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Abstract: A convenient method 1is described for the generation and
subsequent reaction of a proposed titanium enolate with aromatic aldehydes.

The use of titanium enolates to effect stereoselective aldol
condensation reactions has been the subject of recent attention.l The
titanium enolates provide aldol products with good stereoselectivity as a
function of enolate geometry.la,b A minor drawback of this reaction is
the need to preform the titanium enolate by either reaction of a silyl
enol etherlC or the 1lithium enolateld@ with a titanium reagent and then
further manipulation? of these titanium enolates is required prior to
condensation with aldehydes. A more convenient method is needed for the
generation and use of titanium enolates.3 Herein we report the results
of our study concerning the in situ generation of a titanium enolate and
concomitant condensation with aromatic aldehydes.

Acetophenone and benzaldehyde were added to a cooled solution of
titanium tetrachloride in methylene chloride.4 Immediately following,
one equivalent of triethylamine was added dropwise and the reaction was
stirred at 0°C for 30 minutes. After workup, the chalcone derivative,
3, was isolated in 88% yield.
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This reaction proved to be general with other aromatic aldehydes, >
(Table I, entries 1-5). As expected, exclusion of either titanium
tetrachloride or triethylamine resulted in no product formation. When
propiophenone was reacted with benzaldehyde, under the same conditions, no
chalcone derivatives were isolated. The only products isolated were the
R-hydroxy ketones 5 and 6 in 91% yield as a 95:5 mixture of syn:anti
stereoisomers.
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This reaction, also, was found to proceed with other aromatic aldehydes?®
providing syn selective products, (Table I, entries 6-10). When
isobutyrophenone and benzaldehyde were treated with titanium tetrachloride
and then triethylamine, the expected B-hydroxy ketone, e, Was
isolated in 98% yield. Reaction of isobutyrophenone with other aromatic
aldehydes5 also provided the requisite PR-hydroxy ketones (Table T,
entries 11-15). 6
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A possible explanation of the reaction of acetophenone,
propiophenone and isobutyrophenone with aromatic aldehydes wunder the
conditions described could be found in the generation of a transitory
titanium enolate.
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Addition of the aromatic ketone and the aromatic aldehyde to the solution
of titanium tetrachloride, followed by treatment with triethylamine, would
be expected to yield the transient titanium enolate species
Immediately thereafter, the titanium enolate would react with the
complexed aldehyde to afford, after workup, the appropriate products. In
the case of propiophencne, the geometry of the transient titanium enolate
is important in order to understand why there is syn selectivity. Under
kinetic conditions it is well known that deprotonation of propiophenone
provides a preponderance of the Z-enolate.9 One could envisage that the
conditions described for these aldol condensations provide kinetic
control, thereby generating the kinetic enolate which, when reacted with
titanium tetrachloride, yields the complex Q described for
propiophenone (Rl = <CH3, R2 = H). Thus, reaction of 2 in the
expected orientationl® would provide for syn selective products.
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TABLE 1. TRANSIENT TITANIUM ENOLATE ALDOL PRODUCTS

Entry Ketone ArCHO Temp/Time Product?® Yield Ratiob 2:8
1 1 H 0°C/30 min 3 88%
2 1 p-CHs 0°C/30 min 3 96%
3 L p-CH30 0°C/30 min 3 86%
4 1 0-CH30 0°C/30 min i 82%
5 1 p-NO» 0°C/30 min 3 64%
6 4 H 0°C/30 min 586 917 95:5
7 4 p-CH3 0°C/30 min 586 947% 96:4
8 4 p-CH30 0°C/30 min 586 95% 89:11
9 4 0-CH30 0°C/30 min 586 96% 87:13
10 4 p-NO, 0°C/30 min 586 98% 87:13
1 L H 0°C/2h g 98%
12 1 p-CHy 0°C/2h 8 967
13 L p-CH30 0°C/2h g 92%
14 L 0-CH30 0°C/2h g 89%
15 1 p-NO, 0°C/2n g 70%

a. A1l products exhibited physical and spectral properties consistent with literature reports.6’7
b. Ratio of 2:8 determined from 200 MHz 'H NMR of the crude reaction mixture.

In conclusion, the reaction described allows for fascile
generation and use of a proposed titanium enolate. The products isolated
are very clean and where appropriate, syn selectivity is observed.
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