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Summary: The reaction of MesC(n®-CsH ) (n5-Flu)ZrCl,
(Flu = fluorenyl) with Li[BHEts] produces red crystals
of [MesC(CsH ) (Flu)Zr(u-H)Cl]»toluene-2THF (2). In
contrast to the structures of previously known ansa-
zirconocenes, the fluorenyl moiety adopts an unusual
n3-allyl coordination mode involving both the five-
membered and one six-membered ring. The complex is
dimeric, with bridging hydrides and a short (3.0962(6) A)
Zr-Zrdistance. Thesolid-state structure is maintained
in solution.

The discovery by Brintzinger and Kaminsky! that
“stereorigid” ansa-metallocenes of group 4 metals such as
CoH4(Ind)2ZrCl; produce highly stereospecific homoge-
neous propene polymerization catalysts has precipitated
intense efforts to improve the stereocontrol of polymer-
ization reactions by suitable ligand design.? For example,
Ewen et al, developed a highly syndiospecificligand system,
Me2C(n*-CsHy) (95-Flu)MCl; (Flu = fluorenyl; M = Zr (1),
Hf).3 The assumption for ligand control of the stereo-
chemistry is, of course, that the ligands do not significantly
alter their coordination mode during the course of the
reaction.

We have an interest in the synthesis of base-free cationic
alkyl and hydride complexes of group 4 metals as alumi-
num-free polymerization catalysts.*® Dihydride com-
plexes as an entry to hydrido cations are commonly
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Scheme I

Li[BHE!;]

accessible by reduction of the corresponding metallocene
dichlorides, for example with Li[AIH(O-¢-Bu)3l,®” Na-
[AIH;(OCsH4OMe).],8 or Na[BHEt3].5%> However, when
a suspension of 1 in toluene was treated with 2 equiv of
Li[BHEt;] in tetrahydrofuran (THF) at room tempera-
ture, the hydrido chloro complex [MeC(CsHy)(Flu)Zr-
(u-H)Cl]2 (2) was obtained as red crystals containing
toluene and THF of crystallization (Scheme I).?

The molecular structure of 2 was shown in Figure 1.10
The complex is dimeric, with terminal chloride ligands.
The hydride ligands occupy bridging positions. The Zr-
Zr distance of 3.0962(6) A is remarkably short compared
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Figure 1. ORTEP drawing of [Me,C(C5;H,) (Flu)ZrCl(u-H)1,
(2). Ellipsoids correspond to 30% probability. Selected bond
distances (A) and angles (deg): Zr-Zr’' = 3.0962(6), Zr—Cl =
2.5610(11), Zr-H(1) = 1.83(3), Zr-H(1’) = 2.03(3), C(1)-Zr =
2.608(3), C(2)—Zr = 2.669(3), C(13)-Zr = 2.686(3), C(14)~Zr
= 2,444(3), C(15)~Zr = 2.432(8), C(16)—Zr = 2.498(3), C(17)-
Zr = 2.530(3), C(18)~Zr = 2.501(3), C(1)-C(2) = 1.403(5), C(1)-
C(13) = 1.443(4), C(3)-C(2) = 1.413(5), C(12)-C(13) =
1.467(4); Zr-H(1Y-Zr' = 107(2), H(1)-Zr-H(1Y = 62(2), Cl-
Zr-H(1) = 79.6(9), C(1)-Zr-H(1) = 146.6(7), C(1)-Zr-Cl =
108.18(8), C(2)-Zr-C(13) = 58.43(10), C(14)-Zr(1)-C(13)
55.82(9), C(2)-C(1)-C(13) = 133.4(3), C(13)-C(19)-C(14)
103.5(2).
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tothoseinrelated complexes with bridging hydride ligands
such as [(CsH;Me)2Zr(H)(u-H)1, (3.4599(2) A),S [(CsH,-
But);Zr(H) (u-H)]2 (3.4708(7) A),” and [SiMey(CsHy)sl-
[(CsH3)ZrCl(u-H)12 (3) (3.4502(5) A).15 However, while
these complexes are best described as 16-electron com-
pounds, 2 has a formal electron count of 14 and may be
more closely related to [(CsHMe)ZrCl(u-NCgHg-i-Prs-
2,6)]2, a similarly electron-deficient complex with a Zr-Zr
distance of only 3.087(2) A.16.17

The bond length of the terminal Cl ligands in 2 of
2.561(1) A is significantly longer than the Zr—Cl distance
found in 1 (average 2.424 A)3d but very close to the Zr—Cl
distance in 3 (average 2.524 A).15

The bonding of the fluorenyl ligand in 2 is unexpected.
Few zirconium complexes containing fluorenyl ligands are
known, structurally characterized examples being 13¢ and
(Flu)oZrCl; (4).18 In 1 the metal is essentially #5-bonded
to the five-membered ring of the fluorenyl ligand, with a
gradual increase in the carbon-zirconium distances on
going from the bridgehead carbon toward the open side
of the ligand wedge (Figure 2), although this increase is
not large enough to represent »° bonding. In contrast, 4
has been shown to contain one 7°- and one n*-bonded
fluorenyl moiety, with two of the Zr-C distances being of
the order of 2.80 A.18 The bonding mode in 2 differs from
both these examples in that the fluorenylligand has slipped
so that it is merely coordinated in an n3-allyl fashion via
the bridgehead carbon C(13) of the central ring and C(1)
and C(2) of one six-membered ring. Such a bonding mode
is, to our knowledge, without precedence for ansa-
metallocenes. Thezirconium—carbon bond lengths to C(1),

2.669
2.608

2.686

c

Figure 2. Comparison of the coordination modes and zirconium—-carbon distances (A) of the fluorenyl moieties in 1 (A) and
in 2 (C) and of the n3-bonded fluorenyl ligand in (Flu):ZrCl; (4) (B).
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C(2), and C(3) are 2.608(3), 2.669(3), and 2.686(3) A,
respectively, which is rather long compared to the bonding
parameters of cyclopentadienyl ligands but comparable
to the longer Zr—C bond distances found for the fluorenyl
ligand in 1. The 'H NMR spectrum of 2 confirms that the
solid-state structure is maintained in solution, as indicated
by the observation of two resonances at 6 0.91 and 2.07 for
the two inequivalent methyl groups of the CMe; bridge
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and four signals for the cyclopentadienyl protons. In
agreement with this lack of mirror symmetry, the 3C NMR
spectrum shows distinct resonances for all 21 inequivalent
carbon atoms.!?

The structures of group 4 ansa-metallocenes, in par-
ticular the preservation of a chemically inert ligand
framework, are crucial for the activity and stereoselectivity
of these complexes in alkene polymerizations. Consid-
eration of the source of the stereoselectivity and activity
of these catalysts has typically centered on the structural
parameters derived from the metallocene dichlorides.2e:20
The observation of a facile “ring slippage” as observed for
2 implies that, at least as far as fluorenyl and analogous
ligands are concerned, such a change of coordination mode
must be considered as a possible source of structural
irregularities in the resulting polymers, notably poly-
propylene. While the high syndiospecificity of propene
polymerizations with catalysts based on mixtures of 1 with
methylaluminoxane might argue against changes in the
coordination mode of the ansa ligand, these catalysts have
presented anomalous results before, notably the very poor
polymerization activity of the methyl cation [MeC(CsH,)-
(Flu)ZrMe]*.3¢.2
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