(2)] and 83.0(H)[P(4)-Sm—P(1)], respectively, and can  gradually upfield, accompanied by a continuous decrease of
be compared with the corresponding angles found for complex intensity. At—80 °C, only the signal at lower field could be
2[83.3(1) and 84.1(F). All other P~Sm—P angles range from  detected¢ = —0.3 ppm,v1, = 85 Hz).

120.3(1) to 127.4(%) These values match the numbers we  The synthesis of the formally four-coordinate lanthanide
reported for complex [120.3(1)-126.2(1)] within the error complex Sm{¢-PBuy)Li(thf)] 2, 1, introduces a novel phosphido
limits. The P-C distances range from 1.880(7) to 1.896(6) A SPecies of divalent samarium. The utility of this complex
and are in excellent agreement with our reports on the€p ~ 'emains to be determined by examination of its chemistry in a
distances in the moleculear structureofTwo three-coordinate ~ Va"ety of systems.

lithium atoms are present, each one of these surrounded by two

phosphido ligands and one tetrahydrofuran molecule wittFLi Experimental Section

dtanes b 25010 25401 A ABKE) o 25120) A e g s s
. ) . chien ouble manirold, high-vacuum, ana glove-box . braun,
1[P(3)-Li(1)—P(2): 105.8(4); P(4)-Li(2)—P(1): 106.3(3)] Labmaster 130) techniques. Solvents were dried and physical measure-
are only slightly larger than the corresponding values reported ments were obtained following typical laboratory procedures. Sm-
for complex2 [103.6(3) and 104.8(3). (OSQCF:)s and LiPBuy? were prepared according to the literature.

The molecular structure dfshows a formally four-coordinate  The UV-vis spectrum was recorded on a Shimadzu UV 240 instrument.
samarium center. However, an accurate determination of theNMR spectra were recorded on a Jeol JMN-GX 400 instrument.
coordination number in this particular molecule is difficult given Sm[(u-P'Buy).Li(thf)] 2, 1. In the glovebox, LiMBu, (255 mg, 1.67
the fact that agostic interactions between ceraingroups and mmol) dissolved in 7 mL of tetrahydrofuran was added to a slurry of
the lanthanide center are present, thus leading to a higherSM(OSQCFs)s (200 mg, 0.33 mmol) in 7 mL of tetrahydrofuran to
effective coordination number than four (as was observed in immediately give a dark greenish-purplish so!utlon. _After 20 min, the
the case of complex). The closest non-bonding SrC solvent was removed. S_ub;equent extraction using hexane/toluene

. : (1:1) followed by crystallization at-30 °C gavel as dark purple
distances are 3.482(6) A [SmC(41)] and 3.578(7) A (iqiais (205 mg, 70%). Anal. Calcd foudBleli-OoPSm: C, 54.02;
[Smr--C(52)] (Figure 1). All other nonbonding SmC dis- H, 9.97; Li, 1.56; P, 13.93. Found: C, 53.90; H, 10.16; Li, 1.52; P,
tances were found to be longer than 4.0 A. These numbers14.07. 1H NMR (400 MHz, GDs, 20°C): 6 0.18 (br,v1, = 30 Hz,
can be compared with reports from Evans and co-workers on 8H), 1.3 (s,v1> = 10 Hz, 72H), 1.7 (bryy» = 50 Hz, 8H). 'H NMR
agostic Sre-C distances in the formally four-coordinate divalent (400 MHz, GDgO, 20°C): 6 1.06 (s,v12 = 17 Hz). 3C NMR (100.4
samarium bis(amido) complex Sm[N(SiMg.(thf), (3.32(1)- MHz, CeDs, 20 °C): 6 9.6 (br,v1z = 10 Hz, thf), 23.7 (sp1. = 4
3.46(1) A)12 To the best of our knowledge, there are only two H2), 68.4 (vbr, thf). No signals could be detected in t@ NMR
other reports in the literature on low-coordinate Sm(ll) com- SPectrum of compled in tetrahydrofurards at room temperaturé"!
plexes, namely (4-Me-2,8U,CeHo0),Sm(thf!3 and (4-Me- NMR (CiD, 1555 MHz, 20°C): 0 —60.8 (s,v1 = 86 H2). Li
2 65BUCH,0)SMK4 Another example of a four-coordinat NMR (CDgO, 155.5 MHz, 55°C): & —7 (vbr, vi, = 1700 Hz),—51

/0 BU2H20)sSM. = ANOther example ol a four-coordinate 1, , — 1000 Hz). Li NMR (C4DsO, 155.5 MHz, 20°C): & —5
Ianthan_|de complex is the [Lu(C_M)a] anion! (Vbr, v1, = 1700 Hz),—58 (br, vy» = 625 Hz). "Li NMR (C4DgO,

No signals could be detected in tFi® NMR spectrum of., 155.5 MHz, 0°C): & —1 (vbr, v1, = 1200 Hz),—63 (br, vy, = 400
which is probably a result of the strongly paramagnetic Hz). 7Li NMR (C4DgO, 155.5 MHz,—20 °C): 6 — 0.6 (br, vy, =
properties of divalent samarium. THei NMR spectrum of 530 Hz),—67.6 (br,v1; = 300 Hz). "Li NMR (C,DgO, 155.5 MHz,
complex 1 in deuterated benzene shows a rather peculiar —40°C): 6 —0.5 (br,v12 = 250 Hz),—72.1 (br,v1> = 210 Hz)."Li
chemical shift of —60.8 ppm. Again, this observation is NMR (CiDsO, 155.5 MHz,~60°C): 6 —0.3 (br,v1, = 85 Hz),—78.2
probably due to the strong paramagnetism of divalent samarium. (br, vz = 110 Hz). "Li NMR (C.DsO, 155.5 MHz,~80°C): 6 —0.3
Interestingly, two signals were found in tAie NMR spectrum (br, v, =85 Hz). IR (Nujol): 1353 s, 1293 w, 1160 m, 1043 vs, 916

: : : w, 889 m, 814 m, 722 w, 675 w, 520 w, 468 m, 432 s emUV —vis
of 1 in deuterated tetrahydrofuran. This observation contrasts (hexane i, nM (©): 237 (sh, 6630), 242 (7970), 248 (9830), 254

with our reports on the corresponding spectrum of the ytterbium (10730), 260 (9470), 281 (sh, 6530), 314 (8170). Magnetic
analogue 2, which exhibits only one’Li signal in both susceptibility: yy?3 = 4.61 x 103 cgs: sier = 3.3 s, BM. Mp:
tetrahydrofuran and benzene solutforin an attempt to clarify 212°C dec. ‘

the cause of this unusual spectrum a YT NMR study of
Sm[u-PBuy).Li(thf)] 2 in tetrahydrofuran solution betweeirb5
and—80°C was performed: A#55°C, a very broad signal is
observed at-7 ppm (12 = 1700 Hz) along with a broad signal
at—51 ppm ¢1,2 = 1000 Hz). The ratio of intensities of these
signals is approximately 2:3. Upon cooling, the half-widths of
both signals decrease. Concomitantly, the signal at lower field
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