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Reaction of 2,5-dtert-butyl-3,4-dimethylphospholide potassium [K(Dtp)] with Ys@r Smk(THF)3 5
in THF followed by reaction witlo-dimethylaminobenzylpotassium [K(GBsH4sNMe,-0)] afforded the
solvent-free mono(phospholyl)lanthanoid bis(benzyl) complexes [(Dtp)LpQgHNMe,-0)] (Ln =Y
(3-Y), Sm (3-Sm)). The Sc analogue could not be obtained under these conditions, as the reaction between
K(Dtp) and Scd in THF led to the THF-ring-opened produdtgcfu-O(CH,)4(Dtp)]Clo(THF)} 2] (5).
Replacing THF by a mixture of toluene/pyridine gave [(Dtp)Sa®iridine)] (6), which on further reaction
with [K(CH,C¢HsNMe,-0)] in toluene afforded [(Dtp)Sc(CHsHisNMe,-0);] (3-Sg. Protonation of
[K(Dtp)] with p-toluenesulfonic acid gave thédlphosphole Dtp-H7), which could not be isolated pure
but is stable in solution at room temperatuseSccould also be obtained from the reaction between the
in-situ-prepared and [Sc(CHCsHsNMe;-0)3] in toluene. Complexe8-Ln were activated with [PIC]-
[B(CsFs)4] and tested in the syndiospecific polymerization of styrene. Whe3e@s did not show any
activity, 3-Y and 3-Scgave good to excellent results.

Introduction Bulky phospholyl ligands have recently been introduced into
lanthanoid chemistry, allowing for the isolation of a number of
divalent complexes that exhibited higher stability than their
cyclopentadienyl analoguésThis observation was attributed
to the goodr-accepting and poat-donating properties of the
phospholyl ligand$.In addition, a recent study on the synthesis
of phospholyl scandium complexes showed that the phospholyl

qigand was a weaker ligand than the cyclopentadienyl derivative,
as it was easily replaced by alkyl groups$n the case of

| monophospholyl lanthanoid complexes the electronic properties

derivatives, in some cases carrying further donor groups, orOf the phospholyl ligand should lead to a more electrophilic

dianionic cyclopentadienyl derivatives bearing linked amide or Ianthanmd center VY'th higher reactlvny toward allfenes.
phosphide groups, thus generating the so-called constrained D|ffere_nt benzyl ligands have been |ntro_duced into organo-
geometry complexes (CGE)So far, no study has been reported lanthanoid complexe%hqwever, they are stl_II m_uch less often
on the influence of heteroatom-containing cyclopentadienyl USed than alkyl or allyl ligands. The chelatiogdimethylami-
ligands on the olefin polymerization activity of half-sandwich nobenzyl (CHCe¢H:NMez-0) ligand has recently been reinves-

Monocyclopentadienyl lanthanoid complexes have recently
attracted growing interest due to their high potential in organic
transformations and polymerization catalysis (the lanthanoid
elements being defined as Sc, Y, and-lai).! Whereas the
neutral complexes often lack reactivity toward alkefestionic
complexes based on the smaller elements, Sc, Y, and Lu, hav
shown very high activity in a number of homo- and copolym-
erization reactiond The ligands employed to stabilize the half-
sandwich complexes are either bulky anionic cyclopentadieny

lanthanoid complexes. tigated in lanthanoid chemistry as a readily available alternative
to alkyl and allyl ligand$. The homoleptic complexes [Ln-

:glt)&espondmg authors. E-mail: houz@riken.jp. (CH,CeHsNMez-0)l)3] (Ln =Y, La) were stabilized by-bond-
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Mono(phospholyl)lanthanoid(lll) Complexes

ing and intramolecular NMecoordination. The unstabilized
benzylic CH functionality revealed its high basicity in the
double deprotonation of 9-t-BuN(H)SiMdluorene®

The majority of monocyclopentadienyl complexes used in
polymerization catalysis were obtained by in situ deprotonation
of cyclopentadiene ligands by lanthanoid tris(alkyl) or tris-
(amide) precursors? Salt metathesis reactions often led to
mixtures of mono- and biscyclopentadienyl complexes due to
ligand rearrangement to afford the more stable biscyclopenta-

dienyl complexes. Hence, additional separation steps were

required that reduced the yield of the desired produtsthe
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case of the phospholyl ligands, no example has been reported
using the acie-base approach to access metal complexes. This neutral and an anionic species, such as respectively [(Dtp)YCI
is mainly due to the instability of mostHtphospholes, which ~ (THF),] (2&8) and [(Dtp)YCEK(THF),] (2b), are present in
can be detected at low temperatures, but readily undergo [1,5]-solution. This hypothesis is supported by the fact that by
H shift at room temperature. The resulting-phospholes form  switching to a less polar reaction medium such as THF/toluene
immediately Diels-Alder or other coupling product$.Bulky the reaction led mostly to the product at 92 ppm, which could
substituents on the phosphole ring may inhibit follow-up then correspond to the neutral, less polar compo@ad
reactions and allow for the stabilization dfiphospholes and,  Surprisingly, no ¥-P coupling was observed, in contrast to the
hence, due to the reversibility of [1,5]-shifts, give access to  previously reported [(P{es).YCI.Li(DME),].13 In the case
1H phospholes. One potential candidate is the 2,tedibutyl- of the samarium complek, some minor amounts of bisphos-
3,4-dimethylphospholyl ligand (Dtp), in which both the bulky pholyl complex formed, as indicated B NMR (28 ppm), in
t-Bu groups in theo-positions and the additional steric bulk addition to the monosubstituted product (80 ppm).
induced by the two methyl groups in thfepositions should Further addition of 2 equiv ab-dimethylaminobenzy! potas-
disfavor following Diels-Alder reactions. sium [K(CH,CsHsNMes-0)] to the in-situ-generated compounds
It should be noted that previously the onlii phospholes 1 and2 resulted in an immediate color change, &4 NMR
known to be stable were those with annelated benzo rings thatindicated quantitative transformation of the starting materials.
prevented the [1,5H shift: a H-dibenzophosphole was already After workup the monophospholylbis(benzyl) complexes [(Dtp)-
successfully used for the synthesis of a new lighndnd Ln(CHCeHaNMe2-0)] (Ln = Y (3-Y), Sm @-Sm)) were

recently the first crystallographically characterizeld-ghos-
phoindole was reported.

We herein report on the synthesis of new mono(phospholyl)-
lanthanoid bis(benzyl) complexes bearing the bulky 2,5di-
butyl-3,4-dimethylphospholide ligand (Dtp) using both salt

isolated in good yields and fully characterized by multinuclear
NMR, X-ray studies, and elemental analysis (Scheme 1). In the
31P NMR spectra single peaks were observed at 92 and 63 ppm
for 3-Y and3-Sm, respectively. Again, no ¥P coupling was
observed for3-Y.

Synthesis of Mono(phospholyl)scandium Complexes. (a)

metathesis reactions and for the first time the adidse ; _
approach. We selected samarium, yttrium, and scandium asSalt Metathesis.In the case of Sc, the reaction between $cCl

representative lanthanoids according to their respective large,@nd 1 equiv of [K(Dtp)] in THF at room temperature probably
medium, and small size of the corresponding tripositive cations. "esulted initially in the formation of the corresponding mono-
The resulting complexes were tested in the polymerization of Phospholyl dichloride complex, which was detected by a

styrene.

Results and Discussion

Synthesis of Monophospholyl Complexes of Sm and Y.
The reaction between equimolar amounts of §fHF); s and
[K(Dtp)] in THF at room temperature yielded the corresponding
monophospholyl samarium diiodide complex [(Dtp)2ffHF),]

(1), which was isolated in good yield and fully characterized
by multinuclear NMR studies, X-ray diffraction, and elemental
analysis (Scheme 1). The reaction betweenzYa@id [K(Dtp)]

in the same conditions had a different outcome. i®eNMR
spectrum showed complete disappearance of [K(Dtp)] and the
appearance of two signals at 92 and 99 ppm, in the typical region
of an n®bound phospholyl ligan#,with relative intensities

depending on the concentration. These signals thus clearly

belong to species in which the Dtp ligand s8-bonded to
yttrium. A tentative explanation for this could be that both a

(9) (@) Manzer, L. EJ. Am. Chem. Sod978 100, 8068. (b) Harder, S.
Organometallic005 24, 373. (c) Li, X.; Nishiura, M.; Mori, K.; Mashiko,
T.; Hou, Z.Chem. Commur2007, DOI: 10.1039/b708534f.

(10) Mathey, F.Chem. Re. 1988 88, 429.

(11) Thoumazet, C.; Ricard, L.; Gamacher, H.; Le Floch, RChem.
Commun2005 1592.

(12) Cordaro, J. G.; Stein, D.; Gamacher, HJ. Am. Chem. So2006
128 14962.

resonance at 100 ppm in tf&P NMR spectrum; howeve#

was not stable in the reaction conditions because this resonance
disappeared completely within 72 h with the concomitant
appearance of a signal at 6 ppm, in the typical region of
P-substituted phospholés Compound5, a product resulting
from a ring-opening reaction with THF, could be isolated in
nearly quantitative yield and characterized by NMR and X-ray
studies (Scheme 2).

In order to prevent this unwanted ring-opening reaction, the
reaction between Scghnd [K(Dtp)] was performed in a 5:1
toluene/pyridine mixture instead of THF. This time the mono-
phospholyl dichloride comple$ (3P NMR: 120 ppm) was
obtained in very good yield (Scheme 2). X-ray studies confirmed
the n°-coordination of the phospholyl ligand to scandium.
Addition of 2 equiv of [K(CHCsHsNMe,-0)] to the in-situ-
formed comple)6 resulted in a mixture of products. In contrast,
the reaction of the isolated compour@dwith 2 equiv of
[K(CH2CgH4sNMe,-0)] in toluene afforded the monophospholyl
bis(benzyl) scandium complexScas major product, as shown
by NMR studies.

(b) Acid—Base Approach.Since the synthesis 8FScusing
the salt metathesis approach had proven to be less efficient than
the one-pot syntheses &Y and3-Sm the acid-base approach
was investigated to acce8sSc

(13) Nief, F.; Mathey, FChem. Commuri989 800.
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Scheme 3 Nonetheless, addition of 1 equiv of [Sc(@EsHsNMe2-0)3]
[K(Dtp)] to the in-situ-generated and heating the reaction mixture at
Me. ‘'Bu 60 °C for one night led to the quantitative formation of complex
l toFl’uT:‘e . Me,@‘P 3-Sg as indicated by'P NMR (Scheme 3)3-Scwas character-
-PTK E‘/\@] | Bu ized by multinuclear NMR and X-ray studies. To the best of
Me  Me Me Me | S° 3 \,‘\,S°\ our knowledge, this is the first example of the successful
o A\ —;t [~ Bu N /Nﬁ synthesis of a phospholyl-metal complex using the deprotonation
BuTp "B BUT R H -2<’ j@) / of a 1H phosphole.
H

7 8 3¢
Protonation of [K(Dtp)] with 1 equiv ofp-toluenesulfonic

acid (PTH) in toluene resulted in the formation éf-phosphole

7 as the major compound, as indicated by the shift in3ife

NMR from 58 to —53 ppm, a doublet with a typical 4

coupling of 211 HZ° A small peak at 220 ppm, in the typical

range of dicoordinated phosphorus compouridgas attributed

to 2H-phosphole8. The ratio between these two peaks remains

constant over time, suggesting that an equilibrium betwéen

and8is present, strongly shifted to the side of thé-phosphole

7. No trace of a phosphole dimer could be detected in the

Structures of Monophospholyl Dihalide ComplexesAn
X-ray study was carried out for [(Dtp)SaiTHF),] (2), which
crystallized in the conformation of a four-legged piano-stool
complex with the two iodide ligands and the two THF molecules
trans to each other. Whereas all the reported monocyclopenta-
dienyl samarium diiodide complexes crystallize with three
solvent molecule$’ the bulky Dtp ligand allowed for the
coordination of only two solvent molecules.

In contrast to the monomeric structure of the samarium
diiodide 1 (Figure 1), the scandium dichloride complex [(Dtp)-
Scu-CI)CI(NCsH5s)]2 (6) (Figure 2) formed a dimer in the solid
state with two bridging chlorides and one pyridine coordinated
to the metal center. The S¢Dtp)centroigdistance (2.252 A) lies

reaction mixture. It thus seems that the substitution pattern onpetween the ones observed for [(MeP)ScChbLi(tmeda)]

the Dtp ring kinetically stabilizes the Dtp-H phosphole in both
the H and the ™ forms; however, all attempts to isolafe
were unsuccessful.

Figure 1. ORTEP plot (50% ellipsoids) of [(Dtp)SHITHF),] (1).
Hydrogen atoms have been omitted for clarity. Selected bond
distances (A) and angles (deg): Sm{D)(2) = 2.443(4), Sm(1)>
O(1)= 2.442(4), Sm(1}P(1)= 2.9112(14), Sm(}}I(2) = 3.0575-

(5), Sm(1)}-1(1) = 3.0663(6), O(2y SM(1)}-O(1) = 131.37(13),
O(2)-Sm(1)-1(2) = 77.97(9), O(1ySm(1)-1(2) = 83.41(9),
O(2-Sm(1)y-1(1) = 79.92(1), O(1ySm(1)}-1(1) = 81.27(9), I(2)-
Sm(1)-1(1) = 133.363(16).

(2.29(1) A) and for [(MC4P)Sc[CH(SiMe)2]Cl.Li(tmeda)]
(2.220(3) A)? This is in agreement with the different coordina-
tion numbers observed in these complexes. The bridging
chlorides in6 show Se-Cl bond distances of 2.623 and 2.502
A, which are significantly longer than in [(ME&4P)Sc[CH-
(SiMes)]CloLi(tmeda)] (2.445 and 2.444 A), due to the presence
of the strong donating pyridine and the terminal chloride ligand.
In contrast the SeCl nonbridging bond distances i& are
comparable to those observedsr in other mono(cyclopen-
tadienyl)scandium complexé$.

Structure of the Ring-Opened Scandium ComplexTHF
ring opening with phosphide complexes was observed by
Evand’ in [Cp*;SmPPR(THF)] and Schumani in [Cp,-

(14) Zurmihlen, F.; Regitz, M.J. Organomet. Cheni.987 332 CL1.

(15) (a) Bel'skii, V. K.; Gun’ko, Y. K.; Lobkovskii, E. B.; Bulychev, B.
M.; Soloveichik, G. L.Metalloorg. Khim. (Rus$.1991, 4, 420. (b) Evans,
W. J.; Gummersheimer, T. S.; Ziller, J. Wppl. Organomet. Cheml995
9, 437. (c) Trifonov, A. A.; Van de Weghe, P.; Collin, J.; Domingos, A,;
Santos, 1.J. Organomet. Chenl997 527, 225. (d) Leung, W.-P.; Song,
F.-Q.; Xue, F.; Zhang, Z.-Y.; Mak, T. C. Wl. Organomet. Chenl.999
582 292. (e) Stellfeldt, D.; Meyer, G.; Deacon, G.B.Anorg. Allg. Chem.
1999 625 1252.

(16) (a) Fryzuk, M. D.; Giesbrecht, G. R.; Rettig, S. Gan. J. Chem
200Q 78, 2003. (b) Henderson, L. D.; Maclnnis, G. D.; Piers, W. E.; Parwez,
M. Can. J. Chem2004 82, 182.

(17) Evans, W. J.; Leman, J. T.; Ziller, J. W.; Khan, Sinlorg. Chem.
1996 35, 4283.
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Figure 2. ORTEP plot (50% ellipsoids) of [(Dtp)Se{CI)Cl-
(NCsHs)]2 (6). Hydrogen atoms and one molecule of@ystallized
toluene have been omitted for clarity. Selected bond distances (A) Figure 4. ORTEP plot (50% ellipsoids) of [(Dtp)Sm(GBsHa-

and angles (deg): Sc(ZN(1) = 2.383(1), Sc(1)CI(1) = 2.4090- NMe,-0);] (3-Sm). Hydrogen atoms have been omitted for clarity.
(5), Sc(1)-Cl(2) = 2.6231(5), Sc()yCl(2_3) = 2.5022(5), Sc- Only one molecule of the two independent molecules in the unit
(1)—P(1) = 2.6960(5), N(1)-Sc(1)-Cl(1) = 82.42(3), N(1) cell is shown. The additional bonding interactions (SrElL6,
Sc(1)-Cl(2_3) = 83.38(3), CI(1}-Sc(1)}-Cl(2_3) = 124.71(2), Sm1-C25, and Sm%C30) are shown with dashed lines.
N(1)=Sc(1)-CI(2) = 140.83(4), Sc(1_3)Cl(2)—Sc(1)= 103.84-

(2), CI(1)-Sc(1)-Cl(2) = 82.40(2), CI(2_3)¥Sc(1)}-Cl(2) = Table 1. Selected Bond Distances (A) and Angles (deg) for
76.16(2). Complexes 3-Ln
3-Sc 3-Y 3-Sm

Ln1—-P1 2.769(1) 2.928(1) 3.009(1)
Ln1-C1 2.631(3) 2.793(4) 2.862(3)
Ln1-C2 2.673(3) 2.814(4) 2.834(3)
Ln1-C3 2.717(3) 2.820(4) 2.866(3)
Ln1-C4 2.724(3) 2.862(4) 2.926(4)
Ln1-C15 2.289(3) 2.443(3) 2.505(3)
Ln1-C24 2.283(3) 2.447(4) 2.519(4)
Ln1-N1 2.529(2) 2.595(4) 2.630(3)
Ln1—-N2 2.453(2) 2.576(3) 2.620(3)
Ln1-C16 3.043(4) 3.025(5) 3.022(4)
Ln1-C25 2.995(4) 3.013(5) 2.981(4)
Ln1-C30 3.071(4) 3.084(5) 3.029(3)
N1-Ln—C15 69.9(1) 67.4(1) 66.4(1)

. . N2—Ln—C24 71.1(1 68.6(1 67.6(1
Figure 3. ORTEP plot (50% ellipsoids) of Scu-O(CH,)4(Dtp]- N1—Ln—GC24 84_68 87_88 86.88
Clx(THF)2} 2] (5). Hydrogen atoms have been omitted for clarity. N2—Ln—C15 83.8(1) 84.2(1) 84.5(1)
Selected bond distances (A) and angles (deg): F¢(3) = 1.862- C15-Ln—C24 121.9(1) 116.9(2) 120.6(1)
(2), P(2)-C(23)= 1.862(2), Sc(1)>O(5) = 2.092(1), Sc(1)}O(6) N1-Ln—N2 126.93(8) 129.6(1) 123.8(1)
= 2.093(1), Sc(1yO(1) = 2.173(1), Sc(1}0O(2) = 2.199(1), Sc-

(1)—Cl(2) = 2.4383(5), Sc(1)Cl(1) = 2.4425(5), Sc(k) Sc(2)= equilibrium with [(71-Dtp)ScCh(THF),] (not detectable ifP

3.2848(5), Sc(2)O(6) = 2.051(1), Sc(2yO(5) = 2.072(1), Sc-  NMR), which can undergo THF ring opening by nucleophilic

(2221?325(?5))255('3_)25(12)' zsé(izgé%%)zoz(é%lé(lg’)_%cg)}:cI%) oj_ attack of the phosphide on the ether group of THF, which is
@), O(5)—’Sc(1)—0(6)= 74.73(a), S,c(Z}O(S)—Sc(l)= 104.16- highly activated by the Lewis acidic Sc center. The resulting

(4), Sc(2)-O(6)—Sc(1)= 104.86(5), CI(2-Sc(1)-Cl(1) = 97.87- low-coordinated Sc complex further dimerizes immediately
(2), Cl(4y—Sc(2)-CI(3) = 169.94(2), O(L)}Sc(1)}-0(2) = 174.26(4), tos. . o
O(4)—Sc(2-0(3) = 91.20(4). The X-ray structure 05 (Figure 3) reveals many similarities

to the above-mentioned Lu compound. The(b@enter is quasi

LUPPh(THF)], leading to [Cp3Sm[O(CH,)4PPB](THF)] and planar (dihedral angle 3®pwith a Sec-Sc distance (3.285 A)
[{ CpaLu(u-O(CH,)4PPh} 2], respectively. In both cases, nu- that is shorter than the corresponding-tiw distance (3.475
cleophilic attack of the phosphide on the activated metal-bound A) due to the differences in metal size and coordination
THF can be presumed. With th-bound phospholyl ligand, a  numbers. The chloride ligands and the THF molecules are trans
similar transformation seems less likely. However, from group to each other, as already observedoin the phosphole ring
4 chemistry it is known that an equilibrium between thfe the double bonds (1.3551.360 A) can be clearly distinguished
andz*-coordination of the phospholyl ligand to the metal center from the single bond (1.475 A) and the-EH, bond (1.862
can occui? On this basis the following mechanism for the A) is close to that observed in the Lu compound (1_84?%&).
formation of5 is proposed: the reaction of Se@ind [K(Dtp)] Structures of Monophospholyl Bis(benzyl) Complexes
leads first to the formation of ff-Dtp)ScCh(THF)J, which can 3-Ln. 3-Smand3-Y were obtained as monoclinic crystals in
be observed for a short time #P NMR. This compound is in  the space group2; with two molecules of a single enantiomer
— in the unit cell. On the other hand-Sc crystallized as
38511?:) 4%°huma””' H.. Palamidis, E.; Loebel)JOrganomet. Chen199q monoclinic crystals in the space groBg:/n with one molecule

(19) Ahn, Y. J.: Rubio, R. J.; Hollis, T. K.; Tham, F. S.; Donnadieu, B. Of €ach enantiomer in the unit cell. Some selected bond distances
Organometallics2006 25, 1079. and angles are summarized in Table 1 (Figure 4).
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Table 2. Crystal Data and Data Collection Parameters for Compounds 1, 5, 6, 3-Sc, 3-Y, and 3-Sm

1 5 6 3-Sc 3-Y 3-Sm

molecular formula @2H40| 2O.PSm QzngCL;OePzSCz C33H58C|4N2P28C2, C32H43N2PSC QzH4gN2PY C32H43N2P8m
CrHs
molecular weight 771.66 1110.95 928.66 536.65 580.60 642.04
cryst habit dark red block colorless needle colorless block pale yellow plate yellow plate black block
cryst dimens (mm) 0.4& 0.30x 0.23x 0.10x 0.22x 0.20 x 0.22x 0.16 x 0.60x 0.30 x 0.50x 0.20 x
0.10 0.08 0.16 0.03 0.05 0.10

space group P2;/c P2i/n P2i/c P2i/n 1 P2,
a(h) 17.435(2) 10.698(1) 13.808(1) 21.860(1) 15.253(1) 15.379(1)
b (A) 8.688(1) 26.473(1) 15.315(1) 11.952(1) 12.080(1) 12.077(1)
c(A) 18.590(3) 21.439(1) 11.507(1) 23.239(1) 16.770(1) 16.759(1)
S (deg) 96.765(2) 91.163(1) 107.981(1) 96.430(1) 92.676(1) 92.095(1)
V (A3) 2796.5(7) 6070.4(7) 2314.5(3) 6033.5(6) 3086.6(4) 3110.6(4)
z 4 4 2 8 4
d (g cm3) 1.833 1.216 1.333 1.182 1.249 1.371
F(000) 1484 2384 980 2320 1232 1324
w(em™) 4.379 0.495 0.626 0.319 1.963 1.961
Omax. 27.54 30.03 30.01 24.71 26.37 27.55
no. of reflns measd 16574 51982 15958 30171 17 813 19491
no. of unique data 6243 17 677 6720 10 134 11 505 12 494
Rint 0.0359 0.0266 0.0189 0.0598 0.0434 0.0199
no. of reflns used 4707 13139 5510 6011 6813 11773
wR2 0.0928 0.1255 0.1273 0.1239 0.0545 0.0534
R1 0.0409 0.0418 0.0385 0.0470 0.0415 0.0259
GoF 1.009 1.065 1.104 0.945 0.740 0.984

Table 3. Syndiospecific Polymerization of Styrene by 3-Ln

Complexe$
3-Ln / [PhsC][B(CgFs)al
Ph 25°C, toluene Ph Ph Ph Ph "
run Ln [MJ[Ln] t(min) yield® (%) activit Mpd(10%) My/Myd
1 Sc 500 <1 100 >3125 300.0 2.07
2Y 500 30 84 87 7.7 1.55
3Y 100 1 50 308 8.8 1.67
4 Sm 100 30 0 0

aConditions: Ln, 2Jumol; [Ln}/[B] = 1/1 (mol/mol); solvent/monomer
= 5:1 (v/v). PWeight of polymer obtained/weight of monomer usé@iven
in (kg of sPS)x (mol Ln)™! x h~%, 9Determined by GPC in trichloroben-
zene at 145C against polystyrene standard.

The average L# (Dtp)centroigdistances increase consistent with
the metal size going fror8-Sc(2.36 A) over3-Y (2.52 A) to
3-Sm (2.59 A). These values also show the elongation of the
metak-(Dtp)centroid distance when the two halide ligands 2n
and 6, with Ln—(Dtp)centroid distances of 2.51 and 2.25 A,

for the GMe,SiMes-ligated Sc bis(alkyl) complex [(§es-
SiMes)Sc(CHSIMes)z(THF)].2° The phospholyl ligand did not
negatively influence the polymerization as it was observed for
some group 4 catalyst$ Surprisingly, the activity observed for
3-Y was much higher than that for [§Mle,SiMes)Y(CH,-
SiMes)>(THF)].2° However, the activate8-Smcomplex did not
show any activity under the same conditions, in accordance with
a previous observation on the reactivity of monocyclopentadi-
enyl complexes of the larger lanthanoids in styrene polymeri-
zation?® Overall, the polymerization results can be compared
with the most active titanium catalysts reported for syndiospe-
cific styrene polymerizatiof?

Conclusion

Solvent-free mono(phospholyl)lanthanoid bis(aminobenzyl)
complexes [(Dtp)Ln(CkCsH4NMe-0)7] (Ln = Sm, Y) can be
obtained from the one-pot reactions of lanthanoid trihalides
LnCl3 with 1 equiv of [K(Dtp)] and 2 equiv of [K(CHCsH4-
NMe,-0)]. The analogous Sc complex can be prepared either

respectively, are replaced by the dimethylaminobenzyl ligand. from the reaction between the isolated monophospholy! dichlo-
These observations were attributed to the higher steric demandide compound and 2 equiv of [K(G&sHsNMez-0)] or from

of the benzyl ligand. The average—CH, (2.44 A) and
Y—NMe; (2.58 A) distances 03-Y are similar to the distances
observedin[Y(CHCsHsNMe-0)3], 2.47 and 2.56 A, respectively.

the reaction between the protonated Dtp-H ligand and [Sc-

(CH,CsH4NMe,-0)3]. These complexes constitute the first
examples of catalytically active mono(phospholyl)-ligated lan-

A multihapto binding mode was reported for the benzyl ligand thanoid metal bis(hydrocarbyl) complexes. The Sc and Y

in [Ln(CH,CsH4NMe,-0)3] (Ln =Y, La).8° This observation
was confirmed by8-Y and3-Sm, although less pronounced, in
which some interactions between Y angs¢and between Sm
and Gyso and Grino could be considered. In contra8tScdid
not show any interaction between the metal and the, Gr
Cortho atoms of the benzyl ligand.

Styrene Polymerization.The use of cationic lanthanoid alkyl
complexes bearing monocyclopentadienyl ligands for the syn-

complexes showed high activity for the syndiospecific polym-
erization of styrene when treated with 1 equiv of {€h
[(CeFs)4B]. Further polymerization studies are under investiga-

tion.

Experimental Section

General Procedures.All reactions were performed under an

diospecific polymerization of styrene was recently repofted. inert atmosphere with purified, dry, deoxygenated solvents by using
Complexes3-Ln were therefore tested in this reaction to see vacuum line and drybox techniques. The following compounds were
the influence of the phospholyl ligand on the reaction outcome Prepared according to literature procedures: [K(DH(CH2CoHa-
(Table 3). NMe»-0)],%° [Sc(CHCesHsNMe,-0)3].92 All other materials were
Addition of styrene to a 1:1 reaction mixture Scor 3-Y
and [PRC][(CeFs)4B] in toluene at room temperature led to the
immediate formation of syndiotactic polystyren&Sc gave
excellent results that could be well compared with those reported

(20) Luo, Y.; Baldamus, J.; Hou, 4. Am. Chem. So2004 126, 13910.
(21) Janiak, CCoord. Chem. Re 2006 250, 66.

(22) Coates, G. WChem. Re. 200Q 100, 1223.

(23) Nief, F.; Turcitu, D.; Ricard, LChem. Commur2002 1646.



Mono(phospholyl)lanthanoid(lll) Complexes

commercially available and used without further purification. NMR
measurements were carried out at 26, unless mentioned

Organometallics, Vol. 26, No. 23, 26639

(s). Anal. Calcd for GH4gNoPSm (642.08): C, 59.86, H, 7.54, N,
4.36. Found: C, 59.79, H, 7.36, N, 4.63.

otherwise. Elemental analyses were performed at the Organometallic - Synthesis of [ Scju-O(CH)a(Dtp)]Cl (THF) 2} J] (5). Anhydrous

Chemistry Laboratory, RIKEN, Japan, and at the “Service de
Microanalyse de I'Universitde Dijon”, Dijon (Bourgogne), France.
Synthesis of [(Dtp)SmL(THF),] (1). Smk(THF)35 (0.400 g,
0.510 mmol) and [K(Dtp)] (0.134 g, 0.510 mmol) were stirred in
THF (10 mL) for 15 h. The reaction was checked B NMR,
which indicated that no starting material was left. The red solution

ScCk (0.097 g, 0.641mmol) and [K(Dtp)] (0.168 g, 0.641 mmol)

were stirred in THF (10 mL) for 72 h. The reaction was checked
by 3P NMR, which indicated that no starting material was left.

After centrifugation the solvent was evaporated &nehs obtained

as white powder in 95% yield (0.338 g, 0.304 mmol). Crystals
suitable for X-ray analysis were obtained from slow diffusion of

was filtered and the solvent evaporated. The residue was taken uphexanes into a THF solution &

in toluene and filtered again. After evaporation the product was
washed with diethyl ether to give a red powderlah 62% yield
(0.244 g, 0.316 mmol). Crystals suitable for X-ray analysis were
grown from a diethyl ether solution at30 °C.

1H NMR (300 MHz, THFdg): ¢ 3.73 (m, 8H, THF), 2.57 (s,
6H, CCH3), 1.88 (m, 8H, THF), 0.58 (s, 18H, Cig)3). 13C NMR
(75 MHz, THFdg): 6 18.4 (s, ©H3), 27.7 (d,3Jp—c = 7.1 Hz,
C(CH3)3), 33.9 (d,z\]pfc =83 HZ,C(CH3)3), 135.5 (S, PC), 157.7
(d, Up—c = 10.3 Hz, ). 3P NMR (120 MHz, THF€g): 6 77.5
(s). Anal. Calcd for GHaol,O,PSm (771.70): C, 34.24, H, 5.22.
Found: C, 35.06, H, 4.99.

Synthesis of [(Dtp)Y(CH,CsH4NMe;-0);] (3-Y). Anhydrous
YCl3(0.125 g, 0.641 mmol) and [K(Dtp)] (0.168 g, 0.641 mmol)
were stirred in THF (10 mL) for 15 h. The reaction was checked
by 3P NMR, which indicated that no starting material was left. To
the reaction mixture was added a solution of [K(sH,NMe,-

0)] (0.222 g, 1.282mmol) in THF (4 mL), and a color change to
yellow-green occurred immediately. Aft2 h a3'P NMR spectrum

IH NMR (300 MHz, THF4dg): 6 0.98 (br s, 4H, E,CH,P),
1.33 (s, 36H, C(€l3)s), 1.80 (br s, 20H, THF- OCH,CH,), 2.06
(s, 16H, GH; + PCHy), 3.65 (br s, 16H, THF), 4.09 (m, 4H, G®G).
13C NMR (75 MHz, THF#dg): d 14.6 (d,}3Jp-c = 3.8 Hz, CCHy),
19.1 (d,Sprc = 10.9 Hz, P(CH)chz), 235 (d,z\]pfc = 32.9 Hz,
PCHCH,), 23.8 (s, THF), 29.1 (Jp_c =10.4 Hz, CCHg)3), 32.3
(d, 2Jp-c = 25.7 Hz,C(CHg)3), 32.5 (d,"Jp—c = 6.0 Hz, FCH)),
65.6 (s, THF), 67.6 (s, P(GHCH,), 141.1 (d,2Jp_c = 10.0 Hz,
PQC), 143.9 (d,%Jp_c = 6.5 Hz, FC). 3P NMR (125 MHz, thf-
dg): 0 6.0 (s). No correct elemental analysis could be obtained for
this compound.

Synthesis of {(Dtp)Sc(u-CI)CI(NCsHs)}2] (6). Anhydrous
ScCk (0.097 g, 0.641mmol) and [K(Dtp)] (0.168 g, 0.641 mmol)
were stirred in a toluene/pyridine mixture (5:1) (6 mL) for 15 h.
The reaction was checked B¥ NMR, which indicated that no
starting material was left. After centrifugation the solvent was
evaporated and a white powder ®fwas obtained in 90% vyield
(0.242 g, 0.288 mmol). Crystals suitable for X-ray analysis were

showed that the reaction was finished. The solvent was evaporatedpbtained from slow diffusion of hexanes into a THF solutior6of

and diethyl ether was added onto the residue. After filtration and

1H NMR (300 MHz, GDg): 6 1.52 (s, 36H, C(Elg)3), 2.56 (S,

evaporation a yellow foam was obtained, which was washed with 12H, CQHs), 6.31 (m, 4H, pyridine), 6.65 (m, 2H, pyridine), 8.78

hexane to give the title compound in 68% vyield (0.253 g, 0.436
mmol). Crystals suitable for X-ray analysis were grown from a
diethyl ether solution at-30 °C.

IH NMR (300 MHz, GDg, 50°C): 6 6.85 (s, 4H, Glaron) 6.66
(s, 4H, Harom), 2.41 (brs, 12H, N(El3),), 1.74 (br s, 6H, CEl3),
1.51 (s, 18H, C(€l3)3), 1.43 (br s, 4H, YEI,). 3C NMR (75 MHz,
CsD12): 0 17.8 (QCH3), 32.5 (d,2Jp—c = 10.5 Hz, CCH3)3,), 36.1
(d, Zprc = 16.6 HZ,C(CH3)3), 44.0 (S, NCHg)z), 457 (d,l\]cfy
= 31.7 Hz, YCH,), 117.3, 120.0, 127.3, 130.6 (aromatics), 135.2
(s, P@), 142.2, 143.4 (aromatics), 152.9 ()PP NMR (120
MHz, CsD1p): 6 88.9 (s). Anal. Calcd for GHsgNPY (580.62):

C, 66.20, H, 8.33, N, 4.82. Found: C, 66.54, H, 8.40, N, 5.19.
Synthesis of [(Dtp)Sm(CHCsH4sNMe-0),] (3-Sm). (a) To a
solution of1 (0.150 g, 0.239 mmol) in THF (6 mL) was added a
solution ofo-Me;N-benzylpotassium (0.082 g, 0.478 mmol) in THF
(4 mL), and a color change to red-violet occurred immediately.

After stirring the reaction mixture for 2 #P NMR indicated that

(d, 4H,3) = 4.8 Hz, pyridine)33C NMR (75 MHz, GDg): d 18.2
(CCHa), 32.8 (d,3Jp—c = 9.8 Hz, C(CHa)3), 37.3 (d,C(CHa)3), 2Jp—c

= 15.8 Hz), 124.8, 140.2 (pyridine), 142.5 @p_c = 3.8 Hz,
PQCC), 150.6 (pyridine), 168.1 (dJp_c = 55.5 Hz, ). 31 NMR
(125 MHz, GDg): 6 123.0 (s). Anal. Calcd for §HssCl4N2P.Sc,
(836.56): C, 54.56, H, 6.99, N, 3.35. Found: C, 55.95, H, 7.11,
N, 2.97.

Synthesis of [(Dtp)Sc(CHCsH4NMez-0);] (3-Sc). (&) To a
solution of6 (0.100 g, 0.240 mmol) in toluene (5 mL) was slowly
added under vigorous stirring a suspension of [K{CéH,NMe,-

0)] (0.083 g, 0.480 mmol) in toluene (5 mL), resulting in an orange
solution. The reaction was left with stirring for 2 h, after which
3P NMR indicated that all the starting material had been consumed.
After centrifugation the solvent was evaporated at’@0for 5 h

and the residue was recrystallized from hexanes to afford3&e

as a yellow solid in 40% vyield (0.052 g, 0.096 mmol). Crystals
suitable for X-ray analysis were obtained from a saturated benzene

no starting material was left. The solvent was evaporated, and thesolution.

residue was taken up in diethyl ether. After filtration and evapora-
tion 3-Smwas obtained as dark red powder in 80% yield (0.123 g,
0.191 mmol). Crystals suitable for X-ray analysis were grown from
a diethyl ether solution at30 °C.

(b) SmE(THF)35(0.400 g, 0.510 mmol) and [K(Dtp)] (0.134 g,
0.510 mmol) were stirred in THF (10 mL) for 15 h. The reaction
was checked b§*P NMR, which indicated that no starting material
was left. To the reaction mixture was added a solution of
[K(CH2CsHsNMe,-0)] (0.176 g, 1.020 mmol) in THF (4 mL), and
a color change to red-violet occurred immediately. Ateh as!P

(b) Addition of p-toluenesulfonic acid (0.047 g, 0.250 mmol) to
a solution of [K(Dtp)] (0.066 g, 0.252 mmol) in toluene (4 mL)
resulted in the protonation of Dtp, as indicated®®#y NMR. After
addition of [Sc(CHCgHsNMe,-0)3] (0.112 g, 0.251 mmol) the
reaction was heated to 5@ and left to stir for 15 h. After this
period 3P NMR indicated that no starting material was left.
Evaporation of the solvent at 4T for 5 h and recrystallization
from hexanes gave-Scas yellow powder in 70% yield (0.094 g,
0.175 mmol).

1H NMR (300 MHz, GD12): ¢ 1.38 (s, 18H, C(El3)3), 1.44 (s,

NMR spectrum showed that the reaction was finished. The solvent 4H, Sc@H,), 1.60 (s, 6H, CEls), 2.63 (s, 12H, N(El3),), 6.55—
was evaporated, and diethyl ether was added onto the residue. Afte.73 (m, 8H, aromatics)'3C NMR (75 MHz, GD1.): o 16.8

filtration and evaporation the product was washed with cold diethyl
ether to give pur&-Smin 64% yield (0.209 g, 0.326 mmol).

H NMR (300 MHz, toldg, 80°C): ¢ 14.44 (v br s, 4H, Sm&,),
9.79 (s, 2H, aromatics), 7.5¢.70 (m, 4H, aromatics), 4.68 (s,
2H, aromatics), 2.03 (s, 18H, CKg)3), 0.59 (br s, 6H, CEy),
—2.29 (br s, 12H, N(El3),). 3P NMR (125 MHz, toldg): ¢ 62.2

(CCHg), 32.4 (d,3Jp_c = 10.5 Hz, CCH3)3), 36.7 (d,2Jp_c = 17.3
Hz, C(CHs)s), 48.5 (N(CH3)), 50.3 (S€H,), 115.8, 121.1, 126.3,
130.5 (aromatics), 135.4 (8Jp-c = 3.8 Hz, PC), 144.3, 147.4
(aromatics), 163.7 (diJp_c = 54 Hz, FC). 3P NMR (120 MHz,
CeD12): 0 99.0 (s). Anal. Calcd for &GH4gN,PSc (536.68): C,
71.62, H, 9.01, N, 5.22. Found: C, 69.55, H, 8.99, N, 4.70.
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Synthesis of Dtp-H (7) (NMR experiment).To a mixture of
[K(Dtp)] (0.010 g, 0.038 mmol) ang-toluene sulfonic acid (0.007
g, 0.038 mmol) in an NMR tube was added Tld§4eading to the
immediate protonation of Dtp.

IH NMR (300 MHz, THF#€g): ¢ 1.32 (s, 18H, C(€l3)3), 2.08
(s, 6H, CQH3), 4.91 (d, 1HJp_y = 219 Hz, M). 3C NMR (75
MHz, THF-dg)Z 016.3 (d,s\]pfc =3 Hz, (I:Hg), 30.8 (d,s\]pfc =
7.3 Hz, CCH3)3), 34.1 (d,2Jp—c = 14.9 Hz,C(CHy)s), 143.7 (d,
Jp_c = 18.7 Hz, I€), 145.4 (d,2Jp_c = 2.5 Hz, P@). 3P NMR
(120 MHz, THF4dg): 6 —53.3 (d, 211.2 Hz).

Typical Polymerization Procedure for Styrene.In the glove-
box, a toluene solution (7 mL) of [R8][B(CsFs)4] (0.019 g, 0.021
mmol) was added to a toluene solution (5 mL) of [Sc(Dtp)
(CH,C¢H4NMe,-0),] (0.011 g, 0.021 mmol) in a 100 mL flask. The

mixture was stirred at room temperature for a few minutes, and

Jaroschik et al.

parameters was carried out by the SMART program pack&flee

raw frame data were processed using SAINAhd SADABSS to

yield the reflection data file. The structures were solved by using
the SHELXTL progrant’ Refinement for all compounds was
performed onF? anisotropically for all the non-hydrogen atoms
by the full-matrix least-squares methods. The analytical scattering
factors for neutral atoms were used throughout the analysis. The
hydride atoms in all compounds were located by difference Fourier
synthesis, and their coordinates and isotropic parameters were
refined. (Other hydrogen atoms were placed at the calculated
positions and were included in the structure calculation without
further refinement of the parameters.) The residual electron densities
were of no chemical significance. Crystal data and processing
parameters fod, 5, 6, 3-S¢ 3-Y, and 3-Sm are summarized in
Table 2.
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Supporting Information Available: ORTEP plots forl, 5, 6,
3-S¢ 3-Y, and 3-Sm and crystallographic CIF files for all
structurally described compounds. This material is available free
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were obtained as described in the preparations. The crystals were
manipulated in the drybox and sealed in thin-walled glass capillaries OM7005936

or mounted on a fiberglass needle using Paratone-N oil. Data

collection was performed at 15060 K on a Bruker SMART
APEX diffractrometer or a Nonius KappaCCD diffractometer with
CCD area detector, using graphite-monochromated Blodliation
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