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CsMe HPMe, reacts with 1-adamantyl azide to form the first
example of a new family of cyclopentadienylideneaminophos-
phorane ligands (1). Metallation of 1 with Lu(CH,SiMej)s-
(THF), leads to the first cyclopentadienyl-phosphazene CGC

2, isolobal to known group 4 cyclopentadienyl-silylamido
CGC systems.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

Introduction

Linked cyclopentadienyl-silylamido complexes of early
transition metals,['# the so-called “constrained-geometry”
catalystsP! (A; Scheme 1), have become one of the best de-
veloped classes of specially designed organometallics be-
cause of their industrial application as single-site olefin
polymerisation catalysts.* ¢ Isolobal analogues of ligands
A are the chelating cyclopentadienyl-phosphoranylidenes
(B) and cyclopentadienyl-phosphazenes (C).[”]

We found that corresponding ligand systems (B and C,
left) do exist in the thermodynamically more stable tauto-
meric form of cyclopentadienylidene-P-carbo- (B, right)
and P-amino-phosphoranes (C, right). In the framework of
our current studies on coordination and organometallic
chemistry of organophosphorus(v) ligands with different O,
S, Se, RN and RCH functionalities, synthesis and molecular
structures of the type B ligand precursors have been re-
cently developed and reported.® In this communication we

[4] Part 3 in the series “Organophosphorus(v) Ligands for Coordi-
nation and Organometallic Chemistry”; for Part 2 see: K. A.
Rufanov, B. Ziemer, M. Meisel, Dalton Trans. 2004, 3808—3809.
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Scheme 1. Isolobally related “constrained-geometry’
and corresponding ligand systems.

complexes

present synthesis of the first example of type C ligands and
a new CGC lutetium complex thereof along with their crys-
tal structures.

Results and Discussion

Synthesis of  cyclopentadienylidene-phosphorane-
CsMe,=PMe,~NHAd (Ad = Adamantyl-1) (1) was
achieved in 95% yield by the Staudinger reaction of the
phosphane CsMesHPMe,, obtained in situ from CsMesHLI1
and Me,PCl (Scheme 2), with one equiv. of AdN5. 'H/'3C
COSY was used for accurate assignment of all signals. It is
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interesting to note that the NH proton appears shifted up-
field at 0 = 1.38 between the adamantyl-group CH, mul-
tiplets.’) The highly pure ligand crystallises from THF/
hexane mixtures as colourless plates. Simple metallation of
1 with Lu(CH,SiMe;);(THF), in C¢Dg at r.t. produced a
new “constrained-geometry” lutetium complex [n’m!-
CsMe,PMe,NAd]Lu(CH,SiMes), (2) in close to quantita-
tive yield.['9]

AP
1:95%
THF, -78° C| ~ LiCl
. — Me,Si
Lu(CH,SiMe3);(THF 4%
(CH, 3)3(THF), 2 THE

Scheme 2. Synthesis of 1 and 2.

Metallation of the ligand 1 (6p = 17.6) is accompanied
by a shift to dp = 9.6. Molecules of THF do not coordinate
to Lu in THF-containing solutions of 2, as confirmed by
the '"H NMR spectrum: one set of signals of THF protons
with distinct coupling is observed. Complex 2 is highly solu-
ble in alkanes and crystallises upon slow evaporation of the
reaction mixture at r.t. to give large colourless prisms. Both

1 and 2 are thermally rather stable; their molecular struc-
tures are shown in Figure 1.

A comparison of these two structures underlines an in-
crease of the aromatic character of the Cp* moiety coordi-
nated to the Lu atom: the difference in C-C bond lengths
within the Cp* ring is 0.06 A for 1 and 0.04 A for 2.
P-Cy. and N-Cuq bonds are only 0.01 A longer in 2 than
in 1. The P-C¢j, bond in 2 is 0.05 A longer than in 1,
whereas the P-N bond in 2 is almost the same value
(0.06 A) shorter than in 1. The rather short Lu-N bond
(2.28 A) is much closer to the covalent Lu-N bond lengths
(2.21 A) than to the donor—acceptor ones (2.48 A) found in
the crystal structures of analogous Lu complexes — Cp*Lu-
(bipy)(NHDip)CH,SiMe; and Cp*Lu(bipy)(NHDip),.['!]
Lu-CH, (2.36 A) and Lu—Cp*..,, (2.33 A) bond lengths lie
in the typical range of Lu c-alkyl and 1n°-Cp* moieties.!'!]
The 101.2° value of the N-P-Cc,, angle is similar to that of
N-Si-C¢p, in type A complexes. In combination with the
large radius of Lu, a more open coordination sphere and
as a consequence a small but probably nonbonding P---Lu
distance (3.08 A) about 0.7 A shorter than the sum of the
van der Waals radii of these elements (3.80 A)!'?! is ob-
served.

Conclusions

We have introduced the new cyclopentadienyl-phosphaz-
ene ligand system C and used it for the design of rare earth
metal organometallic chelate complexes of the constrained
geometry type. A crystal structure analysis of lutetium bis-
alkyl (2) has been presented, confirming that the isolobal
relation finds its counterpart in a structural relation to the
well-known class of cyclopentadienyl-silylamido complexes
of group 4 metals. Systematic synthetic, structural and reac-
tivity aspects of type B and C ligand systems and a series
of new organometallic complexes of s-, p-, d- and f-elements
will be discussed in a forthcoming full account.[!?]

Figure 1. ORTEDP illustrations of the ligand 1 (left) and complex 2 (right) showing atom-numbering scheme. Thermal ellipsoids drawn at
the 35% probability level. C—H hydrogen atoms are omitted for clarity. Selected bond lengths [A] and bond angles [°] for 1: C1-C5
1.439(2), C1-C2 1.444(2), C2-C3 1.380(2), P-C1 1.724(2), P-C10 1.803(2), P-N 1.659(1) N1-C12 1.482(2), N-H 0.84(2), P-N1-CI12
133.8(1), N-P-C1 108.23(7), N-P-C10 109.63(8). For 2 (right): C1-C5 1.452(6), C1-C2 1.430(6), C2-C3 1.405(6), P-C1 1.774(4), P-C18
1.812(6), P-N1 1.600(3), N1-C20 1.486(5), Lul-Cpeen 2.343(4), Lul-N1 2.278(3), Lul-C10 2.360(4), P-N1-C20 128.2(2), Lul-N1-C20
128.0(2), P-N1-Lul 103.7(2), N1-Lul-C14 109.9(2), N1-Lul-C10 115.8(2), C14-Lul-C10 109.9(2).

3806 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org Eur. J. Inorg. Chem. 2005, 3805-3807
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Supporting Information: Spectra (see footnote on the first page of

this article).

Acknowledgments

K.A.R. and A.R.P. are very grateful to Prof. Manfred Meisel (Insti-
tut fiir Chemie, Humboldt-Universitit zu Berlin) for his munificent
support during our stay at his research group and in particular to
Dr. Brukhard Ziemer for high quality X-ray studies.['¥]

(1]

a) P. J. Shapiro, E. E. Bunel, W. P. Schaefer, J. E. Bercaw, Orga-

nometallics 1990, 9, 867-871; b) P.J. Shapiro, W. D. Cotter,
W. P. Schaefer, J. A. Labinger, J. E. Bercaw, J. Am. Chem. Soc.
1994, 116, 4623-4640; c) W. E. Piers, P. J. Shapiro, E. E. Bunel,
J. E. Bercaw, Synlett 1990, 2, 74-84.

J. Okuda, Chem. Ber. 1990, 123, 1649-1651.

J. Okuda, Dalton Trans. 2003, 2367-2378.

a) J. Okuda, T. Eberle in Metallocenes (Eds.: R. L. Halterman,
A. Togni), Wiley-VCH, Weinheim, 1998, p. 415; b) W. Kamin-
sky, J Chem. Soc., Dalton Trans. 1998, 1413-1418.

a) J. C. Stevens, F. J. Timmers, G. W. Rosen, G. W. Knight, S. Y.
Lai (Dow Chemical Co.), Eur. Pat. Appl. EP 0 416 815 A2,
1991 (filed August 30, 1990); b) J. A. Canich (Exxon Chemical
Co.), Eur. Pat. Appl. EP 0 420 436 Al, 1991 (filed September
10, 1990).

a) J. C. Stevens, Stud. Surf. Sci. Catal. 1996, 101, 11-18; b)
A. L. McKnight, R. M. Waymouth, Chem. Rev. 1998, 98,
2587-2598.

Note: if [Si and group 4 metal] of type A complexes are re-
placed by [P and group 3 metal] of type C ones, not only isolo-
bal but isoelectronic species result. A theoretical investigation
of group 4 constrained geometry complexes featuring phos-
phazene and phosphinimido arms has been recently published.
See: L. Truflandier, C. J. Marsden, C. Freund, B. Martin-Vaca,
D. Bourissou, Eur. J. Inorg. Chem. 2004, 1939-1947.

K. A. Rufanov, B. Ziemer, M. Hummert, S. Schutte, Eur. J
Inorg. Chem. 2004, 4759-4763.

Possible explanation of this phenomenon consists in an effec-
tive m-shielding of NH proton with the CsMe, group, which
was partly confirmed by the X-ray structure of 1, where this
proton was located exactly under the phosphorane Cs-aromatic
ring.

[10] Synthesis of 1: a solution of Me,PCl (1.5 g, 15.5 mmol) in THF

(10 mL) was added to a stirred suspension of CsMesHLi (1.9 g,
14.7 mmol) in a 1:2 THF/hexane mixture (120 mL) for 0.5h
at —78 °C. The reaction mixture was allowed to stir overnight,
warming up to r.t. LiCl was filtered off and all volatiles were
removed in vacuo giving CsMeysHPMe, as a light yellow oil
(2.2 g, 12.1 mmol, about 83% based on CsMe,HLi), which was
dissolved in THF (10 mL) and treated with a solution of AdNj3
(2.2 g, 12.4mmol) in THF (10 mL) at r.t. Thus the obtained
yellow solution was allowed to stir with a gas-overpressure con-
troller. During gas (N») liberation, the reaction solution grad-
ually deepened in colour and after 4 h became dark brown. To
complete the reaction it was warmed up to 50 °C for an ad-
ditional 30 min. THF was removed in vacuo, yielding a light
brown residue, which was treated with hexane (50 mL) and
thoroughly washed with the same solvent (4 x50 mL) to give,
after drying in vacuo, a white powder of 1. Yield 3.8 g (95%
based on phosphane, 79% based on CsMe,HLi). '"H NMR
(300 MHz, C¢Dg, +23 °C): 0 = 2.44 (s, 6H, CsMey), 2.39 (s, 6H,
CsMey), 1.71 (br. s, 3H, CHag), 1.40 [br. d, 6H, N-C(CH,)s],
1.35 (br. s, 1H, NH-Ad), 1.30 (br. m, 6H, CH-CH,-CH),
1.25 [d, J(P,H) = 10 Hz, 6H, Me,P]. 3'P NMR (121.5 MHz,
CeDg, +23°C): 6 = 17.6 ppm. '*C NMR (75.5 MHz, C4¢D,
+23°C): 0 = 119.7, 117.5 [d, d, J(P,C) = 19, J(P,C) = 18 Hz,
C(Me)=C(Me)], 77.8 [d, J(P,C) = 125Hz, P-Cc,], 52.4 [d,

Eur. J. Inorg. Chem. 2005, 3805-3807 www.eurjic.org

J(P,C) = 4 Hz, P-NH-C,4), 44.7 [d, J(P,C) = 4 Hz, N-C(CH,)s],
36.0 (s, CH-CH,-CH) 29.9 (s, CHag), 19.2 [d, J(P,C) = 70 Hz,
Me,P], 14.9 (s, CsMey), 12.1 (s, CsMe,). EI-MS: 331, 1* (36 %),
316, 1" — CH; (5%), 286, 1* — 3 CH; (11%), 196, 1* — Ad
(20%). Synthesis of 2: a solution of 1 (330 mg, 1 mmol) in C¢Dyg
(2mL) was added to a solution of Lu(CH,SiMe;);(THF),
(580 mg, 1 mmol) in C¢Dg (1 mL) at r.t. The pink-coloured
solution obtained in this manner (0.6 mL) was transferred into
a WILMAD 505-PS 7 NMR tube with a J. Young teflon valve.
The rest of the reaction mixture was left in a glovebox for crys-
tallisation at +25°C giving, after evaporation of benzene,
540 mg of 2 in the form of colourless crystals in — together
with the NMR sample — close to quantitative yield. "H NMR
(300 MHz, C¢Dg, +23 °C): 0 = 2.11 (s, 6 H, CsMey), 2.04 (s, 6
H, CsMe,), 2.01 (br. s, 3 H, CHpg), 1.73 [br. d, 6 H, N-C-
(CH»)3], 1.56 (br. m, 6 H, CH-CH,-CH), 1.15 [d, J(PH) =
13 Hz, 6 H, Me,P], 0.39 (s, 18 H, Me;Si), —0.90 (q, 2J = 20, *J
= 10Hz, 4 H, Lu-CH»-Si). 3'P NMR (121.5 MHz, C¢Ds,
+23°C): 6 = 9.6. 3C NMR (75.5 MHz, C¢Dg, +23°C): § =
123.5,121.5[d, d, J(P,C) = 14, J(P,C) = 13 Hz, C(Me)=C(Me)],
83.8 [d, J(P,C) = 115 Hz, P-C,,], 54.1 [d, J(P,C) = 6 Hz, N-
Caal, 47.2 [d, J(P,C) = 8 Hz, N-C-(CH,)3], 38.3 (s, Lu-CH,-Si),
36.3 (s, CH-CH,-CH) 30.2 (s, CHagq), 21.9 [d, J(P,C) = 54 Hz,
MeyP), 13.9 (s, CsMey), 11.8 (s, CsMey), 4.9 (s, SiMe;). EI-MS:
679, 2 (30%), 665.0, 2* — CH, (10%), 591.0, 2* — Me,Si
(16%). Satisfactory elemental analyses of 1 and 2 were ob-
tained. General experimental details, NMR and EI-MS spectra
as well as references on the syntheses of the starting reagents
are collected in the Supporting Information; see also the foot-
note on the first page of this article.

[11]T. M. Cameron, J. C. Gordon, B. L. Scott, Organometallics
2004, 23, 2995-3002.

[12] A. Bondi, J. Phys. Chem. 1964, 68, 441-451.

[13] K. A. Rufanov, A. R. Petrov, B. Ziemer, J. Sundermeyer, work
in progress.

[14] Crystal Data for 1: C, H34sNP, M = 331.46, orthorhombic,
space group P21 2121, a = 10.582(2) A, b = 13.1353) A, ¢ =
13.845(2) A, V = 1924.5(6) A3, Z = 4, Degroq. = 1.144 gcm 3,
u(Mo-K,) = 0.144 mm'. Crystal dimensions
0.52%0.40%0.28 mm. Data were collected with an area detec-
tor using w-scans at 180(2) K on an IPDS STOE dif-
fractometer using graphite-monochromated Mo-K,, radiation
(% = 0.71073 A). The structure was solved by direct methods
and expanded by difference Fourier syntheses using the
SHELX-97 software package. G. M. Sheldrick, Program for
solution of crystal structures, SHELXS-97; University of
Gottingen, 1997; G. M. Sheldrick, Program for the refinement
of crystal structures, SHELXL-97; University of Gottingen,
1997. 3468 reflections measured, 12951 unique (R, = 0.0332),
which were used in all calculations. GoF (on F?) = 0.995. The
final agreement factors were R; = 0.0270 [/ > 2.00a(/)] and
wR, = 0.0627 (all). For 2: CyyHssLuNPSi,, M = 679.86, mono-
clinic, space group P2,/c, a = 15.284(2) A, b = 10.456(1) A, ¢
=21.092(2) A, a = y = 90°, f = 91.97(2)°, V = 3368.7(7) A3, Z
= 4, Deiea = 1.340 gem3, u(Mo-K,) = 3.066 mm'. Crystal
dimensions 0.32x%0.20x0.16 mm. Data were collected at
180(2) K as above. The structure was solved as above. The in-
tensities were corrected for Lorentz polarisation and absorp-
tion effects using ABSCOR, a modification of DIFABS (7,
= 0.4404, T = 0.6398). N. Walker, D. Stuart, Acta Crys-
tallogr., Sect. A 1983, 39, 158-166. 6383 reflections measured,
30805 unique (R;,; = 0.0549), which were used in all calcula-
tions. GoF (on F?) = 1.038. The final agreement factors were
R, = 0.0398 [I > 2.000(])] and wR, = 0.1034 (all). CCDC-
263440 and -263441 contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif..

Received: June 14, 2005
Published Online: August 19, 2005

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 3807



