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Basic Exchange Resins as Catalysts in the Michael Reaction. 1.
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Two commercial basic resins, Amberlite IRA 400 and IRA 410, have been studied as catalysts in Michael reactions
Fifteen acceptor-donor systems have been investigated, and the results are discussed.

Exchange resins, both of acidic and—to a lesser
degree—of basic!~* nature, are used widely as
catalysts. It seemed of interest to investigate sys-
tematically the applicability of basic resins in the
Michael reaction, as only some occasional observa-
tions in this direction have been reported.’— It
would appear that these resins might facilitate the
kinetic analysis of the reaction and the working
up of the reaction products, and help to avoid sec-
ondary reactions as they often occur in homoge-
neous catalysis.

In this first paper, two commercial resins, Amber-
lite TRA 400 (“A”) and Amberlite IRA 410 (“B”)
have been compared systematically in a number of
relatively simple systems. Both are quaternary am-
monium salts on a polystyrene matrix: the second is
somewhat less basic. The reactants were mixed
with the resin (in its OH’form) and the mixture
was kept at room temperature. The determination
of the refractive index of the liquid provided a
simple means of following the course of the reaction.
When the change of the refractive index became
negligible, the supernatant was filtered from the
catalyst and worked up by the usual methods.

The results of these experiments are summarized
in Tables I-IV.

DISCUSSION

The products obtained were the normal ones;
only in two cases secondary cyclization reactions
were observed. From acetylacetone and acrylonitrile
(Table I1, No. 6, 7) a product of the composition
CisHaN:O: was isolated, for which the following
mechanism of formation has been assumed in an-
alogy with known reactions:

NCCH,CH, COCH;,

NCCHCHY COCH(CH;CH2CN),

The normal (1:1) product from ethyl acetoacetate
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and methyl methacrylate was in some runs con-
verted into ethyl 4-methyl-cyclohexane-1,3-dione-
6-carboxylate (Table IV, No. 3).

H 0
CH;COCCOOC,H, |
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CH;00CCHCH, o=_ o
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CH, CH,

One of the conclusions to be drawn from the ex-
perimental data is that a-substitution in the ac-
ceptor even by a methyl group makes both the
resins used inefficient as catalysts: with methyl
methacrylate, only 2-nitropropane and (with resin
A only) ethyl acetoacetate could be condensed;
however, even as reactive donor molecules as acetyl-
acetone, benzyl cyanide, or diethyl malonate did
not condense. The only other reaction which could
not be achieved was the condensation between
diethyl malonate and acrylonitrile in the presence
of resin B. Here, a second characteristic of the resin-
catalyzed Michael reactions expresses itself. The
two resins used appear to possess specific condens-
ing activity in several systems, so that one may ex-
pect by the selection of a suitable resin to carry out
one of a number of possible condensation reactions
—a point which deserves further study. In certain
cases (Table I, No. 3,4; Table III, No. 3,4; Table
IV, No. 1,2), one of the resins gives considerably
higher yields than the other, and it is not always
the same resin which is more efficient.

The method employed makes it possible to com-
pare semi-quantitatively different donors and ac-
ceptors in their ability to undergo Michael re-

COCH,4
—— A

|
HC(CH,CH.CN), HCICHCHCNY,

actions. Using the yields as indicator, one can, e.g.,
derive from the experiments with acrylonitrile
(Table III), the following sequence: 2-nitropropane
> acetylacetone > ethyl acetoacetate > benzyl
cyanide > diethyl malonate. This point is now being
studied in a more quantitative manner.

The yields obtained are satisfactory and in some
cases exceed significantly those obtained with the
classical procedures.
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