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distillation of the crude pyrolysis product. Styrene was
also formed in the pyrolysis of phenyl acetoxypropionate.
It was collected with the acetic acid fraction in the distilla-
tion and was isolated by adding salt water to the acetic
acid fraction. )

Further data on the pyrolysis of phenyl and o-tolyl
acetoxypropionate are given in Tables I and II.

Properties of Phenyl Acrylate and o-Tolyl Acrylate, —
Phenyl acrylate? as obtained by the pyrolysis of phenyl -
acetoxypropionate was a virtually colorless liquid that
boiled at 63 to 64° at 1- to 2-mm. pressure and 87 to 94°
at approximately 12 mm.; =»¥*p 1.5210; 4%, 1.0762.
Anal. Caled. for CyHg0,: C, 72.97; H, 544; Mg,
41.35. Found: C, 72.77; H, 5.66; Mg, 41.92, Neither
the pheuyl unor the o-tolyl acrylate polymerized readily
until it had been washed with dilute alkali.

The o-tolyl acrylate was a virtually colorless liquid:
b, p. 55 to 57° at 0.5 mm.; 78 to 79° at 3 mm.; #¥D
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1.5160; 4%, 1.050; MR {caled.) 45.96; MR (obs.) 46.59.

Summary

1. Satisfactory methods have been developed
for converting lactic acid into «-acetoxypro-
pionyl chloride, phenyl a-acetoxypropionate and
o-tolyl a-acetoxypropionate.

2. Pyrolysis of the phenyl and o-tolyl esters
of acetoxypropionic acid yielded phenyl and o-
tolyl acrylate, respectively. Styrene also was
formed in the pyrolysis of phenyl acetoxypropio-
nate.

3. Relatively hard resins were obtained by
polymerizing phenyl and o-tolyl acrylate.
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NOTES

Polarographic Behavior of Aniline Oxidation
Products

By Davip LESTER AND LEON A. GREENBERG

A recent paper by Levitan, Kolthoff, Clark and
Tenenberg! describes the polarographic behavior
of some of the oxidation products of sulfanilamide.
For some time we have been interested in the
possible use of the polarograph for the analysis of
the intermediary products of the metabolism of
aniline and therefore investigated the behavior
of B-phenylhydroxylamine, p-aminophenol, and
azoxybenzene at the dropping mercury electrode.
Since we concluded at that time that this method
of analysis was better replaced by specific and
more sensitive colorimetric methods in the case of
the first two compounds, our study was not pur-
sued further.

Our study, however, yielded results which ap-
pear to be at variance with those published on the
hydroxylamino derivative of sulfanilamide. We
find that in 0.07 M phosphate buffer (pH 6.3) 3-
phenylhydroxylamine does not give a cathodic
wave but does give an anodic oxidation wave
with an E!/; vs. the 8. C. E. of —0.02 volt.
Levitan, Kolthoff, Clark and Tenenberg do not
mention an anodic wave but do find a cathodic
wave in 0.1 M sodium hydroxide. It has been
our experience with B-phenylhydroxylamine that
in the presence of alkali it is converted quite com-
pletely and rapidly to the azoxybenzene deriva-
tive, which then exhibits a cathodic wave; it is
therefore impossible to polarograph alkaline j-
phenylhydroxylamine solutions. It would be
noteworthy if hydroxylaminobenzenesulfonamide,
through the presence of a sulfonamide group,

(1) N. 1. Levitan, I. M. Kolthoff, W. G. Clark and D. J. Tenen-
berg, Tris JoURNAL, 68, 2265 (1943).

would not undergo this same transformation.
This point is supported by the fact that the half-
wave potentials for the hydroxylamino and azoxy
derivatives of sulfanilamide are practically identi-
cal. Itisunfortunate that the electrode reduction
of the azoxy compound had to be carried out in
509, methanol, thus making impossible compari-
sons of the diffusion currents.

With our apparatus (Fisher Scientific Co.
Electropode) and capillary an anodic diffusion
current of 5.23 ua. per 0.001 M solution was found
for hydroquinone and p-aminophenol with the
0.07 M phosphate buffer (pH 6.3). Since it is
known that two electrons are involved in this
reaction, two electrons are probably also in-
volved in the anodic oxidation of g-phenyl-
hydroxylamine, which gives a diffusion current of
5.3 pa. per 0.001 M solution. We have found that
with the same buffer, but containing 209, ethanol,
the diffusion current of azoxybenzene is 7.5 pa. per
0.001 M solution, with an E!/; #s. the S. C. E. of
—0.63 volt. Since the addition of alcohol de-
creases the diffusion current, it is quite likely that
four electrons or more may be involved in the re-
duction: thus C¢H;NONCH; — CH;NHNH-
CeHs + H,0, that is, the reduction to hydrazo-
benzene and water.
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Alkylcyanopyruvic Esters from Aliphatic Nitriles
By GLENN 8. SKINNER, J. H. TAYLOR AND J. L. ERNST

It was reported! that mixtures of sodium and
potassium are more effective than sodium alone in

{)) Skinner, Tris JoUrRNAL, 89, 322 (1937).
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Ethyl! alkylcyanopyruvate Equivs, alkoxide Yi‘;’:d’ °C. B. P Mm, FoundN itroges, %alcd.
Methyl CH,O;N 509, Na:50% K. 79 119-21 14
Ethyl CoH 10N K 65 127-9 15 8.25 8.28
n-Propyl CgH;;O,N K 55 137-9 15 7.58 7.65
n-Propyl 90% Na:10% K. 31 135-7 15
n-Propyl Na 13 135-9 15
n-Propyl Na ribbon (ether) 15 132-5 13
n-Butyl  CpH;0,N K 58 148-50 15 6.87 7.10

Melting points: methyl, 68° (Wislicenus gives 68°); ethyl, 46-48°.

Densities: n-propyl, 1.073 (20°), 1.068 (25°);

Etz-tgg)tyl, 1.050 (20°), 1.046 (25°). Refractive indices: n-propyl, 1.477 (20°), 1.476 (25°); n-butyl, 1.479 (20°), 1.478

causing the condensation of ethyl phenylacetate
with ethyl carbonate or ethyl oxalate. Accord-
ingly mixtures of sodium and potassium ethoxides
have been applied to nitriles that do not satisfac-
torily condense with ethyl oxalate under the in-
fluence of sodium ethoxide alone, there being the
possibility that once the potassium derivative is
formed it might undergo double decomposition
with sodium ethoxide and thus avoid to some ex-
tent the use of potassium.

C=N
R——(]:=C——co,czH, + Na—OC.H; £
O0—K
C=N
R——J’,=C——C0:C3Hs + K—OGCH;
(l)——Na

Fleischauer? was unable to isolate cyanopyruvic
ester from the condensation products formed by
the action of sodium ethoxide on a mixture of
methyl cyanide and ethyl oxalate although he did
show that a small amount had been formed.
Wislicenus and Silberstein? using potassium eth-
oxide obtained an 83%, yield of cyanomethylpyru-
vic ester from propionitrile. Later investiga-
tors* have used potassium ethoxide, Thus it
would appear that the activation of the a-hydro-
gen in aliphatic nitriles by the nitrile group alone
is not sufficient to permit a satisfactory reaction
if sodium ethoxide is the condensing agent.

In phenylacetonitrile, which readily condenses,®
this hydrogen is also in the reactive position with
respect to the double bond in the ring. It is
significant also that ethylene cyanide reacts
readily with two moles of oxalic ester to give a
fair yield of the diketo ester while trimethylene
cyanide reacts with only one mole.® This differ-
ence may be understood if one considers that the
hydrogen of the second methylene group in the
case of ethylene cyanide is activated also by the
double bond of the enolic form present as the salt.
In the case of trimethylene cyanide these two in-
fluences activate different hydrogen atoms.

(2) Fleischauer, J. prakt. Chem., [2] 4%, 376 (1803).

(8) Wislicenus and Silberstein, Ber., 48, 1828 (1910).

(4) Borsche and Manteuffel, Anx., 518, 97 (1984).

(8) Erlenmeyer, Jr., Ber., 38, 1483 (1889).
(6) Michael, Am. Chem. J., 80, 156 (1908).

The results of our experiments indicate that
with valeronitrile a very poor yield (13%) of
cyano-n-propylpyruvic ester is obtained with
sodium ethoxide as the sole condensing agent,
that if one-tenth of the sodium ethoxide is re-
placed by potassium ethoxide the yield is raised
to 319, and that the yield is 559, if potassium
ethoxide is the sole condensing agent. On this
basis the yield should be increased to approxi-
mately 17%0l by the substitution of the equivalent
weight of potassium for 109, of the sodium,
whereas the yield is actually increased to 31%.
An equimolecular mixture of sodium and potas-
sium ethoxides gave a 799, yield of cyanomethyl-
pyruvic ester which is almost as good as that ob-
tained by Wislicenus and Silberstein who used po-
tassium ethoxide. According to the procedure
we employed the greater solubility of the sodium
enolate causes no error in isolating the product.
The ethylation of cyanopropylpyruvic ester
yields the ether of the enol form which confirms
more recent results.4?

Preparation of Alkylcyanopyruvic Esters.—In a typical
experiment, 14.0 g. of sodium was caused to react with
absolute alcohol (182 cc.) dissolved in 805 cc. of absolute
ether, The potassium (23.8 g.) was then added to the
cooled mixture. After all of the metal had reacted a solu-
tion of 67.1 g. of propionitrile in 178.1 g. of ethyl oxalate
was added at once and the whole was thoroughly mixed.
A deep red color developed within a half hour. The
amount of precipitate appearing after standing for four
days was much less than it was when the equivalent
amount of potassium ethoxide was used. The reaction
mixture was then quickly mixed with a freezing mixture
prepared from 115 ce. of hydrochloric acid (d. 1.19) and
440 g. of finely crushed ice., The ether layer was dried
over sodium sulfate and distilled, finally under diminished
pressure. Upon standing several months in a closed con-
tainer the esters partially decomposed to a yellow oil. Re-
distillation of such a sample gave oxalic ester, the alkyl-
cyanopyruvic ester and a high boiling residue that did not
contain nitrogen. The sample for the analysis of cyano-
ethylpyruvic ester was prepared by cooling an ether-ligroin
solution in an ice-salt mixture,

Ethyl 3-Cyano-2-ethoxy-2-hexenoate.—This compound
was prepared in 529, yield by alkylating cyano-n-propyl-
pyruvic ester in alcohol with sodium ethoxide and ethyl
sulfate. The unalkylated ester was removed by extraction
with sodium carbonate solution; b.p. 137-139° (9.3 mm.);
114° (1 mm.).

Anal. Caled. for CuHanNZ N, 6.63; OCQHj, 42.66.
Found: N, 6.48; OC:H;, 42.76.
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(7) Skinner and Green, Tmis JourNaAL, 62, 2882 (1940).



