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Abstract: Synthetic pathways to several salts of the anion [Zp*3]~ have been developed. Reaction of
Cp*2ZrH; (3) prepared from [CpsZr(N2)]2(u-N2) (2), with KH in THF, afforded [Cp%ZrH3]K (1) in a 74% yield.

In a similar manner, addition of LiH gave [CgZrHs]Li (4). While this synthetic pathway provides reproducible
routes toland4, purification of2 is problematic. Another preparation involving the reaction of £Zp€l, with 3
equiv ofn-BuLi under K affords4-0.5(LiCI-THF). Alternatively, reaction of CpZrCl, with LiAIH 4 afforded the
species CpgZrH(u?-H,AIH ) (5) in virtually quantitative yield. Subsequent reactionsofvith n-BuLi afforded the
direct and high-yield conversion # Deuteration and NMR studies infer attack of BuLi occurs at the Al center
exclusively prompting transfer of a hydride to Zr and liberation of the Zr trihydride anion. Variable-tempétature
NMR spectra and H/D scrambling experiments fboand 4-d; are consistent with the hydride exchange process
mediated by ion pairing whil@; studies infer a classical trihydride formulation is appropriate. Crystallographic
studies o#-0.5(LiCl-THF), 5, and4 also affirm catior-anion pairing ind and4-0.5(LiCl-THF) and hydride bridging
between Al and Zr irb.

Introduction Hf,Ha(BH4)3(npp) and HEH4(BH,)2(npp).t> More recently,
While the hydrogen atom is the simplest possible ligand Choukroun et al. have described the electrochemical reduction
of the dimeric species [§El.EMes)ZrH;), (E = C, Si) to
generate monomeric Zr(lll) hydride aniohsThe propensity
of these early metal hydrides to dimerize or oligomerize results
from the Lewis acidity of the electron deficient metal center.
Although this can be superseded by steric demands, early metal
Ti, zr, and Hf metallocene hydride complexes have been Pased hydridic anions analogous to the main group hydrides
prepared and characterized. While sterically less demanding@'€ Unknown. In this paper, we describe synthetic routes as
ancillary ligands result in dimeric or polymeric complexes of well as the spectral and stru_ctural_propertles (_)f sal;s of the first
the form [CpMH2]n,4~7 species such as Cg¥lH- are mono- such early metal basgd hydride anion, [QZng]. . Thls group
meric®10 In a similar vein, monocyclopentadienyl complex IV, 18 electron species, although |soelec1tgon|c_ Wlth the known
hydrides such as [Cp*ZrfBHa)] 21! Cp*sZrHaCla(PMey), 12 group V compound_s CMH3 (M =Ta, Np),_ exhibits strongly
and [Cp*HfH,CI],*3 form dimers and tetramers, respectively. hydridic charact_er_ln contrast to the aC|d|c_n_ature of_the group
Monomeric and dimeric Zr and Hf polyhydride species such as ¥ @nalogs. Preliminary reports of the reactivity have illustrated
MaHa(BHz)s(PMe)2, MH(BHJ)s(dmpe), and MEBH.)»(dmpe) the ut|||_ty o;‘ this anion in the catalytic oligomerization of
have also been describéds well as complexes of the form  Phosphines!
® Abstract published i\dvance ACS Abstract®yovember 1, 1997.
(1) Dedieu, A., Ed. VCH:Transition Metal HydridesNew York, 1992,

and references therein.
(2) Gambarotta, S. l€omprehensie Organometallic Chemistry2nd

available for a transition metal, it is the ever expanding vistas
of transition metal hydride chemistry that prompts continuing
interest! In the realm of group IV metal hydride complexes,
the chemistry of the oligomeric species gZHCI), has been
the subject of on-going studgince its discovery in 19790ther

Experimental Section

General Data. All preparations were done under an atmosphere of

ed.; Pergamon Press: New York, 1995; Chapter 11. dry, Ox-free N, employing either Schlenk line techniques or a Vacuum
(3) Wailes, P. C.; Weigold, HJ. Organomet. Cheni97Q 24, 405. Atmospheres or Innovative Technologies inert atmosphere glovebox.
(4) (@) Weigold, H.; Bell, A. P.; Willing, R. I.J. Organomet. Chem. Solvents were reagent grade, distilled from the appropriate drying agents
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(5) () Choukroun, R.; Dahan, F.; Larsonneur, A. M.; Samuel, E.: methods. *H, 2H, and*3C{*H} NMR spectra were recorded on Bruker

Petersen, J.; Meunier, P.; Sornay, @ganometallics1993, 10, 374. (b) Avance 300- and 500-MHz spectrometers. Trace amounts of protonated
Larsonneur, A. M.; Choukroun, R.; JaudQtganometallics1993 12, 3216. solvents were used as references, and chemical shifts are reported
(6) () Couturier S.; Gautheron, B. Organomet. Chen1978 157,C61. relative to SiMg. Combustion analyses were performed by Galbraith
() Couturier S.; Tainturier, G.; Gautheron, B.Organomet. Chen.980 Laboratories Inc. Knoxville, TN, or Schwarzkopf Laboratories, Wood-

) . i * 18 9

(7) Jones, J. B.; Petersen, J.lhorg. Chem.1981, 20, 2889. side, NY. [Cp%Zr(N2)]a(u-N,) (2)* and Cp%ZrH, (3)° were prepared

(8) Bercaw, J. E.; Marvich, R. H.: Bell, L. G.; Brintizinger, H. H. via I.|terature methods. All other reagents were purchased from the
Am. Chem. Sod972 94, 1219. Aldrich Chemical Co.

(9) (@) Manriquez, J. M.; McAlister, D. R.; Sanner, R. D.; Bercaw, J. E.
J. Am. Chem. Sod978 100, 2716. (b) Schock, L. E.; Marks, T. J. Am. (14) Gozum, J. E.; Girolami, G. 9. Am. Chem. S0d.991, 113,3829
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Table 1. Crystallographic Parameters

J. Am. Chem. Soc., Vol. 119, No. 47, 19971421

formula
formula weight
cryst color
crystal size
a(h)

b (A)

c(A)

o (deg)

f (deg)

y (deg)

cryst syst
space group
vol (A3)

Dcalcd (g Cnrs)
z

abs coeffu (cm™)

scan speed (deg/min)

scan range (deg)
bkgd/scan ratio
no. of data collected
26 range (deg)
dataF,? > 30(F?)
no. of variables
trans. factors

R (%)?

Ry (%)
largestA/o
goodness of fit

GoHzsAlZr

513.81

colorless

0.45¢ 0.14x 0.24
8.726(2)
21.100(7)
11.748(4)

100.74(3)

monoclinic
P21/n
2125(1)
1.61
4
5.77
8.0/20), (1-3 scans)
i —1.0, Kap +1.0
0.5
3865
4550.0
2365
199
0.2411.000
6.4
5.8
0.02
2.26

C44H74|_i 3OC|ZI'2

CooH ggl_i 3ZI3

857.78 1114.93
colorless colorless
0.35x 0.16 x 0.25 0.25x 0.15x 0.15
14.8745(2) 21.8731(3)
14.8793(4) 14.4422(3).
15.6523(4) 19.8738(3)
111.885(1)

112.346(1) 107.399(1)
95.271(1)

triclinic monoclinic
P1 C2lc
2860.9(1) 5990.8(2)
1.00 1.24
2 4
4.34 5.50

na na
na na

na na

12286 13799
4.5-50.0 45-56.4
7296 5713

450 350
0.5488-0.6630 0.28360.3684
7.2 4.8
7.3 4.5
0.02 0.01

3.23 2.93

a Al data collected at 24C with Mo Ko radiation ¢ = 0.71069 A).R = S[|Fo| — |Fll/S|Foel, Rw = S[I(IFol — IFe|)3/S|Fol405.

Synthesis of [Cp%ZrH 3]K (1). A solution of 3 (131 mg, 0.36
mmol) in THF (3 mL) was stirred at room temperature. KH (52 mg,

and the mixture was stirred for 1.5 h, then filtered through Celite. The
solvent was evaporated, and the residue was extracted with hexanes.

1.3 mmol) was added, and the mixture was stirred for 4 days, then Filtration and evaporation of the solvent ga¥eas a white powder
filtered through Celite. The solvent was evaporated, and the residue (393 mg, 98%). Recrystallization from a saturated toluene solution

was washed with benzene to giteas an off-white powder (108 mg,
74%). *H NMR (THF-dg, 25°C): 1.95 (s, 30H), 1.46 (t, 1HJ4-n| =
18 Hz), 1.11 (d, 2H}Jn-n| = 18 Hz). ¥C{1H} NMR (THF-dg, 25
°C): 109.7,13.1. Anal. Calcd forfgHKOZr (1-2THF): C, 61.37;
H, 9.01. Found: C, 61.18; H, 8.97.

Synthesis of [Cp%ZrH 5]Li (4). (i) A suspension 08 (59 mg, 0.16
mmol) and LiH (13 mg, 1.6 mmol) in THF (5 mL) was stirred at room

gave colorless crystals suitable for crystallographil. NMR (CsDs,
25°C): 4.88 (br s, 2H), 4.25 (br s, 1H), 1.96 (s, 30H)1.53 (br s,
1H), —2.14 (br s, 1H).'H NMR (C;Dg, —23 °C): 4.79 (s, 2H), 3.88
(s, 1H), 2.01 (s, 30H);-1.44 (s, 1H),—1.93 (s, 1H). °C{*H} NMR
(CeDg, 25°C): 114.84,12.38. Anal. Calcd forgHssZrAl: C, 61.02;
H, 8.96. Found: C, 60.80; H, 8.85.

Synthesis of Cp%ZrD(u?-D,AID ;) (5-ds). (5-ds) was prepared by

temperature for 5 days. The solution was filtered through Celite, and the same method as above, using LiAlD the reduction.?H NMR
the solvent was evaporated. The residue was washed with hexanegCqDe, 25 °C): 2.08 (s, 30H).2H NMR (C;Hsg, 25 °C): 3.80 (br s,

and benzene to givé as an off-white powder (29 mg, 48%). (i) A
solution of Cp%ZrH,AIH 5 (5, 294 mg, 0.747 mmol) in ether (10 mL)
was stirred at room temperature:BuLi (2.4 M in hexanes, 0.65 mL,

3D), 0.26 (br s, 1D)~2.56 (br s, 1D).
X-ray Data Collection and Reduction X-ray Quality Crystals of
4-0.5(LiCI-THF), 4, and 5. 40.5(LiCI-THF), 4, and5 were obtained

1.56 mmol) was added, and the solution was stirred overnight. The directly from the preparation as described above. The crystals were

white precipitate was collected and washed with ether to ygto4

manipulated and mounted in capillaries in a glovebox, thus maintaining

mg, 70%). X-ray quality crystals were obtained from a THF solution  a dry, Q-free environment for each crystal. Diffraction experiments
on standing for several days. Data are given below.

Synthesis of [Cp*%ZrH 3]Li -0.5(LiCI-THF) (4-0.5(LiCI-THF). A
solution of Cp*%ZrCl, (80 mg, 0.185 mmol) in toluene (10 mL) was
stirred under Hat —78 °C. n-BuLi (2.4 M in hexane, 0.25 mL, 0.60

were performed either on a Rigaku AFC5S four-circle diffractometer
or a Siemens SMART System CCD diffractometer collecting a
hemisphere of data in 1329 frames with 10 s exposure times. Crystal
data are summarized in Table 1. The observed extinctions were

mmol) was added, and solution was stirred for 1 h, then allowed to consistent with the space groups in each case. The data sets were
warm to room temperature overnight. The solvent was evaporated, collected (4.8 < 20 < 45—-50.0°). A measure of decay was obtained
and the residue was extracted with THF and filtered through Celite. py re-collecting the first 50 frames of each data set. The intensities of

On standing for several days, large colorless crystald-05(LiCl-
THF) deposited from the solution (42 mg, 65% yieldHd NMR (THF-
ds, 25°C): 1.95 (s, 30H), 0.86 (d, 2HJ4-n| = 17 Hz), 0.39 (t, 1H,
|9h-n| = 17 Hz). 23C{*H} NMR (THF-dg, 25°C): 110.09, 12.82. Anal.
Calcd for GoHa7li1s005Zr: C, 45.81; H, 6.47. Found: C, 45.75; H,

6.40 .

Synthesis of [Cp%ZrD s)Li (4- ds). 4-ds was prepared frorb-ds by
method (iii) as described abovéH NMR (THF-ds, 25 °C): 1.95 (s,
30H). 2H NMR (THF, 25°C): 1.97 (s, 3D).23C{H} NMR (THF-ds,

25°C): 111.19, 12.81.

Synthesis of Cp%ZrH( u?-H,AIH ) (5). A solution of Cp*%ZrCl,
(442, 1.02 mmol) in THF (6 mL) was stirred at room temperature. A
suspension of LiAlH (85 mg, 2.2 mmol) in THF (2 mL) was added,

(18) Manriquez, J. M.; McAlister, D. R.; Rosenberg, E.; Shiller, A. M.;
Williamson, K. L.; Chan, S. I.; Bercaw, J. B. Am. Chem. S0d.978 100,

3078.

reflections within these frames showed no statistically significant change
over the duration of the data collections. The data were processed with
the SAINT and XPREP processing package. An empirical absorption
correction based on redundant data was applied to each data set.
Subsequent solution and refinement was performed by using the
TEXSAN solution package operating on a SGI Challenge mainframe
computer with remote X-terminals or PC employing X-emulation. The
reflections withFy2 > 30F,2 were used in the refinements.

Structure Solution and Refinement. Non-hydrogen atomic scat-
tering factors were taken from the literature tabulati¥8. The heavy

(19) (a) Cromer, D. T.; Mann, J. BActa Crystallogr. Sect. A: Cryst.
Phys., Theor. Gen. Crystallogt968 A24, 324. (b) Cromer, D. T.; Mann,
J. B.Acta Crystallogr. Sect. A: Cryst. Phys., Theor. Gen. Crystallb§68
A24, 390.

(20) Cromer, D. T.; Waber, J. Tinternational Tables for X-ray
Crystallography Knoch Press: Birmingham England, 1974.
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Scheme 1
N2
Cp*,ZrCl,—» cp-zzr"‘—Nz7z.vcp',—+ Cp*,ZrH,
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LiAIH, \ LiH
3 BuLiH,
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zi-H_ / zi-H
/N AL BulLi ya
cp! H H cp. H
5 4

atom positions were determined by using direct methods employing
either the SHELX-86 or Mithril direct methods routines. The remaining
non-hydrogen atoms were located from successive difference Fourier
map calculations. The refinements were carried out by using full-matrix
least-squares techniques Bminimizing the functiono(|F o] — |Fc|)?
where the weightv is defined as B.%20(F,?) andF, andF. are the
observed and calculated structure factor amplitudes. In the final cycles
of each refinement, all non-hydrogen atoms were assigned anisotropic
temperature factors. Carbon-bound hydrogen atom positions were
calculated and allowed to ride on the carbon to which they are bonded
assuming a €H bond length of 0.95 A. Hydrogen atom temperature
factors were fixed at 1.10 times the isotropic temperature factor of the
carbon atom to which they are bonded. The hydrogen atom contribu-

Etkin et al.
!-
""‘.‘. Zr1
Z]\
MY Li1
O \j
“ Q TN
A gfis ~
?t’ s O m ‘.,
»x) 1C1 Li2 AN

tions were calculated, but not refined. In the case of the metal-bound Figure 1. ORTEP drawing of-THF-0.5LiCl; 30% thermal ellipsoids
hydrides, the pOSitiOﬂS of these atoms were determined via a differenceare shown. Hydrogen atoms are shown as open Spheresy methy| carbons
Fourier calculation. The positions of these hydrides were refined in on the Cp* rings have been omitted for clarity. ZrL)i(1) 3.10(9)

the final cycles of refinement although the thermal parameters remained A, zr(1)—Li(3) 3.20(9) A, Zr(2)-Li(1) 3.10(9) A, Zr(2)-Li(2) 3.10-

fixed. The final values oR, R,, and the goodness of fit in the final
cycles of the refinements are given in Table 1. The locations of the
largest peaks in the final difference Fourier map calculation as well as

the magnitude of the residual electron densities in each case were of.

no chemical significance. Positional parameters, hydrogen atom
parameters, thermal parameters, and bond distances and angles ha
been deposited as Supporting Information.

Results and Discussion

Synthesis. We have previously reported that the reaction of
Cp*2ZrCl, with excess KH in THF proceeds at room temper-
ature over the course of several hours to give upon filtration
addition of hexane and on standing -aB0 °C pale yellow
crystals of1.172 This compound was subsequently formulated
as the salt [CpZrH3][K(THF)] on the basis of NMR and X-ray
crystallographic data. The reactivity @fand the ability ofl
to catalyze the PH bond activation yielding phosphine
oligomerization has been communicatédThis unprecedented
catalytic behavior prompted the present attention to synthetic
routes to this unique anion.

Repeated attempts to prepatevia the above route were
frustrated by capricious yields. The source of the synthetic
problems appears to be associated with the purity of commercial
KH. In fact, newer samples of KH or KD, which appeared to
be cleaner than the original, gave no reaction with £Zp&ls.

It was recognized that K metal is frequently a significant
impurity in commercial grade KH. Deliberate addition of K in
efforts to effect arin situ synthetic route involving reduction
lead to observation of only minor amountsIof The origin of
the fickle nature of this serendipitous synthesid aémains a
mystery.

A reliable synthetic pathway tbwas nonetheless developed
by employing a stepwise route involving reduction. The Zr(Il)
compound [Cp3Zr(N2)]2(«-N2) (2) was prepared, isolated, and
converted to CpgZrH, (3) according to the methods of Bercaw
et all® Reaction of3 with KH in THF affordedl in a 74%
yield. In a similar manner, addition of LiH gave [CgrH3]-

Li (4) (Scheme 1). While this synthetic pathway provides

(8) A, Zr—H (av) 2.0(1) A, Li-Cl 2.4(1) A, Li—0O 1.9(1) A.

reproducible routes th and4, purification of2 by crystallization

is required and this results in low overall yields. Attempts to
jprove the yield of3 via addition of k to solutions in which

2 was generated gave product mixtures from wtgaould not

be isolated cleanly.

An alternative approach was based on the method of Negishi
et al?! for the in situ generation of Zr(ll) species, em-
ploying the reaction of CgZrCl, with n-BuLi. Treatment of
Cp*,ZrCl, with 2 equiv ofn-BuLi in THF under an atmosphere
of H, failed to give 3 cleanly. This is in contrast to the
analogous Hf chemistry where GgtfH; is prepared in this
manner??2 However, addition of 3 equiv ofn-BuLi to
Cp*»ZrCl, under H afforded insoluble material’H NMR data
revealed the presence of the anion [e4rH3]~. Crystal-
lographic data obtained on crystals of this material confirmed
the formulation a1-0.5(LiCI-THF) (Figure 1,vide infra).

Attempts to uncover alternative synthetic route8 fwompted
the reaction of Cp#ZrCl, with a variety of hydride reagents.
Reactions with LiBHEf or Red-Al gave uncharacterized
products, while the reaction with LIAIH(®Bu); afforded only
Cp*»ZrHCI,% regardless of the stoichiometry. Precedent for
this latter reaction is the analogous reaction involvingZz@l,.3
In contrast, reaction of CpZrCl, with LiAIH 4 afforded the
species CpiZrH(u?-H,AIH ») (5) in virtually quantitative yield.

At room temperature, resonances at 4.88 and 4.25 ppm are
attributable to the terminal hydrides on Al and Zr, respectively.
Resonances at1.53 and—2.14 ppm are assigned to the two
inequivalent hydrides that bridge Zr and Al. The breadth of
the signals at room temperature suggests a slow exchange
process is operative. However, while these resonances sharpen

(21) Negishi, E.; Takahashi, Acc. Chem. Red994 27, 124.

(22) Roddick, D. M.; Fryzuk, M. D.; Seidler, P. F.; Hillhouse, G. L.;
Bercaw, J. EOrganometallicsl985 4, 97.

(23) Antinolo, A.; Chaudert, B.; Commenges, G.; Fajardo, M.; Jalon,
F.; Morris, R. H.; Otero, A.; Schweltzer, C.. . Chem. Soc., Chem.
Commun.1988 1210.
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Scheme 2
cp- cp -
\ o Nnsu N
/Z{\D,Am, Zi—p| U
cp'\D cp* D
> n-Bull

. Zr—D
a/ t/ H
Figure 2. ORTEP drawing of; 30% thermal ellipsoids are shown. Ccp Cp

Hydrogen atoms are shown as open spheresA¥2.938(3) A, Zr— H

Ha(av) 1.91(7) A, Z-Hiem 1.82(7) A, Al-AI* 2.750(6) A, Al—Hz,-
M _/\&

(av) 1.65(7) A, A-Heerm 1.52(6), A-Ha(av) 1.75(6).
260 K

220 K

r v 1 1 71T 7 T 1 1 1T 7

LU
. . o 0.6 04 0.2 0.0 0.2
Figure 3. ORTEP drawing o#4; 30% thermal ellipsoids are shown.

Hydrogen atoms are shown as open spheres, methyl carbons on the (ppm)

Cp* rings have been omitted for clarity. Zr@)i(1) 3.212(9) A, Figure 4. Variable-temperaturéH NMR spectra of4.
Zr(1)—Li(2) 3.21(1) A, Zr(2)-Li(2) 3.20(1) A, Zr—H (av) 1.9(1) A.

Table 2. Chemical Shift and Proton Relaxation Times for
Hydrides in42

and shift slightly on cooling, warming the sample did not lead
to the observation of peak coalescence, rather compound decom-temp,

position was evident. The formulation & was confirmed °C o(@) o(b) Ja-b),Hz Tia).s Tub)s
crystallographically.The facile and high-yield synthesis5of 333 0.88(d) 0.34(Y) 17.0 0.94 0.51
rompted attempts to remove AjHo obtain3 knowing that 313 0.86(d) 0.36(f) 17.0 065 036
promp?te P A : 9 277  0.84(d) 0.44 () 17.0 043 022
conversion tat could subsequently be achieved. Treatment of 253 083(d) 049 (b, 1) 165 0.29 014
5 Wlth a Variety of baS-eS |nC|Ud|ng PMeimidazoIe,N-mgth- 233 0:82 (d) 0:54 (bl’: s) 17..5 o._14 0.'072
ylimidazole, and alkoxide failed to achieve the conversiob of - -
to 3. However, reaction o6 with n-BuLi afforded the direct ® (a) denotes the two exo hydrides, (b) the endo hydride.

and high-yield conversion td (Scheme 1). This strategy for The IH NMR spectra ofl and4 include doublet and triplet

the production o# not only offers a high yield methodology  yespnances attributable to the inequivalent hydrides. Differences
but also precludes the incorporation of LiCl and solvent in the i, the chemical shifts of the hydride resonances faand 4
lattice. This latter point was confirmed by crystallographic study \ere attributed to varying degrees of ion pairing in solution.
of 4 obtained from such a preparation. The solid state structure y/ariaple-temperaturéH NMR spectra for4 (Figure 4) reveal

of 4 (Figure 3) was confirmed as a trimeric aggregate via that upon cooling the hydride resonances broaden and coalesce

crystallographic methods. to a broad resonance at 0.5 ppm. This is attributed to a hydride
NMR Studies. Some insight into the mechanism of forma- exchange process that is mediated by ion pairing. This view is

tion of 4 from 5 was derived from the treatment 6fds with supported by the observation of H/D scrambling upon mixing

n-BuLi in diethyl ether. This reaction results in the exclusive of 4 and4-ds.

formation of 4-d; as both!H and 2D NMR data showed no The nature of the anion was further probed Hystudies.

evidence of4 or any mixed hydride deuteride species. This T; measurements were performed as a function of temperature
infers attack of BuLi occurs at the Al center exclusively (Table 2). At 333K, the doublet and triplet resonances arising
prompting transfer of a hydride to Zr and liberation of the Zr from the hydrides gav&; relaxation times of 0.94 and 0.51 s,
trinydride anion (Scheme 2). It is the insolubility dfd; in respectively. These values decreased with temperature to values
diethyl ether that effects separation from the Al byproduct.  of 0.14 and 0.072 s at 233 K. While these resonances broadened
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and shifted toward each other over this temperature range, theand Al hydrides were found at distances of 1.82(7) and 1.52(6)

observed coupling constant remained unchanged. These datd, respectively. Finally, the remaining hydride on Al bridges

infer a classical trihnydride formulation is appropriate. Thisis to an adjacent Al atom, giving a pseudo-square-pyramidal

in contrast to the isoelectronic species (CpSijylébH; for geometry about the Al center and an- distance of 1.74(6)

which a dihydrogerhydride formulation has been implicated A. The three hydrides bound to Zr lay in the plane bisecting

by the analogous NMR studi%. The inaccessibility of the  the Cp*%Zr fragment with an kgmi—Zr—Hexo angle of 108(3).

T1(minimum) precluded the computation of the-H distancé* The crystallographic data fat, prepared via the halide free

in solution. However, in the solid state the-Hl distance was  route (i.e. from5), reveal the formation of a 2-fold symmetric

found to be 2.0(1) A. This too is consistent with a conventional trimeric aggregate in which lithium atoms are associated with

trinydride formulation. two hydrides from each of two Zr centers (Figure 3). One of
Structural Studies. Crystallographic study o#-0.5(LiCl- the lithium atoms, as well as one Zr atom, sits directly on the

THF) (Figure 1) reveals two anionic [CpZrHz]~ units are crystallographic 2-fold axis. The ZH and Li—H distances

bridged by one lithium while a second lithium is associated with in 4 average 1.9(1) and 2.0(1) A.

one of the Zr hydrides and a molecule of THF. In addition,

these catiofranion pairs are bridged through one of the hydrides Summary

on Zr and a Li atom to an equivalent of LiCl included in the

unit cell. The geometry about Zr is as expected, in that the

three hydride atoms are located in the plane which bisects theSalts Of the zirconocene based trihydride anion [ZpHs]~
Cp*.zZr fragment. The kkg—Zr—Hengo angles were found to have been developed. Structural and NMR data for these

average 66(3)while the Hyo—Zr—Hexo angle is 132(3) The compounds confirm ion pairing in the solid state and solution,
bridging Li—H distances av(:erage 1.98(1) A while thed@l and an effect that mediates intermolecular hydride exchange reac-
Li—O distances are also typical at 2.4(1) and 1.9(1) A tions. Further NMR data affirm the formulation of the anion
respectively. This geometry is consistent with hydride interac- 25 & classical Zr(IV) trinydride formulation.

tion with the LUMO of the neutral molecule G@dH, giving . .
the 18-electron anion, which is isoelectronic with the group V c Aclijnowledgrtn?nltl. le‘zmc'all (sjupzor_’:_;ron; the NSEtR% O(]; ¢
trihydrides CpMHs (M = Nb, Ta)2 anada is gratefully acknowledged. Thanks are extended to

Professor R. Morris (University of Toronto) for helpful discus-
sion.

Reliable and efficient syntheses of the lithium and potassium

Crystallographic data fob confirmed the AlH fragment
forms an approximately symmetric bridge to Zr through two
hydrides (Figure 2). These bridging hydrides gave-Hr
distances of 1.89(6) and 1.93(6) A and-H distances of 1.69-
(6) and 1.62(7) A while the HZr—H and H-AI—H angles
were 63(3) and 74(3), respectively. In addition, terminal Zr

(24) Morris R. H.Can. J. Chem1996 74, 1907.
(25) Hoffmann R.; Lauher J1. Am. Chem. S0d.976 98, 1729. JA972197+

Supporting Information Available: Tables of crystal-
lographic parameters, hydrogen atom parameters and thermal
parameters fod (45 pages). See any current masthead page
for ordering and Internet access instructions.




