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PREPARATION AND REACTION OF NOVEL OXYGEN ESTER ENOLATES, 2,
REACTION OF GLYCOLATE WITH ALDEHYDES USING DIAIKYLBORYL. TRIFLATE

Yuichi SUGANO and Shunji NARUTO"
New Lead Research Laboratories, Sankyo Co., Ltd., 1-2-58, Hiromachi, Shinagawa-ku, Tokyo, 140, Japan

The introduction of an oxygen atom substituent into the a-position of oxygen ester made it
possible to generate corresponding boron enolates by the use of dialkylboryl trifluoromethane-
sulfonate. These novel boron enolates of oxygen ester proceeded aldol reaction with various
aldehydes in high yield and with excellent syn diastereoselectivity to provide glyceric acid
derivatives.
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We have already reported the novel preparation of boron enolates directly from the corresponding oxygen
esters of thioglycolate derivatives (1, X=S) by the use of dialkylboryl trifluoromethanesulfonate
(triflate).1) The electron—withdfawing effect of the sulfur substituent made possible the boron enolate
formation without the conversion to thiol esters (g).2) Extending that research, we describe here the
preparation of boron enolate from the oxygen esters of glycolic acid derivatives (1, X=0) and their

stereoselective aldol condensations.
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As a representative instance, methyl phenyloxyacetate (3) was expected to be readily transformed into
corresponding boron enolates using dialkylboryl triflate, because the phenyloxy group increases acidity of
the adjacent carbon acid about 4 to 5 pKa units, so the effect of the phenyloxy group of 3 is comparable to
the effect of the divalent sulfur substituent.B) To verify our assumption, butyraldehyde (4) was added to
the pentane solution of dibutylboryl triflate, diisopropylethylamine and 3 at -78°C. After the usual work
up, the syn aldol product (5) was obtained in 987 yield and with more than a 95% diastereomeric excess.A)
Consequently, it was confirmed that an oa-oxygen substituted oxygen ester could be converted to the

corresponding boron enolate by dialkylboryl triflate.
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Although the phenyloxy group of 3 was selected as a proper substituent for enolization, we examined
protected hydroxyl groups for the general application of this reaction. Indeed, a similar reaction
successfully proceeded in the case of alkyl benzyloxyacetate (6). According to the aforementioned
procedure, 6 was treated with dibutylboryl triflate in the presence of diisopropylethylamine in pentane or
ethyl ether at -78°C, and then aldehyde was added. After the usual work-up, the aldol product was obtained
in good yield and without any side reaction. The yield and diastereoselectivity of the aldol reaction with
several aldehydes are summarized in the table. All syn and anti authentic samples were prepared by the IDA-

mediated aldol reaction and a following chromatographic separation. The relative stereo chemistry was

.determined by the procedure previously reported.A)
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Entry r! R’ cHO Reagentd Yie1d” syn:anti®)
1 Me Ph~\_-CHO Bu,BOTf 82% 96 : 4
2 Me )\/CHO Bu,BOTf 84% 93 : 7
3 Me ~\-CHO  Bu,BOTf 84% 97 : 3
4 Me CHyCHO Bu,BOTf 8 6% 96 : 4
5 Bu!  Pn~\_CHO Bu,BOTf 76% )99 : (19
6 But )\/CHO Bu,BOTf 71% Y99 : (1%
7 Me Ph~\_.CHO Pen®BOTT 77% Y99 : (19
8 But  Pn~\_CHO Pen%BOTI 74% Y99 : (19
9 . Me .)\/cno Pen® BOT 73% Y99 : (19
10 Me PhCHO Bu,BOTf 809% 86 : 14
11 Me Ph=\_.CHO LDA 83% 37 : 63
12 Me ~\_-CHO LDA 78% 34 : 66

a) Dialkylboryl triflate was used with diisopropylethylamine.

b) The isolated yield is described, and all products gave satisfactory NMR, IR and MS data.
¢) The ratio was determined by 270MHz 'H NMR spectra.

d) In case of entry 5-9, we could not detect the benzylic signal of anti isomer in NMR

spectra of the reaction mixture.

As shown in the table, the aldol reaction of the boron enolate proceeded syn-stereoselectively in good
yield. The alkyl substituents of the boron triflate and the carboxyl protective group of the substrate had a
rather small effect on the yield and the stereochemistry of the product, so various carboxyl protective
groups and boron triflate were usable in the present reaction. Especially when the carboxyl protective group
was bulky tert-butyl ester and/or dicyclopentylboryl triflate, there were no anti products (entries 5,6,7,8
and 9). The reaction of the boron enolate sharply contrasted with that of the corresponding lithium enolate
(generated with LDA at -78°C), which reacted virtually non-stereoselectively with the aldehydes (entries 11
and 12).5) Although, we had investigated several bases, the present reaction was critically dependent on the
choice of tertiary amine. Only when diisopropylethylamine, which is fairly basic, was used, did the reaction
proceed. Other bases, 2,6-lutidine, triethylamine or 1-ethylpiperidine, failed to promote the reaction at

all and almost all of the starting material was recovered.
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With easy removal of the benzyl protective group, this reaction afforded glyceric acid derivatives
directly. Furthermore, LAH reduction of (7) and the following catalytic hydrogenation afforded glycerol
derivatives (§).6) It was clear that this synthetic method was useful for the synthesis of some hydroxyl

groups containing glycerols, glycidyl acids, sugars and their derivatives.
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In conclusion, the aldol condensations described herein have the following many definite advantages.
The oxygen esters can be directly converted to the corresponding boron énolate without conversion to other
carboxylic acid derivatives such as thiol esters. The reactions proceed in good yield with excellent
stereoselectivity, and various carboxyl protective groups can be used. The mild reaction conditions (almost
neutral and low temperature) is appropriate to apply to the condensation containing LDA-sensitive groups

such as ester groups. So this aldol reaction is well suited for the synthesis complex natural products.

REFERENCES AND NOTES

1) Y. Sugano, and S. Naruto, Chem. Pharm. Bull., 36, 4619 (1988).

2) In general, dialkylboryl triflate cannot derive oxygen esters into corresponding boron enolates7)
probably because of insufficient acidity of their a-proton.

3) F. G. Bordwell, M. Van Der Puy, and N. R. Vanier, J. Org. Chem., 41, 1885 (1976).

4) T. Mukaiyama, and N. Inoue, Chem. Lett., 1984, 753.
LAH reduction of aldol product followed by treatment with 2,2-dimethoxypropane and p-toluenesulfonic acid
gave the corresponding 1,3-dioxanes. The 270 MHz NMR spectra showing coupling constants between H4 and H®

of the 1,3-dioxane indicated the relative stereochemistry of the aldol products.

Ph )
0~ 1) LAH A/ o
Rl 2) CMeg (OMe) (o]
\(l\coonz 2 2 ) 0~ pn
~TosOH H

OH rl

5) J. d'Angelo, O. Pages, J. Maddaluno, F. Dumas, and G. Revial, Tetrahedron Lett., 24, 5869 (1983);
M. Enamoto, Y. Ito, T. Katsuki, and M. Yamaguchi, Tetrahedron Lett., 26, 1343 (1985);
D. Enders, and B. B. Lohray, Angew. Chem. Int. Ed. Engl., 27, 581 (1988).
6) For example, M. Ohono, K. Fujita, M. Shiraiwa, A. Izumi, S. Kobayashi, H. Yoshiwara, I. Kudo, K. Inoue,
and S. Nojima, J. Med. Chem., 29, 1812 (1986).
Several PAF analogs were reported.
7) J. Hooz, and S. Linke, J. Am. Chem. Soc., 75, 2439 (1953).

(Received December 19, 1988)

NII-Electronic Library Service





