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Asymmetric catalysis is a powerful tool for the synthesis of
optically active moleculesPractical and economic considerations
have stimulated interest in defining the limits of catalytic

asymmetric reactions. As a result, remarkable catalytic processe
have been developed in which catalysts of low enantiopurity

exhibit high levels of enantioselectivity through nonlinear
behaviort® Positive nonlinear effects can eliminate the need to
use enantiopure cataly$t$This is particularly useful when the
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Figure 1.

developed by Ohno and KobayaSHP and the broad scope
defined by Knochet’'® The mechanism of this process was
proposed to involve in situ the formation of bis(sulfonamido)-
Ti(O-i-Pr),.1518.19

Use of the RR)-dibenzyl ligandl (eq 1) provided the product
9S-1-phenyl-1-propanol in 96% ee. We wanted to explore
substitution of the phenyl group it with a chiral substrate
analogue to permit differential inhibition of the two enantiomers
of the catalyst. From our understanding of the binding of bis-
(sulfonamido) ligands to titanium (Figure *¥)substitution of both

chiral component of the asymmetric catalyst is not derived from enantiomers of a substrate analogue at this remote position would

the chiral pool but has been prepared as a nonracemic mixture of,e ypjikely to greatly affect the enantioselectivity of the catalyst.
enantiomers. A similar, but more complex problem arises in the \ye chose the camphorsulfonyl group for this study.

direct use of nondiastereopure catalysts in which case the product e ligands2 and 3 were prepared by reaction of 9&(+)-

ee is dependent not only on the enantioselectivity of each catalyst

but also on their relative turnover frequencies (TORY.

One possible way to control the TOF of a catalyst would be to
reversibly block its binding site with a nonreactive substrate
analogué? The degree of deactivation would depend on the
difference in energy between the bound and unbound stas,

Incorporation of a chiral substrate analogue into the two enan-

tiomeric forms of a catalyst would result in diastereomeric
catalysts that would exhibit different degrees of inhibition (Figure
1). The difference in thAG's for the two diastereomeric catalysts
(AAG) controls the relative concentrations of taetive forms

of the catalysts, which directly impacts the TOF’s. In this paper
we demonstrate the viability of this new strategy.

10-camphorsulfonyl chloride with thB,R and SS enantiomers
of trans-1,2-diaminocyclohexane in 8®0% yield. Examination
of diastereomeric ligand2 and 3 in eq 1 indeed showed that
there was a relatively minor difference in enantioselectivity
between the two catalyst. Catalysts formed frdand3 furnished
1-phenyl-1-propanol cleanly in 93%R) and 84% § ee,
respectively?® Ligands2 and 3 were isolated from the reaction
mixtures in 95% yield and determined to be intact (500 MHz
NMR).

Since the sense of enantioselectivity witland 3 is opposite
it can be concluded that the chiralanscyclohexanediamine
backbone controls the enantioselectivity. Furthermore, the similar-
ity in enantioselectivities suggests that the chirality of the camphor

We have examined this concept in the context of the asym- group was distant from the bond-forming process.

metric addition of alkyl groups to aldehydes employing bis-

We next examined the TOF's of diastereomeric catalysts

(sulfonamide)-based catalysts (eq 1). This efficient reaction was derived from2 and3 by running the reactions side-by-side and
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lo) . TOL 7 'NHSOR OH
Ph)LH + ZnEtp * THO-HP4 Toluene, -45 °C Ph)\/ M
(1.2eq) (1.2eq) 2 mol % Ligand
1 (R,R)-diamine, R = CHoPh 96%ee (S)
2 (R,R)-diamine, R = R! 93%ee (S)
3 (S,S)-diamine, R = R' 84%ee (R)
4 (R,R)-diamine, R = R? 90%ee (S)
5 (S,S)-diamine, R = R? 94%ee (R)
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ligand or catalyst preparation and reduce costs. We therefore
investigated the possibility of usingcemic trans-diaminand
diamine with low ee with ($)-(+)-10-camphorsulfonyl chloride

to synthesize diastereomeric mixture2atnd3. These mixtures
were then examined in the asymmetric addition reaction. When
the benzaldehyde was quickly added to the mixture containing
diastereomer® and3 (eq 1, 2 mol % each), the ee of the product
alcohol was 74%%). A mechanistic scenario could be envisioned
where fast addition of the substrate could saturate the catalysts.
To avoid this possibility, the reaction was reexamined using a
syringe pump to slowly add the aldehyde (0.7 mmol/h). The ee
of the 1-phenyl-1-propanol under these conditions was 88% (
Catalysts with 20 and 30% de (major diastereor@erwere
examined under these conditions and afforded the product alcohol

0L} T T in 88 and 91% ee, respectively. Reaction ofS¢{+)-10-
0 120 240 360 camphorsulfonyl chloride with technical grade 1,2-diaminocy-
% Conversion vs. Time (min.) clohexane (90%), which consisted of approximately a 3:2 ratio

of racemictrans-diamine tocis-diamine along with 1,6-diami-
nohexane impurity, gave a mixture of ligands. Use of this mixture
in the asymmetric addition reaction ga@-(-phenyl-1-propanol
with an acceptable 80% ee.

Other systems are known where one diastereomer gives high
enantioselectivity and the mixture of diastereomers generates the
product of high eé-1? The unique feature of our system is that
it has been designed with an internal substrate analogue that
controls the TOF's. When the camphor carbonyl oxygens are not
coordinated to the metal the difference in energy between the

Figure 2. Percent conversion vs time (min).

higher TOF than3. For example, after 15 min the reaction
employing2 was 75% complete while reaction wighhad only
16% conversion (Figure 2).

The large difference in TOF's between diastereomeric catalysts
formed from?2 and 3 was attributed to a stronger interaction of
the camphor carbonyl group with the titaniun@rif this assertion
were correct, replacement of the carbonyl group with an isosteric

group devoid of Lewis basic sites would be predicted to provide > . . .
ligands that form highly enantioselective catalysts. Furthermore, diastéreomers is small. When one carbonyl of each ligand is
these catalysts should not exhibit the marked difference in turnover c00rdinated to titanium the chiral camphor groups are brought
frequency observed fo2 and 3. To examine this hypothesis, into close contact with the_tltanlum/chlral bls(su_lfonamlde) moiety
ligands2 and 3 were converted to their methylene analogdes (E|gure 1). In the degc‘qvgted state we believe that the two
and 5 (eq 1), respectively, via a two-step sequence involving diastereomers have dissimilar energies. o
treatment with methyllithium followed by elimination of the We postulate that the camphor acts as a competitive inhibitor,
resulting alcohol with thionyl chloride. Under these conditions, reversibly binding to the active site of the catalyst. Like an
the exocyclic methylene complex was the major product but €nzyme, our catalyst has a chiral pocket that can discriminate
contained 6% of the endocyclic counterpart£RR3, eq 1). We between the two enantiomers of the inhibitor. It should be possible
were unable to separate the endo and exocyclic alkene productsto design other highly enantioselective diastereomeric catalyst
The exocyc|ic and endocyc“c isomers are very Sterica”y similar mixtures that use internal Competltlve inhibition to control TOF's
and should exhibit similar reactivity. and thus influence enantioselectivities when employing diaster-

Employing ligandst and5 in the asymmetric addition reaction ~ €omeric mixtures of catalysts.
resulted in generation of 1-phenyl-1-propanol with ee’s of 90%
(S and 94% R), respectively. Monitoring of the conversion as a Acknowledgment. This work was supported by the National Science
function of time indicated tha4 and5 do not exhibit the large ~ Foundation in the form of a Career Award to P.J.W. (CHE-9733274)
difference in TOF’s observed witd and 3 (Figure 2). These  and the National Institute of Health (GM58101).
results suggest that camphor group® end3 control the TOF's
by competitive inhibition.

The large difference in TOF's of these diastereomeric catalysts
suggests that use of catalysts with little or no de may provide
product of high enantiopurity. Use of such mixtures can simplify JA993887B
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