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MICHAEL ADDITION-PETERSON OLEFINATION SEQUENCE OF METHYL
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A convenient method for the consecutive formation of carbon-
carbon single and double bonds is presented with the example of the
Peterson olefination of the carbanions resulted from the Michael
addition of organometallics to methyl 2-(trimethylsilyl)acrylate.

The introduction of two carbon side-chains at both the o and B positions of

electron-withdrawing substituent has been important as a key step in the elabora-

1)

tion of complex natural products. One of the most simple processes for this

purpose consists of the Michael addition of organometallics to the olefins bearing

an electron-withdrawing substituent and the followed nucleophilic reaction of the

2)

However, the Michael addition-aldol reaction sequence is
3)

resulting carbanions.

not always a smooth reaction since both the reactions can be reversed.
The condensation of a-silyl-substituted carbanions with aldehydes and ketones

leading to the irreversible formation of olef12§ has found wide applications in

Accordingly the Peterson reaction
5 may

organic synthesis as the Peterson olefination.
of the a-silyl carbanions resulted from the Michael addition to vinylsilanes
offer a general process for the consecutive formation of carbon-carbon single and
double bonds at the B and o positions of the olefins.e) In order to equilibrate
the Michael addition between the vinylsilanes and a variety of organometallics in
favor for the adduct, an ester group will be effectively introduced to the a-
position of vinylsilanes as the substituent capable of stabilizing the resulting
a-silyl carbanions.7)

The present communication presents the Michael addition-Peterson olefination
sequence of methyl 2-(trimethylsilyl)acrylate.

8) with phenylmagnesium

The reaction of methyl 2-(trimethylsilyl)acrylate 1
bromide 2 (1.1 equiv.) in the presence of CuCl (0.5 mol%) in dry ether was carried
out under nitrogen at -15 °C for 1 h, and then the mixture was treated with benz-
aldehyde (1 equiv.). The hydrolytic work-up and the chromatographic purification
over silica gel gave methyl 2-benzyl-3-phenylacrylate 5a in 807% yield as a mixture
of the E- and Z-isomers (E/Z = 1/4)9) as shown in Scheme 1 and Table 1.

Apparently this reaction involves the initial formation of a magnesium enolate

A (R=Ph, Mtl=MgBr) from the Michael addition of 2 to 1 and the subsequent Peterson
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reaction with benzaldehyde leading to 5a. This effective Peterson olefination of
the magnesium enolate A should be emphasized since the a-silyl carbanions formed by
the addition of a Grignard reagent to activated vinylsilanes have failed in the

10 The E/Z ratio does not seem impor-

nucleophilic additions to a carbonyl group.
tant in this case as it is known that the similar olefination using a lithio(tri-
methylsilyl)acetate and benzaldehyde gives the E- and Z-isomers of olefins whose

11, 12) In the absence of CuCl,

ratios vary depending upon the reaction conditions.
a slightly lower yield of 5a was obtained.

Instead of benzaldehyde, such carbonyl compounds as pivalaldehyde, cinnamalde-
hyde, crotonaldehyde, acetone, and cyclohexanone could be successfully employed
giving 5b to 5f in fair to good yields (Table 1). The E- and Z-isomers were easily

separated from each other through a silica gel chromatography.

1 2
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Scheme 1.

For the introduction of additional functionalities, 2-1lithio-1,3-butadiene

13 and methyl lithio(methylsulfinyl)methyl sulfide 4 were allowed to add to 1

3
giving 6 and 7, respectively, after the treatment of the resulting carbanions with
several aldehydes (Table 1). The reaction of 1 with 3 and then with cyclohexanone
or 3-pentanone afforded only the Michael adduct 8 (52 or 717 yield respectively)
which was also formed together with 6b, indicating that the a-silyl carbanion A (R=
Ph, Mtl=MgBr) derived from 2 is much reactive to carbonyl compounds than A (R=1,3-
butadien-2-yl, Mtl=Li) from 3. The products 7 readily eliminated MeSOH on heating
to afford vinyl thiocethers as shown with an example of the thermolysis of 7a into
9 that was isolated as a mixture of E- and Z-isomers in 90} yield.

14 other kinds

When alkyl Grignard reagents were used as the Michael donors,
of products were obtained as shown with an example for the formation of 12 in the
reaction with methylmagnesium iodide 10 in the presence of CuCl (Scheme 1). Al-

though it is clear that two molecule of 1 has participated in the reaction, the
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Table 1. Michael Addition-Peterson Olefination Sequence of Methyl 2-(Trimethylsilyl)acrylate 1

R-Mti R1COR2 Conditionsa) Products Yieldb) E/Z
Michael Peterson %

PhMgBr 2  PhCHO A D Ph A\ CHPh 80 1/4
= COOMe 5a

2 t-BuCHO A D Ph\pCHBu-t 54 302
COOMe 5b

CHF
2 PhcHYCHCHO A D PhNP=T""Ph 63 9/11

COOMe  5¢c

CH
MeCHiCHCHO A D P~ Me 59 3/7
COOMe  5d

e

N

MeCOMe A D Ph Me 73 -
COOMe Se

(:ro A D Ph™™¢ : 40 -
COOMe 5f
= CHPh
PhCHO B E /\“/\C(OOMe 6a 74 2/1

N

N

/\Irl..i

3
CHBu-t
- / C)
3 t-BuCHO B E /\r\g)om ob 47°) Z only
t /\“’YC” ZPh 13
3 PhCH=CHCHO B E COOMe 6c 45
MeS~-Li MeS CHPh
welo 4 PhCHO ¢ F MeSO COOMe 7a %  Eonly
MeS HEt
4 EtCHO C F YYC 7 i

MeSO COOMe 7b

t Ha?
4 PhCH=CHCHO C F Mes\/fc “PSPh 91 Eonly
- MeSO COOMe 7c

a) A: 1+ 2 (1.1equiv.) + CuCl (0.5 mol®) in ether at -15 °C for 1h; B: 1+ 3 (1.1equiv.) +
TMEDA (2 equiv.) in ether at -78 °C for 0.5 h; C: 1+ 4 (1.1 equiv.) in THF at -78 °C for 1 h;
D-F: Carbonyl compounds (1 equiv.) were added at -15 °C (D) or -78 °C (E, F) and then the
reactions were performed at room temperature for 0.5 h (D), 2 h (E), or 12-15 h (F).

b) Isolated yields. c¢) The Michael adduct 8 was also obtained in 24% yield.

15)

detail of the reaction mechanism has not been confirmed yet. The similar reac-

tion using vinylmagnesium bromide 11 provided 13 in an excellent yield.

References

1) As the natural product synthesis by this process: a) T. H. Chan and E. Chang,
J. Org. Chem., 39, 3264 (1974); b) G. Stork and M. Isobe, J. Am. Chem. Soc.,
97, 4745 (1975); «c¢) A. P. S. Narula and D. I. Schuster, Tetrahedron Lett.,



1996

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

Chemistry Letters, 1 9 8 4

22, 3707 (1981); d) K. Narasaka and T. Uchimaru, Chem. Lett., 1982, 57; e)
M. Suzuki, T. Kawagishi, T. Suzuki, and R. Noyori, Tetrahedron Lett., 23,

4057 (1982); f) M., F. Semmelhack, L. Keller, T. Sato, and E. Spiess, J. Org.
Chem., 47, 4382 (1982).

As the Michael addition followed by alkylation, acylation, and silylation: a)
F. Ndf and R. Decorzant, Helv. Chim. Acta, 57, 1317 (1974); b) K. K. Heng and
R. A. J. Smith, Tetrahedron, 35, 425 (1979); c) M. Isobe, M. Kitahara, and T.
Goto, Chem. Lett., 1980, 331; d) S. Bernasconi, P. Gariboldi, G. Jommi, and
M. Sisti, Tetrahedron Lett., 21, 2337 (1980); e) D. A. Ager, ibid., 22, 587
(1981); f) D. A. Ager, ibid., 24, 95 (1983); g) K. Tamao, T. Iwahara, R.
Kanatani, and M. Kumada, ibid., 25, 1909 (1984); h) K. Tamao, R. Kanatani,
and M. Kumada, ibid., 25, 1913 (1984). See also Refs. 1d and 1f.

Some Michael-initiated aldol condensations are known: a) P. F. Hudrlik and D.
Peterson, Tetrahedron Lett., 1974, 1133; b) G. Stork and J. d'Angero, J. Am.
Chem. Soc., 96, 7114 (1974); c) K. K. Heng and R. A. J. Smith, Tetrahedron
Lett., 1975, 589; d) P. F. Hudrlik and D. Peterson, J. Am. Chem. Soc., 97,
1464 (1975); e) F. Ndf, R. Decorzant, and W. Thommen, Helv. Chim. Acta, 58,
1808 (1975); f) J. Schartz, M. J. Loots, and H. Kosugi, J. Am. Chem. Soc.,
102, 1333 (1980); g) K. K. Heng, J. Simpson, and R. A. J. Smith, J. Org.
Chem., 46, 2932 (1981). See also Refs. la, le, and 2a.

As the recent reviews on the Peterson reaction: E. W. Colvin, "Silicon in
Organic Synthesis," Butterworth, London (1981), Chap. 12, pp. 141-164; W. P.
Weber, '""Silicon Reagents for Organic Synthesis,'" Springer-Verlag, Heidelberg
(1983), Chap. 6, pp. 58-78; D. J. Ager, Synthesis, 1984, 384.

The Michael addition of organometallics to vinylsilanes is very limited so
that only the vinylsilanes with an anion-stabilizing silyl substituent can
undergo the addition to some restricted organometallics: L. F. Cason and H.
G. Brooks, J. Org. Chem., 19, 1278 (1954); G. R. Buell, R. Corriu, C. Guerin,
and L. Spialter, J. Am. Chem. Soc., 92, 7424 (1970); K. Tamao, R. Kanatani,
and M. Kumada, Tetrahedron Lett., 25, 1905 (1984). See the references cited
therein and also Refs. 1a, 2g, 2h, 3a, and 3d.

As a few examples for the Michael addition-Peterson olefination sequence: T.
H. Chan, E. Chang, and E. Vinokur, Tetrahedron Lett., 1970, 1137. See also
Refs. la, 3a, and 3d.

As the Michael addition of vinylsilanes carrying another anion-stabilizing
substituent: G. Stork and B. Ganem, J. Am. Chem. Soc., 95, 6152 (1973); R.

K. Boeckman, ibid., 95, 6867 (1973); R. Boeckman, ibid., 96, 6179 (1974); G.
Stork and J. Singh, ibid., 96, 6181 (1974); M. van der Leij and B. Zwanenburg,

Tetrahedron Lett., 1978, 3383. See also Refs. 1lc, 2c, 2e, and 2f.
A. Ottolenghi, M. Fridkin, and A. Zilkha, Canad. J. Chem., 41, 2977 (1963).

All the new compounds reported herein gave the satisfactory elemental analyses
as well as the spectral data. The assignment of the E- and Z-isomers was
based on the chemical shifts of the B-hydrogens of unsaturated ester moieties.

It has been reported that the magnesium reagents resulted from the Michael
addition of isopropylmagnesium chloride to activated vinylsilanes reduce a
carbonyl group into an alcohol (Refs. la and 2g). The preseant reaction pro-
vides the first example for the Peterson reaction of the magnesium enolate
resulted from the Michael addition.

K. Shimoji, H. Taguchi, K. Oshima, H. Yamamoto, and H. Nozaki, J. Am. Chem.
Soc., 96, 1620 (1974); H. Taguchi, K. Shimoji, H. Yamamoto, and H. Nozaki,
Bull. Chem. Soc. Jpn., 47, 2529 (1974). See also Refs. 3a and 3d.

The study on the stereoselection of this reaction is now in progress.

The reagent 3 was generated by the treatment of 2-(1,3-butadienyl)tributyltin
with butyllithium. The detail of the procedure will be soon published.

The use of isopropylmagnesium bromide as the Michael acceptor both in the pre-
sence or absence of a catalytic amount of CuCl gave the similar result.

A probable mechanism is the double Michael addition followed by the Peterson
olefination.
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