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Solvent-Catalyzed Michael Reaction of Nitroparaffins with Acrylic Acid
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Michael-type condensation of nitroparaffins with acrylonitrile, acrylic ester, or acrylamide can take place without the
use of catalyst in liquid ammonia to give an excellent yield of a variety of products depending upon proportions of the re-

actants,
prepared in the present investigation.

Michael-type condensation of nitroparaffins with
acrylonitrile,%? aecrylic ester,®* or acrylamide®
has usually been achieved under the influence of a

The reaction is characteristic of an effective catalytic action of the solvent,

Eight new compounds have been

used effectively as catalyst in the carbalkoxyethyl-
ation reaction of nitroparaffins. Recently we
reported®® a new modification of the Michael

strong alkaline catalyst such as potassium reaction wherein derivatives of malonic and cyano-
TaeLe I
MicuHAEL REACTION OF NITROPARAFFINS WITH ACRYLIC AcID DERIVATIVES IN Liguin AMMONIA
Mole Ratio
RNOs CH:=CH—X RNO::CHy—=
R X CH—X Method® Product Yield. 9?
CH3 CN 1:1 B OzNCH( CHzCHzCN)g 68°¢
CH;, CN 1:3 A 0:NC(CH;CH,CXN ), 944
CHa 00202H5 1:1 B OzNOH2CHzCH200202H5 28¢
0,NCH(CH,CH,CO.C:Hjs). 55°
CHa COzCsz 1:3 B OzNCH(CHzCHzCOzCzHg)z 56
0,NC(CH,CH,CQ.C.Hj3); 34
CH; CONH, 1:1 A 0.NCH(CH,CH,CONH,), 12647
C.H; CN 1:2 B? CH,CH(NO,)CH.CH,CN 11
CH,C(NO,)(CH,CH;CN), 77
C.H; CO,C.H; 1:2 B* CH,CH(NOQ,;)CH;CH,CO,C;H; 12
CH;C(NO,)(CH,CH,CO,C,Hs), 77
C:.H; CONH, 1:2 A CH,;C(NO,)(CH:CH;CONH,). 577
C;H, CN 1:1 B C,HsCH(NO,)CH,CH,CN 71¢
C.H;C(NQ,)(CH,CH:CN), 26°¢
CaH'{ CN 1:2 B CszC(NO2)( cHgCHgCN)g 76
C;H; CO,C.H; 1:1 Bt C.;H;CH(NO,)CH,CH.CO,C.H; 76°¢
C;H;C(NO,)(CH,CH,CO:C.Hs), 14°
CsH-; COzCzHr, 1 12 B CzH5CH(NOz)CHchchzCQH5 44
C:H;C(NO3:)(CH,CH,CO,C,H;), 52
C:H; CONH; 1:1 Al C.H;CH(NO,)CH,CH,CONH, 717
1-C;H, CN 1:1 B (CH;).C(NO,)CH,CH,CN 68
i'CSHT COzCzHa 1:1 B (CH3)2C(N02)CHQCH200202H5 38
1-C,Hy CONH,; 1:1 A (CH;).C(NO,)CH,CH,CONH, 517

¢ See Experimental. ? Based on RNO,.

¢ Based on CH~=CH—X.

@ Under method B, the yield was 97%. ¢ When

the reaction was carried out as in B with three molar equivalents of acrylamide none of the condensation product could be

obtained and starting materials were recovered quantitatively.

/ For identification, the product was also prepared in the

course of the present work by ammonolysis of the condensation product from the nitroparaffin and ethyl acrylate with

liquid ammonia.

molecular proportions gave chiefly disubstitution product.
25%, of monosubstitution product.

7 From equimolar quantities of the reactants, primarily the dicyanoethylation product was formed. The
yield was 799 (based on acrylonitrile) accompanied by a 99, of monocyanoethylation product.

* The reactants in equi-

The yield was 619, (based on ethyl acrylate) accompanying a
? When the reaction was carried out with two moles of 1-nitropropane and one mole of

ethyl acrylate, the monocarbethoxyethylation product was obtained exclusively; yield 839, (based on ethyl acrylate’.
7 Even with two molar equivalents of acrylamide in A, the monosubstitution product was produced exclusively. The yield

was 789%,.

hydroxide, sodium ethoxide, or benzyltrimethyl-
ammonium hydroxide (Triton B). Triethyl-
amine® or certain anion exchange resins” were also

(1) 0. Wulff, H. Hopff, and G. Wiest, German Patent 728,531
(October 29, 1942),

(2) H. A. Bruson, U. 8. Patent 2,361,259 (October 24, 1944).

(3) H. A. Bruson, U, S. Patent 2,342,119 (February 22, 1944),

(4) H. A. Bruson, U. S, Patent 2,390,918 (December 11, 1945).

(5) H. A. Bruson, U, S. Patent 2,370,142 (February 27, 1945).

acetic acids could each be condensed with acrylo-
nitrile, acrylic ester, or acrylamide without the use
of catalyst in liquid ammonia to yield the cor-
responding condensation products. It has now
(6) M. C. Kloetzel, U. 8. Patent 2,554,831 (May 29, 1951),
(7) C. J. Schmidle and R. C. Mansfield, U. S. Patent 2,658,070
(November 3, 1953).

(8) K. Shimo and S. Wakamatsu, J, Org. Chem., 26, 3788 (1961).
(9) 8. Wakamatsu, J. Org. Chem., 27, 1285 (1962).
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been found that nitroparaffins possessing a meth-
inyl, methylene, or methyl group adjacent to the
nitro group condense successfully in liquid am-
monia with acrylonitrile, acrylic ester, or acryla-
mide to give excellent yields of a variety of prod-
ucts, depending upon proportions of the reactants.
For . example, nitromethane and acrylonitrile in
equimolecular quantities give a good yield of the
dicyanoethylation product. With three moles of
acrylonitrile the product is tris(8-cyanoethyl)-
nitromethane exclusively. In neither case can
the monocyanoethylation product be isolated.
When a molar equivalent of acrylic ester is employed
a8 an acceptor, nitromethane yields a mixture of
mono- and dicarbethoxyethylation products. On
the other hand, from the reaction between one
mole of nitromethane and three moles of acrylic
ester a mixture of di- and trisubstitution products is
obtained. Nitroethane reacts with acrylonitrile,
acrylic ester, and acrylamide to form primarily
the respective disubstitution products, regardless
of the relative amounts of the reactants. Analo-
gous reactions of less reactive l-nitropropane with
acrylonitrile or acrylic ester in equimolar propor-
tions give chiefly monosubstitution products.
With two moles each of acceptors, however,
disubstitution predominates. Acrylamide reacts
more slowly with 1-nitropropane to form exclusively
the monocarbamoylethyl product even with the
use of two molar equivalents of the former. 2-
Nitropropane gives relatively small yields of the
expected condensation products with acrylic acid
derivatives. The results of these reactions are
summarized in Table I. Table II shows physical
properties of the products.

(10) Badische Aniline und Soda-Fabrik A.-G., German Patent
857,362 (November 27, 1952).
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Experimental!!

The nitroparaffins and acrylic acid derivatives used in this
work were commercially available, Two different methods
of the reaction were employed; (A) the use of a pressure
vessel at room temperature and (B) the reaction at at-
mospheric pressure below the boiling point of liquid am-
monia( —50°). These are illustrated by typical examples
as follows.

Tris(8-cyanoethyl)nitromethane (Method A).—A mixture
of 3.05 g. (0.05 mole) of nitromethane and 7.95 g. (0.15
moles) of acrylonitrile in a glass pressure vessel'? was treated
with 30 cc. of liquid ammonia while cooling with ice water
until the exothermic reaction ceased, then allowed to stand
at room temperature for about 0.5 hr, The solids remain-
ing when the ammonia was evaporated were washed with
ethanol to yield 10.3 g. of trig(8-cyanoethyl)nitromethane.

Ethyl 4-Nitrobutyrate and Ethyl 4-Nitropimelate (Method
B).—A mixture of 6.1 g. (0.1 mole) of nitromethane and 10.0
g. (0.1 mole) of ethyl acrylate was added dropwise to a well
stirred 100 cc. of liquid ammonia during the course of 25 min,
while maintaining the reaction temperature at —50°.
After the addition was complete, the mixture was stirred
for 1 hr. and then the ammonia was evaporated. The
residual oil was fractionated in vacuum to give the products
described in Tables I and II. The corresponding amides of
both products, 4-nitrobutyramide (m.p. 88-89.5° from
benzene) and /4-nitropimelamide {(m.p. 141-142.5° from
ethanol-water), were prepared by ammonolysis of the
esters in liquid ammonia in the presence of ammonium chlo-
ride as catalyst.

4-Methyl-4-nitropimelamide (Method A).—Nitroethane
(3.75 g., 0.05 mole) was added to a well agitated solution of
7.1 g. (0.1 mole) of acrylamide in 50 cc. of liquid ammonia in
a glass pressure vessel and the mixture was then allowed to
stand at room temperature for 1 hr. Evaporation of the
ammonis yielded the product as a pale green oil which
rapidly solidified. Upon one recrystallization from water
it melted at 126-129.5°; yield 6.2 g. (57%). After an
additional recrystallization the melting point was raised to
129.5-131°.

(11) Melting points and boiling points are uncorrected. Micro-
analyses were by the Institute of Physical and Chemical Research,
Tokyo, Japan.

(12) K. Shimo and 8. Wakamatsu, J. Org. Chem., 24, 19 (1959).



