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A new pentamethylcyclopentadienyl titanoxane fluorideM&s)4TisOsF, (1b) has been synthesized froms(C
Mes)4Ti40sCl; using the fluorinating reagent M®nF. The fluorination of organotitanoxane chlorides proceeds
via a proposed intermediate similar to the four-membered ring-Tij(«-F)Sn and the bridged Ti¢F)CISnMe;
species. The reactions @b and [GMesTi(u-O)F]s with AIR; (R = Me, Et, CHPh) afforded the thermally
unstable adducts gMesTi(u-O)]aFa—n[(u-F)AIR3], (n = 1—4), which proceed with selective exchange of fluorine
atoms for alkyl groups to give an eight-membered alkylated ring compouMe4Ti(«-O)R]s. The reactions of

1b and [GMesTi(u-O)Fls with MesSiCl result in exchange of fluorine for chlorine atoms. Moreover, using an
excess of MgSiCl leads to a novel oxygerthlorine exchange reaction to giveNlesTiClz. The crystal structures

of complexes (@Mes),Ti;0sX, (X = Cl (18), F (1b)), [CsMesTi(u-O)]4F[(u-F)AIMes)s (2b), [CsMesTi(u-O)]4F3[ (-
F)AI(CH,Ph)] (3a), and [GMesTi(u-O)Et]s (4) have been determined by X-ray diffraction studies. Both chlorides
and fluorides inlaand1b, respectively, are oriented to the exo position of their “butterfly” structures. The bond
lengths of the terminal fluorines (FiF) in compound2b and 3a are discussed with respect to the deviation
from the bond lengths of the bridging fluorines {If,—Al). The structure o# displays a nonplanar O, ring
conformation as shown i@b and 3a.

Introduction become a versatile method particularly in the conversion of
group 4-6 and also main group chlorides to the corresponding
organometallic fluorides.

Reactions of gMesTiF3 with alkali metals and their fluorides
lead to a variety of TF—alkali metal cluster$®and in general
the reactions of §MesMF3 with AIR3 (M = Zr, Hf; R = alkyl)
in different stoichiometries result in the activation of-8 bonds
as well as the formation of zirconiumand hafnium-aluminum
clusters [(GMesM)3Al gMeg(us-CH)s(u2-CHy)2].” As a potential
drew type of olefin polymerization catalyst, however, organoti-
tanoxane compounds have attracted less attention to date. Few
the compound [@MesTi(u-O)Fl is the only confirmed organo- investigatic_)ns have been carrie_d out on the alkylation reactions
titanoxane fluoride structure which was prepared using two Of organotitanoxane halides with alkylaluminum compounds,

methods: (a) by treating ®lesTiF; with (BusSnyO and (b) which are of great interest in establishing the highly reactive
by reacting [gMesTi(«-O)Cl]; with MesSnF452 The latter has homogeneous group 4 metallocene/alumoxane type of olefin
polymerization catalyst.

Organometallic fluorides are of special interest since i
bonds play a key role in the cleavage and formation efFC
bonds, i.e., GF bond activatiod. The presence of open
coordination sites facilitates the first step of any catalytic cycle
which involves substrate coordination at the metal cehter.
Therefore, as part of our research efforts in this complementary
line, we are interested in using the organotitanoxane fluorides
as starting materiafs.In fact organotitanoxane fluorides have
attracted less attention to date due to the absence of a gener
synthetic method. For example, to the best of our knowledge,
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Table 1. Crystallographic Data fota,b, 2b, 3a,and4
la 1b 2b 3a 4
formula QQH 60C|205Ti 4 C40H eonosTi 4 C49H 37A| 3F404Ti4 C61H31A| F404Ti 4 C43H goO4Ti4
fw 882.51 850.48 1087.55 1173.11 912.89
cryst syst monoclinic triclinic monoclinic triclinic monoclinic
space group C2/m(No. 12) P1 (No. 2) P2:/n (No. 14) P1 (No. 2) P2,/c (No. 14)
a(h) 18.404(4) 10.872(2) 22.593(5) 14.625(3) 22.985(5)
b (A) 16.524(3) 11.892(3) 14.073(3) 14.798(3) 22.254(5)
c(A) 14.893(3) 17.678(4) 23.134(5) 17.948(4) 23.307(5)
o (deg) 90 86.04(3) 90 67.630(10) 90
p (deg) 98.87(3) 86.68(1) 107.23(3) 81.610(10) 113.57(3)
y(deg) 90 68.11(1) 90 89.85(2) 90
V(A3 4475.1(2) 2114.7(8) 7025(2) 3547.6(13) 10927(4)
4 2 8 2
Pealca (g CMT3) 1.374 1.336 1.204 1.270 1.214
T(°C) —73 =70 -20 —140 —140
A (A) 0.710 73 0.71073 0.710 73 0.710 73 0.710 73
u(cmt) 8.49 7.76 5.27 5.03 6.04
R12 0.0396 0.0362 0.0524 0.0577 0.0485
wR2 0.1113 0.0988 0.1377 0.1368 0.1112
AR1 = S|Fo — Fel/3Fo| [I > 20(1)]. PWR2 = [Sw(Fs? — FASWF4Y? (all data).
Recently we have reported on preliminary results where we e c; CsMes Cl Cl
. . CsMes CsMes
have shown that the FF bonds of [GMesTi(«-O)F]s can be \ : / :

: \ P
activated using AlMe to form a thermally unstable, almost T(S:Tl’ ﬂ /T'<8\\T—_i Tl\
linear-bridged T+F—Al adduct, [GMesTi(-O)(u-F)AMes].° { > % ¢

This example provides intriguing insight into the oxygen or MesCs Mesc/s\%
fluorine abstraction from [MesTi(u-O)F]s by using various
alkylaluminum compounds to obtain the unknown eight- A [X =Cl(1a), F(1b)] B

membered alkylated ring compounds[esTi(«-O)R]s. Such
reactions are interesting because they are expected to throw Iighﬁ
on the C-H bond activation similar to those observed in several
corresponding six-membered-ring compoundsM&sTi(u- pared in high yield by reaction of gMesTi(x-O)Cl]s with
O)R]s.1% It should be mentioned here that despite intensive MesSnF (eq 1f2 the fluorine-chlorine exchange mechanism
research on methylaluminoxane (MAO), which is the most pathway is still unclear in the ring expansion from a six- to an
effective cocatalyst in olefin polymerizatiéh,MAO has not eight-membered ring. Furthermore, attempts to isolagMEg-
been fully characterized and has the undesirable property ofTiF,],(«-O) by the same method were unsuccessful (eq 2); only
exhibiting variable compositiot? [CsMesTi(u-O)F]s was detected along withs®lesTiFs.

We report herein the detailed preparation and the first step
in the fluorination reaction of a new organotitanoxane fluoride 4[CsMeTi(u-0)Cl]; + 12Me,SnF
(CsMes)4Ti4OsF2 (1b), the chlorine-fluorine and oxygen
chlorine exchange reactions of organotitanoxane fluoride when
treated with MgSiCl, the reactions of the compounds|@es-
Ti(u-O)F]s and 1b with AIR3, and the formation of a novel
alkylated compound [§MesTi(«-O)Et]s along with the single-
crystal X-ray structures of Mes)4Ti4OsX, [X = Cl (1a), F
(1b)], [CsMesTi(u-O)]aFa—n[(u-F)AIR3]s [R = Me, n = 3 (2b);
R = CH,Ph,n = 1 (3d)], and [GMesTi(u-O)Et]s (4) (Table
1).

igure 1. (A) View of the molecular structure ofa and 1b. (B)
lemperer’s proposition for compleka.

toluene
-
room temp

3[C;Me;Ti(u-O)F], + 12Me,SnCl (1)

4[CMegTICl ],(u-0) + 16Me,SnF— -~

room temp

[C.Me,Ti(u-O)F], + 4CMe.TiF; + 16Me,SnCl (2)

We have chosen @es)4Ti4OsCl, (1), which has a rigid
conformation, as a starting material. The structurd@ahas
not been confirmed by X-ray crystallography to d&teThe
reaction oflain a 1:2 molar ratio with MgSnF in toluene results
) ) in the formation of a pale yellow crystalline compound which
Synthesis and Structural Aspects of Organotitanoxane  goes not melt below 36TC. The compound was characterized
F_Iuorlde ano! Chloride. Although the_flrst eight-membered- by elemental analysis, mass spectrometry, &hend1%F NMR
ring organotitanoxane fluoride [®lesTi(u-O)F], can be pre- spectroscopy, which are in agreement withsNi8s)sTisOsF»
. Sinm H. Kaminsky WAD O Chem1980 18 99 (1b). Bothlaandlb have been established by X-ray diffraction
®) ((g; K;?Qi'nsk’yv @T'Eﬁp{;}, K. é'rim;?r?;eortnﬁt_'H_; \?Vild, Fq Rw p.  Studies and exhibit a “butterfly” structure (Figures 1A, 2, and
Angew. Chenml985 97, 507;Angew. Chem., Int. Ed. Endl985 24, 3).
gozégg EgkelréoGs.; Albrecht, M.; Werner, S.; Kger, C.Z. Naturforsch. The CI(F) bound to the “terminal” titanium atoms are oriented
(9) Yu, P.: Roesky, H. W.: Demsar, A Albers, T.. Schmidt, H.-G.: to the exo position rgther thanlio the endo one as proposed by
Noltemeyer, M.Angew. Chem1997 109, 1846;Angew. Chem., Int. ~ Klemperer for1a (Figure 1B):* The average HO bond
Ed. Engl 1997 36, 1766. lengths are 1.840 and 1.830 Almand1b, respectively. The
(10) (Ca) S”dfesv R ﬁa'i‘ggovvlg/'-z\ig é"'agi”'AAd? Me”g_'\é; Isiﬂtamf\‘ﬂf ia, O—Ti—CI(F) angles fall in the range of 103:304.6. The
v égﬂg‘jg;? v P_.4 Mt A'.-(rleeng M Santenaris ¢ Ti—Cl bond distance ida(average 2.28 A) is longer than those
Organomet. Cheml996 526, 135.
(11) Kaminsky, W.; Sinn, HTransition Metals and Organometallics as  (13) Pilar, G.-S.; Martin, A.; Mena, M.; Yelamos, Gorg. Chem 1996
Catalysts for Olefin polymerizatiorSpringer Verlag: Berlin, 1988. 35, 242.
(12) Kaminsky, W.; Bark, A.; Steiger, Rl. Mol. Catal.1992 74, 109. (14) Babcock, L. M.; Klemperer, W. Gnorg. Chem 1989 28, 2003.

Results and Discussion




Organotitanoxane Halides

Figure 3. Molecular structure of (€Mes)4TisOsCl, (13).

Table 2. Selected Bond Lengths (A) and Angles (deg) fer

Ti(1)—O(1) 1.8392(18)  Ti(1}O(3) 1.8594(14)
Ti(2)—0(1) 1.8361(19)  Ti(2}0(2) 1.8579(15)
Ti(3)—-0(2) 1.8110(14)  Ti(3Y0(3) 1.8111(14)
Ti(1)-O(3A)  1.8594(14)  Ti(2}O(2A)  2.368(3)
Ti(3)—ClI(1) 2.2847(7)

O(1)-Ti(1)—O(3A) 102.05(6) O(I¥Ti(1)-O(3)  102.05(6)
O(3)-Ti(1)-O(3A) 105.07(9) O(1}Ti(2)-0O(2)  101.86(6)
O(1)-Ti(2)-O(2A) 101.86(8) O(2)Ti(2)—O(2A) 105.09(10)
O(2-Ti(3)-0(3) 105.10(7) O(2)Ti(3)—CI(1) 103.43(6)
O(3)-Ti(3)-CI(1) 103.32(5) Ti(1}-O(3)-Ti(3) 127.57(8)
Ti(L)—O(1)-Ti(2) 122.52(10) Ti(2}O(2)-Ti(3) 127.84(8)

Table 3. Selected Bond Lengths (A) and Angles (deg) fdr

Ti(1)—O(1) 1.842(2) Ti(1)}-O(4) 1.8404(19)
Ti(1)—0(5) 1.834(2) Ti(2)-0(1) 1.8192(19)
Ti(2)—-0(2) 1.8146(19) Ti(30(3) 1.8434(19)
Ti(3)—0(2) 1.848(2) Ti(3}0(5) 1.8405(18)
Ti(4)—0(3) 1.8186(19) Ti(4)O(4) 1.8256(19)
Ti(2)—F(1) 1.8247(18) Ti(4}F(2) 1.8125(19)

O(5)-Ti(1)-0O(4) 102.19(9) O(GYTi(1)—O(1) 101.96(8)

O(4)-Ti(1)-O(1) 105.46(9) O(2)Ti(2)-O(1) 105.57(9)

O(3)-Ti(4)-O(4) 105.44(9) O(5¥Ti(3)—O(3) 101.90(8)

O(5)-Ti(3)-0(2) 101.57(8) O(3)Ti(3)—0O(2) 105.41(10)

Ti(2)-O(1)-Ti(1) 126.69(11) Ti(2}O(2)-Ti(3) 126.92(10)

Ti(4)—O(3)-Ti(3) 126.98(10) Ti(4}>O(4)-Ti(l) 126.68(11)

Ti(1)—O(5)-Ti(3) 123.02(10) F(2}Ti(4)—0O(3) 103.68(10)

F(2)-Ti(4)—O(4)  103.80(10)

of Ti—F (average 1.83 A) inb and [GMesTi(u-O)F], (average
1.845 AYb (Tables 2 and 3).

The fact that the chlorine atoms are oriented to the outer
direction indicates that the fluorinating reagentJ®@eF attacks
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Scheme 2

3[CsMesTiOF]; + 12Me;SiCl— 4 [CsMesTiOCl]; + 12 MesSiF

€XCess
Me;SiCl

(CsMes)yTis0g + excess Me3SiCl—4CsMesTiCl; + 6(MesSi),0

€xcess

Me;3SiCl
(C5M€5)4Ti405F2 + 2 MC3SlCl E—— (C5Me5)4Ti405C12 + 2 MC}SiF
1b la

the “terminal” titanium atoms ofla from the outer direction
leading tolb and keeping the same conformation by chlorine
fluorine exchange via a proposed intermediate similar to the
four-membered-ring Ti(-F)(-Cl)Sn and Tif-F)CISnMe spe-

cies (Scheme 1). In a previous paper we showed that a
corresponding zirconium compound keeping the CISsaMe
coordinated to the zirconium center via 4+)CISnMe could

be isolated? Therefore, it is likely that the reactions in egs 1
and 2 proceed via the rearrangement of the ring to afford the
thermodynamically more stable compound&sTi(u-O)F]a.

The chlorine-fluorine exchange reactions have been reported
in connection with the preparation of silyhydrazine ring systems
and mixed fluore-chloro derivatives of group 4 elements, using
MesSiCl as an exchange reagéhtWe have also found that
not only the fluorine atoms but also the oxygen atoms in the
organotitanoxane fluoride can be replaced by chlorine atoms
when treated with an excess of M#Cl. When the compounds
[CsMesTi(u-O)F]s and1b were allowed to react with stoichio-
metric amounts of MgSICl in toluene, [GMesTiOCI]; and1a
were formed. However, when §®lesTi(u-O)F]s, 1a, 1b, [Cs-
MesTiOCl]3, or (GMes)4Ti4Og was reacted with an excess of
MesSiCl, the quantitative formation of MesTiCls resulted
(Scheme 2). The driving force of these reactions is attributed
to the formation of the very strong SF and S+-O bonds in
MesSiF and (MgSi),0.

It is worth mentioning here that the oxygeohlorine
exchange reaction has recently become useful for developing

(15) (a) Murphy, E. F.; Lbben, T.; Herzog, A.; Roesky, H. W.; Demsar,
A.; Noltemeyer, M.; Schmidt, H.-Gnorg. Chem 1996 35, 23. (b)
Dorn, H.; Shah, S. A. A; Parisini, E.; Noltemeyer, M.; Schmidt, H.-
G.; Roesky, H. Wlnorg. Chem 1996 35, 7181.
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Scheme 3
Ticly—22 ricy RC=0, ¢ ryc=CRR, + [TiOCH
+2Me;SiCl
—(Me3Si)20

carbonyl coupling reactions (McMurry reactid®lpy using low-
valent titanium catalysts which can be obtained by the reduction
of TiClx (x = 3, 4). The latter can be recovered directly from
titanium oxides or oxychlorides treated with p&Cl (Scheme
3)_17

Alkylaluminum Adducts of Organotitanoxane Fluorides
and Structural Aspects. Substitution reactions can be carried
out using organotitanoxane chlorides. sf@sTi(«-O)Cl]3 was
partially or completely alkylated by using stoichiometric
amounts of the corresponding organolithium or Grignard reagent

to afford a series of trinuclear complexes si@&sTi(u- Figure 4. Molecular structure of [eMesTi(«-O)]4F[(u-F)AlMes]s (2b).
O)]03C|n'R'3tTnl(ntt: oytlltZ).l(l)k late th it fluorid Table 4. Selected Bond Lengths (A) and Angles (deg) 2w
ur initial attempts to alkylate the organotitanoxane fluoride o -

[CsMesTi(u-O)Fla using LiMe in a 1:4 molar ratio gave a pale Egg_:ﬁg; 18228 Eg&:ﬁ% iggggg
yellow solid very soluble inn-hexane, which decomposes Ti(1)—0(2) 1.849(3) Ti(1>0(4) 1.844(3)
without melting at 340C. The highest fragment observed in Ti(2)—0(3) 1.840(3) Ti(2)-0(4) 1.795(3)
the EI-MS wasm/e 872 (M), which corresponds to gMes- Ti(3)-0(3) 1.815(3) Ti(3)-0(1) 1.824(3)
Ti(u-O)Fls. TheH NMR spectrum exhibits two different types Ti(4)—0(1) 1.827(3) Ti(4y-0(2) 1.790(3)
of signals ¢ 1.94 (GMes) and 1.29 (LiMe) ppm). Thé®F ﬁ:gg::ﬁ% 1'222% AIRYFF(3) 1.892(3)

NMR is shifted from a sharp signal for {®lesTi(u«-O)F], (64.6
ppm) to a broad one{203.8 ppm). This implies the formation ~ Al(2)—F(2)-Ti(2) 177.94(15) AI3)-F(3)-Ti(3) 173.72(16)
of stable Ti-F—Li bridged complexes which can only be éz(]f;)_'l—":((f))_(-gl((ﬂrzl)) 113)53‘55((11%)) l'::((gpgg_g% igjgi&%
. . . — 11 — . | - .
formulated as [@MesTi(u-O)(u-F)lsLiMe]x (x = 1—4) since F3)-Ti(3)-0(3) 10547(12) F(&Ti(4)-0(1) 102.93(13)

the elemental analysis could not assign the value dittempts F(4)-Ti(4)—0(2) 102.88(13) O(HTi(1)—0O(2) 104.51(13)
to obtain a single crystal of this product to determine the O(3)-Ti(3)-0(1) 105.21(13) O(2}Ti(4)—O(1) 106.29(13)
molecular structure were unsuccessful. Subsequently, we Ti(3)—O(1)-Ti(4) 165.60(17) Ti(1)}-O(2)-Ti(4) 161.79(18)

investigated the reaction of i@lesTi(u-O)F], with AIMez in a Ti(3)—0Q)-Ti(2) 162.47(17) Ti(2rO(4)-Ti(1) 162.77(17)
1:4 molar ratio in toluene at-20 °C. A bright red solution o . o .
formed soon after mixing, from which red crystals of§s- ring Tis04 [Ti(3) —F(3)—Al(3) 173.7] is slightly different from

Ti(u-O)(u-F)AIMes]4 (2a) were obtained (Scheme 2)The 19F that on the other side [Ti(2)F(2)-Al(2) 177.9, Ti(4)—F(4)—
NMR experiment in toluenes at —20 °C has shown that the ~ Al(4) 175.4] (Table 4).
signal of the starting material f®lesTi(x-O)F]4 (0 64.6 ppm) Crystals of both2a and 2b are unstable and decompose
disappeared within ca. 20 min and was replaced by two sharpquickly at room temperature even under nitrogen atmosphere
signals (intensity 1:1) at high field(—132.6,—136.5 ppm) to afford an orange yellow solid, which has been characterized
with respect to CFGl This indicates that the four terminal by *H and*®F NMR spetroscopy and hence formulated as [C
fluorines are coordinated to AIand the eight-membered ring  MesTi(u-O)]aF[(u-F)AIMes] (2¢) (Scheme 4). Compourzt
Ti4O4 becomes nonplanar, as already confirmed by the crystal Was synthesized independently by reactingM@€sTi(«-O)F]4
structure analyses in our earlier repbrikdoreover, it was found ~ With 2 molar equiv of AIMe. The'H NMR of 2c demonstrates
that compoun@a slowly decomposes at10 °C, leading to an the presence of two different signals fog\@es and another for
orange product, which has been confirmed as a new compoundAlMes, while its 1% NMR shows one signal at low field)(
[CsMesTi(u-O)]aF[(u-F)AlMes)s (2b) (Figure 4), by means of ~ 95.4 ppm, with respect to CFglIfor the terminal fluorine and
X-ray crystallography. another at high fieldd —113.1 ppm) for the bridging fluorine.

It was possible to synthesi2b by treating [GMesTi(u-O)F]s Dissolving2cin THF Ieads to the starting m_aterial JK2esTi-
with AlMe3 in a 1:3 molar ratio in toluene at10°C (Scheme  (#-O)Fls (Scheme 4) without adduct formation.
4). The %F NMR experiment at-10 °C showed that the Attempts to obtain a suitable single crys_tal_Z:ffor X-ray
original signal ¢ 64.6 ppm) is replaced by three signals analysis hfa\ve been u.nsuccessfull sofar. Itis interesting to note
(intensity 2:1:1) ¢ —135.0, —130.5, 100.8 ppm), which is  that reacting [@MesTi(u-O)Fs with only 1 molar equiv of
consistent with the structure containing three bridgingFj— AlMes proceeds differently, to give a mixture of the starting
Al bonds and one terminal FiF;, bond. The X-ray structure ~ Material and2c, and not the expected product s[{esTi(u-
analyses shows that the terminat-F, bond length (1.823 &)  O)lsFs[(u-F)AMes]. That is possibly attributed to the smaller
is shorter than those in the bridging position (averageFfi  Steric hindrance of methyl groups in AlMeHence, when [&
1.958A and AFF, 1.884 A). The bond distances of the MesTl(y-O)Fj4 was allowed to react with st0|ch|ometr|_c amounts
bridging fluorines are comparable with the corresponding ©f AlRs having more bulky R groups, the formation of the
distances in compour®a (average T+F, 1.959 A and A-F, alkylaluminum adducts [EMesTi(u-O)J4Fs[(u-F)AIR3] [R =

1.896 A)? while the Ti—F,—Al bond angle on one side of the ~CHzPh 3a), Et (3b)] became much more facile (Scheme 5).
The low stability of complexe8a and3b was confirmed by

(16) McMurry, J. E.Chem. Re. 1989 89, 1513. the absence of the molecular peaks in their mass spectra. The
(17) Fustner, A.; Hupperts, AJ. Am. Chem. Sod995 117, 4468. MS contains only the starting material{@esTi(x-O)F]s (m/e
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Figure 5. Molecular structure of [@MesTi(u-O)]aF3[(u-F)AI(CHPh)] (33).

Scheme 4
[CsMesTi(wO)Fl4
2AMes-3THF
+4AlMe +3AMe;| toluene THF/r t
toluene -10°Cc *2AlMe;
-20 °C toluene/r t
AIM Al AlMe;
Mes \Me; AlMe; F/ e
F
Mescs\iko*T{“/CsMes MeSCS\%VO\T)iiCSMCS Me5C5\Kﬁ/O\T/i/C5MeS
5 - AlMes L S -AMe
\ -10 °C \ / rt
Mescs//Ti\O/ | >CsMe; Me5C5//T i*O/T\‘\csMes MeSCS//Ti\O/TI\CSMej
/F /F li F
AMe; AlMe; AlMe;, AlMe; AlMe;
2a 2c
Scheme 5 Table 5. Selected Bond Lengths (A) and Angles (deg) 3ar

2JR3

F
(MesC2 Y, —O—fs— (CsMeyf

[CsMesTi(O)F)y + AR; % < /
(Mescs)c/,Ti\o/T\l\ (CsMes)°
F F

R = CH,Ph (3a), Et (3b)

872). The complexes were characterized'Hyand °F NMR
spectroscopy to show three different types ei¥i&s groups [(G-
Mes)2, (CsMes)P, and (GMes)© (see Scheme 5)] and a series of
signals in**F NMR which is consistent with two different types
of terminal fluorines and one bridging fluorine. The X-ray
analysis of compoun@a confirms (Figure 5) the structure

Ti(1)—F(1)
Ti(3)—F(3)
Al—F(1)

Ti(1)—0O(4)
Ti(2)—0(2)
Ti(3)—0(3)
Ti(4)—0O(4)
Al—-C(B15)

Ti(1)—F(1)—-Al
F(1)-Ti(1)—0(4)
F(2)-Ti(2)—0(2)
F(3)—Ti(3)—0(2)
F(4)—Ti(4)—0(4)
O(2)—-Ti(2)—0(1)
O(4)—Ti(4)—0(3)
Ti(2)—O(2)-Ti(3)
Ti(1)—O(4)-Ti(4)
F(1)—-Al—-C(B8)

1.982(2)
1.853(2)
1.838(2)
1.796(2)
1.807(3)
1.816(3)
1.848(2)
1.994(4)

178.16(13)
104.85(10)
103.21(11)
104.09(11)
105.93(11)
106.23(11)
106.30(11)
165.46(15)
162.36(15)
107.11(14)

Ti(2}F(2)
Ti(4)-F(4)
Ti(1}-0(1)
Ti(2}-0(1)
Ti(3)-0(2)
Ti(4}-0(3)
A+(CB1)

A+-(CBS)

F(1>Ti(1)—0O(1)
F(2Ti(2)—0(1)
F(3}Ti(3)—0O(3)
F(4Ti(4)—0(3)
O(BHTi(1)—0(4)
O(3)Ti(3)—0(2)
Ti(LyO(1)-Ti(2)
Ti(43»0O(3)—Ti(3)
F(1)yAl—-C(B1)

F(:yAl—C(B15)

1.825(2)
1.817(2)
1.796(2)
1.843(2)
1.815(3)
1.808(3)
1.998(4)
1.995(4)

101.01(10)
104.12(10)
103.56(11)
102.59(11)
105.76(11)
104.42(11)
159.49(15)
163.09(16)
104.46(13)
101.29(13)

suggested by NMR spectroscopy and shows nearly linear terminal fluorine TF, bond (1.853 A) on the opposite side of

bridging of Ti—F,—Al (average Ti-F, 1.982 A, A-F, 1.838
A, and Ti-F,—Al 178.16"); this is slightly different from the
bridging in compoun®a (average T+F, 1.959 A, Al-F;, 1.896
A, and Ti-F,—Al 175.7°) and in compoun®b (average T+
Fo 1.958 A, A-F, 1.884 A, and T+Fy-Al 175.3°). The

the bridging Ti-F,—Al fluorine is longer than the adjacent ones
(average 1.821 A) (Table 5).

The thermal decomposition of f®lesTi(u-O)]4Fa—n[(u-F)-

AlMeg], (n = 2—4) does not afford the corresponding meth-
ylated compounds [§MesTi(u-O)]sFs—nMen; however, the mass
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Table 6. Selected Bond Lengths (A) and Angles (deg) 4or
Ti(LA)—O(1A) 1.824(2) Ti(2A)-O(1A) 1.824(2)
Ti(1A)-O(4A) 1.8236(19) Ti(2A)-0O(2A) 1.8236(19)
Ti(3A)-0O(2A) 1.8300(19) Ti(3A)-O(3A) 1.838(2)
Ti(4A)-O(3A) 1.824(2) Ti(4A)-O(4A) 1.8263(19)
Ti(1A)-C(1EA) 2.140(3) Ti(2A)-C(3EA) 2.143(3)
Ti(3A)-C(5EA) 2.127(3) Ti(4A)-C(7EA) 2.161(3)
C(LEA)-C(2EA) 1.469(3) C(3EA)-C(4EA) 1.489(3)
C(5EA)-C(6EA) 1.479(3) C(7EA)-C(8EA) 1.483(3)
O(1A)-Ti(1A)-O(4A) 107.96(9) O(1A)-Ti(1A)-C(1EA) 95.92(10)
O(4A)-Ti(1A)-C(1EA) 100.82(10) O(1A)-Ti(2A)-O(2A) 108.78(9)
O(1A)-Ti(2A)-C(3EA) 97.76(10) O(2A)-Ti(2A)-C(3EA) 100.00(10)
O(2A)-Ti(3A)-O(3A) 108.92(9) O(2A)-Ti(3A)-C(5EA) 99.38(11)
O(3A)-Ti(3A)-C(5EA) 100.02(11) O(3A)-Ti(4A)-O(4A) 108.57(9)
O(3A)-Ti(4A)-C(7EA) 99.73(9) O(4A)-Ti(4A)-C(TEA) 98.14(9)
Ti(1A)-O(1A)-Ti(2A) 161.48(11) Ti(2A)-O(2A)-Ti(3A) 160.05(11)
Ti(4A)-O(3A)-Ti(3A) 160.28(11) Ti(1A)-O(4A)-Ti(4A) 161.44(11)

Figure 6. Molecular structure of [MesTi(u-O)Et]s (4).

spectra reveal that the decompositior2ef 2b, and2c leads to

a mixture of products containing fluorine atoms and methyl
groups: MSm/e 845 [GMesTi(u-O)]sFMe; andm/e 849 [Gs-
MesTi(u-O)]sF2Me, respectively. This may suggest that the
formation of a cationic organotitanoxane fluoride occurs by
partial abstraction of the fluorine from §®lesTi(u-O)F], under
thermal conditions similar to that observed by Coville and co-
workers!® Furthermore, when [@MesTi(u-O)F]s was reacted
with 4 molar equiv of AlIMg at room temperature, a brown-
yellow solution was formed and resulted in an oil-like product.
Attempts to isolate any pure compound from this reaction
mixture were unsuccessful. In contrast, whesMi&sTi(u-O)F]s
was reacted with 4 molar equiv of AlEtn toluene at room
temperature, the novel tetranuclear alkylated complekgs-
Ti(u-O)Et]s (4) (Scheme 4) was obtained in moderate yield.
Compound4 was characterized by elemental analysis, MS,
NMR spectroscopy, and finally X-ray crystallography. This

Scheme 6

toluene
[CsMesTi(rO)F]y + 4A1E13W[CsMesTi(uO)(u'F)AlEtzh

——> [CsMesTi(1+0)Ey + 4AIEGF
4

toluene

(CsMes)sTig(0)sF + 2 AlMe
sMes)qTig(r0)sF, 3 300

1b

(CsMes)q Tig(1HO)s[(wF)AlMe;3 ],
rt

(CsMes)yTig(11O)sMe, + 2 AlMe,F
lc

deviation from the plane 0.006 A) whereas the four titanium
atoms are alternately positioned above and below the plane
(0.141 A). The T+O bond lengths, which fall in the range
1.826-1.841 A (Table 6), are longer than those insi@sTi-
(u-O)F]4 (average 1.816 A¥ due to the replacement of four
fluorine atoms by four ethyl groups. The bond distances of
Ti—C3Hs, which fall in the range 2.1272.161 A, are compa-
rable with those observed for FCHz; bonds in [GMesTi(u—
O)Me]; (2.08-2.10 A). We should mention here that although
the Ti—F; bond distances in (#Mes),TisOsF, (1b) (average
1.819 A ) are slightly shorter than those in {desTi(u-O)Fs
(1.845 A)4 compoundlb was easily methylated by using 2
molar equiv of AlMeg to yield the methylated product §Mdes)s-
TisOsMe, (10) (Scheme 6). Compoundic was synthesized
independently by Mena et al. using a different proced@ifgne
19 NMR monitoring studies on the reaction of@esTi(u-
O)FJs and1b with AlEtz and AlMe; performed in toluenels at
—40 °C show that the signals of the starting materia§\i@s-
Ti(u-O)Fls (0 64.6) andlb (6 54.5) are replaced by two sharp
signals ¢ —132.2,—134.3) for the former and a sharp signal
(6 —122.5) for the latter. This suggests that the compound [C
MesTi(u-O)F], and 1b are alkylated by alkylaluminum com-
pounds to form the corresponding adducts as intermediates, in
which one of the alkyl groups is transferred from aluminum to
titanium to give 4 and 1c, respectively, along with the
elimination of RAIF. This phenomenon occurs after the
reaction mixture is kept in a Schlenk flask at room temperature
overnight (Scheme 6).

Furthermore, it was found that when compoungNi@sTi-
(u-O)F]a was allowed to react with an excess of GaMhe

compound is thermally stable at room temperature although reaction mixture afforded only gMesTi(u-O)]aF3[(u-F)GaMe]

sensitive to air and moisture. The proton signals intHh&lMR
spectrum are seen at1.98 (GMes), 1.82-1.71 (CH), and
1.39-1.28 (CH) ppm. The structure &f has a nonplanar J0,4
ring conformation (Figure 6) as found g, 2b, and3a. In
compound4 the four oxygen atoms lie in a plane (mean

(18) Mobhring, P. C.; Coville, N. JJ. Organomet. Chenl994 479 1.

(5). Thisis probably because Gapie electron rich compared

to AIMes. Compounds is unstable and easily reverts tosfC

MesTi(u-O)F]s at room temperature. A partial X-ray structure

done on this sample shows that it is as formulated above;

however, a good set of data could not be collected.
Conclusions and Outlook.We have shown that organoti-

tanoxane chlorides can be easily fluorinated bys$té- via a
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four-membered-ring Ti(-F)(u-Cl)Sn intermediate, and organo-
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decomposes slowly at10 °C to give orange crystals, which were

titanoxane fluorides can be converted to the corresponding characterized as gMesTi(u-O)]4F[(u-F)AlMes]s (2b) by NMR spec-
chlorides and even further to the oxygen-free organotitanium roscopy.

chlorides by using an excess of p#CIl. Due to the electron
deficiency of alkylaluminum compounds, they exhibit electro-
philic reactions with organotitanoxane fluorides, giving the
corresponding alkylaluminum adducts with different stoichio-
metric ratios. The adducts react further to yield novel alkylated
compounds.

Finally, from our experience in this field, it is reasonable to
expect that an organotitanoxan&lR; compound may have
action and utility similar to those of the metallocerraethyl-
aluminoxane system. This investigation is in progress.

Experimental Section

All manipulations were performed under a dry nitrogen atmosphere

using standard Schlenk techniques. Solvents were dried and distilled
Melting points were

under nitrogen and degassed prior to use.
determined in sealed capillaries and were not calibratétiand *°F
NMR spectra (CDG| CgDs, or tolueneds solution) were recorded on
an AS-400 Bruker or an AM-200 Bruker spectrometer. Chemical shifts
are reported in parts per million with reference to external TMS or
CFCk. Mass spectra were obtained on a Finnigan MAT 8230 and a

Varian MAT CH5 spectrometer. Elemental analyses were carried out

by the Analytical Laboratory of the Institute of Inorganic Chemistry at
Gattingen.

The starting materials [fMesTiOCl]3,1% (CsMes)4Ti40s,1% [CsMes-
Ti(u-O)F]4,% MesSnF>2and Al(CH.Ph)?° were prepared according to
the literature methods. M8iCl, AIMes;, and AIEt were purchased
from Aldrich Chemical Co. and used as received.

(CsMes)4Ti40sCl2 (1a). The known organotitanoxane chloridea
was prepared in a better yield using the following modified procetfure.
A mixture of (GMes)4Ti406 (4.14 g, 5 mmol) and TiGI2THF (0.835
g, 2.5 mmol) in toluene (40 mL) was stirred at room temperature
overnight. The reaction mixture was subsequently filtered and dried
in vacuo to afford a yellow solid. The yellow solid obtained was
washed withn-hexane to yield 82% (3.62 g) of analytically pute.

Mp: 350-353°C. EI-MS: m/e(%) 882 [M*] (8), 747 [Mt—CsMes]
(100). 'H NMR and analytical data are similar to those previously
reported.

(CsMes)4Ti40sF2 (1b). A suspension ofla (3.53 g, 4 mmol) and
MesSnF (1.46 g, 8 mmol) in toluene (40 mL) was stirred at room

[CsMesTi(u-O)]4F[(u-F)AlMe 3]s (2b). Compound2b was prepared
by treating [GMesTi(«-O)F, (0.872 g, 1 mmol) with AlMg (1.5 mL,

3 mmol) in toluene (15 mL) at10°C for 10 min. The color changed
from yellow to orange during the addition. Orange crystals were
isolated in 60% (0.65 @) yield by cooling the solution10 °C). The
crystals decompose within 10 min at room temperature even under a
nitrogen atmosphere to afford an orange yellow solid which was
identified as [GMesTi(u-O)]4F[(u-F)AIMes], (2c) by NMR spectros-
copy.

[CsMesTi(u-O)]4F2[(u-F)AlMe 3], (2¢). Compound2cwas prepared
by reacting [GMesTi(u-O)F]s (0.872 g, 1 mmol) with AlMe (1 mL,

2 mmol) in toluene (15 mL) at C. The reaction mixture was stirred
for 20 min to give an orange yellow solution. The solution subsequently
was cooled {10 °C) to yield 45% (0.46 g) of an orange yellow
microcrystalline solil2c. Mp: >250°C dec. EI-MS: m/e(%) 864
[M*+—2AIMe,F] (8), 710 [Mf — 2AIMe,F — F — CsMes] (100). H
NMR (CeDe; ppm): 6 2.08 (s, 30 H, 6Mes), 2.10 (s, 30 H, Mes),
and—0.81 (s, 18 H, AlMg). %F NMR (CsDg; ppm): (95.4 and—113.1
(2:1). Anal. Calcd for GeH7sAlF4O4Tis: C, 54.43; H, 7.68; F, 7.48.
Found: C, 54.9; H, 7.8; F, 7.2.

[CsMesTi(u-O)]4F3[(#-F)AI(CH 2Ph)s] (3a). A mixture of [CsMes-
Ti(u-O)F]s (0.872 g, 1 mmol) and AI(CKHPh) (0.3 g, 1 mmol) in
toluene (20 mL) was stirred at room temperature overnight. The
reaction mixture obtained was filtered and subsequently coetdd (
°C) to yield 40% (0.47 g) of yellow crystaBa. Mp: 175-178°C.
EI-MS: m/e(%) 872 [M™ — AI(CH2Ph)] (10), 91 [CHPh] (100).*H
NMR (CDClg; ppm): 6 7.18-6.85 (m, 15 H, GHs), 2.10 (s, 15 H,
CsMes), 2.09 (s, 30 H, Mes), 2.08 (s, 15 H, @Mes), and 1.70 (s, 6
H, CH,). °F NMR (CDCk; ppm): 6 90.69, 87.25, and-133.95 (2:
1:1). Anal. Calcd for GHgAIF,O4Tis: C, 62.46; H, 6.91; F, 6.48.
Found: C, 62.5; H, 6.9; F, 6.8.

[CsMesTi(u-O)]4F3[(u-F)AIEt 3] (3b). To a solution of [GMesTi-
(u-O)F], (0.872 g, 1 mmol) in toluene (15 mL) was added AlEt
mL, 1.0 M in n-hexane) through a syringe afG. The resulting pale
orange yellow solution was left at room temperature overnight and
subsequently cooled—10 °C) to yield 30% (0.30 g) of analytically
pure3b. Mp: 240-243°C. EI-MS: m/e(%) 872 [M" — AlEt3] (6),

497 [MT — AlEt; — CsMesTiFg] (100). *H NMR (CsDg; ppm): o
2.11 (s, 15 H, GMes), 2.09 (s, 30 H, @Mes), 2.07 (s, 15 H, EMes),
1.70-1.69 (tr, 9 H, CH), and 0.43-0.55 (qt, 6 H, CH). **F NMR
(CsDs; ppm): 6 96.50, 92.81, and-121.35 (2:1:1). Anal. Calcd for
CueH7sAIF,04Tia: C, 55.98; H, 7.60; F, 7.71. Found: C, 56.0; H, 7.4;

temperature overnight and filtered. The volatiles were removed under F, 7.0.

reduced pressure to afford a yellow solid. The product was purified
by recrystallization from toluene to yield 85% (2.89 g). Mp:350
°C dec. EI-MS: m/e (%) 850 [M'] (6), 715 [M"—CsMes] (100). *H
NMR (CDCls; ppm): 6 2.00 and 1.94 (1:1)1%F NMR (CDCk; ppm):
0 54.5. Anal. Calcd for GHedF20sTis: C, 56.47; H, 7.06; F, 4.47.
Found: C, 56.2; H, 7.1; F, 4.7.

(CsMes)4Ti4OsMe; (1c). 1cwas prepared by reactirtp (0.85 g,
1 mmol) with AlMe; (1 mL, 2 mmol) in toluene (15 mL) at 0C; a
bright-red solution formed soon after mixing and turned into orange
yellow afte 1 h of stirring at room temperature. The solution was
concentrated to 5 mL and coolee 10 °C) to yield 80% (0.67 g) of
1c. The'H NMR and MS spectra are identical to those described in
the literature'®

[CsMesTi(u-O)(u-F)AlMe 3]s (2a). To a solution of [GMesTi(u-
O)F]4 (0.87 g, 1 mmol) in toluene (15 mL) with stirring was added
AlMes (2 mL, 2.0 M in toluene) at once using a syringe-&20 °C. A
bright-red solution formed immediately. The reaction mixture was
stirred for 5 min and subsequently coolee2Q °C) to yield 52% (0.6
g) of red crystals oRa. The solution of compoungais unstable and

(19) (a) Carofiglio, T.; Floriani, C.; Sgamellotti, A.; Rosi, M.; Chiesi-Villa,
A.; Rizzoli, C.J. Chem. Soc., Dalton Trans992 1081. (b) Palacios,
F.; Royo, P.; Serrano, R.; Balcazar, J. L.; Fonseca, |.; Florencib, F.
Organomet. Cheml989 375 51.

(20) Eisch, J. J.; Biedermann, J.-Nl.Organomet. Cheni 971, 30, 167.

[CsMesTi(u-O)Et]4 (4). To a solution of [GMesTi(u-O)Fls (0.87
g, 1 mmol) in toluene (15 mL) was added AE¥ mL, 1.0M in
n-hexane) through a syringe at10 °C. The yellow color of the
reaction mixture changed to bright-red soon after the addition was
completed and then turned to brown yellow with stirring at room
temperature overnight. After removal of the volatiles and recrystalli-
zation of the residue from-hexane, yellow pale crystals dfin 40%
(0.36 g) yield were obtained. Mp> 260°C dec. EI-MS: m/e (%)
883 [M™ — Et] (8), 823 [M" — Et — 2C;H¢] (100). *H NMR (CgDs;
ppm): 6 1.98 (60 H, GMes), 1.82-1.71 (tr, 12 H, CH), and 1.39-
1.28 (qt, 8 H, CH). Anal. Calcd for GgHgoO4Tis: C, 63.16; H, 8.77.
Found: C, 62.9; H, 8.7.

Fluorine(oxygen)—Chlorine Exchange Reaction of [GMesTi(u-
O)F]4, 1a, 1b, [GMesTi(u-O)Cl] 3 and (CsMes)4Ti 406 Using MesSiCl.
All reactions were carried out following the same procedure and under
the same conditions. A representative example is the following: To a
solution of1b (0.85 g, 1 mmol) in toluene (15 mL) was added Me
SiCl (0.22 g, 2 mmol) at room temperature. The reaction mixture was
stirred for 3 h, and the volatiles were removed under reduced pressure
to give a yellow solid. The yellow solid was washed witthexane
(10 mL) to yield 95% (0.83 g) of analytically putka. Furthermore,
treatinglaor 1b (1 mmol) in toluene (15 mL) with an excess of Me
SiCl (10 mmol) by stirring at room temperaturer 8 h resulted in a
red reaction mixture. The volatiles were removed subsequently to yield
95% of GMesTiCls.
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Measurement of the'F NMR. Compound [GMesTi(u-O)F], or 972 All non-hydrogen atoms were refined anisotropically. All
1b (0.1 mmol) was placed in an NMR tube and dissolved in toluene- hydrogen atoms were included in the model at geometrically calculated
ds cooled at—40 °C, and the corresponding molar amount of Alfr positions and refined using a riding model. The disordered methyl

AlMej3) was added to this solution through a syringe. The sample was groups in5 were modeled with the help of similarity restraints for 1-2
placed in a cooling bath maintained-a40 °C, and the progress of the  and 1-3 distances and displacement parameters as well as rigid bond
reaction was monitored by’F NMR spectroscopy at the same restraints for anisotropic displacement parameters.
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