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[n°:n'-(3,6-Bu,Flu)SiMe,NtBu]Y(n'-NCsHg)(py)2: A 1,4-Hydride-Addition
Product to Pyridine that Provides Evidence for the First
Fluorenyl(hydrido)metal (Group 3) Complex
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Reaction of pyridine with the “constrained geometry” fluor-
enyl(hydrido)yttrium complex {[(3,6-tBu,Flu)SiMe,NtBu]Y-
(H)(THF)}, selectively gives the 1,4-addition product [n®mn!-
(3,6-tBu,Flu)SiMe,NtBu]Y (n'-NCsHg)(py)., which was char-

acterized by single-crystal X-ray diffraction and 'H and *C
NMR spectroscopy.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Introduction

Activation of C—H bonds by (hydrido)metal (group 3)
complexes is well known for a wide variety of substrates,
including  aromatic  heterocycles!!! In  particular,
[(CsMes),Ln(H)], (where Ln = Lu,? Sc,Bl YM) and
[(CsH4R),Y(H)(THF)], (where R = H, Me)l readily react
with 1 equiv. of pyridine (py) leading to ortho-metalated
pyridine complexes, [(CsRs),Ln(n?-(C,N)-CsH4N)]. In the
presence of an excess of a strong Lewis base, such as THF
or pyridine, the released dihydrogen may initiate the re-
ductive transformation of the 2-pyridyl complexes to 1,2-
hydride-addition products, eventually followed by isomeriz-
ation to the 1,4-addition products upon heating.”¥! Polar
solvents promote direct addition of Ln—H to the pyridine
ring.’] Several yttrium hydrides bearing non-cyclopen-
tadienyl ligands have been found to undergo such an inser-
tion, giving directly both 1,2- and 1,4-addition products.[
The structure of the 1,2-addition product, {[6,6'-Me,-
(CgH3),]-(2,2'-NSiMe,1Bu),} Y(n-NCsHg)(py),, was estab-
lished by X-ray diffraction.!”) In this contribution, we report
the first structurally characterized example of a 1,4-ad-
dition pyridine product, which provides indirect evidence
for the formation of the first (hydrido)metal (group 3) com-
plex supported by a fluorenyl ligand.
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Results and Discussion

Recently we have reported on the synthesis and charac-
terization of the first “constrained geometry” (alkyl)yttrium
complex  [n3n'-(3,6-tBu,Flu)SiMe,NtBu]Y (CH,SiMes)-
(THF), (1), stabilized by a fluorenyl-amido ligand.®®! In the
course of these studies, we found that 1 reacts equally with
H, or PhSiH; under ambient conditions (25 °C, 1 atm) to
generate a yellow microcrystalline solid in high yield. Con-
sidering this reactivity and consistent with elemental analy-
sis, the product was formulated as the putative hydride
{[(3,6-tBu,FIu)SiMe,-NzBu]Y(H)(THF)},, (2). However,
the surprising insolubility of the latter in common organic
solvents (aromatic hydrocarbons, chlorinated solvents,
THF), despite the presence of two fert-butyl substituents on
the fluorenyl ligand, prevented its complete authentication.
Complex 2 does not react with an equimolar amount of
pyridine after one week at 25 °C but it completely dissolves
in a toluene solution at 70 °C after 1 h in the presence of a
20-fold excess of [Hs]pyridine (vs. Y) (see Scheme 1). After
evaporation of the solution and extraction of the residue
with pentane, the new ‘“constrained geometry” (ami-
do)yttrium complex, 3, was isolated in 69 % yield as an
orange-brown crystalline material.
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'H and '3C NMR spectroscopic data establish that 3 is
the sole product of the reductive 1,4-addition of pyridine to
the hydrido complex 2. The 'H NMR spectrum of 3
([Dg]benzene, 25 °C) displays one set of sharp resonances
consistent with C,-symmetry that include one singlet and
two doublets from the three pairs of equivalent fluorenyl
protons, one singlet from the SiMe, moiety, and one singlet
from each of the terz-butyl(fluorenyl) and zerz-butyl(amido)
groups. The 1,4-dihydropyridyl fragment is characterized by
a doublet for the 2,6-protons (§ = 6.35ppm, 3Jyy =
6.9 Hz), a multiplet for the 3,5-protons (8 = 4.59 ppm) and
a broad singlet for the 4-methylene group (8 = 3.61 ppm).F!
The signals from the coordinated-pyridine molecules are
broad at room temperature, which illustrates their fluxional
behavior and suggests that they dissociate in solution. On
the other hand, there is no evidence for exchange of the
coordinated-pyridine molecules with the 1,4-dihydropyridyl
fragment, which indicates that the reaction is not reversible
at this temperature on the NMR time-scale.

An X-ray-diffraction study confirmed the structure of
complex 3 and the coordination of two pyridine molecules
in the solid-state (see Figure 1). The formal 18-electron yt-
trium center is coordinated in a distorted square-pyramidal
geometry to four nitrogen atoms and to the centroid of the
five-membered ring of the fluorenyl moiety, which occupies
the apical position. Complex 3 and the parent alkyl com-
plex 1 have a very similar pseudo-five-coordinate geometry:
the THF molecules and the alkyl group in 1 are replaced in
3 by pyridine molecules and by a 1,4-dihydropyridinyl
group, respectively. However, the coordination modes of the
fluorenyl ligands in the solid-state structures are quite dif-
ferent; that is, in the alkyl complex 1, the fluorenyl moiety
is coordinated in an unusual non-symmetric, exocyclic 13-
coordination mode that involves the bridgehead atom and
a neighboring atom of the central five-membered cycle, and
the adjacent carbon atom of a phenyl ring.!®! In contrast,
the molecular structure of 3 features a symmetric n>-coordi-
nation. This observation is rather surprising considering
that pyridine is a stronger base than THF and, therefore,
should favor reduced hapticity of the fluorenyl moiety. This
difference evidences that the variety of flexible coordination
modes of fluorenyl ligands that we recently observed in a
series of group 3 metal and lanthanide complexes®*! is
strikingly dependent on minute electronic and steric factors.
The solid-state structure of 3 has a plane of symmetry (non-
crystallographic) that embraces the Flu(centroid) and the
C(9), N(12), Si(1) and Y(1) atoms as well as the plane of
the  1,4-dihydropyridine cycle. The bite angle
Flugeni— Y(1)—N(12) is 97.36° and resembles the corre-
sponding Cpeenc— Y—N angles (97.1—97.8°) observed in
half-sandwich yttrium complexes supported by Cp-amido
ligands.'% The average Y—C (C9, C9a, C8a, C4a, C4b) dis-
tance in 3 [2.701(2) 1&] is in the range of values 2.646—2.719
A, observed for other yttrium complexes with silylene-sub-
stituted fluorenyl fragments.''! Similarly, the Y(1)—N(12)
bond length of 2.232(2) A is in the range of 2.208—2.253 A,
found in related “constrained geometry’” Cp(amido)yttrium
complexes.'®!?1 The Y(1)—N(21) bond length between the
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yttrium and the nitrogen atom of the 1,4-dihydropyridine
fragment [2.302(2) A] is in agreement with the values ob-
served in other yttrium complexes bearing terminal amido
groups.[-!31 The bonds in the dihydropyridine fragment (see
b in Figure 1) indicate reduction of pyridine via 1,4-inser-
tion, 14 that is, the bond lengths C(22)—C(23) [1.332(3) A]
and C(25)—C(26) [1.338(3) A] are significantly shorter than
the other two C—C bonds in the ring [C(23)—C(24)
1.510(4), C(24)—C(25) 1.484(4) A]. Also, the angle
C(23)—C(24)—C(25) of 108.2(2)° is indicative of the sp3-
hybridization of the C(24) carbon atom.
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Figure 1. (a) ORTEP drawing of the molecular structure of 3; ther-
mal ellipsoids are drawn at the 50 % probability level; hydrogen
and disordered carbon atoms from ferz-butyl groups are omitted
for the sake of clarity; selected bond lengths (A) and angles (°)
Y(1)—N(12) 2.2319(17), Y(1)—N(21) 2.3015(17), Y(1)—N(41)
2.5325(17), Y(1)—N(51) 2.5383(17), Y(1)-C(9) 2.6021(19),
Y(1)—C(OA) 2.6883(18), Y(1)-C(8A) 2.6946(19), Y(1)—C(4B)
2.7588(19), Y(1)—C(4A) 2.7635(18), N(12)—Si(1)—C(9) 99.37(8),
N@D)-Y(1)—-N(51) 146.28(6), NQ21)—-Y(1)—N(41) 79.01(6),
NQ2D=Y(1)=N(51) 78.94(6), N(12)=Y(1)=N(21) 140.10(6); (b)
view of the reduced pyridine fragment in 3; selected bond lengths
(A) and angles (°) N(21)—C(22) 1.381(3), N(21)—C(26) 1.390(3),
C(22)—C(23) 1.332(3), C(23)—C(24) 1.5104), C(24)—C(25)
1.484(4), C(25)—C(26) 1.338(3), C(22)—C(23)—C(24) 123.3(2),
C(23)—C(24)—C(25) 108.2(2), C(24)—C(25)—C(26) 123.3(2).

Two possibilities may account for the selective formation
of the 1,4-hydride-addition product 3: (i) although NMR
monitoring showed no evidence for the formation of a tran-
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sient 1,2-addition product during the reaction course, the
latter may rapidly isomerize to 3 due to the enforced con-
ditions, which are required for completion of the reac-
tion;>13 (ii) the reaction may involve direct 1,4-addition:
nucleophilic attack on both the 2- and 4-positions is well
known for pyridine rings.['%

In conclusion, the isolation of the 1,4-addition product 3
brings indirect evidence of the hydrido nature of the com-
plex formed by hydrogenolysis of the “constrained ge-
ometry” (fluorenyl-amido)yttrium alkyl complex 1. Al-
though its molecular structure and the reasons for its in-
solubility remain to be determined, complex 1 is, to the best
of our knowledge, the first example of a hydrido complex
of a group 3 metal supported by a fluorenyl ligand. The
scope of this insertion reaction is currently under investi-
gation.

Experimental Section

Crystallographic Data for 3: C4;,HssNySiY, M = 732.90, mono-
clinic, 7= 100K, space group C2/c, a = 23.37092), b =
13.03550(10), ¢ = 26.4358(2) A, o = 90, B = 104.75, v = 90°, V =
7788.33(11) A3, Z = 8, D, = 1.250 grem 3, p(Mo-K,) = 1.562
mm™'; 65290 reflections collected, 12419 unique (Ri,, = 0.0504),
full-matrix least-squares on F? refinement, R, = 0.0442 [I > 2c([)],
wR, = 0.1094 (all data). An orange crystal of dimensions 0.32 X
0.30 X 0.13 mm was coated in oil, mounted on a fibre and X-ray-
diffraction data were collected using a Nonius—KappaCCD dif-
fractometer employing CCD scans to cover reciprocal space up to
31.03° with 99.7 % completeness. Integration of raw data yielded a
total of 65290 reflections, merged into 12412 unique reflections
with R;,; = 0.0504 after applying Lorentz, polarization and absorp-
tion correction. The structure was solved by Patterson methods
using SHELXS-97.1'71 Atomic positions and displacement param-
eters, on the anisotropic level for all non-hydrogen atoms, were re-
fined using full-matrix least-squares based on F> using SHELXL-
97.17] Refinement of 446 parameters using all reflections converged
at R; = 0.0442, wR, = 0.1094, with the highest residual electron-
density peak of 1.2 A3. CCDC-219360 contains the supplementary
crystallographic data for this paper. These data can be obtained
free of charge at www.ccdc.cam.ac.uk/conts/retrieving.html [or
from the Cambridge Crystallographic Data Centre, 12, Union
Road, Cambridge, CB2 1EZ, UK; Fax: (internat.) +44-1223/336-
033; E-mail: deposit@ccdc.cam.ac.uk].

Synthesis of 3: A solution of pyridine (0.668 g, 8.45 mmol, 20 equiv.
vs. Y) in toluene (2 mL) was added to a suspension of 2 (0.240 g,
0.211 mmol of the dimer) in toluene (10 mL). The reaction mixture
was stirred at 70 °C until complete dissolution of 2 was achieved
(ca. 60 min). The resulting orange solution was evaporated under
vacuum to give a brown residue, which was extracted with pentane
(3 X 10 mL) to yield complex 3 as brown-orange crystals (0.210 g,
69 %) from combined pentane extracts. 'H NMR (300 MHz,
[Dg]benzene, 25 °C): 6 = 8.36 (br. m, 4 H, 2,6-H, py), 8.08 (s, 2 H,
4,5-H, Flu), 7.93 (d, 3Jyu = 8.4Hz, 2 H, 1,8-H, Flu), 6.88 (d,
3Jun = 8.3 Hz, 2 H, 2,7-H, Flu), 6.78 (br. m, 2 H, 4-H, py), 6.51
(br. m, 4 H, 3,5-H, py), 635 (d, 3Jung = 69Hz, 2 H,
NCHCHCH,), 4.59 (m, 2 H, NCHCHCH,), 3.61 (s, 2 H,
NCHCHCH,), 1.35 (s, 9 H, NCCHs), 1.31 [s, 18 H, CCH;(Flu)],

Eur: J. Inorg. Chem. 2004, 943—945 www.eurjic.org

1.15 (s, 6 H, SiCH3) ppm. '*C{!H} NMR (75 MHz, [D4]benzene,
25°C): § = 150.8 (C-2,6, py), 140.8 (C-3,6, Flu), 137.4 (C-4, py),
135.9 NCHCHCH,), 126.3 (C-10,13, Flu), 123.5 (C-3,5, py), 123.4
(C-2,7, Flu), 123.1 (C-11,12, Flu), 121.8 (C-1,8, Flu), 116.8 (C-
4,5, Flu), 94.7 (NCHCHCHS,), 82.8 (C-9, Flu), 54.3 (NCCHs), 35.3
(NCCH;), 337 (Flu-CCHs), 319 (Flu-CCHs), 249
(NCHCHCHS,), 7.4 (SiCHs) ppm. C4,HssN,SiY (732.92): caled. C
68.83, H 7.56, N 7.64; found C 67.92, H 7.00, N 7.32.
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