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La(OSQCHRs); reacts with 4 equiv of LiBBu, in tetrahydrofuran to give dark redB{,P)La[(u-PBuy),Li(thf)]

(2). Yb(OSQCR); reacts with LiFBuy in tetrahydrofuran in a 1:5 ratio to produce Y{PBu,),Li(thf)]2 (2)

and 1/2 an equiv dBu,P—PBu,. Both1 and2 crystallize in the monoclinic space gro®gi/c. Crystal data for
lat214 K: a=11.562 (1) Ab=15.914 (1) Ac = 25.373 (3) A3 = 92.40 (1}; V = 4664.5 B, Z = 4; Dcaicq

= 1.137 g cm3;, R= = 2.61%. Crystal data fo? at 217 K: a = 21.641 (2) A b = 12.189 (1) A,c = 20.485

(2) A, B =109.01 (1}; V = 5108.9 B, Z = 4; Deaica= 1.185 g cm3; R = 2.80%. The molecular structures

of 1 and2 show the four-coordinate lanthanide atoms in distorted tetrahedral environments. These complexes
are the first representatives of the lanthanide elements surrounded by four only-phosphorus-containing substituents.
The main features of the crystal structureladre the shortest L-aP distances (2.857(1) and 2.861(1) A) reported

so far and a three-coordinate lithium cation. The molecular structieegresents a divalent bis “ate” complex

with two three-coordinate lithium cations. Compl&xshows photoluminescent properties. VT NMR spectra

(“Li and 3'P) are reported fot and2.

Introduction we report on the preparation and structure determination of the
L . . two novel low-coordinate lanthanide phosphido “ate” complexes

I'_anthanlde ions are generally cqns@ered to be hard Lewis (BuP)La[(u-PBUy)-Li(thf)] (1) and Yb[i-PBuy)Li(thf)] 2 (2)

acids, and consequently the coordination chemistry of the 4f- 45 1ing from the corresponding triflate complekestrivalent

block metals with nitrogen and oxygen based ligands is Very |5nhanum and ytterbium. Complexésand 2 represent the

well deve[opgd. AS part of our continuing eff?” toinvestigate g,y reports on trivalent and divalent lanthanide complexes

the coordination environments of the lanthanides and group SContaining four only-phosphorus ligands.

elements with phosphido ligands, as well as the corresponding

bonding aspects, we were interested in the reaction behavior ofExperimental Section

lanthanide triflate$ with lithium bisgert-buty)phosphidé. The compounds described below were handled under nitrogen using
Phosphides are of interest as ligands because of the way the%chlenk double manifold, high-vacuum, and glovebox (M. Braun,

differ electrostatically from_ amides. The dlfferl_ng behaviors Labmaster 130) techniques. Solvents were dried and physical measure-
of 'Fhege two classesl qf Ilgands can be .ascrlbed to normal ments were obtained following typical laboratory procedures. Ln(©SO
periodic trends that distinguish the properties of N and P, e.9. cr,); (Ln = La, YbY and LiPBu,® were prepared according to the
lower electronegativity, larger size, and lower hybridization |iterature. UV-vis spectra were recorded on a Shimadzu UV 240
tendency of P. The focus of this effort was to determine the instrument. The fluorescence spectrum was recorded on a Perkin Elmer
structural changes which result by employing different ligand LS 50B luminescence spectrometer. NMR spectra were recorded on
systems of the typePR.. The influence of the size of the Jeol JIMN-GX 270 and JMN-GX 400 instruments.

lanthanide or group three element cation on the structure and General Aspects of X-ray Data Collection, Structure Determi-
coordination environment of complexes which contain structural nation, and Refinement for 1 and 2. Small crystals were mounted

fraamen fth neral formula Ln is another center of in glass capillaries. Graphite-monochromated Mmradiatio'n was
in?gre:t ts of the general formula Ln[EJRis another center o used £ =0.710 69 A). Data were collected on an Enraf Nonius CAD4

. . diffractometer. The structures were solved by direct methods and
We recently described the synthesis and structural charac-refined by full-matrix least-squares calculations (SHELXTL PLUS).

terization of the first lanthanide tris(phosphido) complexes,  (Bu,P).La[(u-PBuy):Li(thf)] (1). In the glovebox, addition of a

Ln[P(SiM&s)z]3(thf)2 (Ln = Tm, Nd)# as well as three different  solution of LiPBu, (208 mg, 1.36 mmol) in 5 mL of tetrahydrofuran

synthetic routes to divalent lanthanide bis(phosphido) spécies. to a colorless suspension of La(OfiFs); (200 mg, 0.34 mmol) in 7

A limited number of reports on cyclopentadienyl-based lan- mL of tetrahydrofuran resulted in a slow color change to dark red.

thanide phosphido species has appeared in the litefattiqere After 14 h, the solvent was removed. Subsequent extraction of the
residues using hexanes and crystallization-80 °C gavel as dark

red crystals (218 mg, 80%). Compléxs soluble in hexanes. Anal.
Calcd for GeHgoLiOP4La: C, 54.13; H, 10.09; Li, 0.87; P, 15.51.

T Dedicated to Professor Dr. Rk, Herbert W. Roesky on the occasion
of his 60th birthday.
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Table 1. Crystallographic Data for the Lanthanide Phosphido
Complexes 'BuP)La[(u-PBuy).Li(thf)] (1) and
Yb[(u-PBup)oLi(thf)] > (2)

complex 1 2

formula QGH goLaLiO P4 C40H gsLi 202P4Yb
798.78 911.96

cryst syst monoclinic monoclinic

space group P2,/c P2i/c

a(A 11.562(1) 21.641(2)

b (A) 15.914(1) 12.189(1)

c(A) 25.373(3) 20.485(2)

p (deg) 92.40(1) 109.01(1)

cell vol (A3) 4664.5 5108.9

VA 4 4

Deatca (g € 3) 1.137 1.185

temp (K) 214 217

Uecalca (CMT™Y) 10.76 19.90

transm coeff (mir-max) 0.905-0.999

R (%) 2.63 2.80

Ry (%) 2.83 3.10

Pma Pmin (€ A73) +0.49+-0.72 +0.65+0.59

Found: C, 54.05; H, 10.16; Li, 0.85; P; 15.734 NMR (C¢Ds, 270
MHz, 20°C): 6 1.18 (m, 4H), 1.71 (BJs—p = 11 Hz, 72H), 3.48 (m,
4H). C NMR (CsDs, 100.4 MHz, 2(°C): 6 25.2 (thf), 35.5 (d2Jc—p
=9 Hz, CH-C), 36.4 (d,"Jc—p = 18 Hz, CH-C), 69.5 (thf). "Li NMR
(CéDs, 155.5 MHz, 20°C): ¢ 2.6 (quintett}Ji—p = 28 Hz). "Li NMR
(C4DgO, 155.5 MHz, 20°C): 0 —0.7 (S,v12 = 15 Hz). Li NMR
(C4DgO, 155.5 MHz,—105°C): ¢ —1.2 (S,v12 = 8 Hz). 3P NMR
(CsDg, 109.4 MHz, 20°C): 6 135-180 (br, vy, = 2000 Hz). 3P
NMR (C4DsO, 109.4 MHz, 20°C): 6 170-225 (br,v1, = 3000 Hz).
3P NMR (GDg0O, 109.4 MHz,—90 °C): ¢ 165210 (br,v1, = 3000
Hz). IR (Nujol): 2698 w, 1355 s, 1166 s, 1035 m, 1016 m, 918 w,
886 m, 815 m, 722 w, 678 w, 574 w, 473 w, 449 mdmUV—vis
(hexanedmax NM ()): 223 (26 560), 264 (18 520), 268 (18 360), 331
(18 560). Mp: 147°C (dec.).

X-ray Crystal Structure Determination for (‘'BusP)La[(u-
P'Buy),Li(thf)] (1). Data were corrected for Lorentz and polarization
effects and decay—(5%), but not for absorption. From 10 728
measured [((Sif)/A)max= 0.64 A-1] and 9350 unique reflections, 8286
were considered “observedF§ > 40(F,)] and used for refinement.
All non-H atoms were refined with anisotropic displacement parameters.
H atoms at C113 and C421 were found and refined isotropically. All
the other H atoms were calculated and allowed to ride on their
corresponding carbon atom with fixed isotropic contributiodgofsix
=0.08 A). The structure converged for 412 refined parameters to an
R (Ry) value of 0.0261 (0.0280). The function minimized was/(|Fo|
— |Fe)¥2wWF Y2, w = 1/0%(F,). Further details are given in Table 1.

Yb[(u-P'Buy),Li(thf)] 2 (2). In the glovebox, addition of a solution
of LiPBu, (245 mg, 1.61 mmol) in 5 mL of tetrahydrofuran to a
colorless suspension of Yb(O8CFs); (200 mg, 0.32 mmol) in 7 mL
of tetrahydrofuran caused an immediate color change to orange.
Removal of solvent, extraction of the residues with toluene, and
crystallization at—30 °C gave?2 as orange crystals (220 mg, 75%).
Complex 2 is slightly soluble in hexanes. Anal. Calcd for
CaoHssLi-O:PsYb: C, 52.68; H, 9.73; Li, 1.52; P, 13.59. Found: C,
52.56; H, 9.61; Li, 1.50; P; 13.34*H NMR (C¢Dg, 270 MHz, 20°C):

6 1.22 (m, 8H), 1.72 (J4—p = 5.6 Hz, 72H), 3.58 (m, 4H)H NMR
(C4Dg0, 270 MHz, 20°C): 6 1.30 (s). *C NMR (GsDg, 100.4 MHz,
20°C): 9 25.2 (thf), 34.1 (t}Jc-p = 6.9 Hz, CH-C), 36.7 (t,2Jc—p =
5.5 Hz,CH3-C), 69.0 (thf). 13C NMR (C4DgO, 100.4 MHz, 20°C): 6
25.8 (thf), 33.9 (CH-C), 36.5 CHs-C), 67.8 (thf). 'Li NMR (CgDs,
155.5 MHz, 20°C): 6 3.0 (t, YJi-p = 58 Hz). Li NMR (C4DsgO,
155.5 MHz, 20°C): 6 0.6 (s,v12 = 68 Hz). 7Li NMR (C4Dg0, 155.5
MHz, —60 °C): ¢ —0.1 (s,v12 = 25 Hz). "Li NMR (C,DgO, 155.5
MHz, =90 °C): 6 —0.1 (d, JLi—p = 73 Hz). 3P NMR (GsDs, 109.4
MHz, 20°C): 6 62.5 (quartet}Je-1; = 58 Hz;Jp_yp, = 873 Hz).3P
NMR (C4Dgo, 109.4 MHz, ZOOC) 0 48 (bl’,‘l/l/z = 250 HZ), 61 (br,
viz = 230 Hz), 79 (v br), 87 (bry:2. = 350 Hz). 3P NMR (GDgO,
109.4 MHz,—30°C): ¢ 47.4 (S,v12 = 40 Hz), 58 (br), 83.7 (SJp-vb
= 1260 Hz). 3P NMR (CDgO, 109.4 MHz,—60 °C): & 45.9 (br,
vip = 125 Hz), 79.7 (sKp_vp = 1225 Hz). 3P NMR (C,DgO, 109.4
MHz, —90 °C): ¢ 44.1 (quartet}Jp—;i = 73 Hz), 71.8 (s} Jp—vb =
1175 Hz), 74.6 (br). IR (Nujol): 2692 w, 1353 vs, 1167 s, 1042 vs,
1015 m, 916 m, 890 s, 815 m, 723 w, 675 w, 471 m, 438 nmiicm
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UV—vis (hexane,Amax NM ()): 222 (21 350), 270 (17 850), 300
(16 950), 363 (sh, 4500). Mp: 21% (dec.).

X-ray Crystal Structure Determination for Yb[( u-P:Buy).Li(thf)] 2
(2). Data were corrected for Lorentz and polarization effects as well
as for decay {6.5%) and absorption. From 11912 measured [((sin
0))max = 0.64 A1 and 10052 unique reflections, 8420 were
considered “observed™™, > 40(Fo)] and used for refinement. All
non-H atoms were refined with anisotropic displacement parameters.
H atoms at C121 and C212 were found and refined isotropically. All
the other H atoms were calculated and allowed to ride on their
corresponding carbon atom with fixed isotropic contributiodsgofix
=0.08 A9). The structure converged for 466 refined parameters to an
R (Rw) value of 0.028 (0.031). The function minimized was\f|F,|
— |Fe))¥2WFA Y2, w = 1/0%(F,). Further details are given in Table 1.

Results and Discussion

A Trivalent Lanthanide Phosphido Complex. Treatment
of La(OSQCFRs)s? with 4 equiv of LiPBU,? in tetrahydrofuran
results in a slow color change from pale yellow to dark red (eq
1).

La(OSOCF,), + 4LiPBu, —
(‘Bu,P),La[(u-PBuy),Li(thf)] 4+ 3LIOSO,CF; (1)
1

Complex1 can be isolated from this reaction mixture as a
dark red material by evaporation of the solvent, extraction of
the residues using hexanes, and crystallization. Interestingly,
compoundLl is formed whether a 1:3 or a 1:4 stoichiometry is
applied in this system.

A Divalent Ytterbium Phosphido Complex. The reaction
of Yb(OSQ.CRs)s?2 with 5 equiv of LiPBu, proceeds under
immediate reduction of trivalent ytterbium to give the orange-
red monometallic four-coordinate bis “ate” complex Yb{f*-
Buy),Li(thf)]2 (2) and half an equivalent dBu,P—PBu, (eq
2). Again, as in the reaction leading to compouhdthe
stoichiometry initially applied in this system was 1:3. However,
we observed tha? was the only ytterbium containing species
being formed both for a 1:3 and for a 1:5 ratio of reagents.
Formation oftBu,P—PBu, was shown by!P NMR spectros-
copy of the hexanes fractiord (= 40.0 ppm in GD¢) and
comparison with a standard sample.

Yb(OSOCF;); + 5LiP'Bu, — Yb[(u-P'Bu,),Li(thf)] , +
2
3LIOSO,CF; + /,'Bu,P—P'Bu, (2)

Equation 2 requires an extra separation step (a hexanes wash)
to remove the'Bu,P—PBu, byproduct. Compound® was
isolated by extraction and subsequent crystallization using
toluene. Isolated yields of analytically put&nd2 were>70%,
and no lanthanide-containing byproducts were detected. As
observed in the reaction of Lgfthf); (Ln = Sm, Yb) with 3
equiv of potassium diphenylphosphitieeduction of the lan-
thanide triflate complex occurs with a diphosphine species being
formed as the corresponding oxidation product. Interestingly,
in the case oR a bis “ate” complex is the resulting product vs
a tetrasolvated diphosphido species with a lineaiL®—P
arrangement reported for the above mentioned reaétion.
Reduction of Yb(IIl) was also observed in the reaction of Y{Cl
with 3 equiv of NaTePH as well as in cyclopentadienyl-based
Yb(lll) systems!!

Structures. The molecular structure df(Figure 1) features
a four-coordinate lanthanum ion with a distorted tetrahedral
arrangement of the phosphido ligands and a three-coordinate

(10) Brewer, M.; Khasnis, D.; Buretea, M.; Berardini, M.; Emge, T. J,;
Brennan, J. Glnorg. Chem.1994 33, 2743.
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Figure 1. Thermal ellipsoid plot of BuP)La[(u-PBuy).Li(thf)] (1)
drawn at the 50% probability level.

lithium cation surrounded by two phosphido ligands and one
coordinated tetrahydrofuran molecule. The coordination of one
rather than two tetrahydrofuran molecules is probably due to
steric constraints. Coordinatively unsaturated, monomeric

lithium salts are rare and so far only a few examples have been

structurally characterize-1¢ Coordination number four in
lanthanide chemistry is also not very commd@nEspecially in
the case of the relatively large trivalent cation of lanthanum, to
our knowledge structural reports have so far been limited to
La[N(SiMes)2]3(OPPR),18 [La{ CH(SiMes)2} s(u-Cl)Li(pmde-
ta)],!® and [La(OCPH)2(u-OCPR)]2.2° Anionic perphosphido
complexes in the area of group 13 chemistry have been reporte
for gallium and indiun?! However, the structures determined
for [M(PPhy)4][Li(thf) 4] (M = Ga, In) feature solvent separated
anion-cation pairs and no direct-k4P interaction is present as
found for 1.

The lanthanum metal i shows a preference for the
phosphido ligands and no tetrahydrofuran molecule is coordi-
nated to the metal center. The terminalHR distances irl

are 2.857(1) and 2.861(1) A and represent by far the shortest

La—P distances reported until today. They are not much longer
than the sum of covalent radii reported for La (1.69 A) and P
(1.10 A)2! These short terminal as well as the longer bridging
La—P bond distances (3.007(1) and 2.982(1) A) can be
compared with the corresponding distances found for the
phosphinomethanide complexes La[fPhCH]s (2.940(1) —
3.035 (1)Af3 and{ La[(Me;P),CSiMe;]4} Li (3.039(2)— 3.234-

(2) A)2 the “mixed” amide-phosphido complexeqLa-
[IN(SiMe3)2](PPh)(PhPOY} (3.165(6) AfS and{ (N'Pr,)La[u-

(11) Zinnen, H. A;; Pluth, J. J.; Evans, W.JJ.Chem. Soc., Chem. Commun.
1980 810.

(12) Fraenkel, G.; Winchester, W. R.; Williard, P. Grganometallics1989
8, 2308.

(13) Karsch, H. H.; Zellner, K.; Gamper, S.; Ner, G. J. Organomet.
Chem.1991, 414, C39.

(14) Karsch, H. H.; Richter, R.; Paul, M.; Riede, JJ.Organomet. Chem.
1994 474, C1.

(15) Arif, A. M.; Cowley, A. H.; Jones, R. A.; Power, J. M. Chem. Soc.,
Chem. Commuril986 1446.

(16) Evans, W. J.; Drummond, D. K.; Hanusa, T. P.; Olofson, J.JM.
Organomet. Cheml989 376, 311.

(17) Cotton, S. A,; Hart, F. A.; Hursthouse, M. B.; Welch, AJJChem.
Soc., Chem. Commuth972 1225.

(18) Bradley, D. C.; Gothra, J. S.; Hart, F. A.; Hursthouse, M. B.; Raithby,
P. R.J. Chem. Soc., Dalton Tran$977, 1166.

(19) Atwood, J. L.; Lappert, M. F.; Smith, R. G.; Zhang, HChem. Soc.,
Chem. Commuri988 1308.

(20) Evans, W. J.; Golden, R. E.; Ziller, J. Whorg. Chem.1991, 30,
4963.
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(22) Pauling, L.The Nature of the Chemical Bon@rd ed.; Cornell
University Press: Ithaca, NY, 1960.
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1986 25, 823.
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(CeH4OMe-0),PLLi(thf) (3.141(4) A) 2 as well as the lanthanum
tertiary phosphine complex La[TeSi(Sik)gs(dmpe) (3.127-

(2) - 3.216(2) A2’ The P-La—P angles irl range from 106.8-

(1) to 119.7(1) with the exception of P2La—P3, which is
only 84.9 (1. This deviation from ideal tetrahedral values is
easily explained by the constraints placed on the system by the
bridging lithium cation. The PC distances are normal, ranging
from 1.886(3) to 1.892(3) A. The sum of angles around
phosphorus in the terminal phosphido ligands is 35(FL)

and 346.8 (P4), respectively, thus showing an only slightly
pyramidal environment around these phosphorus atoms. Both
P atoms deviate from the plane which is described by the
lanthanum metal and C11 and C12 (for P1) 0.37 and 0.45 A
(La, C42 and C42 for P4), respectively. This trend towards
planarity around phosphorus is probably due to a change of
hybridization at phosphorus on binding to an electropositive
metal center.

The structure ofl. can be compared regarding the terminal
phosphido groups with the molecular structures of 1,2M(P
Bup)2(NMey)4 (M = Mo, W),28 which exhibit similar geometries
around P as found fod. The sum of angles around the
phosphorus atoms were reported to be 348o) and 355.8
(W), respectively. On the other hand, the molecular structure
of Hg(PBu,),2° shows a clearly pyramidal environment around
P (313.3 and 320°8, much more similar to that of tertiary
phosphines. Further comparison can be made with the homo-
leptic transition metal phosphido complexes #e'Bu,P),
'BupP),30 Mo(PCy,)4,3! and [Li(DME)(u-PCy,)Hf(PCys)4], 3!

Il of which show virtually planar geometries around the
terminal phosphorus atoms. The-F distances of 2.537(5)
and 2.545(5) A can be compared with the corresponding
distances found for the three-coordinate lithium cationiinr
[C(PMe)2(SiMePh)] 3 (2.564(8) and 2.619(8) Ajand [Li(us-
BuP) (u2-BuP)(CGHg0)]232 (2.654(7) and 2.470(7) A) as well
as the Li~P distances reported for [Li(tHfBn(PBuy)3} ] (2.49(3)
and 2.48(3) A) and Li(thf)Pb(PBuy)3}] (2.57(6) and 2.46(4)
A).15 The P-Li—P angle inl of 105.4(2) is much larger than
the corresponding angle reported for the three-coordinate lithium
atom in{ LI[C(PMe,)(SiMe;Ph)]} 3 (65.5(2)), but is very close
to the angle of 108.1(2)found for [Lix(uz-'BusP)(uz-'BusP)-
(C4HgO)]2. The Li-O distance of 1.890(5) A it matches the
1.919(7) A distance in [la{uz-'BuzP) (2-BusP)(CHgO)]2 within
the error limits.

The molecular structure o2 shows the ytterbium metal
surrounded by four phosphido ligands (Figure 2). The arrange-
ment of ligands can best be described as distorted tetrahedral.
Again, no solvent molecule is found to be coordinated to the
lanthanide element. Two three-coordinate lithium atoms are
present surrounded by two phosphido ligands and one tetrahy-
drofuran molecule. The YbP distances i2 range from 2.948-

(1) to 2.985(1) A (average 2.959(15) A) and match the
corresponding distances reported for Yb[ERithf)4 (2.991(2)
A),5 Yb[PMeg](thf) (2.925(2) A)3 and bisg®-2,5-diphe-

(24) Karsch, H. H.; Ferazin, G; Steigelmann, O.; Kooijman, H.; Hiller, W.
Angew. Chem., Int. Ed. Engl993 32, 1739.
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Figure 2. Thermal ellipsoid plot of Yb[g-PBuy).Li(thf)] 2 (2) drawn
at the 50% probability level.

Table 2. Significant Bond distances (A) and Angles (deg) of
Complexesl and 2

1 2
La—P1 2.857(1) Yb-P1 2.951(1)
La—P2 3.007(1) Yb-P2 2.953(1)
La—P3 2.982(1) Yb-P3 2.985(1)
La—P4 2.861(1) Yb-P4 2.948(1)
Li—P2 2.537(5) Lit+-P1 2.481(6)
Li—P3 2.545(5) Lit-P2 2.512(7)
Li2—P3 2.511(8)
Li2—P4 2.504(8)
P1-La—P2 111.2(1) P1Yb—P2 83.3(1)
P1-La—P3 119.7(1) P1Yb—P3 124.9(1)
P1-La—P4 112.7(1) P1Yb—P4 120.3(1)
P2-La—P3 84.9(1) P2Yb—P3 123.5(1)
P2-La—P4 119.2(1) P2Yb—P4 126.2(1)
P3-La—P4 106.8(1) P3Yb—P4 84.1(1)
P2-Li—P3 105.4(2) PLLil—P2 103.6(3)
P3-Li2—P4 104.8(3)

nylphospholyl)Yb(thf) (2.959(1) A)34 Further Yb-P distances
have been reported for the divalent ytterbium phosphi-
nomethanide complek(thf)Li[C(PMey)2(SiMes)]} 2+ Ybly(thf)
(2.96(1)-3.08(1) Ay4 as well as the tertiary phosphine com-
plexes of divalent Yb[N(SiMg,],[Me,PCH.CH,PMe)] (3.012(4)
A)3 and trivalent Yb(GMes),Cl[Me,PCHPMe;] (2.941(3)
A).36 Besides the two bridgingPYb—P angles (P+Yb—P2,
83.3(1); P3-Yb—P4, 84.1(19), the P-Yb—P angles ir2 range
from 120.3(1) to 126.2(2)with P—C distances from 1.884(5)
to 1.896(5) A. The LiP distances ir2 range from 2.481(6)
to 2.512(7) A and are slightly shorter than the corresponding
distances observed fot (2.537(5) and 2.545(5) A). The
P—Li—P angles (P2Li1—P1, 103.6(3), P4-Li2—P3, 104.8-
(3)°) in 2 are in good agreement with the PBi—P2 angle in
1(105.4(2)). The Li—O distances of 1.911(8) and 1.913(8) A
match the Li-O distance inl (1.890(5) A) within the error
limits. Selected bond distances and angled ahd2 (Table
2) show the similarity of these two molecular structures.
According to Shanno#, the ionic radii for trivalent lantha-
num (1.03 A) and divalent ytterbium (1.02 A) are reported to
be very similar for the formal coordination number 6. However,
both structures ofl and 2 show formally four-coordinate

lanthanide metals. An accurate determination of the coordina-

tion number inl and?2 is difficult due to a certain amount of
agostic interactions between the metal center and ceedtin

(33) Atlan, S.; Nief, F.; Ricard, LBull. Soc. Chim. Fr1995 132 649.

(34) Nief, F.; Ricard, L.; Mathey, FPolyhedron1993 12, 19.

(35) Tilley, T. D.; Andersen, R. A.; Zalkin, AJ. Am. Chem. S0d.982
104, 3725.

(36) Tilley, T. D.; Andersen, R. A.; Zalkin, Alnorg. Chem.1983 22,
856.

(37) Shannon, R. DActa Crystallogr.1976 A32 751.
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Figure 3. Photoluminescence spectrum of YbPBu,).Li(thf)]. (2)

in hexanes solutionc(= 5 x 107° mol L™, 293 K; excitation= 304
nm for the emission spectrum).

butyl groups. Therefore, direct comparison of data in terms of
oxidation state and coordination number using Shannon’s radii
is complicated by the fact that some methyl groups are oriented
toward the metal centers in these complexesl, Ithe closest
La---C distances are 3.232(3) A (£&£113) and 3.254(3) A
(La—C421) and belong to the terminal phosphido groups (Figure
1). The closest Yh-C distances foR (Figure 2), namely 3.459-
(6) A (Yb---C211) and 3.558(6) A (Yb-C121), are consider-
ably longer than the ones found for These clearly nonbonding
Yb---C interactions are definitely weaker than the ytterbium
y-carbon interaction with an ¥k C distance of 3.04 A reported
by Andersen for Yb[N(SiMg);][Me,PCHCH,PMe)]%® as well
as the Yb--C distance of 2.852(13) A in Yb[C(SiM}]2.38

The three hydrogen atoms bonded to C113 and CZpard
C211 and C12132), respectively, were located and refined
isotropically to reasonable tetrahedral positions around the C
atoms. The closest LaH distances inl refined to 2.83(3)
and 2.92(3) A for C113 and 2.84(3) and 3.02(3) A for C421.
The corresponding Y-k-H distances ir2 were found to be 2.92-
(4) and 3.30(4) A (C211) as well as 3.03(6) and 3.45(7) A
(C121). All of these nonbonding LnH distances are clearly
longer than the shortest YBH agostic interaction in Yb-
[N(SiMe3);][Me,PCH.CH,PMe)]% (2.76(8) A).

Photoluminescence of Yb[g-P'Buy),Li(thf)] 2 (2). Com-
pound?2 exhibits strongly photoluminescent properties in the
solid state as well as in hexanes, toluene or benzene solution
when exposed to UV light (253 and 366 nm). It is interesting
to note that only very weak photoluminescence could be detected
in tetrahydrofuran solution. Figure 3 shows the excitation and
emission spectrum ¢f in hexanes solution. A strong emission
was observed with a maximum at 639 nm. This observation
can be compared with reports from Ellis and co-workers on
luminescent properties of adducts of Bspentamethylcyclo-
pentadienyl)ytterbium(ll) in the near-IR regiéf.*! Reaction
of samples oR with air yields chemiluminescence (CL). The

(38) Eaborn, C.; Hitchcock, P. B.; 1zod, K.; Smith, J. . Am. Chem.
Soc.1994 116, 12071.

(39) Thomas, A. C.; Ellis, A. BJ. Chem. Soc., Chem. Commu984
1270.
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Figure 4. 3P-VT NMR spectra of Bu,P)La[(u-PBuy)Li(thf)] (1)
in tolueneds (6 /ppm).

duration of CL (an orange glowing) in air is approximatety2L
min.

NMR Spectroscopic Studies. 'Bu,P).La[(z-P!Buy)Li-
(thf)] (1). At room temperature, th&P NMR spectrum ofl

Rabe et al.
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Figure 5. 7Li-VT NMR spectra at low temperatures oB(1,P)La-
[(u-PBuy)2Li(thf)] (1) in tolueneds (6/ppm).

Li) with an average coupling constant of 28 Hz, therefore
indicating a fluxional process in which some degree efL.P
bonding is maintained. Typically,).i—p coupling constants can
be expected to be in the range between 50 and 6@ Hat

in deuterated toluene (Figure 4) shows a broad signal with a _30 °c, the 7Li signal converts into a signal which can be

center at 155 ppmv{,, = 2000 Hz). The line broadening is
probably due to fluxionality and the direct presence of two
guadrupolar nucleilfdLa, | = 7/5; "Li, | = 3/;). On cooling to

described better as a triplet than a quintet. Further cooling to
—90 °C resulted in a signal with the approximate shape of a
broad triplet. A’Li NMR investigation of the toluene solution

—30°C, two broad resonances with approximate intensities 1:1 ,apavior of1 at high temperatures is presented in Figure 6,

are observed (200 ppmy», = 3000 Hz; 95 ppmyy, = 3000
Hz). Further cooling to-60 °C gave two well-resolved signals
at 200 ppm %12 = 350 Hz) and 90 ppmu, = 375 Hz),
indicating a structure in solution similar to that observed in the
solid state. Heating of the toluene solutionlofesulted in a
decrease of the line widths for t{éP NMR signal (160 ppm,
v12 =500 Hz at 100C). NoJp-; coupling could be detected.

In tetrahydrofuran solution a very broad signal was observed

in the 3P NMR spectrum ofl at room temperature (195 ppm,

v12 = 3000 Hz). This signal was found to be unchanged at

—90 °C.

The’Li NMR spectrum ofl in deuterated toluene (Figure 5)
at room temperature exhibits a quintet dué¥®to’Li nuclear
spin coupling (an AB>X spin system with A, B= P and X=

resulting in a stepwise transition from a quintet to a broad singlet
at temperatures above 8Q (2.6 ppm and'y, = 30 Hz at 100
°C). The’Li signal for 1 was found to be converted into a
singlet at room temperature using tetrahydrofuran instead of
benzene as a solvent for the NMR spectroscopic investigation.
This7Li NMR signal could not be resolved by cooling €105

°C. These solvent effects could be indicative for the formation
of solvent separated ion pairs vs contact ion pairs in non-
coordinating solvents.

Yb[(u-P!Buy),Li(thf)] 2 (2). The3P NMR spectrum o2 in
deuterated benzene shows a well-resolved four line pattern due
to coupling with the quadrupolar lithium-7 nucleus (Figure 7).
Furthermore, thé’Yb satellites [ = /,; 14.3% abundance)

(40) Thomas, A. C.; Ellis, A. BJ. Lumin.1984 31&32, 564.
(41) Thomas, A. C.; Ellis, A. BOrganometallics1985 4, 2223.

(42) Colquhoun, I. J.; McFarlane, H. C. E.; McFarlane,JMChem. Soc.,
Chem. Commuril982 220.
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from Fryzuk et al. for Yb[N(SiMgCH,PR:),;]2** (R = Me,
Lyp—p = 665 Hz; R= Ph,1)yp_p = 522 Hz). As complex2
contains anionic phosphido ligands, the larger coupling constant
is consistent with a stronger bond compared to the tertiary
phosphine adducts or phosphinomethanide complexes cited
above, which only possess formally dative bonds. Interestingly,
the 3P NMR spectrum of2 in deuterated tetrahydrofuran
solution is significantly different, showing four broad lines with
different line widths. No!"Yb satellites could be detected.
Stepwise cooling gave better resolved signals. For example,
the 3P NMR spectrum at-90 °C shows a singlet at 71.8 ppm
(Mp—vp = 1175 Hz), a broad signal at 74.6 ppm, and quartet at
44.1 ppm {Jp-1; = 73 Hz).

The’Li NMR spectrum of2 in deuterated benzene shows a
triplet with a 1J;;—p coupling constant of 58 Hz and matches
the corresponding value reported by Aspinall et8afor
{(N'Pr),Lafu-(CsHsOMe-0),PLLi(thf). As observed for com-
plex 1, the “Li NMR signal of 2 is found to be converted as
well into a singlet at room temperature using tetrahydrofuran
instead of benzene as a solvent for the NMR spectroscopic
investigation. In the case & we were able to demonstrate
that this broad singlet can be resolved by cooling—@0 °C
into a doublet with &Jp_.; coupling constant of 73 Hz.

The nature of comple® in tetrahydrofuran solution at low
temperatures is not clear. However, it can be concluded from
the31P and’Li NMR spectra at-90 °C that a species is present
which contains a Li-PBu, fragment with no ytterbium attached
to phosphorus as well as an ¥B'Bu, fragment with no lithium
coordinated to the phosphorus. For comparison, we examined
the 7Li and 3P NMR spectra of a tetrahydrofuran solution of
Li'Bu, at room temperature and-a90 °C and observed similar
chemical shifts, but significantly different line widthgL{
NMR: vi = 22 Hz vs 68 Hz for2; 31P NMR: v, = 25 Hz
vs 250 Hz for2) at room temperature as well as a lower coupling
constant {Jp—; = 61 Hz vs 73 Hz for2) at —90 °C.

Conclusion. The synthesis of and?2 introduces two novel
homoleptic lanthanide phosphido complexes with somewhat
related, but still significantly different, structural features.
Further studies are presently undertaken in order to investigate,
whether more structural diversity can be achieved using different
types of ligand systemsER, (E = P, As, Sb; R= bulky
substituent) on one hand and varying the lanthanide component
on the other. More structural data are clearly needed for a
systematic study on effects determining these structural changes
as well as the nature of the ke bond. Further investigations
are necessary here as well as on the nature of the photolumi-
nescent and chemiluminescent properties of the lanthanide
phosphido comple®. The potential application of the presented
complexes as precursors to new materials is presently under
investigation.
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with a 2Jp—v, coupling constant of 873 Hz are observed. This tional parameters, bond distances and angles, and thermal parameters
separation was found to be the same at different field strength, (23 pages). Ordering information is given on any current masthead
indicating the satellites are indeed due to coupling. The value Page.

of 873 Hz represents by far the largest coupling constant |cg50643T

between these two nuclei reported so far and can be compared

with reports from Karsch et & on {(thf)Yb[C(u-PMe)2-
(SiMey)Li(thf] 212} (Myb-p = 497.3 Hz) and{(thf)Yb[C(u-

PMe)(PMe)Li(thf)] 212} (Myp—p = 511.5 Hz) as well as reports
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