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Crystal Structure of a Chiral
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The enantioselective synthesis of organic compounds using
chiral transition-metal complexes is currently an important topic
in chemistry. One of the fundamental reactions in this field is
the catalytic asymmetric Diels—Alder reaction,! which in
principle allows the formation of four contiguous asymmetric
centers. The catalysts for the asymmetric Diels—Alder reaction
are mainly based on chiral ligands attached to Lewissacids.}
Among these catalysts, chiral alkoxytitanium complexes have
shown a remarkable diastereo- and enantioselectivity in the
Diels—Alder reaction,! and one of the most interesting of the
various catalytic enantioselective Diels—Alder reactions is
probably that reported by Narasaka et al. (reaction 1).3
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The chiral alkoxytitanium complexes 4 have also been applied

as catalysts in other reactions, such as the enantioselective-

addition of nucleophiles to aldehydes,* and more recently have
been shown to catalyze the asymmetric 1,3-dipolar cycloaddition
reaction between nitrones and 2, giving the exo diastereomer
of the isoxazolidine with a good enantiomeric excess (ee).
In an attempt to elucidate the origin of the high ee observed
in reaction 1, Corey et al.® have investigated modified titanium
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catalysts. They proposed, based on a strong influence of the
substituents in the meta position of the aromatic rings, that
attractive st—u interactions between a donor aromatic group and
the double bond of the dienophile in an s-trans geometry and
a cis orientation of the two chloride ligands at the titanium atom
of 5 protect one face and account for the high ee.

A full characterization of the chiral titanium—alkene inter-
mediate will be of considerable value, as it allows one to obtain
information about the reaction mechanism in which this type
of complexes are involved. This Communication presents the
isolation and characterization of the chiral titanjum—catalyst—
alkene intermediate 6.
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Compound 6 was synthesized by addition of TiCl,(O-i-Pr),>’
(0.2 mmol) in a 2 mL toluene solution to (2R,3R)-2,3-0-(2-
propylidene)-1,1,4,4-tetraphenyl-1,2,3 4-butanetetrol (93.3 mg,
0.2 mmol) under an N, atmosphere and stirred for 0.5 h at room
temperature. The solvent was evaporated and the residue
dissolved in dry CH,Cl; (1 mL). To this solution was added
3-((E)-3-cinnamoyl)-1,3-oxazolidin-2-one (2a) (43.4 mg, 0.2
mmol) dissolved in dry CH,Cl; (1 mL). Light petroleum ether
(12 mL) was added, and the solution was placed in an open
5 mL flask in a desiccator with blue gel. The solvent was
allowed to evaporate at room temperature at 1 bar until
precipitation began. The flask was then closed, and the
precipitation proceeded for 2 days at room temperature. The
precipitate was filtered off to give 6 (63 mg, 39%) as small
white crystals (mp = 191—195 °C dec).

The structure of 6, determined by X-ray diffraction? is
depicted in Figure 1. The X-ray structure of 6 consists of the
chiral diol and 2a in the equatorial plane and the two chloride
ligands in the axial positions, trans to each other. The Ti—

(7) Complex 6 was first observed as a precipitate when 3-((E)-3-
cinnamoyl)-1,3-oxazolidin-2-one (2a) was treated with benzylidenephen-
ylamine N-oxide (8) in the presence of 4 (R! = R? = Me) as the catalyst.
Compound 2a did not react with 8, whereas the 3-crotonoyl- and
3-henenoyloxazolidinones reacted smoothly when catalyzed by 4. > In the
Diels—Alder reaction, 2a needs a higher temperature than the other
derivatives to react, but the sterical cause is the same.’® We therefore assume
6 to be representative of the intermediate in the Diels—Alder reaction, as
well as in the 1,3-dipolar cycloaddition reaction.

(8) Compound 6 crystallizes in the orthorhombic system, space group
P2:2:2y,with a = 13.639(8) A, b=19516(5) A, and ¢ = 32471017 A, V
= 4214 A3, and gcac = 1.39geem™? for Z = 4. By use of 1738 unique,
observed reflections collected at 120 K by diffractometry using Mo Ka (4
= 0.710 73 A) radiation out to 26 = 45°, the structure was solved and
refined by constrained least-squares methods to a current value of the
discrepancy index R; = 0.074.
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Figure 1. ORTEP drawing of 6. For clearity, hydrogen atoms are
omitted.

O(1) and Ti—O(2) bond lengths are 1.762 and 1.789 A,
respectively, while the Ti—O(5) and Ti—O(7) bond lengths are
2.168 and 2.137 A, respectively. The Ti—Ci(1) and Ti—Ci(2)
bond lengths are 2.356 and 2.355 A, respectively, and the
CI(1)—Ti—Cl(2) bond angle is 164.3°, with the chloride atoms
tilted toward 2a as the CI(1)—Ti—0O(7) and Cl(2)—Ti—O(7)
bond angles are 81.9° and 86.9°, respectively. The alkene plane
of the dienophile is tilted 33° out of the plane containing the
titanium atom and the four equatorial oxygen atoms.

The X-ray structure of 6 differs in two major ways from the
one postulated previously to account for the asymmetric catalytic
Diels—Alder reactions: "¢ the chloride ligands are located trans
to each other, and the alkene in the dienophile is in an s-cis
geometry relative to the carbonyl functionality. Previous X-ray
crystallographic investigations of carbonyl compounds coordi-
nated to Lewis acids indicate that a mono coordination leads to
an s-trans conformation of the o, 8-unsaturated carbonyl com-
pound,” whereas bidentate chelation leads to an s-cis geometry.'?
Knowing the structure of 6, a mechanism for the catalytic
asymmetric Diels—Alder reaction is tentatively postulated. The
suggested approach of cyclopentadiene to the alkene in 6 is
outlined in Figure 2.

It appears from the X-ray structure of 6 that one of the phenyl
substituents of the chiral ligand seems to block one face of the
alkene. Cyclopentadiene approaches the alkene from the less
hindered face (Figure 2a), placing the carbonyl functionality
endo to optimize secondary orbital interactions!! (Figure 2b).
Complex 6 is soluble in CH,Cl,, and it cannot be excluded that
the dissolved complex has another geometry than that in the
solid state. However, 6 and similar complexes precipitate in
toluene and petroleum ether (1:1), which was the solvent
composition used by Narasaka et al.,* and we therefore assume
that 6 probably represents the active catalyst in Diels—Alder
reactions. The approach outlined in Figure 2 both accounts for
the diastereo- and enantioselectivity in the catalytic asymmetric
Diels—Alder reactions with 4 as the catalyst and agrees with
the experimental results achieved by Narasaka et al.’® The
diastereo- and enantioselectivity properties of this type of
catalyst are thus probably due to both electronic and steric
effects.
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Figure 2. (a) Model for the catalytic diastereo- and enantioselective
Diels—Alder reaction between 6 and cyclopentadiene. The approach
of cyclopentadiene toward the alkene in 6 is depicted along the
equatorial plane of 6. The interaction of the alkene part of 6 and
cyclopentadiene is outlined with dashed lines. (b) Similar approach as
in (a), but viewed perpendicular to the plane in (a) showing the possible
secondary orbital interaction between the carbonyl and the sp
hybridized carbon atom in cyclopentadiene.

Further work is in progress to understand the catalytic
properties of complexes simiiar to 6.
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