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Summary: The electron deficiency of TiIV) in complexes with chiral o,0'-bisphenols influences
the Cp—0-Ti angle which, in turn determines the topology of the most stable (or easily formed)
cyclic complex.

Although chiral Lewis Acids derived from 0,0'-bisphenols and Ti or Al have been applied as catalysts for
a number of useful enantioselective reactions, e.g. ene,! Diels-Alder,2 and carbony! allylation3 processes, in no
case is the structure of the catalytic species known.45 Two important questions with regard to titanium are
(1) whether structures of the type Ar< O:TKCI . or their p-bridged dimers, which are expected to be powerful
Lewis acids, can be generated by the usual direct preparative methods, e.g. from Ary(OH); and TiCly, and (2) if
not, why not. The formation of such structures has in the past been taken for granted, without supporting
evidence, 1.6 for the catalyst from TiCly and 1,1'-bis-2-naphthol (BINOL). Reported herein are structural studies
on three Ti(IV) derivatives of 3,3',5,5'-tetramethyl-4,4',6,6'-tetrachloro-2,2'-bisphenol (1), a ligand which was
selected on the basis of elevated acidity (which translates into enhanced Lewis acidity for metal derivatives) and
synthetic availability. These new data clearly reveal important electronic and geometrical factors which operate to
determine the favored three-dimensional structure of cyclic Lewis acid-Ti(IV) complexes.

The synthesis of 1 was completed in three steps from 3,5-dimethylphenol in an overall yield of 54%.
Trichlorination of 3,5-dimethylphenol (sulfuryl chloride, dichloromethane—diethyl ether, 23 °C, 1 h) gave the
trichloride 27 as colorless needles (mp 155-165 °C, subl.) in 96% yield.8 Protection of the phenol (KH,
chloromethylmethyl ether, THF, 23 °C, 1 h) proceeded to give the methoxymethyl ether 3% (100%) as a colorless
solid (mp 46-48 °C). Ortho-lithiation of 3 (s-butyllithium, -78 °C, THF) followed by formation of the
cyanocuprate (CuCN, 0 °C, THF)!0 and coupling with oxygen provided the biaryl 4. Upon treatment with HCl
in methanol the racemic bis-phenol (+)-1!! was obtained as a colorless solid (mp 196.0-197.5 °C) in 58% yield
from 3 after silica gel chromatography.

Enantiomerically pure R-(-)-1 (mp 179.5-180.5 °C, [a]zg = -21.8° (¢=7.1, CHCl3) was obtained after salt
formation with (1R, 2R)-pseudoephedrine in hot toluene. Two recrystallizations of the salt from dichloroethane
gave R-(-)-1 in 53% yield and >99.5% enantiomeric excess as determined by chiral HPLC analysis of the bis-
acetate.12 The chiral bis-phenol was obtained from the salt by treatment with aqueous HCI and extraction into
dichloromethane (pseudoephedrine was efficiently recovered). Reaction of 1 with titanium(IV) chloride (1 equiv)
in dichloromethane at -78 °C afforded after warming to 23 °C and removal of the solvent, a red solid that was
shown to be homogeneous by 'H NMR analysis (two CHj singlets at 2.03 and 2.60 ppm). Recrystallization
from dichloromethane at -20 °C gave red-orange, air-sensitive prisms.!3 A single crystal (0.40 mm x 0.40 mm x
0.40 mm) was subjected to X-ray analysis under nitrogen at -80 °C and yielded the structure (and absolute
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configuration) depicted by 8,14 which contains a 14-membered ring with two titanium and four oxygen members.
An important feature of this structure is that the Ar—O-Ti angle is nearly linear (168° and 169°), indicating strong
n — d electron donation from O to Ti. It is clear that with two electronegative chlorines attached to
tetracoordinate Ti(IV), the electron deficiency of the metal is so great that electron density is transferred from the
oxygen ligands with a large increase in CA—O-Ti angle. It is this factor which accounts for the non-formation
(and probable relative instability) of the 7-membered structure Ar;< o~ i - oreven its u-bridged dimer.

When the reaction of R-(—)-1 and TiCly was conducted in toluene (at -78 °C for 1 h and 23 °C for 12 h) a
new orange compound (6) was obtained in addition to 5 (ratio of 6:5 =7:1if 1:TiClg = 1.5:1).
Recrystallization from 2: 1 CH>Clp—CHCl3 at 0 °C afforded X-ray quality orange crystals of pure 6; |H NMR
(400 MHz) 1.88 (s, 12H), 2.40 (s, 12H); 13C NMR (100 MHz) 18.1, 18.9, 122.5, 125.1, 129.8, 134.7, 135.0,
158.5. The structure of 6 was determined by X-ray analysis.!42,15 Structure 6 consists of two bridgehead CITi
fragments bridged by three bis-phenol ligands with Ti-O-Ca angles of 152°, again indicating substantial » — d
electron delocalization from O to Ti,

Reaction of S-(+)-1 with 1 equiv of Ti(Oi-Pr)4 in toluene at 23 °C for 1 h afforded a crystalline product
(yellow prisms from CH2Cl; at -20 °C) the structure of which was shown to be 7 by X-ray
crystallography.142.16 Formula 7 corresponds to the p-oxobridged dimer of the 7-membered titanacycle
corresponding to Ar,C O,’l‘.(ox—Pr)z This type of dimeric structure, which has been observed previously,!”?
represents another way of stabilizing the monomeric unit Ar;Z 0: Ti(Oi-Pr), which is coordinatively unsaturated.
Evidently this monomeric unit is relatively stable with minimal enlargement of the Ca~O-Ti angle by n — d
electron donation due to the two Oi-Pr donor groups on Ti which greatly diminish this effect relative to the Cl
substituents in 5 and 6. Interestingly, reaction of 7 with a solution of BCl3 in CH2Cl» produced a mixture of 5
and 6, demonstrating the relative instability of AnS STl .

The 'H NMR spectra of Ti(IV) compounds 5, 6, and 7 in CD2Cl> solution at 23 °C are consistent with
the structures determined by X-ray for the solid state. In the case of compound 7, the 'H NMR spectrum at -200
K indicated the presence of two diastereomeric forms, 7 and 7' which interconvert slowly on the NMR timescale
at -200 K and rapidly at 296 K.
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In summary, the present work shows clearly why the formation of 5-, 6- and 7-membered cyclic
compounds of the type R\ o-T (or their dimers) is so unfavorable. More broadly, our results suggest that,
as a general rule, 5-, 6- and 7—membered cyclic Lewis acids of structure RY ,MX will be destabilized by angle
strain in proportion to the electron deficiency of the metal in the MX,, subumt Although this angle strain effect

complicates the synthesis (and perhaps even the discrete existence) of such compounds, it also should increase

their Lewis-acid catalytic activity since angle strain is relieved upon coordination.18.19
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