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An amine mono(phenolate) ligand bearing two side-arm donors
led to octahedral trialkoxo and trialkyl group IV metal complexes,
in which one of the donors was unbound, and to exceptionally
stable cationic complexes in which the two side-arm donors were
tightly bound. Figure 1. Tetradentate amine phenolate ligand family.

Scheme 1. Synthesis of the Amine Mono(phenolate) Ligand
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Scheme 2. Proposed Equilibration Processes for the Alkoxide
Complexesl and?2
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alkoxo groups are each identical in the spectrd aihd 2.
Variable-temperature NMR experiments indicated that both
1 and2 undergo a dynamic process equilibrating the side-
arm donors. Forl, a single set of two triplets for the
[NCH2CHQ] protons of the two side arms and a sharp _ N
singlet for the benzymethylene protons at RT signify an E9UeZ, St ety e OFTEE ehessniaion S oy
averageds-symmetric complex on the NMR time scale. For - o3, 2.403(2); zr+05, 1.984(2); zr+-06, 1.936(2); Zr+07, 1.928(2);
2, this equivalence is apparent only at elevated temperaturesZrl—N8, 2.500(2); 02 Zr1-05, 156.26(7); 03Zr1—07, 161.51(7); N&

Cooling down both complexes to ca. 23240 K results in 21706, 162.46(7); 02Zr1-03, 81.28(6); O5Zr1-07, 9.05(7).

more complexH NMR spectra, displaying, among others, gpparent decomposition was observed in a period of several
two different peaks for the OMe groups and an AB system days to several weeks). The cationic alkoxo complexes
for the benzylmethylene protonAG* values of 50 and 53 possess a rigie; symmetry at RT, consistent with coordina-
kJ mof™ for 1 and2, respectively, were extracted from the  tion of both donors to the metal. The structure of these
coalescence temperatures of th@c'f'? peaks in th_elH unusual cationic complexes was confirmed by an X-ray
NMR spectré. The process that equilibrates the side-arm gy cture determination (fek, see Figure 3)! As anticipated,
donors can be envisioned as “hopping” of the metal betweengih side arms are bound to the metal center[28, 2.383-
the two donors (Scheme 2) accompanied by a “flip” of the (2) A; Zr—04, 2.268(2) A], completing the octahedral
phenolate ring, which explains the equivalence of the geometry at zr. Overall, the cationic complex presents
benzylmethylene protons at higher temperatures. This procesgjightly more compressed bond distances for all donor atoms
probably proceeds via a pentacoordinate intermediate (“in- comparison to the neutral specied: (For example, the
tramolecular dissociative” mechanism), in which the scram- pro-zr bond is 2.080(2) A ir2 and 1.973(2) A imd. In 4,
bling of the alkoxo groups takes place. the “second” methoxy group is trans to the phenolate oxygen,
X-ray structure determinations were carried out for both having replaced the most weakly boutedt-butoxide group.
1 and 2 (for the structure of Zr comple®, see Figure |n this disposition, all of the neutral donors are trans to the
2)2 In both structure_s, in agre(_ament with the spec_tros_copic anionic @ and ) donors (alkoxo and phenolate oxygens).
data, the second side arm is unbound, resulting in an petal alkyl cationic species are known to be highly
octahedral geometry at the metal center. The coordinationunstame' often yielding poorly defined mixtures upon
mode of the ligand igac, imposing afac coordination of  isp|ation attempts. In addition, weakly coordinating coun-
the three alkoxo groups. The bond distances ot @Bu teranions may lead to the formation of dinuclear speties.
are different [1.984(2) A vs 1.928(2) and 1.936(2) Al, One possible role of an “extra” donor is the stabilization of
probably because of the different trans influence of the OPh mononuclear metal alkyl cationic compounds. The reaction
function versus the neutral amine and methoxy donors, of | igH with titanium tetrabenzyl was not successful, leading
respectively. The structure of the Ti compleis analogous g g complex mixture of products. On the other hand, the

to the structure of the Zr complex ~ reaction of LigH with zirconium tetrabenzyl formed the
Reports of cationic early-transition-metal alkoxo species

are scarcé? even though such species may be of great (8) AG* = 19.147[9.97 + log(Td/ov)]. See: Guther, H. NMR

; ihit hi i spectroscopy-an Introduction Wiley: New York, 1980.

|_m.portance because they should exhlblt_h|gher eleqtrophl (9) Crystal data fo: CaHsNOWZr, M — 661,06, monoclinicC2/c, a
licity than the analogous uncharged species. We anticipated ~ * = 27.186(2) Ab = 13.295(1) A,c = 20.779(2) A8 = 90.692(5},
that the “extra” donor in the ligand framework will bind to V = 7509.8(9) R, Z = 8, D = 1.169 g cm?, T = 110 K, 8663

. unique refins, R1= 0.046, wR2= 0.1064 for 6249 refins with >
the metal center upon abstraction of one of the three alkoxo 20(?)_

groups, therefore stabilizing the cationic bis(alkoxo) species. (10) (a) Jordan, R. F.; Taylor, D. F.; Baenziger, N. @ganometallics

: : : 199Q 9, 1546. (b) Collins, S.; Koene, B. E.; Ramachandran, R.; Taylor,
Upon reaction of the trls(alkoxo) CompleXésand 2 Wl_th . N. J.Organometallics1991, 10, 2092. (c) Stoebenau, E. J., lll; Jordan,
[PhNMeH][B(CeFs)4], a clean formation of monocationic R. F.J. Am. Chem. So@003 125 3222.

i i i _(11) Crystal data fod: CsgHsaBF0NOsZr, M = 1267.00, monoclinicP2/
complexes (whose counteranion is tetrakis(pentafluorophe o A= 10.9790(5) Ab = 10.9770(4) A = 26.8330(7) A f —

nyl)borate 3 and4, respectively) was observed. Compounds 109.905(2), V = 5533.2(3) &, Z = 4, D, = 1.521 g cm?, T = 110

3 and4 are highly soluble in common organic solvents such K"tﬁ 3l5ZU(r|1i)que refins, RE 0.0592, wR2= 0.1447 for 7896 refins
. Wi > 20(l).

as diethyl ether, benzene, and tquene. The.se compound:%lz) For example, see: Chen, E. Y.-X.; Marks, TChem. Re. 2000

were found to be exceptionally stable in solution at RT (no 100, 1391.
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Figure 3. Crystal structure oft. ORTEP representation, 40% probability.
Selected bond distances (A) and angles (deg): —Z32, 1.973(2);
Zr1—-03, 2.383(2); Zr+-04, 2.268(2); Zr+ 05, 1.909(2); Zr+-06, 1.919-
(2); Zr1—N7, 2.413(3); O2-Zr1—04, 152.45(9); O5Zr1—03, 163.23-
(10); O6-Zr1—N7, 154.04(9); O2Zr1—03, 86.60(9).

desired LigZr(Bn) complex5, quantitatively, whose spectral

Scheme 3. Synthesis and Proposed Structure of the Monocationic
Dialkylzirconium Complex in6 and7
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decomposition was observed after a period of 4 day< for
in CeDg at RT). We attribute this remarkable stability to the
binding of the “extra” donor to the metél.

The structure of the dibenzyl cationic complex deserves
some consideration. The overall structure of the cation is
consistent with a rigicCs-symmetric complex, in which the
methylene protons of the two identical benzyl groups are
diastereotopic, appearing as an AB spin system. Namely, the
mirror plane reflects, rather than bisects, the two benzyl
groups. This symmetry is not consistent with the “octahedral”
Cs-coordination mode, typical of the amine bis(phenolate)
ligands? An alternative structure features a “tripodal” binding
of the tetradentate ligand, with the two mirror-plane-reflected
benzyl groups occupying thes-symmetric cavity above the
three oxygen donors. An analogous structure was previously
reported for the “[NN]TaR."-type complexes (see Scheme
3).16 Thus, the cationic dialkoxo complexes and the cationic
dialkyl complexes exhibit a different binding mode. The
origin of this difference may lie in the presence of two strong
(0 and ) donor ligands (alkoxo groups) iBland4 versus
two o donors only (benzyl ligands) i and7.

data supported a structure analogous to those of complexes In summary, we introduced the first member of a new class
1 and2. Upon the addition of a benzene solution of the strong 0f tetradentate amine phenolate ligands to the early-transition-
Lewis acid B(GFs)z to a solution of5, a yellow homoge- metal chemistry realm. This ligand led, on the one hand, to
neous solution formed immediately. Accordingtd, 1°C, flexible neutral complexes, in which one of the side-arm
andF NMR spectroscopies, formation of a single species donors is not bound to the metal, and, on the other hand, to
(6) took place. A 2:1 ratio of the benzyl (phenyl) peaksin ~ exceptionally stable cationic alkoxo and alkyl complexes,
implies that the activation of one of the benzyl groups took in which the two side-arm donors bind to the metal. The
place. The methylene protons at 3.40 ppm and the broadstraightforward synthetic pathway and the well-defined
signal for the carbon atom at ca. 32 ppm are consistent with coordination modes hint on the rich chemistry that these

a Ph-CH,—B fragment of a counteranion. Moreover, the
%F NMR absorptions for the meta and para fluorines
(—163.75 and-166.73 ppm, respectively) indicate that the
counteranion does not coordinate to the m&t&Thus, we
suggest thaé is a well-separated ion pair (Scheme 3). We
propose that the “extra” donor binds to the metal in this
electron-deficient cationic species.

To further validate the structure of the cationic dibenzyl
complex, we reacted the tribenzyl compkewith a different
activator, [PhNMeH][B(C¢Fs)4]. Because the activation

ligands may sustain.
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(13) (a) Horton, A. D.; de With, JOrganometallics1997, 16, 5424. (b)
Pellecchia, C.; Immirzi, A.; Grassi, A.; Zambelli, ®rganometallics
1993 12, 4473.

mechanism by this compound relies on protonat|on of one (14) For example, the methoxy groups g|ve rise to a single peak at 2.95

of the benzyl groups to form toluene, the formation of a well-

separated ion pair should be unequivocally anticipated in this

case. This reaction led to the formation of compouhd

(Scheme 3) and was accompanied by toluene liberation. The
IH NMR spectra corresponding to the cationic species of

both6 and7 are very similat* Most significantly, the cation
is stable in solution for a prolonged period of time (no
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ppm (7) and 2.97 ppm&), and the remaining benzyl groups give rise
to an AB system at 2.12 and 2.02 ppm7iand 2.22 and 2.09 ppm in

6. The'Bu signals and the ligand phenyl signals are essentially identical
in these complexes.

(15) The aniline could be removed almost completely by pentane washings
without affecting other signals in thiél NMR spectrum; this further
supports the binding of both side-arm donors in this electron-deficient
complex.

(16) Freundlich, J. S.; Schrock, R. R.; Davis, W. 81.Am. Chem. Soc
1994 118 3643.





