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HIGHLY DIASTEREOSELECTIVE TANDEM ALKYLATION OF ACYCLIC
o,B-UNSATURATED ESTERS BASED ON THE NOVEL USE OF DITHIOACETAL UNIT

Hisashi Kawasaki, Kiyoshi Tomioka,* and Kenji Koga
Faculty of Pharmaceutical Sciences, University of Tokyo,

Hongo, Bunkyo-ku, Tokyo 113, Japan

Summary: Highly diastereoselective tandem alkylation process of acyclic o,B-
unsaturated esters was developed based on the novel use of dithioacetal as a
stereocontrolling unit.

Development of the stereoselective alkylation process in acyclic
structures is a focused and challenging area of current investigations and

methodologies based on the 1,2-asymmetric induction concepts have been well

1,2)

documented. However, diastereoselective alkylation of enolates with

1b)

simple chirality at the B-position has received much less attention. Quite

recently Fleming and Yamamoto reported their results on the diastereoselective

3,4)

alkylation of enolates. In connection with our studies on the asymmetric

tandem alkylation and its application to the total synthesis of cytotoxic
5)

neolignan (-)-megaphone, we now report the highly efficient 1,2-asymmetric
induction through the conjugate addition of dithioacetal based nucleophiles to
@ ,Bf-unsaturated esters and subsequent methylation or protonation of the

corresponding enolates.
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Conjugate addition of 1lithiated di(methylthio)acetals (7 and 8)5’6) to
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o ,B-unsaturated esters (1 and 4) in THF at low temperature (-78°C for 7 and
-20°C for 8) is the common step in the reaction. Subsequent methylation of
enolate 2 with methyl iodide at -78°C to room temperature afforded 3 as a
single isomer in every case (runs 1,3,5,7L7'8) On the other hand,
protonation of enolate 5 with acetic acid gave 6 as a major diastereomer (runs
2,4,6,8). 8

purified by silica gel column chromatography and stereochemistry of the

8)

The results are summarized in Table 1. Products 3 and 6 were

products was assigned by converting 3 to known compounds.
Alkylation of enolate 2 and protonation of enolate 5 take place in the
same stereochemical sense, with electrophile attacking anti to the bulky

dithiocacetal based nucleophile for steric reason as shown in Figure 1,3'4'9)

10)

in accord with theoretical predictions by Houk. Highly sterically

demanding characteristic feature of dithioacetal based nucleophile should be

3)

responsible for increase of selectivity in comparison with Fleming's and

4 results.

Yamamoto's

Alternative explanation by chelate control may be precluded from the
following experiments. Addition of HMPA (6 eqg. THF/HMPA=5/1 (v/v)) to the
reaction (run 3) afforded 3 as a single isomer. The same reaction using
methyl cis-cinnamate (NuLi=7) afforded 3 as a single isomer in 85% yield.
Alkylation of gflithioenolateZk) formed by deprotonation (LDA in THF) of the
ester, prepared in 94% yield by conjugate addition of 7 to 1lb and subsequent
protonation, also afforded 3 as a single isomer in 80% yield. These data
imply the coordination of sulfur group to lithium cation to form seven
membered chelate not to be important. As bulkiness of Rl in 4 increases
(PhY)Me), selectivity is becoming lower in the protonation of 5 (runs 2 vs 4, 6
vs 8). These data support the steric control is dominant.

It is essential to use t-butyl ester to achieve clean conjugate addition
of 8 to cinnamates (lc and 4c¢) and stereochemical outcome is not affected by
the change of R2 in 1 and 4 as shown in runs 7 and 8.

It is interesting to note that since trimethylsilyldi(methylthio)acetal
group can be reduced to methyl and this acetal works as a bigger group than
phenyl in a stereochemical sense as shown in runs 7 and 8, this acetal can be

11)

considered as a "big methyl." Furthermore, enantioselective conjugate

addition reaction using 7 and 8 to 1 has been developed,lz)

the present

methodology is applicable to the synthesis of optically active 3 and 6.
Application of the present highly diastereoselective tandem alkylation

process to the biologically active natural product synthesis is the subject of

current investigations.
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Table 1. Ratios of diastereomers 3 and 6 in the conjugate addition and

subsequent methylation for 1 and protonation for 4

Run Su??tiate R1 R2 g?Lé Yield/%a) Isomegzgatiosb)

1 la Me  Me Ph(MeS),C 86 99: 1°)
2 4a Me  Me Ph(Mes),C 87 4:96%)
3 1b Ph Me Ph(MeS),C 75 99: 1Y
4 4p°) Ph Me Ph(MeS),C 70 13:87%)
5 la Me  Me Me ,Si(MeS),C 76 99: 1§;
6 4a Me Me Me3Si(MeS)2C 51 1:99

7 1c9) Ph  t-Bu  Me,Si(MeS),C 88 99: 1P
8 act) Ph  t-Bu  Me,Si(MeS),C 79 24:76%)

a) Yields refer to chromatographically purified products mixture of 3 and 4.
b) Ratios (3:4) were determined by lH—NMR and/or by isolation. No isomer
was detected when 99:1 ratio is described. c¢) assigned by converting 3 into
dl-2,3-dimethyl-1,4-diphenyl-1,4-butanedione (i. NaOH-ag. EtOH; ii. HgCl,-

2
CaCO3 in ag. CH,CN; iii. PhLi in THF). See ref. 21. d) Predicted from the

stereochemical gourse of the other reactions described here and from lH—NMR
of the major diastereomer. e) T. B. Strzalko, Tetrahedron, 29, 4199 (1973).
f) assigned by converting 3 (protodesilylated product obtained in 83% yield
from la by in situ treatment with (g—Bu)4NF) into dl-dimethylsuccinic acid
(i. HgCl,-CacCo,
W. A. Bone and W. H. Perkin, J. Chem. Soc., 69, 253 (1896). g) E. M. Kaiser
and R. A. Woodruff, J. Org. Chem., 35, 1198 (1970). h) assigned by

converting 3 (protodesilylated product (75%)) into dl-erythro-2-methyl-3-

in agq. CH3CN; ii. Jones oxidation; iii. KOH in aqg. EtOH).

phenylbutyric acid (i. Raney nickel in EtOH; ii. CF3COOH). S. A. Theine and
J. G. Traynham, J. Org. Chem., 39, 153 (1974). i) Prepared by hydrolysis of

4b and esterification with t-BuOH (DCC—DMPA/CHZClZL

MeS SMe
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