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SILAFUNCTIONAL COMPOUNDS IN ORGANIC SYNTHESIS. 27.1

(ISOPROPOXYDIMETHYLSILYL)METHYL GRIGNARD REAGENT: A NEW NUCLEOPHILIC
HYDROXYMETHYLATING AGENT FOR ALDEHYDES AND KETONES

Kohei Tamao* and Neyoshi Ishida

Department of Synthetic Chemistry, Kyoto University, Yoshida, Kyoto 606, Japan

Summary: Nucleophilic hydroxymethylation of aldehydes and ketones has been achieved
by the reaction with the (isopropoxydimethylsilyl)methyl Grignard reagent and the

subsequent oxidative cleavage of the carbon-silicon bond.

Described herein is an efficient method for the nucleophilic hydroxymethylation of
aldehydes and ketones. This umpolung2 method uses the (isopropoxydimethylsilyl)methyl
Grignard reagent (1)3 as a hydroxymethyl anion equivalent in conjunction with the
oxidative cleavage of the silicon-carbon bond in the Grignard addition product,4 as

shown in Scheme 1.
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Scheme 1

A typical procedure is given for the hydroxymethylation of octanal (eq. 1).
To the Grignard reagent (1) (7.2 mmol), prepared from (i—PrO)MeZSiCH2C15 and Mg in
THF, was added octanal (4.0 mmol) at 0°C. After stirring at 0°C for 1 h, the mixture
was hydrolyzed with cold saturated NH4C1 solution. The organic layer and the ether
extracts were combined, washed with water and dried briefly over NaZSO4 for 5 min.
The solvents were evaporated under reduced pressure at 0°C. Since the Grignard
addition product (2) was thermally unstable, the all operations until this stage had to

be carried out quickly around 0°C. To the concentrate, which was almost pure (2),
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OH
THF /l\/SiMez(O—i—Pr)
n—C7H15CHO + 1 —_ n—C7H15
(2)
OH
30% H,0,/NaHCO, //L\v/,OH
- n—C7H15 82 % (1)
MeOH/THF/rfx/15 h
BF3-OEt2
- n—C7H15CH=CH2 93 % (2)
0°C/2 h

were added MeOH (10 ml), THF (10 ml), NaHCO3 (4.0 mmol), and 30% H202 (3.6 mi; ca.
36 mmol; 9 equiv). The mixture was refluxed with stirring for 15 h. The following

non-aqueous work-up was found to be suitable for the isolation of water-soluble diols.

The reaction mixture was positive to the iodine-starch test. For the purpose of de-
composition of the remaining HZOZ’ well-ground Na25203' SHZO (ca. 3 g; 12 equiv) was
added to the reaction mixture at room temperature, resulting in an exothermic reaction.
After 30 min-stirring the iodine-starch test became negative. The mixture was diluted
with ether (ca. 20 ml) and filtered through Celite 545, and the filtrate was concent-
rated under reduced pressure {around 50°C/20 mmHg). The evaporation residue was
diluted again with ether (50 ml), dried over NaZSOA, and then distilled (bulb-to-bulb)
to give 1,2-nonanediol in 82% overall yield: bp 130-140°C/15 mmHg (bath tempera-
ture).7

The Grignard addition product (2) could not be isolated in a pure state, but the
crude product showed a consistent 1H NMR spectrum.8 Furthermore, 2 underwent the
Peterson reaction9 by the treatment with BF3- OEt, at 0°C to form l-nonene in 93% over-
all yield (eq. 2). The result also provided strong evidence for the presence of the 8-
hydroxysilicon moiety in 2. It should be noted here that the oxidation conditions
employed above caused no Peterson olefination at all.

Some representative results are listed in Table 1.7 In addition to simple alde-
hydes and «,B-enals, linear and cyclic ketones were also hydroxymethylated efficiently.
The addition reaction of the Grignard reagent (1) was completed in 1-3.5 h at 0°C with
almost all ketones. Less reactive cyclooctanone and cyclododecanone afforded excep-
tional cases in which the Grignard addition reaction was incomplete even with a large
excess amount of 1, about 20-30% of the starting ketones being recovered, possibly
owing to the competing enolization. The desired diols were however readily isolated
by column chromatography on Silica Gel (hexane/EtOAc 1:1).

For the nucleophilic hydroxymethylation of carbonyl compounds, only a few

methods have so far been reported, such as thermally unstable hydroxy- or alkoxy-—



Table 1.

Nucleophilic Hydroxymethylation of Carbonyl Compoundsa
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a

given.

isomeric ratio could not be determined.

The reaction of a carbonyl compound with 1 was carried out in THF at 0°C for
1-3.5 h.

details, see the text.

20-30% recovery.

The subsequent H202-oxidation was performed under reflux for 12-18 h.

€ The product was isolated after acetylation of the crude unstable diol.

d The starting material was recovered in

For

Overall isolated yields based on the carbonyl compounds are

The
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methyllithium reagentslo and metal-catalyzed photochemical addition of methamol.11

Quite recent reports have described samarium(IlIl)-promoted nucleophilic alkoxymethyla-
tion of carbonyl compounds.12 Our present method uses the readily available, easy-to-
handle organosilicon and magnesium reagents, can be applied to a variety of aldehydes
and ketones, gives high yields under mild conditions, and should be most practically

useful.13
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