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The reactions of [Cp*TIME(OCH,).py}] (1) and [Cp*TiMe[ (OOC)py}] (2) with triflic acid (HOTT)
in the presence of a series of Lewis bases, such as water, pyridingrabdtylpyridine, give rise to the
corresponding cationic species, namely [Cp{{IRCH.)zpy} ] "OTf™ (3—5) and [Cp*TiL{ (OOC)py}]TOTF"
(6, 7). Similar processes witth and HOTf in the presence of 2,6-pyridinedimethanol and 2-pyridinemetha-
nol lead to the binuclear complexd<p*Ti((OCH.)py)} A u-(HOCH,)-py} |OTf, (8) and [Cp*T{ (OCH,),-
pyH (HOCH,)py}|OTf (9), respectively. In an unusual process, the reactia®with NaBPh, or 1 with
B(C¢Fs)3 yields hydroxo-containing binuclear species, namgg*Ti((OCH.)2py)} 2(«-OH)][BPhy] (10)
and [Cp*Tiu-OHYX (OCH,).py} ][BMe(CeFs)s] (12), respectively. The X-ray molecular structuresléf
and12 have been established. Finally, the titanitaluminum heterometallic complex [CpXIOCH,)2-
py} (u-O-AlMeOTf)] (16) has been prepared by reaction3With AlMes.

Introduction We are currently interested in this area, particularly develop-
ing synthetic protocols and studying the reactivity of new
Several organometallic processes are concerned with enhanctitanium cationic derivatives stabilized by pincer ligands with
ing the chemical reactivity of cationic metal complexes using the appropriate counterions. With this aim in mind, we chose
weakly coordinating anions, whether for catalysis or for the to investigate two of the most common anionic moieties, namely
stoichiometric synthesis of new complexXeBhis activation is  triflate and alkyl-/arylborate grougsAlthough the latter species
usually associated with a decrease in complex stability due to are usually considered as chemically inert, some exceptions have
the electronic deficiency of the metal center. This can be been reporteetnotably in relation to redox reactiofi§,com-
prevented by using ligands with several donor atoms that canplexation of phenyl rings to the metal cenfeand transfer of
coordinate when necessary. In this way, oxygen donor ligands phenyf or bipheny® groups to an organic ligand. Only a few
such as alkoxides, aryloxides, and carboxylates are extremelyexamples of the activation of boremarbon bonds in the anion
versatile, because appropriate substitution patterns allow sub-have been reported.
stantial modification of the steric and electronic properties of e report here the synthesis and reactivity of some cationic
the metal centet.Pyridinic alcohols and carboxylates have a complexes of titanium that contain alkoxide or carboxylate
nitrogen atom that facilitates coordination in a chelate fashion pincer ligands and triflate or borate moieties as counterions.
when necessary by providing the metal with additional electronic The nature of the anion proved to be decisive, as shown by an
density? example where the borate anions play an important role and do
not behave in the expected passive manner.
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from the previously described neutral methyl complexes
[Cp*TiMe{(OCH,)zpy}] (1)*° and [Cp*TiMe[ (OOC)py}] ('

by their reactions with triflic acid (Scheme 1). This type of
reactivity, namely protonolysis of the MC bond, has been well
documented? and in several cases the appropriate cationic
species with the triflate counterion has been isolated. It is well-
known, however, that under certain conditions the classic
‘noncoordinating” anion SECR~ (OTf ~) coordinates to the
metal center, making possible the isolation of neutral spééies.
However, in the reactions df or 2 with triflic acid a mixture

of unidentified complexes was detected, indicating that the
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additional donation of a pair of electrons from the nitrogen atom
of the ligand to the metal center is not sufficient to stabilize
the proposed cationic complexes either electronically or steri-
cally, probably due to the constrained geometry of the pincer
groups, which prevents them from filling the vacant metal orbital
to form a stable piano chair titanium species.

Nevertheless, when the reaction bfor 2 with triflic acid
was carried out in the presence of a Lewis base, such as water,
pyridine, ortert-butylpyridine, the cationic complexes [Cp*TilL-
{(OCH,)zpy}]"OTf™ (3—5) and [Cp*TiL{(OOCppy}] *OTf"

(6, 7) were isolated as air- and moisture-sensitive orange solids
(Scheme 1).

In contrast to the behavior df complex2 reacts with water
and triflic acid to yield the neutral oxo derivative [Cp*Ti-
{(OOC)py}]2(0), which has recently been described by us.

These complexes are soluble in chloroform, dichloromethane,
and acetonitrile but insoluble in THF, toluene, pentane, and
diethyl ether. The lack of solubility in nonpolar solvents is
related to the cationic nature of this family of compounds.

Complexes3—7 were characterized by spectroscopic tech-
nigues. In théH NMR spectra the resonance for the Cp* ligand
appears at ca. 1.8 ppm for the alkoxide complex@&s5j and
ca. 1.9 ppm for the carboxylate speciés(d7). In both cases
this signal is significantly upfield from those of the parent neutral
methyl compounds (2.11 ppri)(*° 2.03 ppm 2)1). Addition-
ally, the most remarkable feature of the resonances irftthe
NMR spectra of the alkoxide ligand of complex@s5 is the
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presence of two doublet€J;_y = 18.32 Hz) at around 5.5 less, the spectroscopic data do not allow us to rule out an
and 5.7 ppm, which correspond to the inequivalent protons of alternative coordination mode through the pyridinic nitrogen
the methylene moiety, and two multiplet signals at around 7.4 atom. Alternatively, taking account of the oxophilicity of
and 7.9 ppm for the pyridinic aromatic protons. For complexes titanium and the relative alcohol acidity and pyridine basitity,
6 and7 the carboxylate pyridinic signals appear in theNMR a monodentate coordination through the O atom, with the proton
spectra at around 8.1 and 8.3 ppm. transferred to the pyridinic nitrogen after coordination (see form
Given that both types of Lewis base (water and pyridines) 9b in Scheme 2), cannot be ruled out.
stabilize the cationic compounds, it was decided to use 2,6- Borate anions have been widely used as counterions to
pyridinedimethanol and 2-pyridinemethanol as alternative bases,stabilize cationic titanium compounds. One of the most widely
due to the presence of a pyridinic nitrogen and hydroxyl groups used synthetic strategies for the preparation of cationic com-
in these compounds. With this idea in mind, we synthesized plexes containing borate anions is the reaction of an alkyl
compounds3 and9 (Scheme 2). complex with B(GFs)s!® or borates® However, it is also
Complexes8 and 9 were isolated as air- and moisture- possible to generate these compounds through anion metathesis
sensitive orange solids. The complexes are soluble in chloro- by reaction of a cationic complex with a borate.
form, dichloromethane, and acetonitrile but insoluble in THF,  The latter methodology was used when 1 equiv of sodium

toluene, pentane, and diethyl ether. tetraphenylborate was added to a solution of comgdeix
A binuclear formulation is proposed f@, with the 2,6- dichloromethane and, in an unusual process, complewas
pyridinemethanol behaving as a bridging ligand. THENMR isolated as the only organometallic product (see Scheme 3).

spectrum oB shows a broad signal at 4.87 ppm corresponding  In order to avoid the presence of water, we also tested the
to the OH groups of the bridging ligand. Regarding the reaction ofl with HOTf in the presence of NaBRhIn this
resonances of the methylene groups, while the equivalentcase compled0was again isolated as the only organometallic
methylenes of the bridging ligand give rise to a singlet at 5.01 compound.
ppm, the CH groups from the pincer ligands exhibit an AB In the same way, treatment of compl&xvith B(CeFs)3 in
spin system (5.51 ppm, @)1 = 18.32 Hz and 5.75 ppm, d,  pentane gave the cationic compl&® (Scheme 4). Once again
2Ju-n = 18.32 Hz), which is consistent with the proposed
coordination mode (see Scheme 2). (14) Tehan, B. G,; Lloyd, E. J.; Wong, M. G.; Pitt, W. R.; Gancia, E.;
The spectroscopicdata for compousiicate the presence Mafleck . . Quit St Aot ROREOR AL 4TS
of 2-pyridinemethanol coordinated to the metal center. In the 1eun 'C. A > Hanna, B.; Fanwick, P. E.; Rothwell, I. @tganometallics
IH NMR spectrum the methylene group of the 2-pyridinemetha- 2004 23, 2146. (b) Phomphrai, K.; Fenwick, A. E.; Sharma, S.; Fanwick,
nol ligand appears as a singlet at 5.84 ppm, while the signalsg- E.; Carumlﬁrsség)bM'z;sDezlgzss' W. N.; Abu-Omar, M. M.; Rothwell, I. P.
of the pincer ligand appear as an AB s,yStem for the Gidups r%]{jlg)o(r;;I)e\tlsoIr(l:nemaann, J OBerhoff, M.; Erker, G.;liich, R.; Bergander,
and as an ABX system for the pyridinic protons. All these data k. Eur. J. Inorg. Chem1999 7, 1111. (b) Harmsen, D.; Erker, G.; Flich,
point to a symmetrical disposition of the auxiliary alcohol in  R.; Kehr, G.Eur. J. Inorg. Chem2002, 12, 3156. (c) Berstenhorst, B. M.;

; Erker, G.; Kehr, G.; Wasilke, J. C.; Mar, J.; Redlich, H.; Pyplo-
relation to the rest of the molecule, and a monodentate Schnieders, Eur. J. Inorg. Chem005 1, 92. (d) Bochmann, M : Karger,

coordination of this ligand through the OH group with free ¢ Jaggar, A. 1J. Chem. Soc., Chem. Comma89Qq 1038. (e) Eshuis, J.
rotation around the methylene fragment is proposed. Neverthe-J. W.; Tan, Y. Y.; Teuben, J. H.; RenkemaJJMol. Catal.199Q 62, 277.
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Table 1. Crystal Data and Structure Refinement Details for

Organometallics, Vol. 26, No. 11, 20899

Table 2. Bond Lengths (A) and Angles (deg) for 10 and 12

10 and 12
10 12
empirical formula [G4H44N205Ti2]- [C34H44N205Ti2]-
[B(CeHs)4] [B(CeFs)3CHg]
formula wt 75.72 1183.54
temp (K) 100(2) 100(2)
wavelength (A) 1.541 78 0.71073
cryst syst triclinic monoclinic
space group P1 P2,
a(A) 12.3221(6) 9.3403(9)
b (A) 13.4653(6) 13.891(1)
c(A) 18.9223(9) 19.363(2)
a (deg) 87.364(2) 92.535(5)
p (deg) 79.293(2)
y (deg) 89.547(2)
V (A3) 3081.7(3) 2509.8(4)
z 2 2
calcd density (g/c) 1.052 1.566
abs coeff (mm?) 2.529 0.425
F(000) 1030 1206
cryst size (mrf) 0.10x 0.05x 0.03 0.19x 0.12x 0.10
index ranges —14=<h=<13 —11=<h=<11
—13<k=14 —15=< k=17
-19=l1=21 —23=<1=23
no. of rfns collected 16 536 29599
no. of indep rfins 8574R(int) = 9611 R(int) =
0.0462) 0.0940)
no. of data/restraints/ 8574/0/623 9611/1/714
params
goodness of fit orrF? 0.886 0.972
final Rindices ( > 2a(1)) R1=0.0532, R1=0.0546,
wR2=0.1253 wR2=0.1229
Rindices (all data) R%* 0.0813, R1=0.0879,
wR2=0.1351 wR2=0.1493
absolute structure param —0.03(3)
largest diff peak, hole (e  0.463,—0.265 0.322;-0.537

10

12

Bond Lengths

Ti(1)—O(1) 2.099(2) Ti(1)-O(1) 2.049(4)
Ti(1)—0O(2) 1.898(2) Ti(1yO(2) 1.895(4)
Ti(1)—O(5) 1.829(3) Ti(1yO(5) 1.817(3)
Ti(1)—N(1) 2.173(3) Ti(1)N(1) 2.142(5)
Ti(1)—C(8) 2.386(4) Ti(1)-C(8) 2.429(6)
Ti(1)—C(9) 2.349(4) Ti(1yC(9) 2.376(6)
Ti(1)—C(10) 2.332(4) Ti(1)}C(10) 2.339(5)
Ti(1)—C(11) 2.372(4) Ti(1yC(11) 2.393(5)
Ti(1)—C(12) 2.390(5) Ti(1yC(12) 2.417(6)
Ti(2)—0O(3) 1.906(2) Ti(2yO(3) 1.905(3)
Ti(2)—0O(4) 2.070(2) Ti(2y-0O(4) 2.096(3)
Ti(2)—O(5) 1.816(3) Ti(2)-O(5) 1.815(3)
Ti(2)—N(2) 2.162(3) Ti(2x-N(2) 2.146(4)
Ti(2)—C(25) 2.410(4) Ti(2)-C(25) 2.406(6)
Ti(2)—C(26) 2.438(4) Ti(2)-C(26) 2.355(6)
Ti(2)—C(27) 2.414(4) Ti(2yC(27) 2.363(6)
Ti(2)—C(28) 2.349(3) Ti(2C(28) 2.405(5)
Ti(2)—C(29) 2.336(3) Ti(2C(29) 2.395(5)
Bond Angles

O(1)—Ti(1)—N(1) 71.0(1) O(1) Ti(1)—N(1) 71.6(2)
O(2)—Ti(1)—N(1) 73.7(1) O(2> Ti(1)—N(1) 74.2(2)
O(5)—Ti(1)—N(1) 129.2(1) O(5)Ti(1)—N(1) 126.6(2)
O(2)-Ti(1)—0(1) 135.7(1) O(2)Ti(1)—0O(1) 138.9(2)
O(5)-Ti(1)—0(1) 85.1(1) O(5)Ti(1)—0O(1) 87.3(1)
O(5)-Ti(1)—0(2) 97.3(1) O(5)Ti(1)—0O(2) 95.4(2)
O(3)-Ti(2)—N(2) 73.8(1) O(3¥Ti(2)—N(2) 74.5(2)
O(4)-Ti(2)—N(2) 71.5(1) O(4)Ti(2)—N(2) 71.2(ssl)
O(5)-Ti(2)—N(2) 131.1(1) O(5)Ti(2)—N(2) 124.4(2)
O(5)-Ti(2)—0O(3) 96.9(1) O(5)Ti(2)—0O(3) 95.3(1)
O(5)-Ti(2)—0(4) 86.3(1) O(5)Ti(2)—0O(4) 86.1(1)
O(3)-Ti(2)—0(4) 136.1(1) O(3)Ti(2)—0O(4) 139.1(2)
Ti(2)—O(5)—Ti(1) 154.8(1) Ti(2-O(5)—Ti(1) 154.6(2)

- . nolysis process is very clear. The consumption of the proton in
the presence of adventitious water dnv_es the process tOVVa‘rdthis process would displace the equilibrium to the right.
the formation of a hydroxo-co_ntammg blnuglear Species. In order to gain an insight into the proposed mechanism, the
Complexesl0 and 12 were isolated as air- and moisture- reaction of complex8 with NaBPh, was performed in CDGI
sensitive orange solids that are soluble in THF, dichloromethane,in an NMR tube. The formation of benzene and BEH NMR
and acetonitrile but insoluble in pentane and diethyl ether. (CDCl,, 293 K) & (ppm) 7.44-7.79; 13C{H} NMR (CDCl
In order to avoid the presence of molecules of water, the 293 K)’é (ppm) 127.8, 131.7 135_’3) was confirmed. '
reaction ofl with B(CeFs)s was performed in an NMR tube by The molecular stru,ctures 'of compoundl® and 12 were

direct distillation of dry CRCN over the reactants. Under these o piichag by X-ray diffraction methods, and these studies

conditions the formation of intermediafel can be ob_served ._confirmed that their cationic moieties are almost identical. Some
spectroscopically (see Scheme 4), but all attempts to isolate this,

) elected bond distances and angles for the two complexes are
compound on a preparative scale were unsuccessful. Compoun

12 ; d titatively when 1 v of wat dded iven in Table 2 and, as an example, an ORTEP view of the
was formed quantitatively when 1 equiv ot water was added . qyiqpic moiety of10 is shown in Figure 1.
to the solution in the NMR tube.

It th noting that th tioni ieties i | The structural data for complex&8 and12 are very similar.
IS worth noting that the cationic moieties in comple The Ti—O(alkoxide) distances fall within the expected range
and 12 are identical.

. ; : . L . for titanium complexes with alkoxide ligand%The distances
An interesting point for discussion is the potential route for P g

- : between the titanium atoms and the bridging oxygen are
the formation of these complexes. It is well documented that ging oxyg

borate ani BR- d " ith the acidi consistent with those reported for similar titaniumOH
oraeanlon_s[ B can 0ecompose on reaction wi eall?' Ic complexes? With regard to the TN distances, these are
protons of a ligand with elimination of the borane B&hd RH!

) ; . . X . .. comparable to those found in related comple}es.
Taking into consideration this well-known behavior, it is P P

reasonable to propose that the formation of intermediages The most remarkable feature in both structures is the torsion
nd14is foll wpdt? decomposition ftrll : iat BIfXL existing in the coordination sphere of the titanium atoms, a

Sroupts gci)vgB?g YI)-/| :r?gthgoiztecr)mgdiat(:ﬁa?l'%gfasat‘sepecies phenomenon not observed in similar compoutdghis torsion

would subsequently react with a second moleculd@®b6r 14 causes differences between the O(alko )-O(bridge)

) angles in each titanium moiety, which are arounell@. For
to generate the final produtD or 12 (see Scheme 5). example, in the structure shown in Figure 1 the angle ©(5)

A key step in this proposed route corresponds to protonolysis Ti(1)-0(1) is 85.2, while the O(5)-Ti(1)~O(2) an :
C ) X - B, - gle in-
of the C-B bond in the appropriate borate 113 gnd 14by a creases to 9723 For Ti(2) these angles are O(5)i(2)—0(4)
proton from the coordinated water molecule. This process would _ 86.% and O(5)-Ti(2)—O(3) = 96.9
give rise to the borane BXYH, and 15. On the basis of this ' o
explanation the important role played by water in the proto-

(18) (a) Firth, A. V.; Stephan, D. Wnorg. Chem.1998 37, 4726. (b)
Firth, A. V.; Stephan, D. WInorg. Chem 1998 37, 4732.

(17) Mordenti, L.; Roustan, J.-L.; Riess, J. [Borg. Chem.1984 23, (19) Roesky, H. W.; Singh, S.; Yusuff, K. K. M.; Maguire, J. A,
4503. Hosmane, N. SChem. Re. 2006 106, 3813.
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Figure 1. ORTEP drawing of the cationic moiety of compound
10 with thermal ellipsoids shown at 30% probability. \@( * @
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A similar situation is also observed in the difference between HzO’c‘)\s/ OTf™ + AllCHy)s E’ ON/ \O,,\A(OTf
the two Ti-O(alkoxide) distances in each-fligand moiety. N L/ CHy
For example, the Ti(BO(2) distance is 1.898 A, whereas the
Ti(1)—O(1) distance is slightly longer at 2.099 A. For the Ti- 3
(2) atom these distances are THZ)(3) = 1.906 A and Ti-

(2)-04) = 2'079 A. . . Finally, the ability of the cationic complexd to form
Comparable differences in angles and distances are alsoneterohimetallic complexes with aluminum was assessed, with
observed for the two fitanium atoms of compld® (see e aim of improving our knowledge of the design and synthesis
Table 2). o of new transition-metal precursors and main-group organome-
~ These data could indicate the presence of a hydrogen atomg|lic cocatalysts. In this field, Roesky and co-workers have
linked to O(5) to form a bridging OH group that forces recently prepared some stable heterobimetallic complexes of
asymmetry on the molecule. This hydrogen atom has not beenA|(|||) with Zr, 21 Ti, and Hf22 respectively, binding through
located. an oxygen bridge, and these complexes were active in olefin
The 'H NMR spectrum of10 at 293 K shows a singlet at  polymerization processes. It was found that comBexeacts
1.75 ppm, and this corresponds to the methyl groups of the Cp* yith AlMe; to give the heterometallic complet6 (see
ring. The multiplets for the aromatic protons are observed at Scheme 7).
6.90, 7.05, 7.49, and 7.69 ppm, while it was not possible to  complex16was isolated as an orange moisture-sensitive solid
observe the resonance of the OH group. Moreover, the meth-nat is soluble in chloroform, dichloromethane, and acetonitrile
ylene groups of the pincer ligands appear as a very broad signalt insoluble in THF, toluene, pentane, and diethyl ether.
centered at 5.29 ppm, indicating that a dynamic behavior takes  t1a formation ofl6 can be envisaged as being the result of
place in solution. In order to gain an insight into this fluxional protonolysis process of two ACH; bonds by the coordinated
process, a VTNMR experiment was carried out in CDW_hen water molecule to give a FIO—Al moiety. We propose a
the 'H NMR spectrum was recorded at 218 K, four different ioranedral coordination for the Al center, as depicted in
doublet signals corresponding to the methylene groups of the g.heme 7.
pyridine ligand fragments were found, indicating that the
twisting of the T=O—Ti fragment is hindered (Scheme 6). As isposition. Indeed, théH NMR spectrum shows a singlet at
the temperature increases, that twisting becomes easier, and ) '

.98 ppm for the methyl group bonded to the aluminum atom
temperatures above the coalescence, 258 K, or_lly two OIOUbIetSand four different doublets for the protons of the two methylene
are observed for the methylene groups. This coalescence

. groups, in accordance with an unsymmetrical disposition of the
temperature and the two s;te_exchange equa%‘i’o:gere used AlMeOTf fragment with respect to the pyridine-containing
to estimate a vaIue_oﬁG = 11.8(3) keal mof™ for the pincer ligand. This disposition was confirmed by i€ NMR
exchange process = 209.486 Hz). ) spectrum, since two different signals are observed for the

Furthermore, théH NMR spectrum of comple2in CD,- carbons of the methylene groups (see Experimental Section).
Cl, at room temperature shows two doubleét$ (4 = 18.32

In summary, we report a series of cationic monocyclopen-
HZ). at 5'.52 and 5.79 ppm fpr t_he methylene groups of the tadienyl titanium complexes stabilized by a series of Lewis
pyndme "ga’?d fragment, indicating that frge rotation around bases, such as pyridines, pyridinemethanol, and water, with the
the .T'_O_.T' fragment take; place at th'f temperature. In triflate counterion. In addition, the reaction of cation) or
addition, singlets corresponding to the Cp* ligand protons at neutral @) complexes with NaBPhand B(GFs)s enabled the
1.82 ppm and methyl groups at 0.49 ppm are observed along h L ; o .
with a broad signal attributable to the methyl group bonded to synthesis of cationic binuclear species containing an OH bridge;

. . .~ the noninnocent role of the borate anions in the reaction
the boron atom. Finally, the multiplets due to t_he aromatic 1pathways of these latter processes constitutes one of the rare
protons are obser_ved at 7.47 and 8.05 ppm. As in the case o examples described for this kind of behavior. Furthermore, it
10, it was not possible to observe the resonance of the OH group
of compound12.

16

The NMR data are consistent with the proposed structural

(21) Bai, G.; Singh, S.; Roesky, H. W.; Noltemeyer, M.; Schmidt, H.-
G.J. Am. Chem. So@005 127, 3449.

(20) Abrahams, R. J.; Fisher, J.; Loftus, mtroduction to NMR (22) Gurubasavaraj, P. M.; Mandal, S. K.; Roesky, H. W.; Oswald, R.
SpectroscopyWiley: New York, 1988. B.; Pal, A.; Noltemeyer, MInorg. Chem.2007, 46, 1056
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was also discovered th&tis an excellent building block for Synthesis of [Cp*Ti(44Bu-py){(OCH,).py}]OTf (5). To a

the preparation of an interesting heterometallie Al complex. suspension of [Cp*TiIME(OCH,),py}] (1; 0.207 g, 0.616 mmol)
Further studies aimed at expanding the chemistry of this type in dichloromethane (5 mL) was slowly added triflic acid (0.054
of complexes are in progress. mL, 0.616 mmol). The resulting solution was stirred for 10 min at
room temperature. Bu-py (0.091 mL, 0.616 mmol) was added,
and the solution was stirred for 10 min at room temperature. The
mixture was filtered, and the solvent was removed under reduced
pressure. The resulting oil was washed with cool pentane (5 mL)
to afford an orange solid (0.276 g, 74%), which was identified

Experimental Section

The preparation and handling of the compounds described here
was performed with exclusion of air and moisture under a nitrogen
atmosphere using standard vacuum-line and Schlenk techniques.™ ) . N
All solvents were dried and distilled under a nitrogen atmosphere. R (NUjol/PET; cnt): 1650 (w), 1640 (m), 1608 (m), 1151
The following reagents were prepared by literature procedures: (s), 1093 (m), 10671(\’5)' 631 (vs)H NMR gCDC|3' 293 K; 0
[CP*TiMe{ (OCHy)pY} (1.1° [CpTiMe{ (0:Chpy}] (2,2 and  (PPM)): 1.39 (S, 9 HiBW), 1.79 (s, 15 H, Cp7), 595 (v =
B(CsFs)3.22 The commercially available compounds (HOg4y, 18.32 Hz, 2 H), 5.78 (3 = 18.32 Hz, 2 H), 7.44 (m, 2 H,
(HOOCCH)py, Na[BPh], AlMes, pyridine, 4tert-butylpyridine, Ar), 7.69 (m, 2 H, AriBu-py), 7.94 (m, 1 H, Ar), 8.63 (m, 2 H,
and HOTf were used as received from Aldriéhl and3C NMR Ar-'Bu-py). B3C{*H} NMR (CDCl, 293 K; 0 (ppm)): 11.9 (s, Cp*),
spectra were recorded on a 200 Mercury Varian Fourier transform 30't8 (s/Bu), 36.7 (s/Bu), 74.8 (s, CH), 118.8 (s, Cp~), 123.8 (s,
spectrometer. Trace amounts of protonated solvents were used a&'~BU-PY), 127.4 (s, Ar),t141.8 (sl,gArz, 144.7 (s, Bu-py), 166.2
references, and chemical shifts are reported in units of parts per(S: Alipsd, 169.1 (s, Apsa'Bu-py). “F{*H} NMR (CDCl;, 293 K;
million relative to SiMa. IR spectra were recorded in the region © (PPM): —78.6. Anal. Calcd for G7HssFsN-OsSTi: C, 53.65;
4000-400 cn™ with a Nicolet Magna-IR 550 spectrophotometer. ' 5-84: N, 4.63;. Found: C, 53.89; H, 5.79; N, 4.55. _

Synthesis of [Cp*Ti(H0){ (OCH,),py}]OTf (3). To a suspen- Synthesis of [Cp*Ti(py}{ (O-C)-py}]OTT (6). To a suspension
sion of [Cp*TiMe{ (OCH:).py}] (L 0.228 g, 0.679 mmol) in of [Cp*TiMe{(OC)py}] (2; 0.298 g, (_)._820 _mmol) in dichlo-
dichloromethane (5 mL) was slowly added triflic acid (0.060 mL, "omethane (5 mL) was slowly added triflic acid (0.072 mL, 0.820
0.679 mmol). The solution was stirred for 10 min at room mmloll),and the solution was stirred for 10 min at room temperatqre.
temperature. kD (0.012 mL, 0.679 mmol) was added, and the PYridine (0.066 mL, 0.820 mmol) was added, and the resulting
resulting solution was stirred for 10 min at room temperature. The Solution was stirred fo2 h atroom temperature. The mixture was
mixture was filtered, and the solvent was removed under vacuum, filtéréd and the solvent removed under reduced pressure. The
The resulting oil was washed with cool diethyl ether (5 mL) to 'esulting oil was washed with diethyl ether (5 mL) to afford an
afford an orange solid (0.188 g, 57%), which was characterized as®range solid (0.409 g, 86%), which was characterized as
complex3. complex®é.

(m), 1380 (w), 1256 (vs), 1285 (vs), 1236 (vs), 1162 (s), 1057 (s), 1930 (5), 757 (m), 684 (m), 644 (m), 636 (m), 576 (W), 519 (w).
1030 (vs), 787 (m), 756 (m), 731 (m), 637 (s), 572 (), 515 (w). . NMR(CDCl;, 293 K70 (ppm)): 1.92 (s, 15 H, Cp*), 8.07 (m,
1H NMR (CDCh, 293 K; 6 (ppm)): 1.79 (s, 15 H, Cp*), 2.20 (s, 2 M. An, 8.12 (m, 2 H, Ar-py), 8.29 (m, 1 H, Ar-py), 8.51 (m, 1
2 H, H,0), 5.55 (dszHfH = 18.32 Hz, 2 H), 5.77 (dnz-]HfH — H, Ar), 8.91 (m, 2 H, Al’-py).13C{lH} NMR (CDCl;, 293 K; 6
18.32 Hz, 2 H), 7.45 (m’ 2 H, Ar), 7.97 (m’ 1 H, Ar;):gc{lH} (ppm)) 12.7 (S, Cp*), 126.7 (S, Ar), 127.9 (S, Cp*), 132.0 (S, Ar-
NMR (CDCl;, 293 K;6 (ppm)): 12.0 (s, Cp*), 74.6 (s, G 119.1 P, 142.7 (S, Ar-py), 145.6 (s, An), 146.6 (s, A6py), 150.3 (s,
(S, Cp*), 128.2 (S, AI’), 142.1 (S, Ar), 165.5 (S.ilﬁé)- 19F{1H} Aripso), 166.5 (COO) F{ H} NMR (CDC|3, 293 K; 0 (ppm))

NMR (CDCl5; 6 (ppm)): —78.7. Anal. Calcd for GHz4FsNOg- —78.8. Anal.. Calcd fOl'.QstngN.207STi: C, 47.93; H, 4.02; N,
STi: C, 44.36; H, 4.96; N, 2.87. Found: C, 44.41; H, 4.91; N, 4:86- Found: C, 47.81; H, 3.98; N, 4.79.
3.10. Synthesis of [Cp*Ti(44Bupy){(0.C).py}]OTf (7). To a sus-

Synthesis of [Cp*Ti(py){ (OCH.),py}JOTf (4). To a suspension  Pension of [Cp*TiMg (O:C)opy}] (2; 0.173 g, 0.476 mmol) in
of [Cp*TiMe{(OCH,)-py}] (L 0.310 g, 0.923 mmol) in dichlo- dichloromethane (5 mL) was slowly adqled triflic acid ('0.042 mL,
romethane (5 mL) was slowly added triflic acid (0.081 mL, 0.923 0-476 mmol), and the solution was stirred for 30 min at room
mmol). The resulting solution was stirred for 10 min at room (€mperature. &8u-py (0.070 mL, 0.476 mmol) was added, and the
temperature. Pyridine (0.074 mL, 0.923 mmol) was added, and the "€Sulting solution was stirred fdl h atroom temperature. The
solution was stirred for 10 min at room temperature. The mixture '€action mixture was filtered and the solvent removed under
was filtered and the solvent was removed under reduced pressureY2cuum. The resulting oil was washed with COO(') diethyl ether (5
The resulting oil was washed with cool pentane (5 mL) to afford ML) to afford an orange solid (0.259 g, 86%), which was
an orange solid (0.455 g, 90%) which was characterized as characterized as compléx
complex4. IR (NUjol/PET; cnm): 1682 (vs), 1635 (), 1608 (w), 1598 (w),

IR (NUjol/PET; Cm—l): 1601 (m), 1338 (w), 1277 (vs), 1223 1340 (vs), 12182 (vs), 1230 (vs), 1162 (vs), 1077 (s), 1030 (s), 925
(), 1206 (w), 1152 (s), 1091 (m), 1062 (s), 1031 (s), 795 (w), 765 (M): 631 (5)*H NMR (CDCL, 293 K; 6 (ppm)): 1.43 (s, 9 H,
(), 636 (5), 516 (W)*H NMR (CDC, 203 K; 6 (ppm)): 1.78 (s, Bu): 1.91 (s, 15H, Cp*), 7.97 (m, 2 H, ABu-py), 8.10 (m, 2 H,

15 H, Cp*), 553 (dyz\]HfH = 18.32 Hz, 2 H), 5.76 (d?JHfH — Al'-py), 8.25 (m, 1H, Al'-py), 8.76 (m, 2 H, AriBU-py) SC{ H}
18.32 Hz, 2 H), 7.43 (M, 2 H, Ar), 7.64 (m, 2 H, Ar-py), 7.95 (m, NMR (CDCl, 293 K;0 (ppm)): 12.7 (s, Cp*), 30.7 ($Bu), 37.5
1 H, Ar), 8.07 (m, 1 H, Ar-py), 8.57 (m, 2 H, Ar-py\3C{1H} (s,'Bu), 125.0 (s, Cp*), 126.7 (s, Ar), 132.0 (s, Bu), 141.7 (s,
NMR (CDCl;, 293 K;6 (ppm)): 11.9 (s, Cp*), 74.7 (s, GH 118.8 A7), 1456 (S, ABU), 150.3 (S, ApsBU), 166.6 (Afsq), 173.6
(s, Cp¥), 126.5 (s, Ar), 127.4 (s, Ar-py), 141.9 (s, Ar), 146.8 (s, (COO). "F{*H} NMR (CDCl;, 293 K; 0 (ppm)): —78.8. Anal.
Al’-py), Aripso was not found.lgF{lH} NMR (CDC|3, P (ppm)) Calcd for Q7H31F3N207ST|: C, 5127, H, 494, N, 4.43. Found:
—78.6. Anal. Calcd for GHzFaN,OsSTi: C, 50.37; H, 4.96; N, & 51.52 H, 4.96; N, 4.56.
5.11. Found: C, 50.32; H, 4.81; N, 4.98. Synthesis of { Cp*Ti((OCH 2)2py)} o{ u-(HOCH 2),py}JOTf > (8).
To a suspension of [Cp*TIM&OCH,).py}] (1; 0.241 g, 0.717

; } . mmol) in dichloromethane (5 mL) was slowly added triflic acid

23 C ,A.; Sh d, W. A.; Wonchob. . Synth198 . . .
59,(12)2(,%) QL”nCJZfasraman,ip_?ﬁ; F.J. Orgg’,?(fm‘;t%?engyé‘og 68]? (0.063 mL, 0.717 mmol), and the solution was stirred for 15 min
134. at room temperature. (OHGHpy (0.049 g, 0.358 mmol) was added
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to this solution, and the resulting suspension was stirred for 2 h.  *H NMR (CDsCN, 293 K; 6 (ppm)): 0.50 (br, 3 H, MeB),
The reaction mixture was filtered and the solvent removed under 2.04 (s, 15 H, Cp*), 5.66 (s, 4 H, G){ 7.30 (m, 2 H, Ar), 7.82
reduced pressure. The resulting oil was washed with diethyl ether (m, 1 H, Ar). 33C{*H} NMR (CDsCN, 293 K;d (ppm)): 10.5 (s,

(5 mL) to yield an orange solid (0.350 g, 90%), which was identified
as8.

IR (Nujol/PET; cnrl): 2365 (s), 2339 (s), 1635 (s), 1598 (s),
1577 (m), 1282 (vs), 1219 (s), 1062 (s), 1030 (vs), 783 (s), 641
(vs), 573 (s), 515 (s)tH NMR (CDClg, 293 K; 6 (ppm)): 1.77 (s,
30 H, Cp*), 4.87 (br, 2 Hu-OH), 5.01 (s, br, 4 H, Ch), 5.51 (d,
2J4-n = 18.32 Hz, 4 H, CH), 5.75 (d,2Jy_y = 18.32 Hz, 4 H,
CHy), 7.43 (m, 4 H, Ar), 7.78 (br, 2 H, Ar), 7.96 (m, 2 H, Ar),
8.36 (br, 1 H, Ar).13C{H} NMR (CDCls, 293 K;6 (ppm)): 11.7
(s, Cp*), 61.3 (br, CHOH), 74.7 (br, CHO), 118.7 (s, Cp*), 124.4
(br, Ar), 125.3 (br, Ar), 127.4 (s, Ar), 141.9 (s, Ar), 143.2 (br, Ar),
144.5 (br, Ar), 158.3 (S, Afso), 166.0 (br, Afso)-. 19F{H} NMR
(CDCls, 293 K; 6 (ppm)): —78.6. Anal. Calcd for GzHs3FeN3012S,-

Tiz: C,47.92; H, 4.96; N, 3.90. Found: C, 47.74; H, 4.86; N, 3.87.

Synthesis of [Cp*TH{ (OCH2).py}{ (HOCH,)py}]OTf (9). To
a suspension of [Cp*TiIMgOCH,),py}] (1; 0.164 g, 0.488 mmol)
in dichloromethane (5 mL) was slowly added triflic acid (0.043
mL, 0.488 mmol), and the solution was stirred for 15 min at room
temperature. (OHCHpy (0.047 mL, 0.488 mmol) was added to

Me—B), 11.6 (s, Cp*), 80.7 (s, CH), 116.7 (s, Cp*), 127.4 (s, Ar),
135.0 (br, B(GFs)3), 139.1 (s, Ar), 139.8 (br, B(§Fs)3), 145.9 (br,
B(CsFs)s), 150.7 (br, B(GFs)3), 165.3 (s, Aps). P*F{'H} NMR
(CDsCN, 293 K; 6 (ppm)): —134.2 (m, o-GFs), —169.0 (m,
p-GsFs), —167.6 (m, m-GFs).

Synthesis of { Cp*Ti((OCH 5)2py)} 2(u-OH)][BMe(C ¢Fs)3] (12).
To a solution of [Cp*TiMd (OCH,)2py}] (1; 0.128 g, 0.381 mmol)
in pentane at-78 °C was added B(gFs)3 (0.195 g, 0.381 mmol),
and the mixture was warmed to room temperature and then stirred
for 3 h. The mixture was filtered, and the solvent was removed
under vacuum to afford an orange solid (0.261 g, 80%), which was
characterized a%2. A diethyl ether solution at-30 °C afforded
red crystals of complet2.

IR (Nujol/PET; cntl): 1650 (m), 1608 (m), 1577 (w), 1514
(s), 1083 (s), 1025 (m), 972 (s), 505 (MH NMR (CD.Cl,, 293
K; 0 (ppm)): 0.49 (br, 3 H, MeB), 1.82 (s, 30 H, Cp*), 5.52 (d,
24—y = 18.32 Hz, 4 H, CH), 5.79 (d,2Jy_y = 18.32 Hz, 4 H,
CHyp), 7.47 (m, 4 H, Ar), 8.05 (m, 2 H, Ary3C{'H} NMR (CD,-
Cl,, 293 K; 6 (ppm)): 11.6 (s, Cp*), 56.6 (s, GH 118.6 (s, Cp*),

this solution, and the suspension was stirred for 2 h. The reaction 127.6 (s, Ar), 134.9 (br, B(Es)s), 140.1 (br, B(GFs)s), 141.9 (s,

mixture was filtered and the solvent removed under reduced
pressure. The resulting oil was washed with diethyl ether (5 mL)
to yield an orange solid (0.157 g, 55%), which was identifie@.as

IR (Nujol/PET; cnrl): 2407 (m), 2307 (m), 1162 (s), 1077 (s),
1020 (s), 641 (m), 510 (mfH NMR (CDClg, 293 K; 6 (ppm)):
1.79 (s, 15 H, Cp*), 5.04 (s, 1 H, OH), 5.56 @,;_y = 18.32 Hz,

2 H, CH), 5.79 (d,2Jy—n = 18.32 Hz, 2 H, CH)), 5.84 (s, 2 H,
CHy), 7.43 (m, 2 H, Ar), 7.56 (br, 1 H, py), 7.72 (br, 1 H, py),
7.96 (m, 1 H, Ar), 8.29 (br, 1 H, py), 8.74 (br, 1 H, pyfC{*H}
NMR (CDCls, 293 K; 6 (ppm)): 11.8 (s, Cp*), 61.8 (br, CiOH),
74.7 (br, CHO), 118.7 (s, Cp*), 122.9 (br, Ar), 127.3 (s, Ar), 141.9
(s, Ar), 145.4 (br, Ar), 155.6 (s, Ako), 156.7 (br, Apso). °F{*H}
NMR (CDCls, 293 K; 60 (ppm)): —78.6. Anal. Calcd for
CoHo9gF3N2O6STi: C, 49.83; H, 5.05; N, 4.84 Found: C, 49.99;
H, 5.12; N, 4.72.

Synthesis of { Cp*Ti((OCH »,),py)} 2(u-OH)][BPh,] (10). To a
suspension of [Cp*Ti(HO)Y (OCH,).py}]OTS (3; 0.114 g, 0.233
mmol) in dichloromethane (5 mL) was added Na[B0.079 g,
0.233 mmol), and the mixture was stirred for 30 min at room

Ar), 146.3 (br, B(GFs)3), 150.9 (s, B(GFs)3); Me—B not found,
Aripso not found 1%F{H} NMR (CD.Cl, 293 K;d (ppm)): —136.5
(m, 0-GsFs), —160.7 (m, p-GFs), —166.0 (m, m-GFs). Anal. Calcd
for C53H4gBF15N205Ti2: C, 53.74; H, 4.08; N, 2.37. Found: C,
53.67; H, 4.23; N, 2.41.

Synthesis of [Cp*Ti{ (OCH),py} (u-O-AlMeOTf)] (16). To a
suspension of [Cp*Ti(HO)X (OCH,).py}]OTT (3; 0.148 g, 0.312
mmol) in dichloromethane (5 mL) at40 °C was slowly added
AlMe; (2 M in heptane) (188.L, 0.376 mmol). The reaction
mixture was warmed to room temperature and was stirred for 2 h.
After filtration, the solvent was removed under vacuum and the
residue was washed with diethyl ether (5 mL) to yield an orange
solid (0.084 g, 51%), which was characterized as comffx

IR (Nujol/PET; cnT1): 1607 (m), 1578 (w), 1474 (w), 1446 (m),
1377 (w), 1340 (w), 1275 (s), 1239 (s), 1222 (s), 1158 (s), 1090
(m), 1067 (s), 1028 (vs), 785 (s), 745 (MH NMR (CDCl, 293
K; 6 (ppm)): 0.98 (s, 3H, CE-Al), 1.88 (s, 15 H, Cp*), 5.00 (d,
2Jy-n = 16.49 Hz, 1 H, CH), 5.22 (d,2J4-y = 16.49 Hz, 1 H,

temperature. The reaction mixture was filtered, and the solvent wasCH2): 5.78 (d,?Ju-n = 19.42 Hz, 1 H, CH), 6.21 (d,%Jn-n =
removed under reduced pressure. The resulting oil was washed with19-42 Hz, 1 H, CH), 7.39 (m, 1 H, Ar), 7.52 (m, 1 H, Ar), 8.03

diethyl ether (5 mL) to yield comple£0 (0.096 g, 84%).

Slow diffusion of pentane into a THF solution of complEQat
—30 °C afforded orange crystals dfO suitable for an X-ray
diffraction study.

IR (Nujol/PET; cn1l): 1608 (m), 1566 (m), 1167 (m), 1088
(s), 1072 (vs), 1025 (vs), 505 (vs¥ NMR (CDCl, 293 K;
(ppm)): 1.75 (s, 30 H, Cp*), 5.29 (br, 8 H, G} 6.90 (m, 4 H,
Ar), 7.05 (m, 12 H, ArBPk), 7.49 (br, 8 H, ArBPh), 7.69 (m, 2
H, Ar). 'H NMR (CDCl;, 218 K; ¢ (ppm)): 1.75 (s, 30 H, Cp¥),
4.79 (d,2Jy—n = 18.08 Hz, 2 H, CH), 5.06 (d,2Jy—n = 18.08 Hz,

2 H, CH), 5.52 (d,2Jy—n = 18.08 Hz, 2 H, CH), 5.90 (d,2J-n
=18.08 Hz, 2 H, CH)), 6.95 (m, 4 H, Ar), 7.11 (m, 12 H, ArBRj
7.52 (br, 8 H, ArBPb), 7.72 (m, 2 H, Ar)13C{H} NMR (CDCls,
293 K; 6 (ppm)): 11.9 (s, Cp*), (CED not found), 118.7 (s, Ar),
122.5 (s, Ar), 126.3 (s, Ar), 127.3 (s, Ar), 128.0 (s, Cp*), 137.0 (s,
Ar), 139.3 (S, Apse), 141.7 (S, Apse)- Anal. Calcd for GgHesBNOs-
Tip: C, 71.32; H, 6.71; N, 2.87. Found: C, 71.29; H, 6.56; N,
2.82.

Characterization by NMR of [Cp*Ti(CD 3CN){ (OCH,).py}1-
[BMe(CeFs)3] (11). To a solution of [Cp*TiMd (OCH,).py}] (3;
0.041 g, 0.122 mmol) in CECN (freshly distilled) was added
B(CesFs)s (0.062 g, 0.122 mmol), and immediate quantitative
formation of 11 was detected byH NMR spectroscopy.

(m, 1 H, Ar). 13C{*H} NMR (CDCl, 293 K; 6 (ppm)): —7.5 (s,
Me—Al), 12.2 (s, Cp*), 69.4 (s, Cbh), 79.0 (s, CH), 118.9 (s, Ar),
119.4 (s, Ar), 129.5 (s, Cp*), 142.6 (s, Ar), 161.7 (sip4y, 169.6
(s, Alips). **F{*H} NMR (CDCl;, 293 K; 6 (ppm)): —78.5. Anal.
Calcd for GgHosAIFsNOgSTi: C, 43.28; H, 4.78; N, 2.66 Found:
C, 43.55; H, 4.85; N, 2.57.

X-ray Crystallography Data for 10 and 12. A summary of
crystal data collection and refinement parameters for compounds
10and12is given in Table 1.

A prismatic orange single crystal @D was mounted on a glass
fiber and transferred to a Bruker SMART 6K CCD area-detector
three-circle diffractometer with a rotating anode (Ca Fadiation,

A = 1.541 78 A) generator equipped with Goebel mirrors at settings
of 50 kV and 110 mA. X-ray data were collected at 100 K, with a
combination of six runs at differenp and 2 angles and 3600
frames. The data were collected using®@&de o scans (15 s/frame

at 20 = 40° and 30 s/frame at@= 100), at a crystal-to-detector
distance of 4.0 cm. A single crystal of a red blocki@was placed

in a Bruker-Nonius X8 APEXII CCD area-detector diffractometer,
equipped with graphite-monochromated Ma Kadiation ¢ =
0.710 73 A). The data were collected using the full sphere data
collection routine using 0°3wide w scans. For both compounds
the substantial redundancy in data allows empirical absorption
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corrections (SADABS) to be applied using multiple measurements atoms were refined with anisotropic displacement parameters. All
of symmetry-equivalent reflections (ratio of minimum to maximum H atoms were located in difference Fourier maps, but their positions
apparent transmission: 0.573 341 fdy and 0.7124 forl2). The were calculated geometrically and they were allowed to ride on
raw intensity data frames were integrated with the SANT  their parent carbon atoms with fixed isotropicvalues.
program, which also applied corrections for Lorentz and polarization  gqy 12, the poor crystal quality led to a low value for
effects. completeness (only 87.4% fér= 62.43). Above this value, we
The software package SHELXFtwas used for space group  giq not observe any reflections. Moreover, the crystal system is
determination, structure solution, and refinement. The space groupy;gjinic: for geometrical reasons, when the crystal system is triclinic,

determination was based on a check of the Laue symmetry and;, o, giffractometer it is very difficult to reach completeness above
systematic absences and was confirmed using the structure solutlongz%

The structure was solved by Patterson’s method (SHELXS%97),

completed with difference Fourier syntheses, and refined with full-
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