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Abstract : The conjugate addition of organomagnesium reagents to a, p-ethylenic esters is performed in THF, at
room temperature (30 min to 1.5 h), in the presence of CuCl (3%) and Me3SiCl (1.2 eq.). Good yields of
1,4-addition products are obtained according to this very simple procedure.

Conjugate addition of organocopper or cuprate reagents to o, f-ethylenic esters is not easy to perform and very often
requires both the use of various additives and low temperatures!. In addition, the yields based on the starting
organometallic reagents remain moderate since they range from 10 to 40%?2. These features represent a serious
drawback for large .;cale preparative applications.

In theory, the copper-catalyzed conjugate addition of organomagnesium reagents to a, B-ethylenic esters appears
more attractive. In fact, Munch-Petersen has shown that, in ether (0°C, 1 to 1.5 h), this reaction effectively leads to
the 1,4-addition products in good yields (50 to 90%)3. However, the a, B-ethylenic esters must bear a large alkoxy
group (e.g. s- or t-butyl ester) to avoid the competing Michael addition process and the reaction requires an
important excess of the organomagnesium reagent (1.5 to 10 eq.)4. On the other hand, one example of copper-
catalyzed addition has also been performed in THF, at -80°C, in the presence of 10% CuBr.Me2S, Me3SiCl (2eq.)
and HMPT (3eq. )3. These reaction conditions are not suitable for preparative applications; moreover, no successful
extention to the less reactive B-bisubstituted a, p-ethylenic esters, has been reported to our knowledgeS.

Finally, two cases of conjugate addition in good yields of organomagnesium reagents to enoates in the presence of
Cull salts (1 to 5% Cull salt, 1.5 eq. RMgBr) have been recently reported” ( yields of crude product: 99% ). The
reaction takes place in a mixture ether/THF at -46°C (1 h) in the presence of Me3SiCl (3 eq.) or Me3SiCIYHMPT
(3eq./3eq.). )

The course of our study on the organomanganese chemistry8 has induced us to reinvestigate the copper-catalyzed
addition of organomagnesium reagents to a, B-ethylenic esters. We now report that good yields of 1,4-addition
products are obtained in many cases by adding an organomagnesium reagent to an o, B-ethylenic ester, in THF at
room temperature, in the presence of 3% CuCl and Me3SiCl (1.2 eq.). Some examples are listed in Table L.

This reaction allows to perform in good yields the 1,4-transfer of primary, secondary and tertiary alkyl groups to
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various B-monosubstituted a, B-ethylenic esters (entries 1 to 4 and 8 to 12 ). Even the B, B-bisubstituted
a, B-ethylenic esters can be used successfully (entries 13 and 14 ) in spite of their well known poor ability to react
with organocopper reagents to give the 1,4-addition products (e.g. with lithium dibutylcuprate the 1,2-addition
occurs mainly)9.

R R"MgCl, 3% CuCl, 1.2 eq. Me,SiCl R'\
Table I >___=\ = R"

THEF, 0°C to 20°C, 30 min to 1.5 h

R COOEt R COOEt
Entry R R’ R" Yield (%) of
R"MgQY) Isolated Producta
1 H Me Me 83
2 H Me Bu 94
3 H Me iPr 86
4 H Me tBu 86
5 H Me Ph 20 (62)b
6 H Me CH3CH=CH 34 (45)¢
7 H Pr CH,=CHCH, od
8 H Pr Bu 95
9 H Pr iPr 95
10 H Pr tBu 91
11 H iPr Bu 82
12 H Ph Bu 88
13 Me Me Bu 82
14 Me Me iPr 73¢
15 Me Me Me 16f

a) All products have been isolated by distillation. b) 62% in the presence of 2 eq. of DMAPI0, ¢) 43% in the
presence of 2 eq. of DMAP!0, d) Under the conditions described above, allylmagnesium chloride reacted with
MesSiClL In the absence of Me3SiCl (only 3% CuCl), a mixture of the starting methyl crotonate with the
1,2-addition product was obtained (76% yield based on CH;=CHCH2MgCl). e) 16% of recovered enoate.
f) 80% of recovered enoate.

The conjugate addition of methyl cuprates to enoates is also known to occur with difficulty. As an example, with
methyl magnesium bromide, the afore-mentioned Cull catalyzed reaction fails when CuBry is used as a catalyst and it
is necessary to replace it by Cu(N-iPr-Sal);!1 (cf Table II) to obtain a good yield’. As illustrated below, Cul halides
are more efficient than Cull halides since the 1, 4-transfer of a methyl group to enoates takes place easily under our
conditions. Moreover the reaction has been performed at room temperature with only stoichiometric amounts of
methyl magnesium chloride and Me3SiCl
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Me
Table II /\/\/COOEt Me-Metal
A —_— COOEt
Reaction Conditions Yield
1.5 eq.MeMgBr, 1% CuBry; 3 eq. Me3SiCl trace’

ether/THF (1/5),-46°C, 1 h

1.5 eq.MeMgBr, 1% Cu(N-iPr-Sal);10; 3 eq. Me3SiCl
ether/THF (1/5), -46°C, 1 h

1.04 eq. MeMgCl, 3% CuCl2; 1.2 eq. Me3SiCl X
THF, 20°C, 1 h 92% (isolated product)

99% (crude product)?

a) CuCl can be replaced by CuCN (3%), the 1,4 addition product is then obtained in 88% yield.

Nevertheless, it should be noted that with the B, B-bisubstituted a, B-ethylenic esters, the addition of a methyl group
occurs only in low yields and the starting esters are recovered in a large extent (Table I, entry 15).

With the B-monosubstituted o, B-ethylenic esters, the main limitation of our procedure concerns the conjugate
addition of aryl and alkenylmagnesium halides which gave poor yields (e.g. entries 5 and 6). Allylmagnesium
halides react with Me3SiCl. In the presence of 3%CuCl, they give only, as expected, the 1,2-addition product
(entry )12,

Interestingly we show below that Me3SiCl can be replaced by MeSiClj3 (cf Table HI). This is the first time, to our
knowledge, that this compound is used in place of Me3SiCl for a conjugate addition. It is interesting to note that the
three chlorine atoms participate in the reaction (compare entries 17 and 18 ). Accordingly, this activating/trapping
reagent!3 is more economical than Me3SiCl114.

Table 111 Me, BuMgCl, 3% CuCl n eq. MesSiCkury Me,
COOEt THF, 0°C1020°C, 1 b Bu COOEt
Entry MexSiCl(4.x) Yield of Isolated Product (%)
16 1.2 eq. Me3SiCl 95
17 1.2 eq. MeSiCl3 94
18 0.45 eq. MeSiCl3 89

Our procedure offers the following advantages over the previous ones:
- the use of both low temperatures and additives such as BF3;Et20 or hazardous HMPT is avoided,
- the reaction occurs with methyl or ethyl esters,
- the copper chloride used as catalyst is a very common copper salt,
- only stoichiometric amounts of organomagnesium reagents are necessary,
- organomagnesium reagents prepared in ether or in THF can be used.
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General Procedure : To 50 mmol of an ¢, B-ethylenic ester in 70 ml of THF are successively added CuCl
(1.5 mmol, 3%), Me3SiCl (60 mmol, 1.2 eq.) and then, at 0°C, RMgX ( 52 mmol, 1.04 eq., X=Cl or Br) as a
THF or ether solution. After stirring for 30 min to 1.5 h at room temperature, the reaction mixture is hydrolyzed
with a NH4Cl solution (ca 80 ml) and, after decantation, the aqueous layer is extracted with ether.The organic layer
is dried over MgS0O4 and, after removal of the solvents in vacuo, the product is isolated by distillation.
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