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Summary: The chelating diamide complexes (BDAP)Zr-
(NMey)s (2), (BDAP)ZrCly(py)s (4), (BDAP)ZrR; (5a, R
= CHPh; 5b, R = Me), (BDAP)Zr(?-Cp)Cl (5¢), and
(BDAP)Zr(n*(N,C)-NCsHJ(CH;CMesPh) (5d) (BDAP =
ArNCHCH:;CH NAr; Ar = 2,6-‘Pro-CsHs) have been
prepared. An X-ray study of (BDAP)Zr(n*(N,C)-NCsH -
(CH;CMesPh) (5d) revealed an n?-pyridyl moiety bound
to zirconium. Proton and carbon NMR data suggest that
the pyridyl moiety in 5d is rotating rapidly about the
Zr—C bond on the NMR time scale.

Homogeneous “single site” olefin polymerization cata-
lysts have developed rapidly in the last 15 years. Initial
studies! on the polymerization activity of CpsZrMe:
(methylaluminoxane (MAO) cocatalyst) gave way to the
ingeniously designed bridged-metallocene catalysts (e.g.,
[rac-ethylenebis(n5-tetrahydroindenyl)1ZrCls? and [iso-
propyl(7®-cyclopentadienyl)(5-1-fluorenyl)1ZrClz®). Re-
cent interest in constrained-geometry catalysts (e.g.,
[(75-C5Meq)SiMes(NCMes)IML,; M = Ti, Zr, Hf, Sc; L =
halide, alkyl)*=® that contain a linked cyclopentadien-
ylamide ligand”~? prompted us to investigate the chem-
istry of group 4 chelating diamide complexes. In fact,
the bis(amide) complex [(Me3Si)o:N1oZrCly!? is reported
to polymerize propylene to 90% isotactic poly(propylene)
when activated with MAO.!! A number of chelating
diamide complexes of group 4 have been prepared;1?-16
however, most contain silyl substituents at nitrogen. We
are particularly interested in the steric and electronic
effects of diamide ancillaries that incorporate the volu-
minous 2,6-diisopropylphenyl moiety.l?” We report here
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the synthesis of d° alkyl complexes of zirconium stabi-
lized by a new bulky chelating diamide ligand.

The reaction of 2 equiv of LINHAr (Ar = 2,6-Pro-
CgHs) with 1,3-dibromopropane yields the diamine
ligand (BDAP)H; (1),® as a viscous oil (eq 1). The

THF/tmeda/0—25 °C
—-2LiBr
ArHN(CH,),NHAr (1)
1

9LiNHAr + Br(CH,),Br

tmeda = Me,NCH,CH,NMe,

aminolysis reaction between (BDAP)H; and Zr(NMey),*
provides 2 equiv of HNMe; and the mixed-amide
complex (BDAP)Zr(NMes); (2), in high vield (eq 2).

Toluene/110°C

ArHN(CHz)aNHAr + Zr(NMe:
( 1z):s (NMez)s ~2 HNMe,

NAr

\zr___\“NMe2 2
/ \NMez
2

NAr

Characteristic second-order patterns are observed for
the methylene protons (NCH; and NCHCHy) of the
coordinated BDAP ligand in the proton NMR spectrum
of complex 2.2 Additionally, the isopropy! methyl
groups of the arene are diastereotopic, which we inter-
pret as a consequence of restricted rotation about the
N-Cipso bond 172

Chloride derivatives were desired as precursors to
alkyl derivatives. Compound 2 reacts with 2 equiv of
[MesNH,ICI to afford the octahedral dimethylamine
adduct (BDAP)ZrClo(NHMes): (8).18 We do not observe
protonolysis of the BDAP ligand, although other amide
donors are prone to this reaction.’® Compound 8 is
unstable toward loss of dimethylamine, possibly due to
steric congestion about the zirconium center. The bis-
(pyridine) adduct proved to be more stable. Reaction
of complex 2 with 2 equiv of [MesNH¢]Cl in the presence
of excess pyridine affords a single bis(pyridine) geo-
metrical isomer, (BDAP)ZrClypys (4), in good yield.
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Scheme 1. Alkylation of Compound 4¢
2 \CHzPh NA' .\Me
/ CHzPh /
x NAr

(BDAP)ZrClgpyz

. 4
) (i)
|N =
/ CHgCMegPh

¢ Reagents and conditions: (i) 2 equiv of PhACH,MgCl, Et,0,
—20 °C to room temperature, 18 h; (ii) 2 equiv of MeMgCl,
Et;0, —20 °C to room temperature, 18 h; (iii) 1 equiv of
NaCp(DME), toluene, room temperature, 18 h; (iv) 2 equiv of
PhMe,CCH:MgCl, THF, —20 °C to room temperature 18 h.

(BDAP)Zr(NMe,),, +
2

py/CH,Cl/—178 to +25 °C
—4HNMe;
(BDAP)ZrCly(py), (3)
4

2[Me,NH,]ICI

The 'H NMR spectrum of compound 4 displays a
downfield shift for the ortho protons and an upfield shift
for the meta and para protons of the coordinated
pyridine.!® The C3, symmetry of compound 4 neces-
sitates a cis,trans arrangement (as opposed to cis,cis)
of the chlorides and pyridines about zirconium; however,
the specific arrangement is not possible to deduce from
the available spectroscopic data.

With the aim of preparing zirconium alkyl derivatives,
the reaction of compound 4 with various alkylating
reagents has been investigated (Scheme 1). The addi-
tion of 2 equiv of PhCH;MgCl to an ether suspension of
compound 4 yields the formally 12-electron dibenzyl
complex (BDAP)Zr(CHoPh), (5a). The proton NMR
spectrum?? of complex 5a displays a resonance at 1.95
ppm for the benzylic protons; however, more interest-
ingly the ortho protons of the CsHs ring appear as a
high-field doublet at 6.65 ppm. In the carbon NMR
spectrum, the Zr—CHyPh resonance is observed at 64.2
ppm with !Jo_y = 124 Hz. Although the coupling
constant for the CHoPh group is low, these data are
consistent?® with some #2-benzyl character in the bond-
ing with zirconium.?24-28 Perhaps the steric bulk of the
BDAP ligand prevents the close approach of the ipso
carbon to zirconium, thus lowering the observed C—H
coupling constant.

The white crystalline dimethyl derivative (BDAP)-
ZrMe, (8b) was isolated from the reaction of compound
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4 with 2 equiv of MeMgBr. The 'H and 3C{'H} NMR
spectra?® of complex 5b display a Zr-CH; resonance at
0.42 ppm and a Zr—-CHjs signal at 39.9 ppm. These data
are comparable to those for the closely related complex
[(Me3Si)oNlsZrMe; (Zr—CHs, 6 0.94 ppm; Zr—CHs, &
48.8 ppm)!? and others.30-32 Additionally, the proton
NMR spectrum of the dimethyl derivative 5b is tem-
perature-dependent. Above 35 °C the resonances at-
tributed to the diastereotopic isopropyl methyl groups
of the BDAP ligand sharpen to a single resonance, which
we interpret as rapid rotation about the N—Cigys, bond.

Compound 4 reacts with 1 equiv of NaCp(DME)32 to
yield the 16-valence-electron cyclopentadienyl complex
(BDAP)Zr(5#5-Cp)Cl1 (Be). The proton and carbon NMR
spectral® of compound 5c are consistent with a pseudo-
tetrahedral geometry and local C; symmetry about
zirconium. The remaining chloride in complex 5e¢ can
be metathesized with alkylating reagents such as
MeMgBr, PhCH;MgCl, and LiCH2SiMes to afford the
alkyl derivatives (BDAP)Zr(#5-Cp)R (R = Me, CH,Ph,
CH3SiMe3).3* The local C; symmetry is retained in
these compounds.

The reaction of the dichloride complex 4 with 2 equiv
of PhMe;CCHMgCl in THF did not give the anticipated
dineophyl complex but rather the #2-pyridyl compound
(BDAP)Zr(72(N,C)-NC5H4)(CH2CMegPh) (5d). Spectro-
scopic data®® suggest that compound 5d has C; sym-
metry, as evidenced by the AB pattern observed for the
BDAP methylene protons (NCH; and NCHzCH3). The
IH NMR resonances for the n%-pyridyl moiety are
comparable to those for other known complexes.36~38 We
have observed nearly identical 2-pyridyl resonances (by
1'H NMR) in the reaction of compound 4 with 2 equiv of
LiCH;SiMes but were unable to isolate pure product.
We are exploring the use of other bases to stabilize the
“BDAP)ZrCly” fragment.

Colorless single crystals of 5d suitable for an X-ray
analysis were grown from a saturated pentane solution
at —30 °C.%® The molecular structure of complex 5d and
selected bond distances and angles are shown in Figure
1. Overall the structure is best described as a capped
tetrahedron with the pyridyl nitrogen occupying the
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(sept, 4H, CHMey), 3.47 (m, 2H, NCH,), 2.25 (m, 2H, NCHchz) 1.36
(m, 12H, CHMez) 1.34 (m, 12H, CHMe,), 0.42 (s, 6H ZrMey); BC{'H}
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C, 88.04; H, 9.27; N, 5.40.
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Figure 1. (top) ORTEP drawing of 5d. (bottom) Chem 3D
Plus representation of the core of 5d. Selected bond
distances (A) and angles (deg): Zr1—N1 = 2.050(9), Zr1—
N2 = 2.031(9), Zr—C1 = 2.268(12), Zr1-C30 = 2.219(12),
Zr1-N3 = 2.260(10); N1-Zr1-N2 = 95.4(4), C30—Zrl1—
Cl = 113.2(4), N1-Zr1-C1 = 103.9(4), N1-Zr1-C30 =
120.8(4).

capping position. The Zr1—N3—C30 ring is structurally
similar to the Zr—N—C ring in the cationic complex [Cpo-
Zr(n?-picolyl(PMe3)(BPhy).?8 Each amide donor in 5d
is sp2-hybridized, as evidenced by the sum of the angles
about each nitrogen (N1, 360.0°; N2, 359.8°). The solid-
state C; symmetry of compound 5d coupled with the
spectroscopically observed C; symmetry in solution
suggests that rapid rotation about the Zr1—C30 bond
is occurring on the NMR time scale.

It is interesting that the pyridyl complex 5d is formed
only with a large alkylating reagent. A preliminary
investigation into the mechanism of formation of com-
pound 5d is presented.** Two possible pathways for this

(39) X-ray data for 5d. Data were collected at 25 °C on a Siemens
P4 diffractometer using graphite-monochromated Mo Ko radiation. A
total of 6209 reflections were collected in the 6 range 2.0—23°, of which
5405 were independent (Rin: = 0.0558). The structure was solved by a
combination of Patterson and difference Fourier techniques. Non-
hydrogen atoms were refined anisotropically except for two phenyl ring
carbon atoms. In the final least-squares refinement cycle on F?, the
model converged at R = 0.0951, R, = 0.2287, and GOF = 1.014 for
2999 reflections with F,, 2 40(F,) and 289 parameters. Crystal data
are a = 10.146(2) A, b = 12.336(2) A, ¢ = 16.723(2) A, a = 81.00(6)°,
8 =174.99(10)°, y = 76.24(9)°, V = 1953.6(6) A3, space group P1,Z = 2,
mol wt 695.13, and p(caled) = 1.182 g/cm?.
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Scheme 2. Possible Mechanisms for the Formation

of Compound 5d
Path A Path B
NAr NAr
N AN
/ZrC'z(ds-py)z /ZrClg(ds-py)z
NAr NAr
Rz MezPh 1 + 2 CIMgCH,CMe,Ph
NAr NAr
N N
Zr(=CHCMe,Ph)(ds-py)n /Zr(CHzCMezPh)z(ds-py)..
NAr NAr

- DCH,CMezPh

dy dy
NAr ( e NAr “(/
< \z!'::::|N_) \Zr:‘.‘.nN—)
“ «

reaction are depicted in Scheme 2. Substituting (BDAP)-
ZrCly(ds-py)s for (BDAP)ZrClo(py)s readily discriminates
between these two mechanisms. Path A outlines the
formation of the pyridyl complex via an intermediate
zirconium alkylidene*! complex. Transferring a deute-
rium from coordinated ds-pyridine to the alkylidene
yields a di-neophyl group. Alternatively (path B), the
pyridyl complex could result from neophyl abstraction
of deuterium from coordinated ds-pyridine.?® In this
case the retained neophyl group would show no deute-
rium incorporation. The reaction of (BDAP)ZrCly(ds-
py)2 with 2 equiv of PhMesCCH2MgCl yields a single
pyridyl species, (BDAP)Zr(n3(N,C)-NC;sD4)(CHsCMeyPh)
(d4-5d) (as confirmed by NMR spectroscopy), suggesting
that the mechanism in path B is operative.

The new chelating diamide ligand BDAP has been
shown to stabilize 4° dialkyl derivatives of zirconium.
The rigid coordination of the ligand and enforced
location of the aryl isopropyl groups creates a “pocket”
opposite the ligand and necessarily protects the metal
above and below the zirconium—diamide plane. We are
currently exploring the catalytic olefin polymerization
chemistry of putative cationic derivatives of compounds
5a,b (e.g., (BDAP)ZrR]"). In addition, we are preparing
other chelating diamide complexes of groups 4 and 5
with different substitution on the arene ring.
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