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ULTRASOUND IN ORGANIC SYNTHESIS 161.

OPTIMISATION OF THE CONJUGATE ADDITIONS TO a ,B—UNSATURATED CARBONYL
COMPOUNDS IN AQUEOUS MEDIA.
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Abstract : Optimisation of the conjugate addition of alkyl groups to qg-enones under
sonochemical conditions can be effected, especially by a proper choice of the solvent, most

probably because of its structural properties.

We recently described a new procedure for the conjugate additions of alkyl groups to q,R-
unsaturated carbonyl compounds, under sonochemical aqueous conditionsz. This method combines
several advantages such as simplicity, ease of use and compatibility with the presence of

functionnalities which usually cannot coexist with organometallic derivatives

= Zn(Cu) r.t., ))))
R-x  + o >
\Q= solvent - H,0

In this note, new progress in the knowledge of the experimental conditions is described, with

the proposal of an optimisation procedure of the reaction. Most of the experimentation was run

with 4-isopropyl cyclchex-2-encne 1, l-iodopentane, and 2-iodopropane.
o

0
2a R n-C;H"
+ R-1 ——» :
2b R =i-CyH,
1 R

Under the conditions described in our tirst notez, adduct 2b was formed in 36 % yield under

o

sonication, and 22 % with stirring only. In each case, 2a was obtained in low yields, less
than 10 %. Both products 2 contain a single diastereoisomer, prepared almost exclusively by
addition to 1 of the corresponding organocuprate reagent ; in analogy with related casess, the
relative configuration of the substituents in 2a and 2b should be trans.

A Zn-Cu couple with optimal reactivity is prepared by sonication, at room temperature, of zinc
dust with 0.3 molar equ. of Cul in the appropriate solvent (see below). Although both reagents
are insoluble, a black, heavy suspension is formed in less than 3 min. and can be used
immediately, as further sonication affords no advantage (same yield in 2b}. Practically, best

results are obtained with a horn sonicator operated at its maximum power (75 W). A couple with

lower but frequently sutficient reactivity can be prepared in an ordinary cleaning bath4.
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After much experimentation and a systematic exploration of the factors considered as important
(temperature, time, solvent etc...) optimal conditions are exemplified as follows:a couple is

prepared under argon from 4.6 mmol of zinc and 1.4 mmol of Cul in 12 ml of EtOH-H_,O (65-35).2

2
mmol of 1 are then introduced, and 3 mmol of i-C_H_-I in 2 ml of EtOH are added over a 75 min

period under sonication using the highest ultraioind intensity compatible with an efficient
energy transmissions. Irradiation is effected at room temperature using the experimental
system shown in the scheme. After work-up, 3,4-diisopropylcyclohexanone 2b is obtained in 70 %
igolated yield. Using 7 mmol of the couple and 6 mmol (3 equiv.) of the iodide increases the
yield to 95 %. In this last case, an interesting 83 % yield is obtained by sonication in a
cleaning bath, despite the low energy density.

The parameter of highest importance is the solvent composition. Of the aqueous mixtures tested
(HZO + THF, acetone, DMF etc) alcohols are the more satisfactory organic cosolvents. When
using secondary and tertiary halides2, ethanol-water (65-35 in vol.) is the medium of choice.
In the case of a primary iodide such as n-pentyl iodide, the optimal conditions defined above
gave a poor 12 % yield. Most of the parameters can be varied without important yield
modification, except the solvent. Both the nature of the organic component and the water

content exhibit a strong influence, as summarized in Table 1.

Table 1 : yield of 2a according to the solvent mixture Scheme : Reaction vessel

~—t———-—Horn
Solvent alcohol molar 2a % T ?
% vol fraction (VpPC)
2 Scale
o, 1
EtOH-H,0 65-35 0.35 12 E—%l g 3
i-PrOH—H20 90-~-10 0.68 30
80-20 0.48 32
50-50 0.2 28 -~ ,cold
water
35-65 0.11 21
n—PPOH-HzO 65-35 0.3 36
40-60 0.13 37
Reaction
25-75 0.07 40
cell

When plotted against the alcohol molar fraction, the yield of 2a or 2b exhibits a dependence

more or less similar to that of sound absorption (Curves 1-3).
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Table 2 : New synthetically useful examples
Carbonyl compound Halide Adduct (%)"
)\ n-CiH1 CaHiz - CHO (1)
_ CHO Y
Cl Cl

/Y W\I \/\/\/Y “9)1»
(o] (o]
(o]
C‘H“ v CGH13Y\)k °
Y (80)
S

Cotiz s \'/é c
(90)
\|/ CeHis
I
[0}
n-CsHy-1 /(5 an
CyHy

>—1 (95)
>—Br + Nal (75)

@I trace of reaction

0 o]
Q. > O w
n-CgHy-1 trace of reaction
o
1 Y&/ 6’
NN\ co, et >—: rCOzE' (13)°

2Reactions were run optimal conditions. Isolated yields unless specified otherwise. All the
compounds isolated gave satisfactory analytical data. bNon—optimized conditions. CRacemic

adduct. dMixtur:‘e of 4 stereoisomers. eVPC yield.
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EtOH-H O iPrOH-H,0 . n-PrOH-H,0
0[.5 0.1 0.5 0.1 0.5
1

L 1 1 L. A 1 L 1 1 1 4

Abcissas : molar fraction of alcohol in water
Ordinates : solid curve sound absorption (arbitrary units)

dotted line ,curve1: yield of 2b.dotted line, curve 2 and 3: yieldof 2a

These sound absorptions have been measured at ultrasound frequencies ca. 5 MHzG, much higher
than the frequency used in our experiments (30 kHz). However, the existence of absorption
maxima indicates a maximum 3-dimensional structure organisation of the liquid6. That such an
optimal organisation parallels a maximum in the reaction yield, most probably indicates a
strong solvent participation in a determining step7. The optimisation procedure given in this

note proved to be useful and examples of conjugate additions are displayed in Table 2.
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