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Electron-deficient "bent metallocene" derivatives of early 
transition, lanthanide, and actinide elements have been shown to 
promote important transformations such as olefin polymerization 
and carbon-hydrogen bond activation. Whereas the 14-electron, 
d0 derivatives, e.g., Cp*2MR (Cp* = (^-C5Me5); M = Lu, Y,2 

Sc3) and [Cp'2MR]+, (Cp' = (^-C5H5),
4 (^-C5Me5);

5'6 M = 
Zr, Hf, Th), are particularly reactive, these compounds are 
voracious Lewis acids that tend to dimerize and tightly bind or 
react irreversibly with most polar solvents. Moreover, the cationic 
compounds of the group 4 transition metals require the use of an 
appropriate, noncoordinating anion such as [B(CeFs),)]". As 
pointed out originally by Jordan,7 replacement of a uninegative, 
6 w electron cyclopentadienyl ligand with a dianionic, 6 ir electron 
ligand may be used to make the overall charge on the complex 
one unit more negative. The new types of bent metallocene-like 
compounds so obtained may display similar reactivity without 
some of the attendant difficulties. For example, the dicarbollide 
ligand (C2B9Hu)2-has been incorporated to generate (a) anionic 
group 3 complexes such as Li[Cp^C2B9H1 OScR],8 analogous to 
neutral Cp*2ScR; (b) group 4 neutral complexes such as Cp*-
(C2B9Hn)MCH3 (M = Zr, Hf),7 analogous to cationic [CpV 
MCH3]"

1"; and (c) a group 5 complex such as (^-CsH4Me)-
(C2B9Hn)Ta(CH3)2,

9 analogous to the cationic [Cp'2Ta-
(CH3)2]

+.10 The dicarborollide dianions [2,3-(SiMe3)2-2,3-
C2B4H4]2-and[2-(SiMe3)-3-(CH3)-2,3-C2B4H4]2-have also been 
incorporated to afford anionic group 4 complexes such as Li-
(THF)2-[(SiMe3)2C2B4H4]2ZrCl(THF) and Li(THFH(SiMe3)-
(CH3)C2B4H4] 2HfCl(THF), analogous to group 4 cations [CpV 
MR]+." 
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Figure 1. ORTEP diagram of Cp^C4H4BN1Pr2)ZrCl-LiCl(Et2O)2 (la). 

Although dicarbollide complexes are similar to their bis-
(cyclopentadienyl) analogs in reactivity, the increase in overall 
negative charge generally reduces their electrophilicity. More
over, crystal structure determinations for several dimeric dicar
bollide complexes have revealed bridging interactions involving 
a B-H bond of the dicarbollide cage with the Lewis acidic metal 
that further reduce their reactivity.7'8 We have therefore examined 
the dianionic aminoborollide ligand, [C4H4BN(CHMe2):]

2-, 
introduced by Herberich,12 as a possible replacement for dicar
bollide. Since there are no B-H bonds, the problems associated 
with the formation of unreactive dinuclear complexes charac
teristic of the dicarbollide ligand are circumvented. Reported 
herein are the syntheses of Cp*[7?5-C4Me4BN(CHMe2)2]MCl2-
Li(OEt2)2 (M = Zr (la), Hf(Ib)) and the structure of the 
zirconium derivative. An unusual feature of these new compounds 
is the Lewis basic nitrogen adjacent to the Lewis acidic group 4, 
d0 metal centers. It occurred to us that this combination could 
be used to cooperatively induce the heterolytic cleavage of H-X 
(X = halide, alkoxide, amide, alkyl, etc.) and C-X (X = halide, 
etc.) bonds.13 The reaction of la or lb with HCl illustrates this 
new type of reactivity, proceeding readily to zwitterionic Cp*-
[7)5-C4H4BN+H(CHMe2)2]M-Cl2 (M = Zr (2a), Hf (2b)). 
Comparisons of the structure of 2b to that for la reveal some of 
the novel features of the bonding between the aminoborollide 
ligand and an early transition-metal center. 

Treatment of Cp*ZrCl3 or Cp*HfCl3 with Li2[C4H4BN-
(CHMe2)2]-THF in toluene, followed by filtration and precipita
tion with petroleum ether, yields purple or red solids, which analyze 
approximately as Cp*[ij5-C4H4BN(CHMe2)2]MCl-LiCl. These 
complexes are poorly soluble in aliphatic or aromatic hydrocarbon 
solvents in the absence of donor bases such as diethyl ether or 
tetrahydrofuran. X-ray quality crystals of the bis(diethyl 
etherate) adduct la were obtained by slow recrystallization from 
ether (eq 1). The molecular structure of la (Figure 1) indicates 
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2. Et2O \ R C l ^ . ' 
Cp*MCl3 + Li2[C4H4BN(CHMe2)2]THF • - M ^ " ^ L i (D 

" " " - N ^ ^ - C OEt2 

la, M = Zr 
lb , M = Hf 

R = CHMe, 

(12) (a) Herberich, G. E.; Boveleth, W.; Hessner, B.; Hostalek, M.; Koffer, 
D. P. J.; Ohst, H.; Sohnen, D. Chem. Ber. 1986,119, 420. (b) Herberich, G. 
E.; Ohst, H. Z. Naturforsch. 1983, B38, 1388. (c) Herberich, G. E.; Negele, 
M.; Ohst, H. Chem. Ber. 1991, 124, 25. (d) Herberich, G. E.; Hessner, B.; 
Ohst, H.; Raap, I. A. J. Organomet. Chem. 1988, 348, 305. 

0002-7863/94/1516-4489$04.50/0 © 1994 American Chemical Society 



4490 /. Am. Chem. Soc, Vol. 116, No. 10, 1994 Communications to the Editor 

Figure 2. ORTEP diagram of Cp^C4H4BN(H)1Pr2)HfCl2 (2b). 

that the borollide ligand is r;5-bound to zirconium (structure A), 
and the bulky {N(CHCMe2)2} group is rotated to the side of the 
metallocene wedge so that it points away from both the Cp* ring 
and one of the coordinated ether molecules. The two methine 
carbons, the nitrogen atom, and the boron of the borollide are in 
the same plane (sum of angles about N = 360(1)'),anarrangement 
that results in a pir-p7r interaction between the boron and nitrogen 
atoms (resonance structure B). 
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Protonation of borollide nitrogen of la or lb with 1 equiv of 
HCl affords zwitterionic dichlorides 2a or 2b (eq 2). 

r / " S-Cl. 

Cl" 

OEt2 *% 
HCl (2) 

2a, M = Zr 
2b, M = Hf 

An X-ray structure determination for 2b (Figure 2) reveals 
that, as for la, the borollide ligand is pentahapto coordinated, 
but the nitrogen is pyramidal (sum of angles about N = 344( 1)'). 
Although the hydrogen atom on the nitrogen was not reliably 
located, the difference map did show a region of positive density 
between the nitrogen atom and C12. For this reason, the position 

of the hydrogen shown in the ORTEP drawing was calculated 
by setting the N-H bond distance at 0.95 A. The C12-Hf-B-N 
torsion angle of -2.2(4)° is in agreement with this site for the 
hydrogen (the analogous CIl-Zr-B-N torsion angle in la is 
approximately -27°). 

Protonation of the nitrogen lone pair effectively eliminates 
any contribution from resonance structure B for the metal-
borollide bonding for 2b. Consistent with this picture is the longer 
N-B distance for 2b (1.580(8) vs 1.433(11) A for la) and its 
shorter metal-boron distance (2.625(6) vs 2.714(9) A for la).14 

Indeed 2b, having the tetrahedral [NHR2J
+ substituent at boron, 

more closely resembles the 1-methyl- and 1-phenylborollide 
derivatives reported by Herberich.12d Moreover, the much higher 
reduction potentials for early transition metals result in metal-
borollide bonding better described by resonance structure A, even 
for the unprotonated aminoborole derivatives 1. 

These aminoborollide derivatives of zirconium and hafnium 
represent an unusual class of molecules having both Lewis acidic 
and Lewis basic sites held in relatively close proximity, yet 
constrained from interacting directly. Preliminary experiments 
suggest that heterolysis of bonds other than HCl may also proceed. 
For example, the carbon-iodine bond of methyl iodide is cleaved 
smoothly, yielding Cp* h5-C4H4BN+(CH3)(CHMe2)2] M-Cl(I). 
The even more Lewis acidic, 14-electron derivatives Cp* [ JJ5-C4H4-
BN(CHMe2)2]MR (R = H, alkyl, aryl, etc.) should prove to be 
even more reactive, and we are presently exploring synthetic routes 
to these compounds. We also recognize the similarities of these 
alkyl derivatives to [Cp2ZrR]+, the active catalytic species in 
Ziegler-Natta polymerization.15 
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