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Abstract: Chiral Ti complexes, which are constituted of 3,3'-mod-
ified-biphenolate (BIPOL ate) ligands atropisomerically controlled
by (R)-TADDOLS, are shown to be novel chira Lewis acid cata
lysts for the methylation reaction of adehydes with an achiral me-
thyl-titanium reagent. Thus, the chiral 3,3'-modified BIPOL ate/
TADDOLate-Ti complexes give enhanced enantioselectivities up
to 100% enantiomeric excess.
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Development of an asymmetric catalyst is of central im-
portance in modern synthetic and pharmaceutical chemis-
try,> wherein the design of a chird ligand is the key to
increase the catalyst activity from an achiral pre-catalyst
and, hence, to induce chirality in aproduct (,,ligand accel-
erated catalysis‘?). In homogeneous asymmetric catalysis,
Sharpless et a. have emphasized the significance of
»chiral ligand acceleration*. An asymmetric catalyst is
formed from an achiral ,, pre-catalyst” vialigand exchange
with an added chiral ligand (Figure 1). In heterogeneous
asymmetric catalysis, the term ,,chira modification*® is
coined for the process of modifying an achiral heteroge-
neous catalyst, particularly on the surface with a ,,chiral
modifier”, namely a,, chiral ligand” (Figure 1). The asym-
metric catalysts thus prepared can be further evolved into
highly activated catalysts by association with chiral acti-
vators (Figure 1).* Theterm ,,asymmetric activation may
be proposed for this processin an analogy to the activation
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process of an achiral reagent or catalyst to provide an ac-
tivated but achiral one.

In order to obtain the enantiopure forms of atropos,® for
example binaphthol (BINOL), ligands, asymmetric syn-
thesis or resolution isrequired. By contrast, thetropos® bi-
phenol (BIPOL) counterparts (Figure 2) can, in principle,
be used without their asymmetric synthesis or resolution,
because they can be controlled in enantio-enriched forms,
after complexation with achiral activator 1) to control the
chirality through epimerization and 2) to increase the cat-
alyst activity of the complex (, asymmetric activation).*
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However, in an ene reaction, we have already examined a
combination of BIPOLate-Ti complex with atropos
BINOL to control the chirality of thetroposBIPOL ligand
and to increase the catalytic activity of the BIPOLate-Ti
complex but eventually observed aligand exchange reac-
tion of BIPOL with BINOL (Scheme 1).5 Furthermore,
we have reported that TADDOL ate-Ti complexes exhibit
a higher catalytic activity and enatioselectivity through
asymmetric activation with BINOL (Scheme 2).” There-
fore, we examine the Lewis acid catalysis by a titanium
complex (1) consisting of tropos and sterically demanding
BIPOL with substituents at the 3,3 -position in a combi-
nation of TADDOL sto control the chirality of the BIPOL
ligand (Scheme 3) in the methylation reaction with achiral
methyl-titanium complex as a nucleophilic and sterically
demanding methylating reagent. Herein, we report that
the dynamic chirality control of the BIPOL ligands gives
highly enantiomerically pure methylcarbinols of great
synthetic use by the molecular design of 3,3’ -substituted
BIPOL.
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In catalytic asymmetric carbon-carbon bond forming re-
actions, highly promising candidates for the asymmetric
catalysts® are Lewis acidic metal complexes bearing chiral
and non-racemic ligands. For example, catalytic asym-
metric alkylation with diethylzinc reagent has been suc-
cessfully reported, using chiral aminoalcohol-zinc
catalysts by Oguni,® Soai,*® Noyori,'* and Knochel.*? In
sharp contrast, only low levels of enantioselectivity (up to
59% ee)*® were obtained in the methylation reaction with
dimethylzinc even by using similar aminoalcohol—-zinc
catalysts (Scheme 4), presumably because of low steric
demand of dimethylzinc reagent. Thus, we developed
chiral BIPOLate/TADDOL ate-Ti catalysts (1) to give en-
hanced enantiosel ectivities up to 100% ee, in a combina-
tion with a highly nucleophilic but sterically demanding
achiral methyl-titanium reagent.

CHO

. 1
/@\ + MeTi(OPr); — =
FsC CF3

cf. MeoZn (3 eq)

FsC CFs

59% ee (Ref. 13)

Scheme 4

The BIPOLate/TADDOLate-Ti catalysts (1) were pre-
pared in thefollowing manner: Treatment of Ti(O'Pr), and
(R)-BIPOL in toluene for 1 hour gave Ti(O'Pr),(BIPOL&
t0),.6 Ti(O'Pr),(BIPOLato), was, upon addition of TAD-
DOL, found to be transformed to Ti(BIPOLato)
(TADDOLato) (1).

We have thus examined the methylation reaction with
achiral methyltitanium triisopropoxide. It isgenerally dif-
ficult to carry out these methylation reactionsin a catalyt-
ic manner, because of the high nucleophilicity of the
achiral methylation reagent. In this paradox, however,
these reactions were found to be catalyzed effectively by
the use of only 10 mol% of the titanium catalysts (1) to
give the methylcarbinol in good isolated yields but in
moderate enantioselectivities at —78 to —35 °C (Table 1).

Table 1 Catalysisby BINOLate/TADDOL ate-Ti Complex 1a?

Entry Temp (°C) Yield (%) Enantioselectivity
(% ee)

1 0 79 45

2 —70to-35 60 73

3 —70to-35 18 66

& Catalyzed by 3 mol% of 1a (R'=R?=H)

We have thus designed modified BIPOLate/TADDOL &
te-Ti complexes by the introduction of sterically demand-
ing substituents at the 3,3 -positions, which closely locate
toward the chirad TADDOL ateligands (Table 2). Prepara-
tion of the 3,3 -substituted BIPOLs is as follows: Com-
mercially available BIPOL was transformed to bromide 2
with sec-Bu,NH, and Br,. The Suzuki coupling® of 2 with
phenylboronic acid afforded 3,3 -diphenyl BIPOLs 3b,c
(Scheme 5). 3,3 -Dimethyl BIPOL 3d was prepared by
methylation. 3,3'-Dimethoxy BIPOL 3e was prepared by
oxidative coupling with CuCI(OH)/TMEDA.

As expected, the introduction of sterically bulky 3,3’ -sub-
stituents leads to the increase in enantioselectivity except
for the phenylated ones (1b and 1c) (Table 2). Particular-
ly, 3,3 -dimethoxy derivative (1€) gavevirtually complete
enantiosel ectivity (100% ee) in sharp contrast to the mod-

Table 2 3,3-Modified BIPOLate/TADDOL ate-Ti Complexes 12

1 R! R? Yield (%)  Enantioselec-
tivity (% ee)
1b Ph H 36 69
1c OMe H 40 65
al
1d Me H 56 88
le MeO Me 60 100

a Conditions:; toluene, 12 hours, —78 to —35 °C.
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erate enantiosel ectivity obtained with the o-methoxyphe-
nyl derivative (1c).

Molecular mechanics calculations of the two diastereo-
meric Ti(3,3'-(MeO),-BIPOL ato)(TADDOL ato) showed
that the (R)/(R)-diastereomer is more stable than the (R)/
(9-oneby 3.6 kcal/moal (Figure 3). In thetransition states,
methylating reagent would approach preferentially from
the S-face of an aldehyde affording the (S§)-product be-
cause the access to the S-face is directed by the chelating
3,3 -methoxy-substituents. Furthermore, the accessto the
Re-face of aldehydeleading to the (R)-product issterically
disfavored by the bulky 3,3’ -substituents (Figure 4).

We have thus reported the titanium complexes bearing
3,3'-modified BIPOL ligands atropisomericaly con-
trolled by (R)-TADDOL as anovel and highly enantiose-
lective Lewis acid catalyst. Further works along this line
are now under progress.
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