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Enantiomerically Pure Compound Synthesis by Asymmetric Glyoxylate-Ene Reaction
with Vinylic Sulfides and Selenides catalysed by a Chiral Titanium Complex

Masahiro Terada, Satoru Matsukawa and Koichi Mikami*
Department of Chemical Technology, Tokyo Institute of Technology, Meguro-ku, Tokyo 152, Japan

Asymmetric catalysis of the glyoxylate—ene reaction with vinylic sulfides and selenides by a binaphthol-derived
titanium complex provides enantiomerically pure (e.p.) diastereoisomers (anti and 2) of $-alkyl-a-hydroxy esters.

The synthesis of enantiomerically pure compounds (EPC-
synthesis)! has received increasing interest over the past
decade. The synthetic efficiency of these processes can be
maximized by the asymmetric catalysis thereof.> Herein, we
report the asymmetric catalysis of the glyoxylate—ene reac-
tion3 with vinylic sulfides*5 and selenides® by binaphthol-
derived titanium complex 127 (Scheme 1). This reaction
provides enantiomerically pure (e.p.) diastereoisomers (anti
and Z) of functionalized «-hydroxy esters, which are other-
wise difficult to obtain.7:

The asymmetric catalytic reaction of glyoxylate 2 was first
examined with prop-1-en-2-yl phenyl sulfide 3a and selenide
3b, as previously reported with simple olefins? [eqn. (1)]. Both
react readily (<30 min) using only 0.5 mol% of chiral catalyst
(R)-1 to afford the e.p. (R)-hydroxy vinyl sulfide and selenide
4 in good yield.

We next examined, using but-l-en-2-yl sulfides 5, the
diastereocontrol (E/Z) over the newly formed double bond. A
much higher degree of Z-selectivity is obtained with ethyl
sulfide 5b (93% Z) than with phenyl sulfide 5a (74% Z).?

(E)-Phenyl sulfides 7 are, in turn, useful for the diastereo-
control over the two new stereogenic centres to provide the
e.p. anti-diastereoisomer of 3-alkyl-a-hydroxy esters (Table 1,
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entries 2-4).9 The anti selectivity increases with the steric bulk
of the vinylic substituent R on going from Me to Bui (entries
1-4). However, Z-phenyl sulfides exhibit a moderate level of
syn selectivity (entry 6). Generally, the enantiomeric excesses
(e.e.s) of anti-diastereoisomers are higher than those of
syn-isomers (entries 1-6).

By virtue of the vinyl sulfide and selenide products, we
accomplished the EPC-synthesis of (R)-(—)-ipsdienol 8, an
aggregation pheromone of bark beetles!®-11 (Scheme 2).
Silylation of ene product 4 followed by the sequential
treatment with diisobutyaluminium hydride and the Wittig
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Scheme 2 Reagents: i, But™e,SiOTf-2,6-lutidine; ii, DIBAL-H; iii,
[PhsPCH(CHj;),]*I--BurLi; iv, CH,=CHMgBr-NiCl,(dmpe) (3
mol%); v, TBAF

Table 1 Asymmetric catalytic glyoxylate—ene reactions with vinyl sulfides 74
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Entry G Geometry? R Yield(%)  antic (% e.e.)d syne (% e.e.)d
1 Ph >98% E Me 91 45 (>99) 55 (78)
2 Ph >98% E Et 88 81 (>99) 19 (84)

3 Ph >98% E Bun 90 91 (>99) 9 (>90)
4 Ph >98% E Bui 94 95 (>99) 5 (>90)
5 Me 78% E Bur 90 48 (>99) 52 (72)
6 Ph >98% Z Bui 93 12 (>90) 88 (69)

@ All reactions were carried out using 1.0 mmol of glyoxylate 2, 1.5 mmol of vinyl sulfide 7 and 0.1 mmol of chiral titanium complex 1
b Geometric purity was determined by 'H NMR analysis. ¢ Diastereoisomeric ratio was determined by TH NMR analysis. ¢ Enantiomeric
purity was determined by 'H NMR analysis after conversion to the corresponding (R)- and (S)-a-methoxy-a-(trifluoromethyl)phenylacetic acid

esters.



328

reagent furnished the 1,4-dienyl sulfide and selenide 9.
Ni-catalysed coupling reactions*e-?-12 with vinyl Grignard
reagent and deprotection provided (R)-(—)-ipsdienol 8 in e.p.
form {[a]p2! —15.6 (c 0.99, MeOH) (lit.11« [&]p24 —15.3 (c
0.97, MeOH), lit.11? [a]p2® —13.2 (¢ 1, MeOH)}. The
coupling reaction proceeds in much higher yield with vinyl
selenide 9b than sulfide 9a.

Use of vinyl sulfides and selenides extends the scope of the
asymmetric catalytic ene reactions with glyoxylates and
affords functionally rich synthetically useful ene adducts.
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