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complex was detected by a considerable increase in ultra-
violet absorption at 238 mu.” Even if this finding can be ex-
tended to the mixed solvents used in this work, we need not
necessarily modify the interpretation of the data presented
here. For example, the presence of a more effective com-
plexing substance such as EDTA or cysteine would elimi-
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nate any competitive effect of tris. The Cull-tris complex
may also show comparable catalytic activity in oxidation
reactions. The complex might also rapidly release its Cul!
by dissociation as the free Cul! is reduced to Cul.
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The Michael addition between diethyl acetamidomalonate and ethy! acrylate or ethyl crotonate may give one of two prod-

ucts, depending on the reaction conditions,
the formation of a pyrrolidinone.

malonate or diethyl carbobenzyloxyaminomalonate and the o,f-unsaturated ester.

their corresponding di- and monocarboxylic acids.

The Michael addition of diethyl acetamidomalo-
nate to an appropriate derivative of acrylic acid
has become a convenient route to the synthesis of
glutamic acid or a suitably substituted glutamic
acid.*~® However, except for Fillman and Al-
bertson,® who noted the loss of a C3H;O, fragment,
the intermediates of the reaction or the full path
have been ignored. A program calling for the syn-
thesis of analogs and homologs of glutamic acid
afforded an opportunity to study both the charac-
ter of the intermediates and the likely mechanism
of the condensation. It soon was apparent that
the identity of the adducts depends on the condi-
tions of the reaction. This is true when acrylic
and crotonic esters are employed, and it may also
apply to esters of other «,8-unsaturated acids.

When the reaction is carried out in the presence
of /1o to /s equivalent of sodium ethoxide under
mild conditions, 7.e., at either room temperature or
in the cold, the normally expected product is
formed; but under more strenuous conditions, z.e.,
at reflux temperatures, a pyrrolidinone derivative
formms. These differences may be indicated in Fig.
L.

Support for structure III is afforded by Talbot,
Gaudry and Berlinguet,!! who synthesized IIla by
the reaction between diethyl acetamidomalonate
and B-propiolactone and by Kato and his co-work-
ers,!? who prepared IIla by the conventional alkyla-
tion method from diethyl acetamidomalonate and
ethyl 8-iodopropionate.

Proof for the pyrrolidinone structures IV was ob-
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Mild conditions yield the normal product, whereas reflux temperatures favor
Pyrrolidinones were also prepared from the normal addition products of diethyl acetamido-

The pyrrolidinones were converted to

tained from their preparation by two other meth-
ods, namely, (i) formation of IVa and IVb by the
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synchronous hydrogenolysis and cyclization of I1Ic
and IIId, respectively, and (ii) by formation of IVa
and IVD by refluxing IIla and TIIb, respectively, in
sodium ethoxide.

The pyrrolidinones IV were hydrolyzed to their
corresponding dicarboxylic acids V and were subse-
quently decarboxylated to their monocarboxylic
acids VI. IVa and IVb strongly absorb in the in-
frared near 1692 cm.—}!, which is characteristic for
v-lactams.

Although it is experimentally possible to trans-
form IIIa and IIIb into IVa and IVb, respectively,
as described later, the pyrrolidinone is not a likely
intermediate in the inild reaction since alcoholysis
of amides is favored at high temperatures. Support
for the direct formation of the pyrrolidinones is
seen in relative yields from the two procedures; IVa
is obtained in yields of 839, when prepared from the
reagents at reflux temperatures and in 179, when
IIIa is refluxed with sodium ethoxide under similar
conditions.
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Since the formation of a pyrrolidinoue from a
Michael addition is unexpected, a consideration of
a possible manner in which the cyelization occurs
may shed light on the feasibility of such a reaction.
The occurrence of cyclic products resulting during
the course of a Michael addition is not new. Con-
nor and McClellan!? state that ring closures can
occur if the reaction is carried out under reflux
conditions. Also, these conditions are favorable for
the bimolecular hydrolysis of amides. Therefore it
may reasonably be assumed that cleavage of the
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amide bond can take place under the reflux condi-
tions of the Michael addition. The proposed
mechanism is suinmarized in Fig. 3.

In the presence of ethoxide ions, diethyl acetami-
domalonate adds to the «,8-unsaturated ester asin a
normal Michael addition to form the intermediate
VII.'* An alcoholysis of the amide occurs under
the influence of heat to give VIII. The nitrogen
can now attack the vy-carbonyl carbon to give the
intermediate IX. This is plausible since the con-
formation of the molecule places the two groups in
question in very close proximity with each other.
Furthermore, it has been observed that the cy-
clization occurs more readily when R is wmethyl
than when it is hydrogen. Itis presumed here that
the presence of the methyl group in the 8-position
favors a cyclic conformmation, thereby accounting
for its greater ease of cyclization compared to the
unsubstituted intermediate. The cyclic intermie-
diate IX, being stable, allows the formation of a
full bond between nitrogen and the vy-carbonyl car-
bon with the elimination of ethyl acetate, regenera-
tion of ethoxide ion and formation of the corre-
sponding 5,5-dicarbethoxy-2-pyrrolidinone (X).

Experimental?®

Diethyl acetamidomalonate was prepared according to the
method described by Snyder and Smith.16

Diethyl N-Acetyl-a-carbethoxyglutamate (IIla).—Dictliyl
acetamidomalonate (10.85 g.) was dissolved in 250 ml. of
absolute ethanol coutaining 115 mg. (0.005 g. atown) of
sodium and the solution cooled in an ice-bathi. Ethyl
acrylate (7.5 g.) was added slowly to preveut an excessive
rise in temperature. Tlie mixture was tlien stirred for 90
minutes and neutralized with glacial acetic acid. After
gently removing the ethanol uuder reduced pressure, the
residue crystallized on standing and was recrystallized frow
acetone~water to give 12.1 g. (76%) of Illa, m.p. 65~66°.
A portion twice recrystallized from acetoue~watcr for
analysois gave needles of IIla, m.p. 66.5~67°, reported!!
66-67°.

Anal. Caled. for C HuNO;: C, 52.99;
4.41. Found: C, 53.28; H, 7.26; N, 4.34.
Diethyl N-Acetyl-a-carbethoxy-g-methylglutamate (IIIb).—
Ethliyl crotonate (8.4 g.) was added to a solution of diethyl
acetamidomalonate (10.85 g.) i1 absolute ethanol coutaining
0.115 g. of sodium. The mixture was stoppered aud
allowed to sit for 7 days before neutralizing with glacial
acetic acid. The solvent was removed gently nnder reduced
pressure and the oily residue solidified on staudiug. This
was recrystallized froin ethanol-water to give 12.5 g. of
IIIb (75.59,). A sample for analysis twice recrystallized
from ethanol-water melted at 58°.

Anal. Caled. for CsHxNO7: C, 54.37;
4.23. Found: C, 54.42; H, 7.63; N, 4.33.

Diethyl N-Carbobenzyloxy-a-carbethoxyglutamate (IIIc)
was prepared in tlie same manuer as IIIa. Ethy!l acrylate
(21.0 g.}, diethy! carbobenzyloxyaminowalonatel” (61.0 g.)
and sodium (0.765 g.) in 100 ml. of absolute ethanol gave
77.8 g. of crude Illc, a red-orange oil; 50 nil. of ether was
added to the oil and this washied with two 25-ml. portious of
water, dried over anhydrous sodiuin sulfate and tlie ether
removed by distillation. No atteinpt was made to distil
I11c as previous experience resulted in decomposition of tle
product.

Anal. Caled. for CyHuNOs: N,
3.26, 3.23.

Further proof of I1lc was obtained by its hydrogenolysis—~
acetylation to IIla. Ten grams of IIIc dissolved in 50 ml.
of acetic anhvdride was shaken for 3 lir. in a Parr apparatus

H, 7.31; N,

H, 7.61; N,

3.42, TFound: N,

(15) Melting points were taken with Anschiitz stem immersion
thermometers.
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with 2.0 g. of an A-150 palladium-—charcoal catalyst.!8
Product weighing 5.5 g. was isolated and when recrystallized
from acetone-water gave needles, m.p. 64-66°; when
mixed with authentic I1Ia there was no depression.

Diethyl N-Carbobenzyloxy-a-carbethoxy-g-methylglu-
tamate (IIId).—The method was the same as that employed
for IIIb. Isolation was similar to that for IIlc. Ethyl
crotonate (17.1 g.) and diethyl carbobenzyloxyaminomalo-
nate (31.0 g.) with sodium (0.360 g.) in 100 ml. of absolute
ethanol gave 29.5 g. (68%,) of 1I1d, a non-distillable oil.

Anal. Caled. for CyHxNOs: N, 3.31. Found: N,
3.97, 4.10.

The identity of IIId, in the absence of satisfactory N-
analysis, was confirmed in the manner similar to that em-
ployed for IIlc. Crude IIId (17.0 g.) was mixed with 50
ml. of acetic anhydride and 2.0 g. of an A-150 palladium-
charcoal catalyst to give 6.4 g. of the corresponding N-
acetyl derivative. The product was recrystallized from
ethanol-water mixture, m.p. 56-58°. A mixed melting
point with IIIc was not depressed.

5,5-Dicarbethoxy-2-pyrrolidinone (IVa). Method 1.—To
200 mg. of sodium in 10 ml. of absolute ethanol was added a
solution of 10.85 g. of diethyl acetamidomalonate in 200 ml.
of absolute ethanol. The mixture was stirred as 7.5 g. of
ethyl acrylate was added slowly and then refluxed over a
water-bath for 9 hr.'® After mneutralizing with glacial
acetic acid, the ethanol was removed by distillation. Color-
less crystals separated from the dark oily residue on standing
for 24-48 hr. These were collected and recrystallized from
anhydrous ether to give white crystals of IVa contaminated
with normal Michael addition product IIIa, 9.5 g., m.p.
79-83°. A sample for analysis was recrystallized twice

from benzene—petroleum ether, m.p. 82-83°,

Anal. Caled. for CoH;)NOs: C, 52.39; H, 6.60; N,
2(1)(13 Found: C, 52.73, 52.69; H, 6.38, 6.42; N, 6.10,

This product corresponds to the compound reported by
Morrison’ as diethy! N-acetyl-a-carbethoxyglutamate with
respect to melting point and elemental analysis.

Method 2.—IIIc (12.2 g.), in 50 ml. of absolute ethanol
mixed with 2.0 g. of an A-100 palladium—charcoal catalyst,
was shaken for 3 hr. in a low pressure Parr apparatus at an
initial pressure of 60 pounds. The catalyst was removed
and the solvent evaporated. The yellow oil remaining
solidified on standing. The crystals were collected and
washed with petroleum ether, 5.1 g. (74.39,), m.p. 78-80°.
Recrystallization from benzene-petroleum ether gave a
product melting at 82-83°. A mixed meltiug point with
IVa prepared by method 1 was not depressed.

Method 3.—IIIa (12.0 g.) was refluxed 8 hr. in a solution
of sodium (100 mg.) in 100 ml. of absolute ethanol and then
neutralized with glacial acetic acid. The solvent was dis-
tilled and the oily residue allowed to solidify. The crude
product was recrystallized twice from anhydrous ether to
give 1.5 g. of white crystals of IVa, m.p. 82-83°. A mixed
melting point witlh IVa obtained by method 1 was not
depressed.

The 5,5-Dicarbethoxy-4-methyl-2-pyrrolidinone (IVb).
Method 1.—The reaction employed was similar to that de-
scribed in method 1 for the preparation of IVa. Theinter-
action of 21.7 g. of diethy!l acetamidomalonate and 17.1 g.
of etliyl crotonate was carried out in 100 ml. of absolute
ethanol containing 400 mg. of sodium. The oily residue
obtained was steam distilled for 1 hr. Cooling of the steam
condensate in the reaction flask precipitated needle-like

(18) W, D, Cash, et al.,, J. Org. Chem., 21, 999 (1956).

(19) A small amount of an insoluble amorphous substance usually
precipitates in the course of these condensations, especially when reflux
conditions are used. Its highly insoluble nature is indicative of it
being a polymerization product. The substance is easily removed by
filtration.
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crystals. The filtrate on subsequent cor}centrations yielded
several crops. The fractions were combined, 24.4 g. (88%) ,
m.p. 76~78°. A sample for analysis twice recrystallized

from water melted at 77.5-78°.

Amnal. Caled. for CyHiNOs: C, 54.31; H, 7.04; N,
5.76. Found: C, 54.39, 54.15; H, 6.86, 6.94; N, 5.75,
5.85.

This product corresponds to the product reported by
Morrison? as diethyl N-acetyl-a-carbethoxy-g-methylgluta-
mate with respect to melting point and elemental analysis.

Method 2.—The procedure was the same as that used in
method 2 for the preparation of IVa. IIId (10.0 g.) in
50 ml. of absolute ethanoland 2.0 g. of an A-150 palladium-
charcoal catalyst yielded 1.5 g. of IVb which when re-
crystallized from water melted at 77-78°. A mixed melting
point with IVb made by method 1 was not depressed.

Method 3.—The procedure was the same as method 3 for
IVa. IIIb (5.0 g.) was refluxed for 9 hr. in a solution of
sodium /100 mg.) and absolute ethanol (100 ml.). The oily
residue obtained was boiled with 25 ml. of water. Cooling
yielded 2.5 g. (63%) of IVb, m.p. 76~78°. A mixed melting
point with IVb obtained by method 1 was not depressed.

5,5-Dicarboxy-2-pyrrolidinone (Va).—To a solution of
IVa (5.0 g.) in 25 ml. of absolute ethanol was added 30 ml.
of 209, alcoholic potassium hydroxide. Although a pre-
cipitate formed almost immediately, the reaction was
refluxed over a water-bath for 4 hr. and allowed to sit over-
night. The mixture was then cooled to 0° and the pre-
cipitate collected, dissolved in 20 ml. of water aud filtered
free of insoluble material. The clear aqueous solution
was cooled to 5° and made acid to congo red with cold con-
centrated hydrochloric acid. On sitting in a refrigerator
for 24 hr., 1.05 g. of Va precipitated. To the filtrate was
added one-half its volume of 959 ethanol and the potassium
chloride filtered off. The filtrate was carefully concentrated
to 10 ml. and cooled to 0-5° to precipitate 0.7 g. more of the
desired product. Another such concentration yielded 1.1
g. more of Va. The three batches were combined, 2.85 g.
(75.7%). The crystals were decolorized by Norite. A
sample recrystallized from water for analysis decomposed
without charring and melted at 152.5-153°.

Amnal. Caled. for CgH7NOs: N, 8.09; neut. equiv., 86.6.
Found: N, 7.97, 7.97; neut. equiv., 86.1, 86.8.

5,5-Dicarboxy-4-methyl-2-pyrrolidinone (Vb) .—The same
procedure as above was used in the preparation of Va.
IVb (3.0 g.) dissolved in 10 ml. of absolute ethanol and
refluxed with 20 ml. of 209, alcoholic potassium hydroxide
gave, on acidification of the aqueous solution of the di-salt
with cold concentrated hydrochloric acid, 1.80 g. (77%)
of Vb. A sample twice recrystallized from water melted
and decomposed without charring at 152.5°.

Amnal. Caled. for C:HgNO;: N, 7.48; neut. equiv.,
93.6. Found: N, 7.43, 7.45; neut. equiv., 93.6, 93.2.

5-Carboxy-2-pyrrolidinone (VIa).—One gram of Va was
heated on an oil-bath at 150-160° for 4 hr. The flask was
cooled to add 10 ml. of water and the water then broughttoa
boil for a few minutes. The solution was filtered while hot
and tlien decolorized with Norite. Cooling of the filtrate
precipitated 0.43 g. of VIa. A sample twice recrystallized
froimn water melted at 180-183°.

Anal. Caled. for C;H:NO;: N, 10.85; neut. equiv.,
129.1. Found: N, 10.58, 10.42; neut. equiv., 132.6,
132.3.

5-Carboxy-4-methyl-2-pyrrolidinone (VIb).—The pro-

cedure for the preparation of VIa was used. Vb (1.8 g.)
gave 0.85 g. of VIb. After several recrystallizations from
water a sample was obtained for analysis, m.p. 148-152°.
Anal. Caled. for C¢HyNO;: N, 9.79; neut. equiv.,
143.1. Found: N, 9.73,9.61; neut. equiv., 143.8, 143.8.
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