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The enantioselective formation of€ bonds is an area of
intense research effort® Examples involving the addition of
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metric reaction involves the initial formation of the chiral titanium

organometallic reagents to carbonyl groups have proven to becomplexes2a—d shown in Scheme 1 or their dimé#.In this

the most successful of this broad class of reactions. The addition Communication we report the independent Synthesis and structural
of dialkylzinc reagents to aldehydes in the presence of chiral determination of these unique complexes and demonstrate their
Lewis acid catalysts have been reported to give excellent jnyolvement in the asymmetric addition reaction (eq 1).

enantioselectivities. The most successful catalysts in these

The first step in the asymmetric addition reaction is proposed

reactions have been titanium complexes which employ chiral tg jnvolve ligand exchange between the bis(sulfonamide) ligands

diol®~1! or bis(sulfonamidé¥~14 based ligand systems. The bis-
(sulfonamide) ligands, which were introduced by OR#1d7 have
been effectively applied to the synthesis of highly functionalized
secondary alcohols by Knochel? (eq 1).

__NHSO,R
Q la-d
Q NHSO,R HO Et

)]\ +  ZnEy + Ti(O-i-Pn, — 4
H (12eq (12 eq) Toluene, -35°C, 15 h Ph
’ 0.04-8 mol % Ligand

@

Ph H

la—d and titanium tetraisopropoxide to giZa—d (Scheme 1).
However, on combination dfa with a 5-fold excess of titanium
tetraisopropoxide in CDG| no reaction was detectabley *H
NMR spectrometry (500 MHz). This result prompted the search
for an alternative method for the synthesis of these compRxes.
We were attracted to titanium amides as precursoZated
due to the polar nature of the TNR; group?* Combination of
la—d with the mixed amide alkoxide compl&x® Ti(NMe,),-
(O-i-Pr), resulted in the clean formation @a—d in 94—61%
yield (Scheme 1). X-ray quality crystals @a and 2d were
obtained from diethyl ether. An ORTEP diagran®af’ is shown

Although a wide variety of dialkylzinc reagents and aldehydes N Figure 1, while that for2d*® is very similar and not shown.
have been employed, the mechanism of this process has not bee he most striking feature of the structures is the tetradentate nature

adequately explored. It has been propésed?*that the asym-
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Figure 1. Crystal structure oRa. Selected bond distances (A) are as
follows: Ti(1)—O(1) = 2.354(3), Ti(1)-O(3) = 2.264(3), Ti(1)-O(5)

= 1.758(3), Ti(1}-O(6) = 1.778(4), Ti(1)-N(1) = 2.047(5), Ti(1}y
N(2) = 2.060(4).

ranging from 2.249(3) to 2.390(3) A. The coordination of the
titanium-sulfonyl oxygens maintains a rigigb-symmetric envi-

ronment and may be an important factor in the transfer of

asymmetry.
The competence of the titanium complexa—d in the

asymmetric addition reaction (eq 1) was evaluated by comparing
the ee of the 1-phenyl-1-propanol produced using the ligands

la—d to the ee of the alcohol produced using the compl&ees
d. Using the procedure of Ohno, the ligarids-d gave 1-phenyl-
1-propanol with enantiomeric excesses of 97, 90, 83, and 1
respectively. Employing compoung@la—d, under identical reac-
tion conditions, the enantioselectivities were determined to be 9

92, 79, and 19% respectively. These results suggest that com
plexes2a—d are catalyst precursors or possibly the catalytically

active species. Reexamination the equilibrium of the bis(sul-
fonamide) ligand and titanium tetraisopropoxide was performed

by addition of 2 equiv of dry 2-propanol to complgain CDCls.
On combination, quantitative formation of the ligaid and
titanium tetraisopropoxide (Scheme 1) was observeldNMR).

From this result, it is clear that the complex@s—d cannot

be formed from free ligands and titanium tetraisopropoxide. We
therefore focused our attention on the involvement of the

diethylzinc in the initial reaction with the ligand. It has been

established that dialkylzinc reagents react with the bis(sulfona-

mide) ligands of the typda—d.3"3" Denmark® has recently

shown that diethylzinc reacts with bis(sulfonamide) ligands to
generate bis(sulfonamido) zinc species. We examined the revers

addition in the asymmetric alkylation, wherein the diethylzinc
and the ligandda—c were combined at 23C. On addition of

diethylzinc to a solution of the ligand in toluene, a gas (ethane)

was evolved. After cooling to-78 °C, a hexane solution of

titanium tetraisopropoxide was added followed by the benzalde-

hyde. The reaction mixture was placed in th25 °C bath. The
ee’s of the resulting 1-phenyl-1-propanol produced udiagc

were 98, 93, and 83%, respectively. These results indicate that
the catalyst can be generated from the bis(sulfonamido) zinc

complexes.
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Figure 2. Overlay of2a and2d. The carbons of the isopropoxy groups
of 2a have been removed for clarity.

To explore the possibility of aggregation of the catalyst under

the reaction conditions, we systematically varied the enantiopurity

of the ligand1la and determined the ee’s of the 1-phenyl-1-
propanol produced. Monomeric catalysts generate product which
exhibit a linear relationship between the ee of the catalyst and

the ee of the produé®. This was found to be the case with the

bis(sulfonamide)/titanium system and indicates that the catalyti-
cally active species is monomeric.
To better understand the factors which control the enantiose-

g0, lectivity in this ligand accelerated additidhye have examined
the structure/enantioselectivity relationship betw@arand 2d.
6. AN overlay of the structureRa and 2d was performed by

superimposing the cyclohexyl rings, the sulfonamide nitrogens
and the titanium centers (Figure 2). Although the solid-state
structures are similar, the differences in the geometries are easily
seen. The mesityl groups @t are positioned further away from

the titanium center than the tolyl groups2a. This deviation is

due to the increased steric hindrance of the ortho methyl
substituents oRd. This difference in ground-state geometries
of 2a and 2d will be amplified in the more sterically congested

transition state and may be responsible for the large differences

in the ee’s of these catalysts (96% ee 2a 19% ee for2d).

The results presented here, in conjunction with those of
Ohnd? 14 and Knochef! allow several conclusions about the
mechanism of the reaction to be drawn. It has been shown by
Ohno that the addition reaction with the bis(sulfonamide) ligands

éjoes not readily proceed in the absence of titanium tetraisopro-

poxide or in the presence of other metals. Knochel has found

that the enantioselectivities are dependent on the nature of the
titanium alkoxide used [Ti(OR)R = i-Pr,t-Bu]. Taken together
with our work, these results suggest that the bis(sulfonamide)

ligands are bound to titanium in the active catalytic species.

We are continuing the investigation of the mechanism of this
process as well as developing new catalysts derived from the bis-
(sulfonamide) ligand&?
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