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Organotitanium fluorides (CsMe4R)TiF; (R = H, Me, Et) sublimate with formation of crystalline dimers. From solution,
we obtained crystals of dimers and tetramers. The tetramer [{ (CsMes)TiFs} 4] irreversibly dissociates in the solid
state to dimers (AH = 8.33 kcal mol™2). The variable-temperature 'H and °F NMR spectroscopy measurements
of the toluene-ds solution of [{(CsMes)TiFs},] revealed at 202 K one monomeric, two dimeric (with C,, and Cs
symmetry), two tetrameric (with D, and C,, symmetry), and two trimeric (both C, symmetry) molecules. With the
increase in temperature and dilution of the solution, the composition of the solution shifts to the smaller molecules.
The thermodynamic and activation parameters for the reversible dissociation of dimers to monomers in the solution
are AH = 9.2 kcal mol™%, AS = 24.2 cal mol™* K™, AH* = 12.2 kcal mol™%, AS* = 9.7 cal mol™* K™%, The
dissociation path with a weakly double-bridged transition-state dimer was proposed. The thermodynamic parameters
for the reversible dissociation of the C,, tetramer to the dimers in solution are AH = 7.9 kcal mol~* and AS =
26.8 cal mol~! K=, From both tetramers, the D, molecule is 0.34(5) kcal mol~* lower in enthalpy and 6.5(5) cal
mol~* K~ lower in entropy than the C,, molecule. The structures of both trimers were proposed. The low-temperature
19F NMR spectra of the CDCl3 solution of [{ (CsMes)TiF3} ,] are consistent with equilibria of a monomer, two dimers
(with G, and Cs symmetry), and a trimer. The vapor pressure osmometric molecular mass determination of CDCls
solution of [{(CsMes)TiFs},] at 302 K is consistent with the equilibrium of the dimer and the monomer.

Introduction ligand at the metal catalyst and the ee of the reaction product;

The monomer-dimer—oligomer equilibria in solutions of it is explained on the basis of catalytically active dimers or

main group, transition, and lanthanide metal compounds were
observed for molecules having both a Lewis-acidic metal
atom and a Lewis-basic nitrogen, oxygen, or halogen atom
and for organometallic compounds with a metal of pro-
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Chart 1. Schematic Representation ¢iJp TiFs},] Complexes with
the Fluorine Atom Labeling Used in the Assignment'#f NMR
Spectra

F3\ F,
Cp' | F . H
—--Tiw - i /
F¢ —F A N "y BN I\Cp‘
F Fi Cp Fy
F1
1 C3v 2 C2h 2 CS
Cp' C‘:p
F., ! F,
1%, ) .““‘\\FalmnTlm---nnF4 . ek \F:;../TI\ o .
T IN T R SRS R
CP ™ § TR Fg FT | P A :
Ti— Fs—Ti,
F F, / \ "”"Cp'
Cp F1 F,
3G, 3C,
Cp', Cp' cp, F

”, F /
AN
F3 II,'( ‘:r;l\ F,

3 5 E :
Ny e FAEs Jiocr
F1"W/TI\F/T‘i‘—--F1 F Fs\'l:'i/Fs F,

g 4 ‘C \ "“’
Cp p Cp'/ .
4'D, 4c,,

Cp'=C,Me; a, C;Me,Et b, C;Me,H ¢ ( e.g. 2a denotes [{C,Me;TiF,},])

monomers? For catalytically active monomers, the ther-
modynamics of the equilibria of three dimers«{R, S-S,
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Figure 1. DSC curve ofda
equilibria of fluorometallic catalyst species and could help
in the understanding and development of homogeneous
fluorometallic catalytic systems. The monomer, two dimers,
two trimers, and two tetramers and their equilibria were
observed in a solution of @e,R)TiFs. The tools used in
the present study are variable-temperatitend'®F NMR
spectroscopy, vapor pressure osmometry, IR spectroscopy
of solutions, and for crystallized substances, DSC and X-ray
structure determination.

Results

R—S) and two monomers (R, S) affect the enantioselectivity =~ Solid State: X-ray Structures and Thermal Analysis.
of the reaction (R and S denotes metallic species with the The structures of the species appearing in this report are

chiral ligand)

shown in Chart 1. The X-ray structures of crystals obtained

Homogeneous catalysts formed from metallic fluoride and from solutions previousk*® and in this work (see the

a chiral ligand offer unique catalytic properties due to the
high electronegativity of fluorirfeand bifunctional catalysis
with the interaction of fluorine atom with fluorophilic atoms
of reagents such as silicon and alumintithe chiral
amplification observed for the enantioselective addition of
allyltrimethylsilane and trimethylaluminum to aldehydes was
explained with active catalyst monomer species [(L)}TiF
(L = BINOLate, TADDOLatef This suggests that a
monomet-dimer equilibrium of fluorometallic species likely
exists in this system. We found that organotitanium trifluo-
rides (GMesR)TiF; (R = H, Me, Ety are suitable for

studying the thermodynamics and kinetics of the dimerization

and oligomerization equilibria that could be relevant for
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Supporting Information for structures of tetramedia and

4¢) revealed dimeric4) and tetrameric4) molecules. The
formation of crystalline tetramers is favored by a low
temperature of crystallization and high solubility ofs{C
Me4R)TiFs. This behavior can be explained by the equilib-
rium of the dimers and the tetramers observed in a solution
of (CsMes)TiFs by °F and *H NMR spectroscopy (see
below). The crystals of the sublimateds(=,R)TiF; are
built from dimeric molecules, according to X-ray structure
determinations (see the Supporting Information for structures
of dimeric 2a and 2b).

The curve obtained by dynamic scanning calorimetry
(DSC) of 4a is shown in Figure 1. A broad endothermic
transition occurs between 90 and 130 during the first
heating to 145C. The transition is irreversible, because an
exothermic transition was not observed at cooling of the
sample to 25°C. During the second heating cycle to 230
°C, a sharp endothermic transition appeared at AB0A
transition at the same temperature was observed in the DSC
curve of2a (not shown) and is in agreement with the melting
point of 2a.’2The irreversible transition between 90 and 130
°C could be attributed to the dissociation of tetrameléc
to dimeric2ain the solid state witAH = 8.3 kcal mot*
(calculated per mol ofla). The enthalpy of melting\Hs,s
= 11.8 kcal mot? (calculated per mol o02a).

(8) Kunzel, A.; Parisini, E.; Roesky, H. W.; Sheldrick, G. M.
Organomet. Chenl997, 536, 177—-180.



Substituted Cyclopentadienyltitaium(IV) Trifluorides
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Figure 2. VT 1%F NMR spectra of a 0.19 M toluerdy 2a solution.

Solution Molecular Weight Determination. The average ;g‘bslf)ljt'iogss'g“mem of the Resonances in #%€ NMR Spectrum of

molecular mass of solute, determined by the vapor pressure

osmometry of 0.026 MRa solution in CHC} at 302 K, is 0 (ppmy moleculé atont relative intensity
1 19 239.25m K2} F5 0.04
3.4(1')'102 g molt The 'F NMR spectrum of CDGI 51768 m i o1 0.63
solution of 2a at 302 K displays only a broad resonance 190095 = F1 0.18
suggesting equilibrium ofa and2a. Assuming this equi- 183.81s 3a F1 0.15
librium, the average molecular mass corresponds to 40(2)% igg-ggfﬂ 23;1 FF11°' F2 %00%1
dimer 2a dissociated to monomera in this solution. 17975 s % F1or E2 0.07
Variable-Temperature (VT) H and °F NMR Spec- g;-??m ga ';g é-ﬁ

. . . . . S a .

troscopy. (i) Solution of 2a in Tolueneds. The varlable_- 68.50 m 3a F3 014
temperaturé®F NMR spectra of a 0.19 M toluene solution 29.85m 4a F2 0.20
of 2a are presented in Figure 2 and Table S6 of the 16.27m 4a F3 0.31
Supporting Information. The low-t ture (202 ~1o78m 22 iy 039
upporting Information. The low-temperature ( JRBT_ _19.37m 3a Fa 013
NMR spectrum of2a is assigned in Table 1. The species  -22.78m 4a F5 1.27
observed byH and°F NMR in a 0.19 M toluene solution :gg-g; m 43: Eg 8-32
and in a 0.08 M CDQIsqu.tion. of2aare shown in Chart 1. _44:81m 2 Fa 0.08
Thermodynamic and activation parameters of processes -45.86m 2a F2 1.00
studied are in Table 2. A single brod% NMR resonance —69.17m 4 F4 0.08
—104.65 m 3a F5 0.07

of 2a and2b observed at room temperatfingnearths, at a
higher concentration of solution (0.19 M) and variation in a Tolueneds (0.19 M) solution at 202 K s singlet, m multiplet® see

the temperature, a variety of equilibrating species. The low- Chart 1.

temperature (202 KYF NMR spectrum (Table 1, and Figure species2a and4a are in agreement with their structures in
S4 of the Supporting Information) &a tolueneds (0.19 the solid state, suggesting that their structures observed in
M) solution shows resonances & (two, Cy,), 3a (five, the solid-state are retained in the solution. The structure of
Cy), 3a (five, Cy), 4a (five, Cy) and 4'a (four, Dy) in 4'ais proposed on the basis of the structural motif found in
concentration ratio 2@):0.14@3a):0.08@3'a):0.62¢44a):0.092-
(#2). The assignment of the resonances was done on the0) (&) Berin Fi0STm, &, T 4 Pef S eoan e
basis of chemical shifts of fluorine resonances observed in Demsar, A.; Pevec, A.; Pelsk, S.; Golic L.; Petrig A.; Bjorgvinsson,

cyclopentadienyltitanium fluoridés'®© The resonances of M.; Roesky, H. W.J. Chem. Soc., Dalton Tran$998 4043-4047.

(c) Demar, A.; Pevec, A.; GolicL.; Petriek, S.; PetficA.; Roesky,

H. W. Chem. Commuri998 1029-1030. (d) Pevec, A.; Perdih, F;

(9) Pevec, A.; Derrar, A.; Gramlich, V.; Petrfiek, S.; Roesky, H. WJ. Kodmrlj, J.; Modec, B.; Roesky, H. W.; Defag A. Dalton Trans.
Chem. Soc., Dalton Tran4997, 2215-2216. 2003 420-425.
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Table 2. Enthalpy and Entropy Changes for Reversible Reactions in a Scheme 1

Tolueneeg Solution of2a and for DSC Measurements in the Solid cp'
Staté |
Ti<
reaction AH AS method 2F7 ) TF
F
2a(solv) < 2 1a(solv) 9.2 24.2 VT NMR in fast exchange //(
2a(solv)y~ 2 1a(solv) 12.2 9.7¢ VT F NMR line shape analysis r o +
2a(s) < 2a(l) 11.8 DSC cp' FF ) F , F
4a(solvy> 2 2a(solv) 7.9 26.8  VT'H NMR in slow exchange \Ti“'F""'Tl° — [P\ pue T{““ CP\_.F. AT
_ w7 INper U - T \ == T 7
4a(s)— 2 2a(s) 8.3 DSC F¢ F \C , AR Cp Y S N\
4a(solv)<4'a(solv) —0.34(5) —6.5(5) VTF NMR in slow exchange F P F F F Cp'

a AH in kcal molt, ASin cal molt K—1, b Activation enthalpy AH7).

¢ Activation entropy ASF) \ . F aki
NN

the solid-state structures df(CsMes)MFs} 4] (M = Zr, Hf).7® F;‘PT"F/ \
The dilution of a2a tolueneds solution from 0.19 to 0.02
M (at 202 K) changes the concentration ratio t8&(0.06- o ) ) )
(38):0.04@' a):0.14¢a):0.03@ a). However, the equilibrium _dllutlon of the solutlon._Howev_er, s_lmultaneou_sly running
constantsKoa s Koads and Koasa (Se€ eqs 45 for !ntramole_cular mechanisms with single- or triple-bridged
equilibrium constants) are similar for 0.19 and 0.02 M intermediates (Scheme 1) cannot be ruled out.
solutions. This finding supports the proposed nuclearity of ~ The structures of trimer8a and 3'a (Chart 1) withC,

dimers, trimers, and tetramers. symmetry were proposed solely on the basis of theHr
NMR spectra. The formation d'a from 2a and 1a could

Kya 0a= (C0I(C, 6)2 (1) be p.roposed' by formation of auF). br.|dge. frqm two
terminal fluorine atoms and resembles dimerizatiotafo

Kya 3= (C3)%(C,0)° @) 2a. The trimers are likely stable intermediate species in the

) formation of tetramergla and 4'a from the dimers. The

Kza-aa= (C4/(C2d) ®) broadening of thé%F NMR resonance8aand3'a could be

K. =(C. 2 4 explained by their disso_ciation to di.m(aa and to the

2a-sa = (Cad/(C2d “) monomer and also by the interconversiorBafand3'a. The

Kiaaa= (Cu)/(Chl) = Koy 4 ofKoasa (5) proposed structures @fa and3aallow facile wing-moving

interconversion between both trimeric molecules. The bend-

The variable-temperatur®F NMR spectra of a 0.19 M ing of 3'a results in coordination of the central terminal
toluene solution of2a (Figure 2 and Table S6 of the fluorine atom to another two titanium atoms and the
Supporting Information) display changes in the resonancesformation of3a.
of the dimer, both trimers, and both tetramers. T@& The%F NMR resonances of both tetramers in the variable-
resonances, with an increase in temperature, first lose thetemperature spectra show an increase in the 4afi®a with
multiplet structure at 212 K and then broaden and disappearincreasing temperature, from 5.4 at 212 K to 7.5 at 312 K.
in the baseline at 272 K; a single broad resonance appearsThe values 0Kya safit the In(Kyasq) versus 1T plot (R =
above 302 K. This single resonance sharpens; its chemical0.99) in the temperature range from 262 to 302 K. The
shift increases with the increase in temperature and at dilutionthermodynamic parameters for the equilibrium of tetramers
of solution (Figure S5 of the Supporting Information). The show that the conversion dfto 4'a is slightly exothermal
1% NMR resonances @a and3'a are multiplets at 202 K (—0.34(5) kcal mot') with a decrease in entropy-6.5(5)
that broaden and disappear in the baseline at 242 and 22Zal mol* K™1). The direct intramolecular conversion 4#
K, respectively. The resonances of both tetramers diminishto 4'a seems unlikely. The interconversion betweernand
with the increase in temperature and disappear without the4'a is probably achieved by the equilibria of dimer, trimers,
line broadening at 3424(a) and 362 K {a). and tetramers. The equilibrium of both tetraméasand4'a

Three mechanisms that can participate in the coalescences observed in the solution of titanium compoufd and
of two 2a resonances to the single resonance have beenonly a single tetramer with the structural motiféé is found
considered (Scheme 1): (1) equilibrium of dime2ia and in the solution of {Cp*MF3s}4] (M = Zr, Hf).7®
monomericla, (2) the exchange of terminal and bridging The VT 'H NMR spectra of a2a tolueneds (0.19 M)
fluorine atoms by a single-bridged intermediate, and (3) the solution show methyl-ring resonances 4% (one) and4a
exchange of terminal and bridging fluorine atoms by a triple- (two) and a single resonance 2d andlain fast exchange
bridged intermediate. The observation that the dilution of (Figure S6 of the Supporting Information). The changes in
the 2a solution causes the shift of théF and'H NMR VT H NMR spectra are in agreement with the processes
resonance (Figure S5 of the Supporting Information) suggestsproposed from the VTF NMR spectra.
an intermolecular mechanism for the coalescence of the The plots of observed chemical shifts of tRa/la °F
fluorine resonance. The observed changes in the spectra ar&lMR resonance in fast exchange versus concentration were
in agreement with the equilibrium of dim2aand monomer  used for calculations of dimerization constantSa(zs) in
laproposed in Scheme 1. This equilibrium should be shifted the temperature range 31362 K (Figure S7 of the
to monomericla with the increase in temperature and Supporting Information). The chemical shifts of the reso-
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Figure 3. Observed (left) and calculated (righfF NMR resonances dfa (202-252 K) and2a/la (302—342 K). Rate constants are for the dissociation
of 2a

nance in the fast-exchange regime of th@éa2~ 2a concentration and temperature with the vapor pressure
equilibrium depend on the dimerization constant, chemical osmometric molecular mass determination.
shifts of1a (d15 and2a(d24), and concentration as expressed  The full line-shape analysisof fluorine resonances of

by eq 6% 2a was used for the determination of dissociation rate
constants for the equilibriurla < 21a (Scheme 1a). The
Kia2l —4/1+ 8K1Ha observed and simulated resonances from 202 to 342 K are
Oops= 51a+ 4Ky, ,.C — 019 shown in Figure 3, the corresponding Eyring plot (Figure
e (6) S9 of the Supporting Information) results in dissociation

o o o activation parameterAH* = 12.2 kcal mof* and AS' =
whereC is titanium concentration in solution in the form of g 7 cal mof? K.
monomerslaand dimers2a, C = 2Cy — 4Cya — 4Cys, and (i) VT F NMR Spectroscopy of 2a and 2c in CDG.
Co is the formal concentration a?a calculated from the  Thel9r NMR spectrum of a 0.08 M CDgkolution of2a
amount of2a dissolved. The chemical shift dfa (92J) is at 232 K (Figure S10 of the Supporting Information) shows
the intensity-averaged value of bd@haresonances and shows  agonances a?a, 3a, and four resonances of an additional

temperature dependency in the slow-exchange regime. Usingminor species in a 2:2:1:1 intensity ratio, tentatively assigned
the nonlinear curve-fitting procedure, we calculated the {g dimer 2'a (Chart 1) with Cs symmetry. The proposed
dimerization constant(a-25) and chemical shift ofa (12) structure of dime2'a has a single-bridging fluorine atom
for each temperature. The Kua o versus 1T plot (Figure (£, whereas thé°F NMR resonance of the terminad &tom

S8 of the Supporting Information) resulted in thermodynamic (103.4 ppm) suggests weak bridging interaction. The mol-

pararlneters for the dimerizatiakHia-20 = —9. %i 017 keal ecule2a is polar and its presence in CDQlolvent could
mol™ and ASja2a = —24.2 + 3 cal mol™ K™ The  pe dye to the stabilization by solvation with the polar CPCI
calculation with the determinateiHia22andASia-2a8t 302 golvent. The resonances of tetrametaand 4'a were not
K for a 0.026 M solution of dimeRa results in 47%2a observed in2a deuteriochloroform solution in contrast to

dissociated to monomés. For comparison, 40% dissociated the 24 tolueneds solution. Similarly, as in the toluendy
dimer was obtained for a CHgIsolution of the same

(12) Budzelaar, P. H. MgNMR version V 5.0; Ivorysoft: Oxford, U.K.,
(11) Schmuck, C.; Wienand, W. Am. Chem. So2003 125 452-459. 2002.
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bridge)*® The dissociation of BFs is endothermic with an
energy of 10.5 kcal mol at the MP2/TZVP(g) level. The
TN energies of TiFs (Ca,) species with increasing FiTi
AG .0 AH distance (gradual elongation of two-Ik bridging bonds
k with a weakly bonded dimeric transition state and transfor-
\ mation to tetrahedral Tiff were calculated to simulate the
: ' \ dissociation; they revealed a barrierless dimerization process
0ofes 1220 9.2 in the gas phas®.The activation enthalpy for dissociation
',',' \ L 6 of 2ais 12.2 kcal mot* (Figure 4), and the enthalpy barrier
; Tz_o for the dimerization ofLais 3.0 kcal mot?. We can suppose
—_—t b -- that the enthalpy barrier for dimerization is mainly due to
2.9 " desolvation of monomersa and that the dimerization of

wTio : two isolatedla molecules would be a process with a small
AW 7.2 enthalpy barrier or without the barrier.
F IR Solid State and Solution Spectra.The solid-state IR
) spectra (Nujol mull) in the 906400 cn1! range of dimer
\\\\\\ , 2a and tetramer4a show Ti—F stretching of terminal
F N fluorines Qa: 638 and 613 cmt; 4a 635, 620, and 583
. cmY) and bridging fluorinesda: 476 cn!; 4a. 483 cnt
\TinF F\ (Figure S11 of the Supporting Information). The bands of
TL F=T sublimated GMesHTiF3z at 609 and 640 cnt also indicate
Ce its dimeric structure. The IR spectrum of a benzene solution
F_igure_4._ Thermodynamic anq activation parameters (kcaljdbor the of 2a (0.1 M) shows weak 613 and 476 chbands of2a
dissociation of2a at 298.15 K in toluenet. and an additional strong band at 806 émFor the piano-
solution, two?2a resonances broaden and disappear in the St(:_OI m(_)bno?]eaa, ]'Ev_vr(_) stre_tchmg and thrtee%qreforrr;at;og IR
baseline at 272 K upon an increase in temperature, and a2c 'V(_abv' t_ra |0nio IdlEm0|ety z:rfe expected. qus r(ta Cd_
single broad resonance appears above 302 K. The resonanceésd \g r? 1ons s d ou f(t':lptper?r da |r$qui20'ezsy'gg arr;ﬂarls
of 3a and of2'a broaden and disappear in the baseline at vs vibration mlo es of tetrahedral Tag7 and 73s ¢ ):
262 . . . The 806 cm?! band of benzena solution is therefore
and 272 K, respectively. Interestingly, the five reso- : .
. PR . ) - . . assigned to the one of both FF stretching modes of
nances in a 2:2:2:2:1 intensity ratio, ascribed to trim8dc . : . .
. . : monomeric [(GMes)TiFs] la. A higher concentration of
were observed as a single species below 252 K in a ¢DCI : . ;
. . : . solution was achieved using more-soluBle (1.0 M). The
solution of (GMesH)TiF3 (see Figure S10 of the Supporting . . .
. . ) IR spectrum of this benzene solution shows strong absorption
Information and the Experimental Section). We were unable bands o2b (640 and 612 cri) and1b (803 cnT?), whereas
fjo tobtagn t(_:rysftals thh?t wfere smlt a:nle f?r—rgyT§;ructture the band with 580 cm suggests the presenceif (Figure
| etermination from ¢ O][.O orr;r: solution 0d§e4 ) :33? S11d of the Supporting Information). The solution IR spectra
ovylitenjperatu.re to confirm the Propose structuréo are consistent with the equilibrium of dimer and monomer
(iii) Discussion of the Mechanisms of the Interconver- i a 0.1 M solution, whereas in a 1.0 M solution, the dimer/
sions.Using the activation and thermodynamic parameters monomer concentration ratio increases, and tetramer is also
for dissociation oR2a in toluene (Figure 4) the dissociation gpserved.
mechanism was proposed. Two transition states were con- _
sidered: (1) the dimer with a single fluorine bridge and Conclusion
another weak bridging interaction with tH#a structure TheH and!%F NMR spectra revealed equilibria of seven
bridging interactions or weak association of two dimers e, Et) ranging from monomer to tetramer. The thermody-
(Figure 4). From Figure 4, we can establish the cause of thenamics and kinetics of dimerization and dissociation involv-
activation free energy barrier during the dissociation path. ing monomers and dimers allowed for the prediction of the
The formation of the transition state consumes enefdy?, mechanisms of these processes. It is obvious that the relative
but most of the entropy gainTAS) is released just on the  stabilities of dimers and monomers of species with aFi
path from the transition state to the separated monomers.hond depend on the other groups bonded to titanium.
The described path is consistent with the proposed mechaHowever, the equilibrium ofla and 2a suggests that both
nism with two weak interactions in the transition state. I monomer and TF(u-F),—Ti dimer can be expected for

addition, the formation of polar transition sta?e&a seems
less likely because of the nonpolar tolueshemedium. For ~ (13) ;’\Ef)ggbv S. P.; Gordon, M. §. Am. Chem. Sod 999 121, 2552~

the prediction of the dissociation mechanism 2z in a (14) Bencze, E Mink, J.; Nameth, C.; Herrmann, W. A.; Lokshin, B. V.
toluenedg solution, we can also use the results of the Kihn, F. E.J. Organomet. Chen2002 642 246-258.
15) Nakamoto, Klinfrared and Raman Spectra of Inorganic and Coor-

theoretical calculatlons_for d|m§r|zat|on—d|SSOC|at|qn reactions dination Compounds: Theory and Applications in Inorganic Chem-
between tetrahedral TiFand TiFg (Con, asymmetric £-F), istry, 5th ed.; Wiley-Interscience: New York, 1997; Vol. A, p 189.
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compounds with a FF bond. The equilibrium constant dinitrogen-filled drybox. The samples were kept for 12 min at the
K1a 24 for dimerization ofla to 2ais 29 M1 at 298 K, selected temperature before we recorded the spectra. The recorded
resulting in comparable concentrations of both species; for SPectra were processed with 1D WIN NMR and imported into
example, one-half of the dissolved dimer is dissociated to 9NMR12The*F NMR spectrum of 2a toluene solution at 202
monomers in a 0.017 M toluert-solution at 298 K. This K was used for simulation of both resonances2eaf(see Figure
equilibrium could help in understanding the behavior of the S12 of the Supporting Information for observed and calculated

h fl titani tal d t resonances and coupling constants). The dissociation rate constant
omogeneous fluorotitanium catalystsand suggests ca- 30 s twas included in this simulation. The temperature dependency

talysis with the more-active monomers, as already propdsed. of the averaged’F NMR chemical shift was observed féa and
The catalytic system with a dimerization constant comparable 45, The averaged chemical shifts & and 4'a satisfactorily fit

to Kia-2a@nd with partially resolved chiral ligands on titanium  the quadratic equation in the temperature range-3&2 K (Figure
could achieve the chiral amplification on the basis of the S13 of the Supporting Information). On this basis, the averaged
catalytically active monomer8.The additional requirements  chemical shift (used for calculation #f,22) of both resonances
for the chiral amplification in such a system are different of 2a(d2) in the fast-exchange temperature range-33@2 K were

stabilities of the homochiral and heterochiral dimer. extrapolated from the chemical shifts 24 in the slow-exchange
regimé?® (Figure S13 of the Supporting Information). Both fluorine
Experimental Section resonances dain the temperature range 26252 K and the single

resonance between 302 and 362 K were used for the determination
dof dissociation rate constants for the equilibri@a<> 21a using
full line-shape analysi& The concentrations dfa and2a used in
the simulation were calculated from the correspon#ing., values.

treated with Cak distilled, and stored under argon. DSC measure- Thg d|s§QC|at|on first-order rate constants were precalculatgd \.Nlth
a simplified exchange system of two terminal and one bridging

ments were performed on a Mettler Toledo DSC Beall. The fluorine atom of2a and three fluorine atoms dfa. An iterative
sample was weighed in a 40 aluminum pan and then hermeti- . : .
full line-shape analysis of the exchange of the full system of six
cally sealed. The empty pan served as a reference. For measure];I . t £ d six fluori " f th
ments, the following temperature program was used: from 25 to uofrme %o_rl_nsolglz SNTS SIx uorlnecga oms oba wag b len
145°C, the furnace was heatet®K min~, cooled with the same pertormed. Tw resonances ciawere observed below

rate, and then heated again to 2@at 5 K min. Vapor-pressure 272 K in slow egchan_ge, whereas the resonan_ce.a)ﬁvas not
. observed. The simulation of the resonancelafwith the deter-
measurements were made with a Knauer vapor-pressure osmometer .

standardized with a chloroform solution of benzyl alcohol. minated thermodynamic and activa.tior) parameters in the slqw-
NMR spectra were recorded on a Bruker DPX 300 spectrometer exchange regime r(_avealed a short lifetime and low conc_entrat_lon
operating at 300'H) and 282 MHz {°F). The spectra are referenced of 1a that results in an ur_lobser_vable broad and low-intensity
to MesSi and CF( (external standard). Infrared spectra (Nujol resonance. The equilibria involving tetramers (eqsSP were
mull or benzene solution) were recorded on a Perldtmer FT- evaluated above 262 K _bec_ause belo_w th{s temperature, tie In
1720X spectrometer. (®le,R)TiFs (R = Me, Et), MeSnF, and Vs 1fl' plots show a o_Iecllngtlon from Ilneant)_/. Below 262 K, the
(CsMesH)TICl; were prepared according to the literatifé1? equilibrium reg_ctlc_)ns involving te_tramers_are likely toq slow to fully
Synthesis of (GMeH)TiF 5. In a Schlenk flask, (@MesH)TiCls reellch the equilibrium concentrations during the 12 min temperature
(551 mg, 2 mmol), MgSnF (551 mg, 6 mmol), and toluene (50 adjustment.
mL) were stirred for 24 h at room temperature. The resulting ~ Acknowledgment. On the occasion of the 70th birthday
solution was filtered to remove the traces of unreacted3viE, of Professor Herbert W. Roesky, we dedicate to him this
and the filtrate was evaporated to dryness. The solid residual waswork on the compounds first prepared in his laboratory. This
sublimated at 120C, resulting in an orange-red sublimate (260 work was supported by Grant PS-0175 from the Ministry of
mg, 58%). Mp: 173C. Anal. Calcd for GHsFsTi: C, 47.82; H, Higher Education, Science and Technology, Republic of

5.80. Found: C, 47.02; H, 6.36. IR (Nujol mull): 1026, 862, 801, g|gvenia. Thanks are given to Dr. Romana Cerc-Kecos
640, 609, 480 crmi. H NMR (CDCh): 6211 (s, 6 H, 2< CHy), 10 DSC measurements.

2.19 (s, 6 H, 2x CHg), 6.07 (s, 1 H, @lesH). 19 NMR (CDCl,

General Considerations.All experimental manipulations were
carried out under a nitrogen or argon atmosphere using standar
Schlenk techniques or a drybox. Solvents were dried over a Na/K
alloy and distilled prior to use. Deuterated NMR solvents were

302 K): 0 124 vy, = 11000 Hz).2F NMR (CDCk, 222 K): ¢ Supporting Information Available: Data (including X-ray
160.6 (s, 2 F), 148.6 (s, 2 F), 55.3 (s, 2 FR3.9 (s, 2 F)—103.0 crystallographic files in CIF format) and plots for X-ray structure
N ' o T B ' ' etermination of sublimate®a, sublimated2b, 4a, and4c-2Mes-

(s, 1F) d f subl 2a, subl @b, 4 d4c2m

SnCl; NMR and IR data, plots, and analysis. This material is

Variable-Temperature NMR Analysis. The solutions for - '
available free of charge via the Internet at http://pubs.acs.org.

variable-temperaturtH and 1% NMR studies were prepared in a
1C060714W

(16) Zhang, Y.; Mu, Y.Organometallic2006 25, 631—-634.

(17) Vela, J.; Smith, J. M.; Yu, Y.; Ketterer, N. A.; Flaschenriem, C. J.; (18) Reich, H. J. I'WinDNMR: Dynamic NMR Spectra for Windagws
Lachicotte, R. J.; Holland, P. LJ. Am. Chem. So@005 127, 7857 Chem. Educ. Software; Division of Chemical Education, American
7870. Chemical Society: Washington, D.C., 1996; Vol. 3D, No. 2.
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