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Acid—Base Adducts of Catalytically Active Titanium(lV) Lewis Acids
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A series of monomeric Lewis acitbase adducts of the DietdAlder catalyst Ti(O-2,6-MgCsH3)>Cl, have been
synthesized from bidentate diphosphines and diamines, Ti(O-2,64¥g).Cl.L, (L, = dmpe, depe, dpeda, and
dmeda). X-ray crystal structures of Ti(O-2,6-M&gH3).Cl,(dmpe) and Ti(O-2,6-MgsH3).Cl,(dpeda) establish

a distorted octahedral coordination environment virdms-chloride ligands. Bidentate ligands that were also
studied but did not form isolable complexes with the Ti(IV) Lewis acid include dppe, tmeda, and binam. Through
pairwise exchange reactions a qualitative ranking of relative bidentate ligand binding strengths to the Lewis acid
were obtained (dmeda dpeda> dmpe= depe> tmeda> binam> dppe). The ranking is readily rationalized
using hard-soft electronic arguments except for tmeda, which requires that unfavorable steric interactions be

invoked.

Introduction

The ability of titanium(IV) Lewis acids to act as efficient

catalysts for various organic transformations has led to consider-
able interest in exploring their reactivity, especially in the context

of asymmetric catalysisWe have been particularly interested

and electronic unsaturation; however, the above observations
point to a delicate balance between maintaining the monomeric
state and promoting rich coordination chemistry.

It is known that Lewis bases (e.g., tmeda, dmpe) convert
titanium aryloxides that are otherwise aggregated in their free-

in titanium(1V/) bisaryloxide complexes as Lewis acid catalysts Pase forms into monomeric Lewis acitiase complexes.

for processes such as the Dielslder reactior? Simple titanium
phenoxy (e.g., [[PhQTiCl;],)? and binaphtholatecomplexes,

Building on these observations we wish to incorporate poly-
merizable versions of monomeric Lewis aeidase complexes

however, are aggregated in solution and in the solid state, ainto highly cross-linked organic polymer networks to yield site-
phenomenon that can contribute to reduced catalytic activity, isolated complexe3:° Subsequent removal of the coordinated
solubility, and moreover lead to complex reaction dynamics (e.g. Lewis base should generate monomeric Lewis acids that would

nonlinear effects in asymmetric catalysi§)Lappert, Rothwell,

otherwise be inaccessible (i.e., they are aggregated) in solution.

and other&® have utilized sterically demanding aryloxide ligands Moreover, using chiral bidentate bases and the concept of
to favor monomeric complexes, and resultant well-behaved molecular imprinting* we additionally aim to associate with
reactivity. With the most bulky ligands, however, the high steric these site-isolated titanium catalysts, chiral cavities capable of
congestion inhibits the binding of simple Lewis bases such as controlling the enantioselectivity of transformations mediated

pyridine’® and restricts their utility as Lewis acid catalysts. Thus,

by the Lewis acid. To this end we chose to first investigate the

one would like monomeric Lewis acids with high levels of steric acid—base chemistry of Ti(O-2,6-M€sH3)2Cl,, (1) since (1)
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it is a well-behaved DielsAlder catalystt? (2) its aggregation
state was, until recenflyinknowrf® and sol might be amenable

to the above-mentioned strategy; and (3) the 2,6-dimethyl
substituents provide a convenient spectroscopic handle for
adduct characterization. We have examined the Lewis acid
character ofl. with chiral, and potentially chiral bidentate Lewis
bases to systematically document the relative binding affinities
of different structure types to titanium(lV) Lewis acids. Such
studies are scaréé,despite the fact that these data shed light
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on the fundamentals of Lewis acid activation of 2-point binding
organic substrateld.

Results and Discussion

Synthesis of Coordination ComplexesThe Lewis acid Ti-
(0-2,6-MeCgH3)2Cl, (1), prepared by the method of Lappétt,
was treated with stoichiometric quantities of several nitrogen
and phosphorus containing bidentate Lewis bases. These reac-
tions have precedence as (Ti(ORI}), has been previously
shown to react with bisdimethylphosphinoethane (dmpe) and
tmeda to form stable, presumably monomeric addu&tSimi-
larly, whenl was treated with dmpe in GICl,, rapid formation
of 2a was observed as characterized by diagnostic downfield
shifts in the dmpéP (—47.8— —9.6 ppm) and aryloxidéH
NMR methyl resonances (2.25 2.48 ppm) (eq 1). In situ Figure 1. ORTEP diagram oRa.

Cl Rz
R =Me (70%) 2a
R=Et(50%) 2b
R =Ph 2c

-

monitoring indicated that although the desired 1:1 adduct was
the major product, a small amount10%) of a 1:2 (Ti/dmpe)
complex P NMR: 5.0, 9.9 ppm) was also formé@giWhen
preparatory reactions are carried out in toluene, however, the
impurity conveniently precipitates from solution to yield the material required fractional crystallization to provide material
clean 1:1 adduct after filtration. Recrystallization from toluene: of high purity; the low yields reflect this. Each of these reactions
pentane yields a highly crystalline orange compound that is yielded crystalline products that were well behaved. Unliae
monomeric in the solid state by single-crystal X-ray diffraction the diamine adduca maintained sharp resonances in the
(vide infra). Heating pure samples 24 in tolueneeds leads to NMR up to 100°C with no sign of decomposition.
a gradual broadening of thiéP NMR which upon recooling In contrast to the above ligands, attempts to synthesize adducts
generates traces<(L0%) of free dmpe and the 1:2 adduct. The of 1 with bisdiphenylphosphinoethane (dpp®,N,N,N'-tet-
fate of the necessary titanium byproduct is unknown. These ramethylethylenediamine (tmeda), and 'dyihaphthyl-2,2-
observations are suggestive of dmpe "on/off* dynamics. diamine (binam) led to products that were dynamic in the NMR
Similar adducts could be obtained with 1,2-bisdiethylphos- at room temperature, and could not be satisfactorily purified
phinoethane (depelk, eq 1), (529-diphenylethylenediamine by selective recrystallization. Attempts to isolate these com-

(dpeda), andN,N-dimethylethylenediamine (dmeda3& and plexes invariably led to additional decomposition. These adducts,
3b, eq 2)7 In the case of the diamines, however, the crude however, could be generated in situ, and provided that they were

not concentrated, they led to solutions containing minimal

Figure 2. ORTEP diagram oBa.

‘ impurities.
RHNj/R RR R" The diamine complexe8a and 3b could also be cleanly
1+ j (2 repared by selective displacement of dmpe frdm(eq 3).
AN Aro, l\ prep y p p (eq 3)
32 HR .
R,R'= H, R"= Ph (dpeda, 35%) 3a ArO_ RHN Ao | _N
R.R'= H, R'= Me (dmeda, 40%) 3b Ti j Ti 3
R,R'= Me, R"= H (tmeda) 3c Ar0” |\ RHN Zampe. AO” l\N -, ©
1,1"-binaphthyldiamine (binam) 3d '
2a R =H, R'= Ph (dpeda, 90%) 3a
(14) Footnote 1b, Chapter 9. A= peda, 9U7%
(15) For several low valent titanium dmpe adducts see: (a) Morris, R. J.; R =Me, R'=H (dmeda, 95%) 3b
Girolami, G. S.Inorg. Chem.199Q 21, 4167-4169. (b) Frerichs, S.
R.; Stein, B. K., Ellis, J. EJ. Am. Chem. Sod987 109 5558~ Although direct reaction of these ligands wikted to traces of
5560. (c) Jensen, J. A.; Wilson, S. R.; Schultz, A. J.; Girolami, G. S. b dg ts that difficult t 9 te f the desired
J. Am. Chem. Socl987 109 8094-8096. (d) Girolami, G. S.; yproducts that were diimcult to separate from the aesire
Wilkinson, G.; Thornton-Pett, M.; Hursthouse, M. &.Chem. Soc., adduct, the dmpe displacement protocol was clean and quantita-

Dalton Trans.1984 2347-2350. (e) Green, M. L. H.; Hazel, N. J.; tive (*H and3'P NMR). This route was therefore chosen as the

Grebenik, P. D.; Mtetwa, V. S. B.; Prout, K. Chem. Soc., Chem. : s
Commun1983 356-358. (f) Domaille, P. J.; Harlow, R. L.; Wreford, more convenient method of synthesiziég and 3b.

S. S.Organometallics1982 1, 935-938. X-ray analysis. To structurally characterize these aclihse
(16) We assign the 1:2 stoichiometry on the basis of an integration of the adducts, single-crystal X-ray analyses were performe@an
dmpe and aryloxy resonances in ¢ NMR. and3a. Their respective ORTEP representations are shown in

17) For a TiC} adduct ofN, N',N"-trimethylethylenediamine see: Drake, . L . .
( )s. R.; S;nderson, K. D Hursthguse,yM. B.. Malik, K. M. A. Figures 1 and 2; data acquisition parameters are listed in Table

Polyhedron1994 13, 181-186. 1. Both complexes adopt a distorted octahedral geometry with
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Table 1. Crystallographic Data and Collection Parameters2ar clockwise, and a second isomer (not shown) with the aryloxides
and3a rotated 52.3 and 386counterclockwise. The nearly perpen-
2a 3a dicular arrangement of aryloxides in the former case, however,
formula TIP.ClCyoHa:0s TiC1,CagHaoN,05 introdL_Jces unfavo_rable interactions beMeen t_he aryl methyl_and
fw 511.26 615.45 the axial chloride ligands, perhaps helping to distort the chlorides
space group P22 P2; away from the strongest ligands (€Ti—Cl = 154.69(4Y).
a A 16.3617(10) 14.3132(17) Similar CI-Ti—Cl angle distortions are observed in the X-ray
b,é 3?8 8262(23 1?67113?58(()1% crystal structures oBa (161.57(8Y), 1-THF, (165.0(2))8 Ti-
& deq 38.8262(23) 99_158(1)( ) (salen)C} (168.7(1)),2% Ti(TADDOL)Cl dppe (157.2(T),12
V’, A3 10394.0(9) 3134.3(6) and Ti(TADDOL)Ch(3-E-3-cinnamoyl-1,3-oxazolidin-2-one)
Z 16 4 (164.3).1920n the other hand, electronic structure calculations
T,°C —-100 —100 predict an axial bond compression to the weaker neutral ligands,
D, glcn? 1.307 1.304 and so the origin of the effect may in fact be purely elec-
A A . Mo Ka. (0.71073) Mo Kx (0.710 73) tronic24.25
ﬁ’i?dr}les (all data) %S 7: 0.039 g:ggs Competitive Binding Experiments.NMR experiments were
R’ = 0.038 0.068 carried out between the Lewis adidnd pairs of bidentate bases
Rindices (sig. rflcns) R = 0.033 0.045 to assess their relative binding affinities (e.g. eq 4, Table 3).
R, =0.038 0.055
GaO:F =3(Fo — FC)IZFO.Zb'ZRi = [SW(Fo — Fc)zlzz.]\;szoz]l/z, GoF = A0 ?l R‘x'RI \;F}R. A0 ?' R\Y'R‘ *F}R‘
[SW(Fo — F)Z(n — p)]¥2 wheren = number of reflections anf = Aro'Ti|< j j _— ArO'Ti|< j j )
number of parameters. a Y. LA X
RR g RR'

trans chloride ligands. Fromteans-effect perspective, the latter
enables the strong aryloxide ligands to be trans to the neutral
phosphine and amine ligands, a trend that is consistently
observed in a variety of titanium(lV) coordination compleX&g°

The metrical parameters Ba and3a are unexceptional as the
Ti—O, Ti—Cl, and C-O—Ti bond lengths and angles are similar
to previously reported bisaryloxide titanium(lV) dichloride
complexed2<&18The recent structural characterizationldfy
Rothwell® however, allows a more careful analysis of the effects
of a bidentate ligand on the metrical parameters of this Lewis
acid. Not surprisingly, addition of two donors to the coordination
sphere increases the 7O and TiCl bond lengths, on the
average by 0.075 and 0.15 A, respectively (Table 2). Consistent
with a more octahedral-like geometry in the adducts is the
decrease in the €1Ti—0 bond angles from-109 in1 to ~98°

in 2aand 92-99° in 3a. On the other hand the-©ri—O bond
angles only decrease-3° upon transitioning from tetrahedral

to octahedral (Table 2).

The Ti—=N721 and Ti~P?2 bond lengths in2a and 3a are

Initial studies focused on the competition established by adding
various ligands t@a, and determining relative binding constants
by integrating the amounts of free and bound ligattignd/or

3P NMR). Binding kinetics were rapid as equilibrium was
reached in<5 min, and remained constant over at least 48 h.
In the case of dpeda, dmeda, dmpe, and depe, on/off rates were
also slower than the NMR time scale as sharp resonances were
observed for the free and bound ligand.

From these experiments, two classes of bidentate ligands
emerged, those that quantitatively displaced dmpe (dmeda,
dpeda) and those that did not. In the latter cases, 10 equiv. of
the addend ligands were used to establish an upper limit of the
equilibrium constant at 10 (see Experimental Section).
Similarly, the competition set up b3a, 9 equiv of dmpe, and
1 equiv of the stronger binding bases yielded minimum
equilibrium constants of Y0 The relative binding strengths of
the sets of ligands that were stronger and weaker than dmpe
were established by a series of pairwise competition experiments
] o with 1. Although competition experiments with the weaker
also normal, with the average FP (2.62 A), not surprisingly, ligands gave somewhat broadened NMR spectra and traces of

being longer than the average-Thl (2.26 A) bond lengths, impurities, a reasonable qualitative analysis could be obtained
reflecting the larger van der Waals radius of phosphorus. It is g spectrum appearance. For example, in the competition

interesting to note that iRa, the aryloxides adopt a conformation  atween tmeda and binam. thel NMR spectrum of the

that minimizes the steric interactions between the aryl and 5 5maic region contained peaks solely due to free binam,
phosphorus methyl groups. This orientation is best described,yhareas for binam vs dppe, the binam aromatic resonances

by the angle relatingothe orientation of the aryl andD—O corresponded solely t8d. In toto, these experiments establish
planes (75.9 and 9T'4respectively). Two independent con- 5 gemiquantitative range of binding strengths for Lewis acid
formations are observed in the asymmetric uniBafthe one

shown in Figure 2 with the aryl rings rotated 52.6 and 31.8 gmeda> dpeda> dmpe =
depe> tmeda > binam > dppe

(18) Yasuda, H.; Nakayama, Y.; Takei, K., Nakamura, A.; Kai, Y.;
1) Tsngg';‘aev”’\‘k]-\?fglj‘gfg}eté %1??;%‘; rfsfﬁ’n 1}?3}%12- Chem. Soc Basicity and haretsoft arguments account for most of the
1995 117, 4435-4436. (b) Gau, H.-M.. Lee, C.-S.. Lin, C.-C.. Jiang, °rderings in this series with the exception of tmeda. The fact

M.-K.; Ho, Y.-C.; Kuo, C.-N.J. Am. Chem. S0d.996 118 2936~

2941. (23) (a) Tararov, V. I.; Hibbs, D. E.; Hursthouse, M. B.; Ikonnikov, N. S.;
(20) For an octahedral Ti(lll) exception, see: Minhas, R.; Duchateau, R.; Malik, K. M. A.; North, M.; Orizu, C.; Belokon, Y. N.Chem.
Gambarotta, S.; Bensimon, Gorg. Chem.1992 31, 4933-4938. Commun1998 387-388. (b) Gilli, G.; Cruikshank, D. W. J.; Beddoes,
(21) For an extensive list of structurally characterized Ti adducts, see: R. L.; Mills, O. S.Acta Crystallogr.1972 B28 1889-1893.
Guzei, I. A.; Winter, C. HInorg. Chem.1997, 36, 4415-4420 and (24) Clark, J. R.; Pulvirenti, A. L.; Fanwick, P. E.; Sigalas, M.; Eisenstein,
references therein. O.; Rothwell, I. P.Inorg. Chem.1997, 36, 3623-3631.
(22) Scherer, W.; Priermeier, T.; Haaland, A.; Volden, H. V.; McGrady, (25) For a similar distortion in a Zr-dimethyl complex see also: Kobriger,
G. S.; Down, A. J.; Boese, R.; Blar, D.Organometallics1998 17, L. M.; McMullen, A. K.; Fanwick, P. E.; Rothwell, I. PRolyhedron

4406-4412 and references therein. 1989 8, 77-81.
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Table 2. Selected Bond Distances (A) and Angles (deg)¥8r2a, and3a

12 2a 3
Ti-O 1.734(7), 1.736(8) 1.8143(19), 1.8255(20) 1.804(4), 1.787(4)
1.8165(20), 1.81315(19) 1.788(4), 1.802(4)
Ti—Cl 2.192(4), 2.211(4) 2.3524(8), 2.3644(8) 2.3524(18), 2.3960(18)
2.3512(8), 2.3605(9) 2.3536(17), 2.3960(17)
O-Ti-O 109.1(4) 105.16(9) 106.07(21)
104.10(9) 104.64(21)
Cl-Ti—Cl 111.0(2) 154.69(4) 161.57(8)
154.34(4) 162.02(9)
Ti—-0-C 167.3, 168.9 165.28(18), 166.76(18) 173.5(4), 152.6(4)
157.80(17), 168.12(19) 174.6(4), 152.9(4)
Cl-Ti—0 ~109 ~98 2-99

aReference 8° Two independent molecules per asymmetric unit.

Table 3. Ligand—Ligand Competition for Lewis Acidl Summary
complex ligand Keq The synthesis and characterization of several -ababe

2a dmeda >10* adducts of the DielsAlder catalystl have been realized. X-ray
dpeda >10* crystallography on the dmpe and dpeda adduct point to a series
?n‘?ggé gi 103 of structures wherein the neutral bidentate ligands occupy
binant ~10-4 positions trans to the aryloxide ligands, and are thus consistent
dppé <104 with proposed transition structures for the (TADDOL)TICI

3a dmeda 15 catalyzed Diels-Alder and 1,3-dipolar cycloaddition of 2-point

2b tmeda 0.01 binding dieneophile3? Relative binding affinities to the Lewis

3cd binam favors tmeda

34 dppe favors binafh acid can generally be explained using electronic haaft acid
PP concepts, with the exception of bulky ligands such as tmeda.
210:1 dmpefligand? 5:1 depe/dmpe’ 10:1 ligand/dmpe? Generated

in situ. ¢ Qualitative due to broadened NMR line widths (vide infra). Experimental Section

Scheme 1 Reagents and General Techniquedi(O-2,6-Me&CsH3).Cl,"* and
(S,9-1,2-diphenylethylenediamifewere prepared according to litera-
ture procedures. Dmeda and tmeda (Aldrich) were freshly distilled from
Cah; prior to use. All other compounds were used as received. Solvents
were dried over activated alumifstored under argon and degassed
by freeze-thaw techniques prior to use. Deuterated solvents were dried
over and vacuum transferred from Na/benzophenone-ketdd)Gr
CahH; (CD,Cl,) and were degassed by freezmump—thaw techniques
prior to use. All compounds were synthesized undgu$ing standard
Schlenk-techniques and were handled in an MBraun Lab-Master 100
glovebox.

1H, 13C, and®P NMR were recorded in Dg or CD,Cl, at ambient
temperature on either a Bruker AMX300 or Bruker Avance 400

that this most basic ligand does not form an isolable complex

with 1, and does not effectively compete with the |Sostruqtural spectrometer. Optical rotation measurements were taken on a Jasco DIP-
(but So_ﬁ) dmpe, suggests that factors other than electronics are goo digital polarimeter. Elemental analyses were performed-bi E
operative. Microanalytical Laboratories (Parsippany, NJ).

The most reasonable interpretation for this observation is that  Synthesis of Ti(OAr).Cly(dmpe) (2a). A 50-mL flame-dried
the shortened HN and N-Me bond lengths in the tmeda  Schlenk flask was charged with Ti(OAQI, (1.00 g, 2.77 mmol) and
adduct leads to steric congestion that destabilizes it relative totoluene (20 mL) in the glovebox. A separate 25-mL Schienk flask was
the isostructural dmpe complex. Consistent with this argument Similarly charged with dmpe (0.416 g, 2.77 mmol) and toluene (10
is the X-ray structure of TiG(N,N'N"-Mez-ethylenediaminéy mL)._Both flasks were co_nnec_ted to a Schlenk line and the_dmpe
wherein the Ti-NHMe bond length (2.227(4) A) is shorter than solution was added dropwise via cannula to the precool€C}0Ti-

. (OAI)Cl; suspension. The pale red suspension clears to a dark red
the Ti-NMe, bond length (2.316(4) A). These bond length  gqytion from which a small amount of orange solid precipitated. The

variations go counter to simple basicity arguments. Unlike reaction solution was stirred an additibriah at room temperature
tmeda, however, dmeda forms the strongest adduct of any ofafter which time the supernatant was separated from the precipitate
the bidentate ligands studied. In this case, orienting thé/d via cannula filtration. The solution was pumped to dryness, and the
substituents into pseudoequatorial positions must enable theresulting solid recrystallized from a 1:1 mixture of toluene/pentane to
aryloxide methyl groups to rotate away from the axial chlorides give 0.991 g of a bright orange solid (70% yielthi NMR (300 MHz,
toward the relatively unhindered pseudoaxial hydrogens. The CsPe) 0 6.88 (d.Jun = 7.5 Hz, 4H, ArH), 6.72 (tJun = 7.5 Hz, 2H,
dmeda adduct can thus take advantage of a slightly enhance r0H3)' 2.66 (s, 12H, ArCHy), 1.19 (d,Jou = 152 Hz, 4H, PCH),

- . . . . ; . .03 (m, 3 line pattern, 12H, PGH *C{*H} NMR (100 MHz, CDQ-
basicity, without paying the steric price of having pseudoaxial
N—Me substituents. Securing the argument of pseudoequatorial

(26) See ref 21a, and also: (a) Seebach, D.; Dahinden, R.; Marti, R. E.;

positioning of the N-Me group are the relative coupling Beck, A. K.; Plattner, D. A.; Kinle, F. N.'M.J. Org. Chem1995
constants obtained between the diastereotopic backbone CHs 60, 1788-1799. (b) Haase, C.; Sarko, C. R.; DiMare, MOrg. Chem.
and the single NH resonance Bb (Scheme 1); the large 1995 60, 1777-1787.

. (27) Pikul, S.; Corey, E. Org. Synth.1992 71, 22—28.
coupling between the NH and backbone CH (11.5 Hz) sug- (28) Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K;

gesting an axial NH. Timmers, F.Organometallics1996 15, 1518-1520.
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Clp) 6 165.9, 129.1, 128.2, 121.9, 25.9 Jtp = 15.4 Hz), 18.4, 11.7 Characterization of 2c, 3c, and 3d.General procedure for
(t, Jep = 6.7 Hz);3*P{*H} NMR (121 MHz, GD¢) 6 11.34 (s); Anal. characterizing nonisolable complexes & 2 mLvial was added 15
Calcd. for G,H34Cl,O.P,Ti: C, 51.68; H, 6.70. Found: C 51.59; H mg (41.5umol) of 1 in of CD,Cl, (0.5 mL) resulting in a light red
6.72. solution. To this solution was added tmeda (4.3 mg, 4ar®l) in

Synthesis of Ti(OAr).Cl,(depe) (2b). To a 50-mL flame-dried CD.Cl, (0.5 mL). 3c. *H NMR (400 MHz, CDQCl,) 6 6.86 (d, 4H,
Schlenk flask in a drybox was added Ti(OACT), (1.05 g, 2.77 mmol) Jun = 7.5 Hz, ArH), 6.72 (d, 1HJuw = 7.5 Hz, ArH), 6.68 (d, 1H,
and toluene (20 mL). To a separate 25 mL Schlenk flask in a drybox Juy = 7.5 Hz, ArH), 2.92 (s, br, 12H, NC¥), 2.85 (s, br, 4H, NCh
was added bisdiethylphosphinoethane (0.601 g, 2.77 mmol) and tolueneCH;), 2.45 (s, 12H, ArCH); 3d: *H NMR (400 MHz, CB.Cl,) 6 7.99
(10 mL). Both flasks were connected to a Schlenk line and the depe (d, 2H,Juy = 8.7 Hz, Ar—H), 7.94 (d, 2HJun = 8.1 Hz, ArH), 7.45-
solution was added dropwise to the precooled°@) Ti(OAr),Cl, 7.39 (M, 4H, ArH), 7.25 (t, 2HJun = 8.1 Hz, ArH), 7.06 (d, 2HJun
suspension via cannula. The pale red suspension becomes a dark reek 8.7 Hz, ArH), 6.95 (d, 4HJuy = 7.5 Hz, OAr), 6.82 (d, 2HJun =
homogeneous solution. Upon removal of toluene in vacuo a red-orange 7.5 Hz, OAr), 6.80 (d, 2HJuy = 7.5 Hz, OAr,), 5.39 (s, br, 4H, N§),
solid began to precipitate from solution. After approximately 15 mL 2.47 (s, 12H, OArCH); 2c. *H NMR (400 MHz, CQCly) 6 7.48-
of toluene was removed, the supernatant was separated from the7.38 (s, br, 20 H, PPh), 6.73 (d= 7.5 Hz, 4H, OAr), 6.69 (tJ=7.5
precipitate via cannula filtration. The filtrate was pumped to dryness, Hz, 2H, OAr), 2.28 (s, 4H, PCh), 2.23 (s, 12H, ArCh); 3P{1H} NMR
and the resulting solid recrystallized from a 1:1 mixture of toluene/ (121.471 MHz)o —9.69 (s, br).

pentane to give 0.745 g of a dark red solid (50% yield) NMR (300 Competition Experiments. All competition experiments were
MHz, CsDe¢) 0 6.87 (d, 4H,Juy = 7.5 Hz, ArH), 6.70 (d, 1HJun = carried out in NMR tubes with CiZl, as the solvent. In the case of
7.5 Hz, ArH), 6.63 (d, 1HJun = 7.5 Hz, ArH), 2.72 (s, 12H, ArCEj, competition experiments witBa, a solution (0.5 mL CBCl,) of the

1.83 (m, 4H, PEI,CH;3), 1.70 (m, 4H, PEI,CH3), 1.27 (d, 4HJpn = bidentate ligand was added dropwise to a solutioBaf0.5 mL CD,-

12.3 Hz, PCHCHjy), 0.79 (t, 6H,Juu = 5.8 Hz, PCHCH3), 0.71 (t, Cly). For ligands binding weaker than dmpe, 10 equivalents of the ligand
6H, Juy = 6.7 Hz, PCHCHa); 13C{'H} NMR (100 MHz, CQCl,) ¢ were used, and the ratio of released dmpe and bound dmpe obtained

165.9, 129.1, 128.2, 121.9, 25.9 J&p = 13.5 Hz), 18.4, 11.7 (t)cp from 3P NMR (relaxation delay= 10 s), were used to calculate the
= 5.8 Hz);3P{*H} NMR (121 MHz, GDs) 6 11.34 (s); Anal. Calcd. equilibrium constantKeg) according to the formula:
for CaeHa2Cl,OP,Ti: C, 55.04; H, 7.46. Found: C, 55.23; H, 7.65.

Synthesis of Ti(OAr).Cl((S,9-dpeda) (3a).To a flame-dried 25
mL Schlenk flask in a drybox was added Ti(OAC),(dmpe) (500 mg,
0.98 mmol) and toluene (10 mL). To this vigorously stirred solution ) ]
was added dropwise a solution &,g-diphenylethylenediamine (211 ~ Wherex represents the ratio of ligand to dmpgand [dmpe.] =
mg, 0.98 mmol) and toluene (2 mL) and an immediate color change [dmpe] + [Ti-dmpe] (x = 10 for tmeda, binam, and dppe, and 5 for
from orange-red to dark red was observed. The flask was connected todepe). A lower limit ofKeq (10~) for the weak binders was established
a Schlenk line and allowed to react for an additional 30 min. The solvent Py assuming a 2% detection limit for free dmpe.
was then reduced to2 mL in vacuo and was then layered with 5 mL For stronger binding ligands (dmeda and dpeda), 1 equep®
of pentane via syringe and allowed to stand for 1 h, after which the €quiv of dmpe, and 1 equiv of the ligand were used to establish a net
solution was cooled to°0C. Dark red crystals immediately precipitated ~ COmpetition between 10 equiv of dmpe and 1 equiv of the addend (i.e.,
and the supernatant was removed via cannula filtration. Crude productX = 0-1). The equilibrium constant was then calculated according to
was recrystallized from 1:1 toluene:pentane to give 0.509 g of dark the equation:
red crystals (90% yield}H NMR (300 MHz, CQCl,) 6 6.86 (d, 4H,

Jun = 7.5 Hz, OArH) 6.81-6.69 (m, 12H, OArH, HNCHArH), 4.61 Keq= [dmpe]&[dmpe,,] — [Ti-dmpe])/[Ti-dmpef

(m, 2H, three-line pattern, MCH), 3.82 (t, 2H,Jyy = 10.5 Hz, HHN),
3.30 (dd, 2H,Jus = 10.5 Hz,Juy = 1.5 Hz, HHN), 2.60 (s, 12H,
OArCHg); 13C{*H} NMR (100 MHz, CDCl,) ¢ 166.1, 139.3, 129.5,
129.2,129.0, 128.6, 127.5, 122.9, 63.7, 1769p154= —31.3 € 0.55,
CH2C|2); Anal. Calcd. for GOH34C|2N202Ti‘1/2(C7H8): C, 6495, H,
6.18; N, 4.52. Found: C, 64.79; H, 5.91; N, 4.35.

Synthesis of Ti(OAr).,Cly(dmeda) (3b).To a flame-dried 25 mL
Schlenk flask in a drybox was added a solution of Ti(Q&f)(dmpe)
(500 mg, 0.98 mmol) and toluene (10 mL). To this vigorously stirred
solution was added dropwise a solution N -dimethylethylenedi-
amine (211 mg, 0.98 mmol) and toluene (2 mL) and an immediate
color change from orange-red to dark red was observed. The flask was ~ Acknowledgment. We wish to thank Prof. lan Rothwell
then placed on a Schlenk line and a”OWeq to react for an additional 30 (Purdue Un|vers|ty) for information on the Structure]oprior
min. The solvent was th_en reduced&ﬁ mL in vacuo and then layered to publication. This work was partially supported by the NSF,
with 5 mL of pentane via syringe, allowed to stand for 1 h, and then under the auspices of a CAREER Development Award to

cooled to O°C. The dark red crystals were isolated via cannula filtration .
and recrystallized from 1:1 toluene/pentane to give 0.418 g of dark M'R'G' (CHE-9624852), the Petroleum Research Fund, admin-

red crystals (95% yieldfH NMR (400 MHz, CD.C,) 6 6.90 (d, 4H, |sltered by the ACS, and the DuPont Company for a Grant in
Jun = 7.5 Hz, ArH), 6.71 (t, 2HJuy = 7.5 Hz, ArH), 4.07 (m, br, 2H,  Aid.

NH), 3.20 (dd, 2HJun = 11.5 Hz, 7.8 Hz, NCHi), 3.08 (dd, 2H Jun
= 7.8 Hz, 3.5 Hz, N&IH), 2.77 (d, 6HJun = 6.0 Hz NCH), 2.39 (s,
12H, ArCHs); 3C{*H} NMR (100 MHz, CDQCl,) 6 166.0, 129.5, 128.6,
122.6, 52.0, 39.3, 17.9; Anal. Calcd. foedH2sN20O;Ti: C, 53.47; H
6.73, N 6.24. Found: C 53.39, H 6.95, N 6.03 1C990473A

Keq= [dmpef/[Ti-dmpe]({dmpe,,,] — [dmpe])

For these ligands we set an upper limittg,at 10 by assuming a 2%
detection limit for 2a in the 3P NMR. Similarly, the competition
experiment betweeBa and dmeda was established by adding a 1:1
ratio of the ligands td, and measuring relative adduct concentrations
by 'H NMR (relaxation delay= 10 s). For the weakest ligands a
qualitative analysis was carried out by inspection of tHeNMR. For
example, for tmeda vs binart;l NMR signals were diagnostic of the
bound tmeda complex and free binam, indicating that tmeda was a
stronger binder than binam.

Supporting Information Available: Tables of metrical parameters
and fully labeled ORTEP diagrams @& and 3a. This material is
available free of charge via the Internet at http://pubs.acs.org.



