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NEW ALDOL TYPE REACTION
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In the presence of TiCl4, trimethylsilyl enol ethers of ketones
react smoothly with ketones or aldehydes at room temperature to

give the aldol type addition products, RB-hydroxyketones, in good
yields.

We investigated the useful method for the preparation of 3-hydroxyketones [2]

by the reaction of trimethylsilyl enol ethersl) [1] with ketones or aldehydes in the

presence of TiCl4 at room temperature.z)

OSi(CH3)3

Ticl H.,0 Q OH
1] u
ri-c = cr?R3 + riL-R° 4 > > r1C-cr?r3-¢Rr4R5

[1]

[2]

The typical procedure is described for the reaction of trimethylsilyl enol

ethers of acetophenone [ld] with phenylacetaldehyde: To a CH2C12 (20 ml) solution

of TiCl4 (5.1 mmol) and phenylacetaldehyde (5.0 mmol) was added CH2C12 solution of

(1d) (5.0 mmol) under an argon atmosphere at room temperature, and the reaction mixture

was stirred for 2 hr. After hydrolysis, the resulting organic layer was extracted

with ether and the extract was condensed under reduced pressure. The residue was

chromatographed on silica gel and the addition product, 1,4-diphenyl-3-hydroxybutan-
l-one, was isolated in 78% yield along with a small amount of unreacted phenylacet-
aldehyde and acetophenone (10%).

In a similar manner, the reactions of silyl enol ethers of cyclohexanone [la],
cyclopentanone [1b], phenylacetone [lc] and acetophenone [1d] with various ketones

or aldehydes were tried and the results are listed in the table. In all cases, the
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Table. The reactions of silyl enol ethers with ketones or aldehydes
. . *1
Silyl enol Ketone or Reaction Product [2]
ether [11] Aldehyde time (hr) (Isolated yield, %)
H
(CH,CcHg)
-SJ.(CH3)3 (CGHSCH2)2CO 1 (62)
O OH *
CHC Hg 2 CBC Heg
CGH5CHO 2
[1a] [2a] threo (63) (6)
erythro (19)
0] H
HCH (CH,) HCH (CH,)
(CH3)2CHCHO 5 372 372
(50) (31)
OH 2
HCGH5 HCGH5
OSi(CH3)3 CGHSCHO 5
[2b] threo (37) (trace)
erythro (37)
OH
[1b] (CH,C_H.)
(CgHgCH,) ,CO 18 é; 2767572
(61)
Q %
0Si (CHy) 4 (CH;) ,CO 5 CH,CCH(CgHg) C(CHy) ,  (40)
s C.H.CH,CHO 5 CH gcn(c H )ggcn c.H. "2 [2c] threo  (24)
[1c] 652 3 6°5 2765 “Cl erythro (53)
g OH
0Si(CHy);  (CHy) ,CO 5 CeHgCCH,C (CHy) ,  (73)
C6H5C=uH2 g H
[1d] (CH4) ,CHCHO 5 CgHgCCH,CHCH(CH,) ,  (78)
*1 The products have ir and nmr spectra and elemental analysis in accord with

the assigned structures.

*2

The threo- and erythro- isomers were separated by silica gel column chromato-

graphy, and the stereochemistry of the stereo-isomers was determined by nmr
Each of the isomers of [2a,b,c] has a simple doublet due to the
proton (Ha) of the CH-O- group or the other tertiary hydrogen (Hb), and the

spectrum.

comparison3?f the coupling constant (Jab) of the isomers suggests the stereo-

chemistry.
Chemical Shift(§) Coupling Constant
Ha Hb, 5 Jab (Hz)
2a (threo) 4.83 R 9.0 in CDCl3
2b (erythro) 5.40 —_ 2.5 in CDCl3
2b (threo) 4,68 —_ 9.0 in CCl4
2b (erythro) 5.16 e 2.0 in CCl4
2c (threo) 4.43 3.70 9.0 in ccl,
2¢ (erythro) 4.40 3.43 6.0 in CCl4

*3 Signal not sufficiently resolved from methylene signals.
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cross-aldol addition type products [2] were obtained in good yields, and none of
the self-addition or condensation product of ketone or aldehyde was detected.
This reaction may proceed through an initial formation of titanium enol ether

la,4)

[31, produced from [1l] and TiCl4, which in turn reacts with ketone or aldehyde

to give addition product [4]. The [4] is then hydrolyzed to [B-hydroxyketone [2].

<|)—si (CH3) 4 ?TiCl3
+ Ticl _— + (CH,) ,SiCl
rl-C = cr?R3 4 rl-c = cr%g3 373
[1] [3]
0
rA-E-R® o~ TiClyg H,0
—_—D> 1 2.3 ' 4.5 —_— [2]

R"-C-CR"R"-CR 'R

[4]

In general, mixed aldol reactions afford a mixture of self- and cross-addition

5)

products, therefore, the yield of the cross-addition product is rather low. On
the other hand, it was established by the present reaction that the cross-aldol
addition type products are obtained selectively in good yields from silyl enol
ethers and ketones or aldehydes. It is further noted that, in the case of the re-
action of silyl enol ether of unsymmetrical ketone such as phenylacetone, the ad-
dition reaction proceeds selectively at the olefinic position originated in the

silyl enol ether.

Further development is now in progress.
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