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Summary: Intramolecular $ghybridized G-H activation of
novel yttrium alkyl and hydrido complexes supported by bulky
aminopyridinato ligands deved from deprotonated 2,6-(diiso-
propylphenyl)-[6-(2,6-dimethylphenyl)pyridin-2-yllamine (Ap
H) is reported. Reaction of Y&With a 2-fold molar excess of
ApK in THF afforded complex [ApYCI(thf)] (1). Alkylation

of 1 with an equimolar amount of LiC}$iMe in hexane
allowed isolation of the alkylyttrium derative [Ap2YCHy-
SiMey(thf)] (2) in 65% yield. Unexpectedly treatment of com-
plex 2 with PhSiH (toluene, 20°C) afforded the product
of intramolecular sp-hybridized G-H bond actiation,
AP (AP -n)Y(THF) @). Most likely a hydrid species is formed
in the course of this reaction, which undergoes rapietHC
activation since3 is formed from2 directly about 500 times
slower than in the presence of 1 equf PhSiH. Molecular
structures of complexesand 3 have been confirmed by X-ray
crystal structure analysis.

Even after a lapse of twenty-five years since the pioneering
works on the synthesis of the first molecular rare earth metal
hydrido complexes these compounds still attract considerable
attentiod and remain one of the most promising classes of
compounds for various catalytic applicatich&nhanced reac-
tivity of hydrido complexes, which allows even—& bond
activation? gives evidence of their high potential in stoichio-
metric reactions. Until very recently rare earth metal hydrides
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were represented exclusively by sandwfdmd half-sandwich-
type (“constrained geometry’yomplexes. Remarkable progress
has been made in this field, and the formerly challenging
monomeri¢ and dihydridé species became a reality. The
hydride supported by benzamidinate ligafifRhC(NSiMe),],Y-
(u-H)} 2" synthesized by Teuben and co-workers in 1993 was
the first and for a long time the sole example of a cyclopenta-
dienyl-free rare earth metal hydrido complex. The recent
advances in rare earth metal hydrido chemfseme linked to
application of novel types of coordination environments: bis-
(silylamido)biphenyPa calyx-tetrapyrroP? - salicylaldimine?d.
tris(pyrazolil)boratéf However, to date, “post-metallocene”
hydrides still remain a rarity. Recently we reported the synthesis
of the series of hydrido lanthanide complexes supported by
bulky tetrasubstituted guanidinate ligands, which have demon-
strated high catalytic activity in olefin polymerizatiéhSteri-
cally demanding aminopyridinato ligaridsvere also success-
fully used as a suitable coordination environment for stabilization
of monomeric lanthanide species. Both guanidinate and ami-
nopyridinate frameworks have a common feature: a chelating
monoanionic planar NCN moiety. In order to investigate the
influence of ancillary ligation on the reactivity of the-YH and
Y —C bonds, we decided to employ the aminopyridinate ligation
system for synthesis of alkyl and hydrido complexes. Herein
we report on the exiting outcomes of the attempts to synthesize
alkyl and hydrido yttrium complexes supported by the bulky
aminopyridinate ligand system.

Bulky 2,6-(diisopropylphenyl)-[6-(2,6-dimethylphenyl)pyri-
din-2-yllamine (Ap-H) (Scheme Btabwas used as the ligand
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Scheme 1. Bulky Amidopyridinato Ligand (Ap'H)
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precursor for preparation of the yttrium bis(aminopyridinato) Figure 1. ORTEP diagram (30% probability thermal ellipsoids)

chloride, alkyl, and hydride complexes. of [Ap',YCH,SiMes(thf)] (2) [a = 12.6840(6) Ab = 12.8250(8)
Reaction of anhydrous Ygwith a 2-fold molar excess of A, ¢ = 19.2775(11) Ao = 105.398(5), = 91.182(4), y =
Ap'K in THF at 50°C afforded complex [ARYCI(thf)] (1), 91.712(5), R, = 0.0706,wR; (all data)= 0.1522] showing the

which was isolated after recrystallization from THRexane nmueTht;/?ngisglgeé?ie's.o?r/gg/?gepoﬁg?;sr é‘ggqﬁ?ég?gractg:i‘; Oéglgst:gd

. ) o i i .
gﬁg{:ﬁ ]lgr?;afi’oﬂevlfass() %’zgmgry“als (Scheme 2). No ate-  * ' jistances [A] and angles [deg]: CEN(1) 2.342(5). N(1)-

_ : : _ Y(1) 2.554(3), N(2)-Y(1) 2.301(3), N(3}-Y(1) 2.487(3), N(4)-

Complexl is well soluble in THF and toluene and sparlngly Y(1) 2.344(3), O(1)}Y(1) 2.343(3), N(2)-Y(1)—C(1) 97.17(15),
soluble in hexane. Clear, yellow crystals of complesuitable N(2)—Y(1)—N(4) 101.80(12), C(1Y(1)—N(4) 101.27(15), C(B
for X-ray crystal structure investigation were obtained by slow Y(1)—0(1) 93.27(15), N(4)Y(1)—O(1) 145.32(11), N(2}Y(1)—
condensation of hexane into a THF solution at room tempera- N(3) 154.30(11), C(3Y(1)—N(3) 99.94(14), N(4)}Y(1)—N(3)
ture. The'H and13C{'H} NMR data of complex. in CsDs at 56.10(11), O(1FY(1)—N(3) 90.62(11), N(2rY(1)—N(1) 55.77-

20 °C show the expected sets of resonances due to the(11l), C(1)-Y(1)—N(1) 150.88(14), N(4)Y(1)—N(1) 95.40(11).
aminopyridinate fragment and the coordinated THF molecule. ) ]

TheH NMR signals of the THF methylene protonslimppear Flgure 1. An X_-ray dlffractlo_n st_udy ha§ revealed that complex
as broad singlets, reflecting labile coordination. 21is monomeric. The coordmauon environment of the yttnym

Alkylation of complex1 with LICH,SiMe; was carried out ~ &tom is set up by four nitrogen atoms of two chelating
in hexane at 20°C and resulted in the formation of the @aminopyridinato ligands, one carbon atom of the alkyl group,
alkylyttrium derivative [Ap,YCH,SiMes(thf)] (2) (Scheme 2), ~ @nd one oxygen atom of the THF molecule and can be
which was isolated after recrystallization from hexane as yellow, considered as a strongly distorted octahedron. The yttrium atom
moisture- and air-sensitive crystals in 65% yield. coordination number in compleXis 6. _

In the 'H NMR spectrum of comple® at 20°C (CsDe) the The Y-C bond length in complex2 (2.342(5) A) is
hydrogen atoms of the methylene group attached to the yttrium COmparable to the values reported for related compounds
atom appear as a multiplet ([AB systend],= —0.39 ppm) [[t-BuGsH3(CH=N)CeHz-i-Pr] oY CH,SiMe;Ph] (2.384(2) Aysa
indicative of two diastereotopic GHorotons. In the3C{1H} [(Me3CeHoN=PPh(GHa)(CeHa)NCeH3-iPr) Y CH,SiMes(thf)]
NMR spectrum the appropriate carbon gives rise to a doublet (2:418(5) A} [Me3Si(CsHs-t-Bu),Y CH,SiMes(thf)] (2.399-
at 43.3 ppm {vc = 43 Hz). A singlet at 0.20 ppm in thi (2) A) e and [ (CHz)2CoHe} 2YCH:SiMey] (2.376(8), 2.35-
NMR spectrum corresponds to the methyl protons of the siMe (1) A,)lsd taking into account the difference of yttrium ionic radii
group. It is worthy of note that the signal sets corresponding to &t different coordination numbetd The metric parameters
the aminopyridinate fragments in thd NMR spectra ofl and within _the_ ApaY fragment are indicative of a localization of
2 are essentially different. Thus in tHel NMR spectrum of  the anionic function of the ligand at the amido N atom. ,
complex1 the protons of the methyl substituents appear as a 1 "€ most common synthetic route to hydrido complexes is
singlet at 2.20 ppm and the methyl protons of isopropy! groups o_—bond metathesis reaction of a parent alkyl on treatment with
appear as a doublét_y = 7.0 Hz) at 1.10 ppm. On the other dlhydrogeﬁf‘~f or phenylsilané# In order to prepare a hydrido
hand, the same groups of protons in theNMR spectrum of yttrium complex s.upported by amidopyridinato ligands, we have
2 give rise to two singlets (1.57 and 2.24 ppm) and a complex carn_ed out reaction of equimolar amounts of compkand
multiplet in the region 0.971.37 ppm, respectively. Introduc-  PNSiF in toluene at 2CC.
tion of the sterically demanding GHiMe; substituent into the - - - ) - .
coordination sphere of the yttrium results in .slowing of Iig.and SC&%;;';?&?YMAU'(%QQ’lg?t,’_mﬂ?]éx 'Mlieggé?]\lig}e%, ',?AENFrU If]'_nin%;glf"
exchange processes and phenyl group rotation of the amidopy-Chem.2006 747—756.

ridinato ligands due to increased hindrance. TH&MR signals 5 (|t13) %a) Ergsolg%é gé 3Jr 2';')-‘:1 P(ibe)rsﬁ WBEE MaSDCK/rl\aIEi], J%ﬁher?(- Sch.,
: : alton lrans. . U, 5.; Cul, D.; Ma, J.; en, X.;Jing,
of the THF methylene protons ih appear as broad singlets, ¢~ . "cur 3. 2006 13, 834-845. (¢) Molander, G. A.: Dowdy, E.

reflecting labile coordination. D.; Noll, B. C. OrganometallicsL998 17, 3754-3758. (d) Qian, C.; Zou,
Crystallization of2 by slow cooling of the concentrated G.; Sun, JJ. Chem. Soc., Dalton Tran999 519-520. (e) Schannon, R.

; ° in Qi D. Acta Crystallogr.1976 A32 751-767.
toluene-hexane solution te-20 °C resulted in smgle CryStals (14) Voskoboinikov, A. Z.; Parshina, I. N.; Shestakova, A. K.; Butin,

contain.ing one molecule of toluene per one mqlecule of;{Ap K. P.; Beletskaya, I. P.: Kuzmina, L. G.; Howard, J. A. @rganometallics
YCH,SiMes(thf)]. The molecular structure a2 is shown in 1997 16, 4041-4055.
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Scheme 3. Synthesis of 2
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Scheme 4. Synthesis of the Intramolecular €H Bond
Activated Product 3 via Hydride Formation (above) and
Directly from the Alkyl (below)

Unexpectedly, instead of the product @fbond metathesis
reaction, the complex resulting from intramoleculat & bond
activation was isolated, [APAp-n) Y (thf)] (3) (Scheme 4), in
72% yield. Complex3 is also formed fron® via standing in,

for instance, a benzene solution (Scheme 4). This process need

a couple of weeks at room temperature. The yellow, crystalline
compound3 is highly moisture- and air-sensitive. Compl&x
is soluble in THF and toluene and sparingly soluble in aliphatic
hydrocarbons. Transparent yellow crystals suitable for single-
crystal X-ray diffraction study of3 were obtained by slow
cooling of a concentrated heptane solutiont@0 °C. The
molecular structure & is depicted in Figure 2 and has revealed
that complex3 is monomeric, having the coordination number
6. The yttrium atom coordination environment can be classified
as a strongly distorted octahedron. Unlike the parent alkyl
compound?2, one aminopyridinato ligand of complel is
tridentate due to metalation of the methyl group of one of the
Me,CgH3 fragments with formation of the new-YC o-bond.
The bond length between yttrium and the “benzylic” carbon
atom in 3 (2.420(11) A) is longer than that in parent alkyl
complex2 (2.342(5) A), but shorter than the values previously
reported for ¥-C bonds in the benzylic complexes H{@es),-
YCH.Ph(thf)] (2.484(6) A¥5a and [PhC(NSiMg)N(CHy)s-
NMey} »YCH,Ph] (2.487(6)) Als® The environment of the C(1)
is slightly distorted; the value of the angle YT (1)—C(2) is
112.2(7y. The aminopyridinato ligands in compleg are
coordinated to the yttrium atom in different ways. The type of
coordination of the bidentate Adigand is similar to that
observed in related complex@s one short Y-N bond with
the amido nitrogen atom (2.289(6) A) and one long with the
nitrogen atom of the pyridine fragment (2.430(7) A). In the
tridentate Ap ligand, formation of the ¥-C bond dramatically

Communications

Figure 2. ORTEP diagram (30% probability thermal ellipsoids)
of [Ap’(Ap—n)Y(thf)] (3) [a = 13.2877(10) Ab = 18.5068(12)
A, ¢ = 20.1473(16) A = 105.196(6), R, = 0.0646,wR; (all
data)= 0.1219] showing the numbering scheme. Hydrogen atoms,
carbon atoms of THF, and methyl radicals of isopropyl groups are
omitted for clarity. Selected bond distances [A] and angles [deg]:
C(1)-Y(1) 2.420(11), N(1yY(1) 2.338(7), N(3y-Y(1) 2.430(7),
N(2)—Y(1) 2.431(8), N(4>Y(1) 2.289(6), O(1)Y(1) 2.321(6),
(4)—Y(1)—N(1) 144.7(2), N(4YY(1)—N(3) 57.3(2), N(1y
(1)—N(3) 154.7(2), N(4yY(1)—N(2) 100.1(2), N(1}3 Y(1)—N(2)
56.0(2), N(3Y-Y(1)—N(2) 147.6(2), Y(1) C(1)—C(2)—112.2(7).

Moreover Y—C bond formation influences mutual orientation
of the 2,6-dimethylphenyl and pyridyl fragments. In the biden-
tate ligand the planes of these fragments adopt a near-orthogonal
orientation (the value of the dihedral angle is 9%.Qvhile in
the tridentate ligand the dihedral angle between these planes
decreases to 474

Inter- and intramolecular activation ofs@nd sp-hybridized
C—H bonds by cyclopentadieriyl®® and cyclopentadienyl-
freg’a%e17t18|anthanide alkyl and hydride complexes is de-
scribed. Intermolecular activation of-@4 bonds of methyl
groups of permethylated cyclopentadienyl rings was observed
under thermolysis conditions, for instance, of the dimeric
hydrido complex [(GMes)2YH]2.1° The formation of complex
3 can result from three different reactions pathways: First, direct
decomposition of comple2 (Scheme 5, (1)) can occure. The
second possible pathway is toluene-& activation and

(17) (a) Watson, P. LJ. Chem. Soc., Chem. Comm@R83 276-277.
(b) Watson, P. L.; Parshall, G. B\cc. Chem. Red 985 18, 51-56. (c)
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109 203-219. (d) den Haan, K. H.; Wiestra, Y.; Teuben, J.®fgano-
metallics1987, 6, 2053-2060. (e) Watson, P. L1. Am. Chem. S0d.983
105 6491-6493. (f) Duchateau, R.; van Wee, C. T.; Teuben, J. H.
Organometallics1996 15, 2291-2302. (g) Mu, Y.; Piers, W. E.; Mac-
Quarrie, D. C.; Zaworotko, M. J.; Young, V. @rganometallcs996 15,
2720-2726. (h) Evans, W. J.; Champagne, T. M.; Ziller, J.JVAmM. Chem.

influences the bonding situation. The covalent bond between S0¢-2006 128 14270-14271. () Evans, W. J.; Perotti, J. M.; Ziller, J. W.

yttrium and the amido nitrogen atom (2.432(8) A) becomes
longer than the coordination bond between yttrium and the
pyridine nitrogen atom (2.338(7) A); hence a switch from the
amidopyridine to the aminopyridinate form is obser¥ed.
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1989 8, 2454-2461.
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Teuben, J. HOrganometallics1997, 16, 3511-3522. (c) Fryzuk, M. D;
Haddad, T. S.; Rettig, S. Drganometallics1991, 10, 2026-2036. (d)
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Scheme 5. Possible Pathways to Convert 2 into 3 39
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" ; Figure 3. Top: First-order kinetic plot for the decomposition of
subsequent decomposition of the yitrium benzyl complex 2 (296 K, toluenedg). Bottom: Plot of concentration of complex

(Scheme 5, (I)). Third such a process can include-lzond 8 ;
metathesis reaction on treatmentfith PhSiHs, formation ivg BS;ZSt n(ﬂy)llll? E?(lejﬁg?ﬁggc:e gfozgsng:(ﬂ)zll?jK tolueness, C(2)o

of highly reactive hydride species, followed by metalation of a
methyl group (Scheme 5, (lll)).

In order to understand which reaction is responsible for the
formation of complex3, the decomposition d? and disappear-
ance of complexX in the presence of PhSgivere investigated
by NMR spectroscopy. Both reactions were carried out in
tolueneds at 296 K. Complex2 was rather thermally robust.
Its decomposition was studied by monitoring the decrease of
the integral intensity of the signal corresponding to the methyl

: ; from the half-time period comparison. It only appears as slow
rotons of the silylalkyl group attached to the yttrium atom. . . o ; .
'[I)'helH NMR-moni%/oring dgtectped M&i formation irilthe course  Since the hydride formation is slow. Further work on this subject

of the reaction. The results are presented in Figure 3 (top.). 'S b_eln_g actlvely_pursued as well as investigations of s .
A linear decrease of In(CfEwith time was observed, which ~ activation chemistry at other rare earth or group 3 metals in
is consistent with a rate law involving first-order dependence °rder to allow “interlanthanide” comparison.
on 2 (Figure 3, top). The rate constant was found tokbe Several conclusions can be drawn from this study. The bulky
0.0038 111, and a half-time of reaction of about 181 h was aminopyridinato ligand framework has been shown to be well-
observed. Moreover, complex [AYCH.Ph(thf)] @), the suited for the synthesis of isolable yttrium alkyl species. These
expected intermediate of the solvent metalation route, was alkyls undergo a very slow intramolecular-€l activation at a
synthesized independently. Compkeiurned out to be a stable  sp*-hybridized carbon at room temperature. Corresponding
alkyl compound since no decomposition was observed in hydrides, generated by the reaction of the alkyl with PRSiH
benzeneds solution at room temperature during 2 h. These undergo an intramolecular metalation reaction very fast at room
studies indicate that the decomposition of comedoes not  temperature. Intramolecular%hpybridized G-H activation of

involve metalation of the solvent (alkyl toloyl exchange) due a hydride can be more than 500 times faster than that of an
to the observed clear reaction order. alkyl.

Reaction of comple® with an equimolar amount of PhSiH
was studied by monitoring the decrease of the integral intensity ~ Acknowledgment. This work has been supported by the
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