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Organotitanoxanes [CSMe5Ti|\/|e2]2(”-O) and freshly prior to useH, 13C, and'®F NMR spectra were measured on

; _ . ; Bruker MSL-400, AM-250, and AM-200 instruments, respectively,
[(CsMes)sTisMe](u-O)s: Synthesis and Crystal using SiMe and CFC} as external standards. IR spectra were recorded
Structures on a Bio-Rad Digilab FTS 7 spectrometer. Mass spectra were obtained

on a Finnigan MAT 8230 or a Varian MAT CH 5 spectrometer.

Saji P. Varkey, Mark Schormann, Thomas Pape, Elemental analyses were performed at the Analytical Laboratory of
Herbert W. Roesky,* Mathias Noltemeyer, the Institute of Inorganic Chemistry, University of @Gagen. The
Regine Herbst-Irmer, and Hans-Georg Schmidt starting materials Cp*TiGland Cp*TiMe; were prepared according

to the literature methods’
Preparation of [CsMesTiMes]o(u-O) (1). This compound was
prepared by the controlled hydrolysis of Cp*Tib& o a solution of
) Cp*TiMe3 (0.350 g, 1.53 mmol) in toluene (30 mL) distilled water
Receied Naember 20, 2000 (13.70 uL, 0.76 mmol) was added dropwise at room temperature.
During this process gradual evolution of methane was noticed. The
Introduction reaction mixture was stirred for 6 h, and the solvent was stripped off.

o . The yellow solid obtained was recrystallized from toluene (10 mL) for
Polyoxotitanium compounds have drawn considerable atten-, 4 2t—20°c to yield 82% (0.56 g, 1.26 mmol) df Mp: 154°C.H

tion with regard to their catalytic properties and as modeling NMR (CgDg, 25°C, 8): 1.91 (s, 30H, @Vles), 0.68 (s, 12H, Ti-Me).
systems for metal oxides in solution and precursors to organ- 13c{1H} NMR (CeDs, 25°C, 8): 11.66 (GMes), 52.70 (Ti-Me), 121.14
otitanoxane fluorided.In most cases organotitanoxane com- (CsMes). IR (Nujol, cnt): 2910(s), 2880(s), 1450(s), 1340(m),
pounds are prepared by the hydrolysis of REiR = different 798(vs), 624(m). Anal. Calcd for £4H,,OTi,: C, 65.11; H, 9.49.
cyclopentadienyl ligands) in appropriate stoichiometry to yield Found: C, 64.6; H, 9.5.

the corresponding systerigis part of our research program Preparation of [(CsMes)4Ti4Cl2)(#-O)s (2a). To a stirred suspension
on organotitanoxane fluorides, we recently reported on alkylation of Cp*TiCls (0.625 g, 2.15 mmol) im-hexane (50 mL) at 6C, distilled
reactions of organotitanoxane fluoride with alkylaluminum water (43uL, 2.4 mmol) and triethylamine (0.670 mL, 4.8 mmol) were
compoundse3In some instances stable polynuclear oxo-bridged added by a syringe. The solution was allowed to warm to room
species [Cp*TiMeg-O)]s, [Cp*TiMe(u-0)]4, and [Cp*Tila(u- temperature slowly. _After it was stlrreo_l for 30 h, the triethylamine
O)s have been synthesized by the hydrolyses of Cp*Filsted _adduct formed was filtered _throug_h Celite. The solv_ent was removed
Cp*TiCIz%%4 (Cp* = CsMes): however, the crystal structure of 1 YaCu©: and the yellow solid obtained was recrystallized from toluene

. ; ; . (15 mL), affording2ain 45% (0.85 g) yield. Mp: 348C. 'H NMR
the corresponding dimeric compound is not known to date. (CeDs, 25 °C, 6). 1.87 (s, 30H, @Vies), 1.86 (s, 30H, @Viey).

Though the structure of [(Cp4JisMe2](u-O)s is known in the MS (El): miz (%) 882[M*], 747 [M* — CsMes]. IR (Nujol, cm):
literature, the poor quality of the crystal gave only a limited 295g(sh), 2912(vs), 2855 (sh), 1435(m), 1377(s), 1261(m), 1092(m),
number of reflections with poor crystallographic data. this 1024(m), 784(s), 722(s), 624(m). Anal. Calcd fapklsoCl.0sTis: C,
note we report the synthesis of [(CpT)jsMe,](«-O)s by an 54.39; H, 6.79; Cl, 8.04. Found: C, 53.9; H, 6.8; Cl, 7.8.
alternative method and the crystal structure of organotitanoxanes  preparation of [(CsMes),Ti 4F2)(u-0)s (2b). To a suspension of Me
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[(Cp*)aTisMez](u-O)s and [Cp*TiMe]2(u-O). SnhF (0.375 g, 2.05 mmol) in toluene (30 mL) a solutior2af(0.882
) ) g, 1 mmol) in toluene (20 mL) was added. The reaction mixture was
Experimental Section stirred under reflux fo 6 h and then was allowed to cool to room

All manipulations were carried out under nitrogen atmosphere, using f[emperature and was filtered. From the filtrate, the solvent was removed

Schlenk techniques. The samples for spectral measurements werdn vacuo, and the solid obtained was recrystallized from a minimum
prepared in a drybox. Solvents were dried over Na/K alloy and distilled @mount of toluene to obtain yellow crystals 26 in 79% (0.68 g)
yield. Mp: >360°C. *H NMR (CeDe, 25 °C, 8): 2.06 (s, 30H, &

(1) (a) Kriinen, S.; Abbenhuis, H. C. L.: Hanssen, R. W. J. M.; van Hooff, Mes), 2.08 (s, 30H, @Vles). *F NMR (CiDs, 25°C, 0): 84, 74 (Ti-F).

J. H. C.; van Santen, R. AAngew. Chem1998 110, 374; Angew. MS (El): m/z (%) 850 [M'], 715 [M* — CsMes]. IR (Nujol, cm™?):
Chem., Int. Ed.1998 37, 356. (b) Raifeld, Y. E.; Nikitenko, A;  2964(m), 2910(s), 2857(sh), 1435(s), 1376(s), 1262(s), 1096(s),
Arshava, B. M. Tetrahedron1993 49, 2509. (c) Day, V. W.;  1023(s), 797(s), 722(s), 635(m), 608(s). Anal. Calcd faiHeF-Os-

Klemperer, W. GSciencel985 228 533. (d) Day, V. W.; Earley, C. . . . . . .
W.: Klemperer, W. G.; Maltbie, D. J1. Am. Chem. Sod985 107, Tia: C,56.43; H, 7.05, F, 4.46. Found: C, 55.7;H, 7.1 F, 4.2.

8261. (e) Yu, P.; Pape, T.; Uspl.; Said, M. A.; Roesky, H. W.; Preparation of [(CsMes)4TisMe](u-O)s (2¢). To a solution of2b
Montero, M. L.; Schmidt, H.-G.; Demsar, Anorg. Chem 1998 37, (1.00 g, 1.17 mmol) in toluene (50 mL), AIM&3.5 mL, 5 mmol, 1.4
5117. i M in hexane) was added dropwise with a syringe &0The reaction

@ (E‘) gogomlley, E'iﬁslmllwn’ dLAdlvég?zr glallnoln;g% Cher}?.lggasté%é’d mixture was slowly allowed to warm to room temperature over a period
(Erzcyglo%?d?g of .In(())ryg:nitr:oghemistr}}viley: 'éﬁ?chggér, Enéland, of 2 h. The resultant orange-yellow solution was stirred for an additional
1994 and references therein. (d) Babcock, L. M.; Klemperer, W. G. 2 h at room temperature. The solvent was removed under vacuum and
Inorg. Chem. 1989 28, 2003. (e) Carofiglio, T.; Floriani, C,; the yellow solid obtained was recrystallized from toluene (10 mL) at
Sgamellotti, A.; Rosi, M.; Chiesi-Villa, A.; Rizzoli, Cl. Chem Soc, —20 °C, which resulted in the isolation &c in 81% (0.8 g) yield.
Dalton Trans 1992 1081. Mp: 127°C.H NMR (CgDs, 25°C, 8): 1.99 (s, 30H, G@Vies), 2.00

(3) Yu, P.; Roesky, H. W.; Demsar, A.; Albers, T.; Schmidt, H.-G.; ; . _
Noltemeyer, M.Angew Chem 1997, 109, 1846;Angew. Chem., Int. (s, 30H, G’Me_f’)’ 0.54 (s, 6H, TiMe). MS (El):mz (%) 827 [M
Ed. Engl.1997, 36, 1766. Me]. IR (Nujol, cmr?): 2947(sh), 2912(vs), 2859(sh), 1435(m),
(4) (a) Blanco, S. G.; Guez-Sal, P.; Carreras, S. M.; Mena, M.; Royo, 1475(s), 1261(m), 1071(m), 908(m), 783(vs), 728(vs), 623(m). Anal.
P.; Serrano, RJ. Chem Soc, Chem Commun 1986 1572. (b) Calcd for GoHecOsTis: C, 59.82; H, 7.83. Found: C, 60.4; H, 7.7.
Palacios, F.; Royo, P.; Serrano, R.; Balcazar, J. L.; Fonseca, |;
Florencio, F.J. Organomet. Chen989 375, 51. (c) Babcock, L.

M.; Day, V. W.; Klemperer, W. GJ. Chem Soc, Chem Commun (6) Llinas, G. H.; Mena, M.; Palacios, F.; Royo, P.; Serrano,JR.
1987 858. Organomet. Cheni988 340, 37.

(5) Gamez-Sal, P.; Martin, A.; Mena, M.; Yamos, Clnorg. Chem1996 (7) Mena, M.; Royo, P.; Serrano, R.; Pellinghelli, M. A.; Tiripicchio, A.
35, 242. Organometallics1989 8, 476.
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Table 1. Crystal Data and Structure Refinement Details Tand
2c

1 2c
empirical formula G4H40Tio CaoHes0OsTi4°0.5GHs
fw 442.38 888.61
cryst syst monoclinic monoclinic
space group P2:/n C2/m
a(h) 8.399(2) 18.149(4)

b (A) 31.156(6) 16.458(3)
c(A) 14.411(3) 15.358(3)
o (deg) 90 90

p (deg) 90.12(3) 100.33(3)
y (deg) 90 90

V (A3) 3771(1) 4513(2)

A 6 4

T(°C) —73 —140

Deaica (Mg cm2) 1.169 1.308

u (mm-1) 0.645 0.724
F(000) 1428 1884
cryst size (mm) 1.0k 0.50x 0.20 0.40x 0.40x 0.15
6 range (deg) 3.5625.12 2.02-27.45
no. reflns collected 9803 34 250
no. independent reflns 6533 5321

Rint 0.0378 0.0460

no. data 6533 5321

no. params 388 361

no. restraints 0 473

GOF onF? 1.049 1.085
R12[l > 2 0o(l)] 0.0442 0.0354
wR22 (all data) 0.1083 0.0921
largest diff peak 0.325,—0.362 0.398-0.329

and hole (e A3)
AR1=J||Fol — IFcll/%|Fol. WR2=[SW(|Fs?| — [Fe)% T wIFs?|7 "2

X-ray Structure Determination. Crystals ofl and2cwere mounted
with perfluoropolyether on a glass fiber and flash-cooled to 200(2) and
133(2) K, respectively, in a stream of nitrogen §d3iffraction data
for 1 were collected on a Stoe-Siemens-AED four-circle diffractometer
using a learned profile method. Data f&¢ were collected on a Stoe-
Siemens-Huber four-circle diffractometer coupled to a Siemens 1K CCD
area detector with graphite monochromated Ma Kadiation ¢ =
0.710 73 A) usingp- andw-scans. Both structures were solved by direct
methods implemented in SHELXS-9@nd refined againgt? on all
data by full-matrix least squares with SHELXL-%7All non-hydrogen

atoms were refined anisotropically. Hydrogen atoms were then included
on calculated positions and refined using a riding model. The disordered
Cp* in 2cwas refined with the use of restraints on 1,2 and 1,3 distances,

the sphericity and similarity of anisotropic displacement parameters,

and rigid bond restraints for anisotropic displacement parameters. For

Notes

Figure 1. Molecular structure of [MesTiMez](«-O).

been characterized by X-ray diffraction techniques, elemental
analysis, IR, andH and3C NMR spectroscopy. ThiH NMR
spectrum of compound shows two singlets assignable to
pentamethylcyclopentadienyl protons (1.91 ppm) and methyl
groups (0.68 ppm) attached to titanium centers. The IR spectrum
indicates a very strong band at 800 ¢mwhich can be assigned
as v(Ti—O—Ti). Compoundl crystallizes in the monoclinic
space groufP2,/n with one-and-a-half molecules in the asym-
metric unit. The molecular structure @fdepicted in Figure 1
shows a pseudotetrahedral arrangement about each titanium
atom and comprises a pentamethylcyclopentadienyl ring, two
methyl groups, and an oxo bridge. The-1 bond lengths fall

in the range 1.800(2)1.812(3) A, which are slightly shorter
than the average FO distance in the corresponding trimeric
structure [Cp*TiMef-O)]3*2and in the same range of the values
of [Cp*TiCl,]2(u-O).* The two molecules in the asymmetric
unit are significantly different. One of them lies on the inversion
center so that the FiO—Ti angle is forced to be exactly 180
while this angle is 153.4(1)in the second molecule without
crystallographic symmetry. In [Cp*Tigl(«-O) there are one
and two half-molecules in the asymmetric unit. The-O—Ti
angle ranges from 154.40 159.F. The flexibility of this angle

is also shown in two different structures of [Cp*Ti+
(u-0O) 12183 where the angles are 18hd 116.1.

Reaction of Cp*TiC4 with water in the presence of triethyl-
amine afforded the isolation @ain moderate yield. Compound
2ais stable in air and has been characterizedthNMR, IR,

MS, and elemental analysis. In thel NMR spectrum, two
distinct signals (1.87 and 1.86 ppm range) were observed that
are assignable to two different ¥CsMes environments. The
MS spectrum shows the molecular ion peak\t 882 (1/z)

the toluene molecule, distance and planarity restraints were used. Thecorresponding tdl, and the fragment of the highest mass is

crystallographic data and structure refinement detaild fand 2c are
given in Table 1.

Results and Discussion

Under controlled conditions compound Cp*Tilteydrolyzed
in toluene at room temperature to the oxo-bridged dimeric

species ) as shown in Scheme 1. The progress of the reaction

Scheme 1

2Cp*TiMe, + H,0 — [CsMesTiMe,],(u-0) + 2CH, (1)
1

observed atvz 747 [Mt — CsMes]. The IR spectrum indicates
two strong bands at 784 and 722 thwhich arise from two
different Ti—O—Ti linkages.

A 1:2 reaction betweeRa and MeSnF in toluene leads to
the isolation of2b (Scheme 2), which has been characterized

Scheme 2
[(CMey),Ti,ClL)(u-O)s + 2Me,;SnF—
[(CsMey), Ti,F5](u-0)s + 2Me,SnCl (2)
2b

by elemental analysis, MS, afd and'°F NMR spectroscopy.

was indicated by the evolution of methane. The corresponding The IH NMR of 2b demonstrates the presence of two different

trimeric and tetrameric structures, known in the literature, are
formed by adopting a similar synthetic procedure. The dimeric
compoundl is soluble in common organic solvents and has

(8) Kottke, T.; Stalke, DJ. Appl. Crystallogr.1993 26, 615.

(9) Sheldrick, G. M.Acta Crystallogr., Sect A99Q 46, 467.

(10) Sheldrick, G. M.SHELXL-97 University of Gdtingen: Gdtingen,
Germany, 1997.

signals (2.06 and 2.08 ppm) forskles, while its 1% NMR
spectrum shows two resonances at 74 and 84 ppm corresponding

(11) Troyanov, S. |.; Rybakov, V. B.; Varga, V.; Sedmera, P.; Max, K.
Metalloorg. Khim 1991, 4, 1004.

(12) Thewalt, U.; Schomburg, Dl. Organomet. Chenl977 127, 169.

(13) Gowik, P.; Klaptke, T.; Pickardt, JJ. Organomet. Cheni99Q 393
343.
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to Ti—F. However, the resonance that appeared at 84 ppm is
less conspicuous; perhaps this is due to the existence of two
kinds of fluorine, one above and the other below the plane of
the titanoxane ring. The most intense peak in the mass spectrum
of 2b is atm/z 715 [M™ — CsMes), and the highest fragment
observed is ai/z 850 [M*], which corresponds t&b.

In a study of the reactivity of AIMgtoward organotitanoxane
fluoride, 2b at 0°C leads to the isolation ¢fcin which one of
the methyl groups is transferred from aluminum to titanium
along with the elimination of M&AIF (Scheme 3). Similar

Scheme 3
[(CsMey),Ti,Fyl(u-0)s + 2AIMe; —

[(CsMe;), TiMe,|(u-O)s + 2AIMe,F (3)
2c

Figure 2. Molecular structure of [(€Mes)sTisMez](u-O)s.

studies on the akylation of organotitanoxane fluoride by AiMe ~and [(Cp4TiF,](4-O)s show weighted rms deviations of 0.019
have been reported from this laboratd#y. The IH NMR and 0.032 A, respectively, for the same atdhs.

spectrum oRc exhibits three signals assignable to two different Acknowledgment. S.P.V. thanks the Alexander von Hum-
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protons. The mass spectrum shows the highest molecular Mas$orted by the Deutsche Forschungsgemeinschaft.
atm/z 827 [M* — Me]. The molecular structure @cis shown

in Figure 2. The structure d?c does not differ significantly Supporting Information Available: Tables listing detailed crystal-
from the structure previously reportédilthough the quality lographic data, atomic positional parameters, and bond lengths and
greatly improved. A root-mean-square fit of all titanium and angles. This material is available free of charge via the Internet at
oxygen atoms gave a weighted root-mean-square deviation ofhttp://DUbS'aCS'org'

0.030 A. [(Cp*%TisCly)(u-O)s, which is isostructural witt2c, 1C0013072





