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moisture sensitive and decomposes without melting above 135

Receied September 10, 1997 °C. The mass spectrum @fshows the monomeric parent ion
[EI-MS: m/e 301 (M")]. The H and F NMR spectra of
compound?2 were recorded at room temperature. Due to the
paramagnetism of the titanium(lll) oxidation statheH NMR

In the past four decades organometallic titanium and zir- signals are broad and unresolved. The chemical shifts resonate
conium chlorides, in combination with organoaluminum com- for the cyclopentadienyl ring at 6.3 ppm, for the methyl group

pounds, have been used extensively as catalysts in the polymat 1.34-1.23 ppm and for the methylene group at 6-8678

erization of olefins. Examples include the reaction of titano- ppm. However, no Signa| was observed in tHe NMR

cene dichlorides with trialkylaluminum compounds AlfR = spectrum.

Et, Me), which lead ,to the interesting compounds,; Tgu,- Moreover, if1 is reacted with an excess of AlEfgreater

CI)2AIEt; and Tebbe'’s reagent, EHi(uz-CHy)(uz-Cl)AIMe; 2 than 2 equiv) at room temperature, a purple solution develops

The corresponding fluorides of titanium and zirconium have an43 s obtained after recrystallization fromhexane (eq 2a).
attracted less attention to d&teBecause of the extreme

electronegativity of fluorine, the MF bond (M= Ti, Zr, Al)

Introduction

is highly polar and hence also very strong. A characteristic E\t /Et

feature of fluoride ligands, as compared to chloride substituents, H/’°>@

is the high tendency to bridge metal centers, which leads to a ; Cp

variety of interesting complexés.Recently it was shown that 2Cp,TiF, + AlEts ’wfcp/ @(T\l/ (2a)

group 4 organometallic fluorides together with methylalumin- (excess) Aa—H

oxane (MAO) as cocatalyst are active catalysts for the polym- E/l \Et

erization of ethylene and styrehePreviously, we described 3

the reaction of Cp*Zrgwith stoichiometric amounts of AlMe ' CH

as well as the facile formation of the ¢Xr3 cluster [(Cp*Zr}- 2CpaTiPhy * AlFt; —F26e 3 (2b)

Al gMeg(us-CH)s(u2-CHy),] with excess AIMg.® The reactions (excess)

of organotitanium fluorides with alkyl aluminum compounds, 2 ¢ 2 Al n-hexane (20)

however, have not been reported until now. In this report, we )

describe our preliminary results concerning the reactions of

titanocene difluoride with triethylaluminum. On the basis of the spectral properties3ah solution and an
) ) X-ray structure analysis3 is identical to the compound

Results and Discussion previously synthesized by Tebbe via another route (eq 2b) under

Synthesis of 2 and 3.The reaction of CgTiF, (1) with AlEts more forcing condition§. Alternatively, 3 can be obtained by
in toluene in a 1:1 molar ratio at room temperature proceeds the reaction of2 with a slight excess of Aliztat room
with evolution of gas and reduction of Ti(IV) to Ti(lll) to yield ~ temperature in yields higher than that of route 2a (eq 2c).
In the mass spectrum &fthe highest fragment is observed

(1) (a) Sinn, H.; Kaminsky, WAdv. Organomet. Cheml98Q 18, 99. at m/e 408 (M™ — 4Et) exhibiting the correct isotope pattern.
(b) Kaminsky, W.; Kuper, K.; Brintzinger, H. H.; Wild, F. R. W. P. 1 1 i
Angew. Chenl 985 97, 507;Angew. Chem., Int. Ed. Engl985 24, In Zlhe Hband 3? EMR spectra gt?c one signal for ﬂ:e pr(()jt(?_ns
507. (c) Mdhring, P. C.; Coville, N. JJ. Organomet. Chent.994 and carbons of the 4815 ring and four proton signals and five
479, 1. (d) Brintzinger, H.-H.; Fischer, D.; Mbaupt, R.; Rieger, B.; carbon signals for thedEl, ring are observed, respectively. The
:’V{’J‘YE&OUEthv IRl-g'\gﬂsAggeiNﬂghemlggEé 107, 1255;Angew. Chem.,  hydrogens displaced from the rings are metal-coordinated and
nt. Ed. Eng , . . . R _ )

(2) (a) Natta, G.. Mazzanti, Gletrahedron196Q 8, 86. (b) Tebbe, F. shlfted_ to high field ¢ 7.01) However, the X_ray structure
N.; Parshall, G. W.; Reddy, G. . Am. Chem. S04978 100, 3611. analysis shows that compouBds an unsymmetrical molecule

(3) g:thale:, R.E dO.;EHaEE)eE;,?ASABnggw. Chem1997 109 43; Angew. exhibiting nonequivalent ethyl groups, leading to two triplets

em., Int. Ed. Eng , 36, 43. ;

(@) Liu F. Q.. Kuhn. A Irmer. R. H.- Stalke, D.: Roesky, H. Wngew. fc_)r the protons in théH NMR spectrum as well as two cz_irbon

Chem.1994 106, 577; Angew. Chem., Int. Ed. Engl994 33, 555. S|gnals in thé3C NMR spectrum for the methyl, two multlplets

(5) (a) Herzog, A.; Roesky, H. W.; Zak, Z.; Noltemeyer, Angew. Chem. for the protons, and a broad carbon signal for the methylene
1994 106, 1035; Angew. Chem., Int. Ed. Engl994 33, 967. (b) group.
Murphy, E. F.; Yu, P.; Dietrich, S.; Roesky, H. W.; Parisini, E.;
Noltemeyer, M.J. Chem. Soc., Dalton. Trand996 1983. (c)
Kaminsky, W.; Lenk, S.; Scholz, V.; Roesky, H. W.; Herzog, A. (7) Yu, P.; Murphy, E. F.; Roesky, H. W.; Lubini, P.; Schmidt, H.-G.;

Macromolecules 997 30, 7650. Noltemeyer, M.Organometallics1997, 16, 313.
(6) Herzog, A.; Roesky, H. W.;"ger, F.; Steiner, A.; Noltemeyer, M. (8) Tebbe, F. N.; Guggenberger, L.J.Chem. Soc., Chem. Commun.
Organometallics1996 15, 909. 1973 227.
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Figure 1. Molecular structure of [C{i(u2-F)AIEt,)],.

Table 1. Crystallographic Data for [GJi(ua-F),AIEt,],
empirical formula  GgHa0AlF4Ti, formula weight 602.36

a, 10.901(2) space group  P2;/n(No. 14)
b, A 8.004(2) T,K 133(2)
c, A 17.812(4) A, A 0.71073
B, deg 106.10(3) peacs g CNTS 1.340
v, A3 1493.3(5) u, cmt 6.34
z 4 R12 0.0482
WR2® 0.1186

AR1 = ¥|Fo — Fol/¥|Fol. "WR2 = [SW(F2 — FA)Y W2

Table 2. Selected Bond Distances (A) and Angles (deg) for
Compound2

Bond Distances
2.0956(15) Ti(2yF(@)
1.7342(16) Al(LXF(1A)

Ti(1)-F(2)
Al(1)—F(2)

2.1063(15)
1.7364(16)

Angles
78.53(7) F(2yrAl(1)—F(1A)
160.13(9) Al(1)y-F(2)—Ti(1)

F(2)-Ti(1)—F(1)
Al(1A) —F(1)—Ti(1)

100.18(8)
169.08(10)

Recently, we reported for the first time thatJF bonds can
be activated using AIMg® Moreover, Buchwald et al. found
that the unprecedented conversion of FFito Ti—H bonds with
phenylsilane can be utilized in the development of highly
enantioselective catalyst systems for the hydrosilylation of
imines!® The results of this note showed that the-Fibonds
can be easily activated using Af#nd converted to the FH
bonds that are involved in the activation of the-B bonds.
Furthermore, investigations of substituted-Cp-ring titanium
fluorides reacting with alkylaluminum compounds are in
progress.

X-ray Crystal Structure of 2. Complex 2 (Figure 1)
crystallizes as blue crystals from toluene. Crystallographic data
and selected bond distances and angles are listed in Tables
and 2, respectively. The single-crystal X-ray structure analysis
shows2 to be the condensation product of two molecules of
each of the starting materials with the concomitant loss of two
ethyl groups from each aluminum. The core of com@enay

Notes

atoms lie 0.31 A above and below this plane, respectively. The
Cp and ethyl ligands are found both above and below the
average AlF4Ti; plane. Both the Tiand Al atoms have distorted
tetrahedral coordination environments. The-Ti distance
(5.841 A) indicates no metaimetal bond to be formed. The
Ti—F (2.10 A) and A-F (1.73 A) average bond distances are
comparable to those in compound ¢Tif-2)3Al (4) (Ti—F 2.09

A, Al-F 1.81 A, average, respectively). However, all
F—Ti—F (78.53), F—AI—F (100.18), and A-F—Ti (160.13,
169.08) angles in2 are larger than those found in compléx
(F—Ti—F (68.29), F—Al—F (80.9%), Al-F—Ti (105.40)).

Experimental Section

General Data. All experimental manipulations were carried out
under an atmosphere of dinitrogen rigorously excluding air and
moisture. Solvents were purified according to conventional procedures
and were freshly distilled prior to use. Compouhevas prepared as
previously describe# IR spectra were recorded on a Bio-Rad FTS-7
spectrometer. Mass spectra were obtained on Finnigan MAT 8230 and
Varian MAT CH5 spectrometers. Elemental analyses were performed
at the analytical laboratory of the Institute of Inorganic Chemistry of
Gottingen University.

NMR spectra were recorded on a Bruker AM 250 spectrometer.
TMS was used as the reference et and'3C NMR.

Synthesis of 2. To a suspension df (0.432 g, 2 mmol) in toluene
(30 mL) was added an equimolar amount of Al@&mL, 1.0 M solution
in n-hexane) via syringe at room temperature. A slow gas evolution
took place, and the suspension dissolved and turned into a green-blue
solution. The solution was further stirred for 1 h. Then the volume
of the solution was reduced slowly under vacuum (15 mL) and kept at
—20°C for 1 week. Blue crystals &f were obtained by filtration and
washed with colch-hexane. Yield: 0.38 g (63%). Anal. Calcd for
CuaH20AIF,Ti: C, 55.78; H, 6.64; F, 12.62. Found: C, 55.61; H, 6.73;
F, 12.40. Mp: >135°C dec; MS (El): m/e 301 [CpTiFAIEt;] (2),

272 [CpTiFAIE] (5), 197 [CrTiF] (15), 178 [CpTi] (100). IR
(Nujol) (cm™): 1305 m, 1262 m, 1022 s, 1013 s, 802 s, 722 s, 615 s.

Preparation of 3. 1(0.864 g, 4 mmol) was suspendednihexane
(50 mL), and AIE§ (10 mL, 1.0 M solution inn-hexane) was added
dropwise over 30 min. The suspended solid dissolved, and the color
of the solution changed from yellow to dark blue and finally purple.
After the mixture was stirred at room temperature overnight, the solvent
and volatile reaction products were removed in vacuo. The purple
residue was extracted witikhexane (10 mL), and dark purple crystals
were obtained at-25 °C. Yield: 0.58 g (55%). Anal. Calcd for
CagHaoAlTiz: C, 63.83; H, 7.60. Found: C, 63.68; H, 7.72. Mp:
>155°C dec. MS (El): m/e 408 [M+ — 4Et] (100). *H NMR (CeDs,
ppm): 6 5.06 (GHs ); 6.90, 5.82, 4.89, 4.24 ¢H,); 1.51, 1.36 (CH)

(tr, Juw = 8 Hz); 0.71-0.66, 0.54-0.45 (CH ) (mult), metal hydride
—7.01. 3C NMR (GsDs, ppm): 6 102.2 (GHs ); 150.9, 132.6, 125.1,
109.9, 107.5 (€H4); 10.7,10.5 (CH); 4.7 (CH).

Reaction of 2 with AlEt;. 2 (0.30 g, 0.5 mmol) im-hexane (30
mL) was added dropwise to an excess amount of A(E2 mL, 1.2

mol) using a syringe at room temperature. The color changed from
ight blue green to dark blue and finally purple. After removal of the
volatiles in vacuo, the residue was washed with aeldexane and a
dark purple solid was obtained in 65% vyield (0.17 g). The solid is
identical to compound3 using MS (El) and*H NMR for the
characterization.

be described as a nonplanar eight-membered ring consisting of  X-ray Structure Analysis of 2. A blue crystal (dimensions 0.4

two titanium atoms (as Gpi units), two aluminum atoms (as
AlEt, units), and four bridging fluorine atoms. The four metal
atoms and two of the fluorine atoms (F(2) and F(2A)) describe
a plane (rms deviation 0.016 A), while the other two fluorine

(9) Yu, P.; Roesky, H. W.; Demsar, A.; Albers, T.; Schmidt, H.-G.;
Noltemeyer, M.Angew. Chem1997, 109, 1846;Angew. Chem., Int.
Ed. Engl 1997, 36, 1766.
(10) Verdaguer, X.; Lange, U. E. W.; Reding, M. T.; Buchwald, SJL.
Am. Chem. Sod 996 118 6784.

0.1 x 0.1 mn¥) suitable for X-ray diffraction studies was selected.
The diffraction data were collected (at 133 K) on a Siemens/Stoe/Huber
four-circle diffractometer (Mo K 1 = 0.710 73 A) equipped with a
Siemens CCD area detector. Crystallographic data:=v602.36,
monoclinic, space group2,/n, a= 10.901(2) Ab = 8.004(2) A,c=

(11) Liu, F. Q.; Gornitzka, H.; Stalke, D.; Roesky, H. \Aingew. Chem.
1993 105 447; Angew. Chem., Int. Ed. Engl993 32, 442.

(12) Herzog, A.; Liu, F. Q.; Roesky, H. W.; Demsar, A.; Keller, K;
Noltemeyer, M.; Pauer, FOrganometallics1994 13, 1251.
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17.812(4) A, = 106.10(3), V = 1493.3(5) R, Z = 4, F(000) = two different sites, and was refined with the help of similarity restraints

628, andu(Mo Ka) = 0.634 mnt?; 17 829 measured reflections, 3031 for bond distances, angles and displacement parameters, and rigid bond

unique Rnt = 0.055) used for the structure solution and refinement of restraints on the anisotropic displacement parameters.

210 parameters with the help of 188 restrainRl = Y |F, — Fc|/ )

3 |Fol = 0.0482 { > 20(1)), WR2 = [YW(FZ — FAYWFs/¥2 = 0.1186 Acknowledgment. This work was supported by the Hoechst
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