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Diastereofacial Controlled Addition Reaction of Alkoxymethylketones
Modified by (2R,4R)-2,4-Pentanediol with Organometallics
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Oxygen functionalized chiral alkoxymethylketone, derived from
(2R,4R)-2,4-pentanediol, provided an efficient chiral environment
in the reaction with organometallics which resulted in the either
stereoselection depending on metal used; Z.e., the reactions with
MeLi and MeTi(OiPr)3 selectively furnished the corresponding (S)-
and (R)-tertiary alcohols, respectively.

Asymmetric carbon-carbon formation by the reaction of carbonyl compounds with
organometallics have been one of the most important problems in asymmetric syn-
thesis.1) In the nucleophilic addition reaction of organometallics, if a few
chiral functional groups were adequately located in the neighborhood of ketone,
the stereoselection for either face of carbonyl group is expected to be ac-
complished by choosing appropriate organometallics. Concerned with this problem,
we have already studied the diastereodifferentiating reaction of organometallics
to chiral a-ketoenamines and o-aminoketones derived from (S )-2-methoxymethyl-
pyrrolidine, which possesses nitrogen and oxygen as coordinatable heteroatoms.Z)
Developing another efficient substrate built up by oxygen functional groups, where
either stereoselection would take place, we describe here a stereoselective reac-
tion of organometallics with chiral alkoxymethylketones 1 which possess different
kinds of oxygen functional groups.

Chiral alkoxymethylketones 1 were prepared from (2R,4R)—2,4-pentanediol,3)
which is easily available and a useful chiral auxiliary.4) First, the reaction of
a-alkoxyacetophenone 1a with 2.2 molar amounts of MeLi in Et,0 was investigated.
After hydrolysis, the corresponding (S)- and (R)-tertiary alcohols 2a and 3a were
obtained in a ratio of 6 : 1 (Entry 1). Unfortunately, MeMgBr reacted with 1a not
selectively (Entry 4). It was found that use of titanium reagents realized rever-
sal of diastereoselection to afford (R)-alcohol 3a selectively (Entries 5 and 6).
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Table 1. Reaction of a-alkoxyacetophenone 1a with organometallics

Entry MeM Solvent Total yield/% Ratio of 2a : 3ab)
1 MeLi Et,0 85 6 = 1
2 THF 18 3 ¢ 1
3 toluene 72 3 ¢ 1
4 MeMgBr Et,0 68 T ¢ 1.
5 MeTiCly Et,0 47 1 : 5
6 MezTiC}z Et,0 79 1 ¢ 5
7 MeTi(O'Pr), Et,0 83 1 7
8 THF 78 1 7

a) The reaction was performed using 2.2 molar amounts of organometallics at -78
°c - r.t. b) The diastereomeric ratio was determined by capillary GLC (FFAP).

Especially in the case of MeTi(OiPr)3, higher stereoselection was accomplished to
produce 2a and 3a in a 1 : 7 ratio (Entry 7). Ether was a superior solvent to
other solvents such as THF in the reaction of MeLi (Entries 1 - 3) and MeTi(OiPr)3
(Entries 7 - 9). These results are summarized in Table 1.

In order to confirm the influence of a hydroxyl group in l1a on the stereo-
selection, the control experiment on methylation of the corresponding methyl ether
of 1a was performed for comparison. However, the reaction of the methyl ether 4
with MeLi and MeTi(OiPr)3 proceeded in a poor selective manner, and the role of a

hydroxyl group moiety on the stereochemical course appeared to be crucial.
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Diastereodifferentiating reaction of various alkoxymethylketones 1 using MeLi
and MeTi(OiPr)3 was examined. As shown in Table 2, in all cases (S)-tertiary
alcohols 2 were selectively obtained when MeLi was used as organometallics. On
the other hand, the reaction of MeTi(OiPr)3 afforded (R)-alcohols 3 selectively,
and thus this method appeared to be general. The remarkable features of these
reactions were noted: a) The reactions of aromatic ketones 1b,c proceeded in
higher stereoselectivity (Entries 4 - 7). b) The presence of one molar amount of
lithium trifluoromethanesulfonate (LiOTf) improved the stereoselection in the
reaction of MeLi with especially aliphatic ketones 1d,e (Entries 2, 9, and 12).5)
c) Although MeTi(OiPr)3 was prepared im situ from ClTi(OiPr)3 and MeLi in general
reaction, the addition reaction of isolated MeTi(OiPr)3,6) free from LiC1,
surprisingly occurred not selectively; e.g., the treatment of isolated MeTi(OlPr)3

with 14 or 1e afforded a 1 : 1.1 mixture of 24 and 3d, or 2e and 3e, respectively.
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Table 2. Diastereodifferentiating reaction of alkoxymethylketones 1 in Et,0

Entry 1 R MeM Temp/ °C Total yield/%$ Ratio of 2 : 3
1 a Ph MeLi -78 - r.t. 85 6 : 1)
2 MeLiP) ~110 74 7+ 12)
3 MeTi(olpr);¢) 78 - r.t. 83 1 78)
4 b p-Tol MeLi -78 80 27 @ 19)
5 MeTi(0Pr);¢)  -78 - r.t. 86 1 ed)
6 c  o-Nap MeLi -78 - -60 68 12 2 19
7 MeTi(olpr);¢)  -78 - r.t. 60 1 o159)
8 d Ph(CH,), MeLi -78 - -35 79 4 : 1°)
9 MeLiP) -110 41 7 ¢ 1¢)

10 MeTi(0'Pr);¢)  -78 - r.t. 76 1+ e®)
11 e /L§/-/ MeLi -78 67 1.4 : 1%)
12 MeLiP) -110 - -78 92 4 1%)
13 MeTi(0Pr);¢)  -78 - r.t. 59 1 7%)

a) The ratio was determined by capillary GLC (FFAP). b) LiOTf was added. c)
MeTi(OiPr)3 was prepared from ClTi(OiPr)3 and MeLi in situ . d) The ratio was
determined by capillary GLC (SE-30). e) The ratio was determined by HPLC
(Finepak-SIL). f) The ratio was determined by HPLC (Finepak-SIL) after the con-

version to the corresponding mono-gp-benzoate.

The obtained tertiary alcohols 2 and 3 were able to be converted to the
corresponding chiral 1,2-diols 5 through PCC oxidation and retro-Michael reac-
tion.4r7)  The absolute configuration of tertiary carbon attached to the hydroxyl
group of 2a,b was determined to be S by the comparison with the authentic samples
of 5a,b.8) Furthermore, in 1H NMR spectra, all the differences of the chemical
shifts between methylene protons Hpy and Hp adjacent to the ether oxygen atom
(Fig. 1) were 0.09 - 0.36 ppm larger for 3a-e than those for 2a-e, respectively.
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The factor of this either selection is not clear but might be the result
from different coordination number of organometallics as previously reported;Zb)
i.e., the coordination number of lithium is four and that of titanium is six.
The role of lithium salts might be the activation of carbonyl group to make the
nucleophilic addition proceed at lower temperature or the alternation of the

degree of aggregation.s)
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In most asymmetric synthesis, only one of the two epimeric isomers was ob-
tained, and the selective preparation of both isomers from a single starting

9)

material has been strongly desired. The present reaction provides a useful

solution for the synthesis of both enantiomers utilizing the different coordinat-

ing ability of organometallics.'!)
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