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behavior similar to that of isocyanates. The re-
action with aleohols which we have shown to take
place is similar, at least in the first step, to the re-
action of isocyanates with alcohols. The structure
Ar—N=8=0 must therefore be reconsidered as a
possible structure for the N-sulfinyl amine group.

EXPERIMENTAL

The ultraviolet spectra were determined using either a
Beckman DU spectrophotometer or a Beckman DK record-
ing spectrophotometer. Solutions of the N-sulfinyl amines
containing about 5 X 10~% grams/liter were measured in 1
or 2 em. silica absorption cells.
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The following aliphatic N-sulfinyl amines have a single
maximum as indicated: n-propyl- 234 mg, log ¢ 3.68; n-
butyl- 234 mgy, log € 3.72; n-heptyl- 235 myu, log ¢ 3.67;
cyclohexyl- 235 my, log ¢ 3.83.

Isclation of dimethyl sulfite from N-sulfinylaniline and
methyl alcohol. A mixture of 13.9 g. (0.10 mole) of N-sulfinyl-
aniline, 9.6 g. (0.30 mole) of methyl alechol, and 20 ml. of
dry ether was allowed to stand at room temperature for 3
days. Distillation of the mixture gave 2.4 g. (249,) of di-
methyl sulfite boiling at 122-123°,

Preparation of N-sulfinyl amines. These compounds were
prepared in good yield following a procedure similar to that
described by Michaelis.*

LexixgToy, Ky.
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a-Oximino esters RC(==NOH)COOLt react with an equimolar mixture of 1009, nitric acid and ammonium nitrate or with

nitrogen dioxide in ether to give good yields of a-nitro-a-nitroso esters.
The action of 1009, nitrie acid and ammonium nitrate upon other oximino esters, oximino

oxidized to a,e-dinitro esters,
acids, and related compounds has been investigated.

Oximino compounds have been utilized in various
ways for the preparation of nitro compounds. A
direct conversion of isonitroso to nitro groups can
be accomplished by the oxidation of oximino com-
pounds with sodium dichromate and sulfuric acid,?
potassium permanganate,* hydrogen peroxide,*
or peroxytrifluoroacetic acid.® The method of
Iffland is less direct and involves bromination,
oxidation, and debromination of oximes.®

Ketoximes react with nitrogen dioxide to yield
pseudonitroles’™!' which can be oxidized to
gem-dinitro compounds with chromium trioxide in
acetic acid,’® with nitric acid,® boiling ethanol,!
or photochemically in benzene or ether.? In some
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The latter can be reconverted to e~oximino esters or

cases the pseudonitroles are formed from ketoximes
also by the action of fuming nitric acid, and in a
few instances the reaction with nitrogen dioxide!%!?
or nitric acid'3® will produce gem-dinitro compounds
from ketoximes in one step.

In the present investigation o-oximino esters
RC(=NOH)COOEt (R==alkyl) have been nitrated
under various conditions. A mixture of 909, nitric
acid and 159, fuming sulfuric acid at 5-15° gives
products characterized by strong nitrate bands in
the infrared (at 6.06, 7.86 ,and 11.74u). Nitration
with 1009 nitric acid at 0-10° produces only small
yields of mixtures containing nitrate esters which
cannot be separated by molecular distillation.
When the oximino esters are treated with an
equimolar mixture of 1009 nitric acid and am-
monium nitrate, or with nitrogen dioxide in ether,
insoluble blue oils, identified as a-nitro-e-nitroso
esters (I), are formed in excellent yield.

ll\*O
R—C—COOEt

NO,
1

The new compounds (I, R=alkyl) are char-
acterized by low-intensity absorption bands at
630-635 my. Their infrared spectra show two bands
(NO, NO,) in the 6.3u region. They are sensitive
to light, oxygen, heat, and prolonged exposure to

(12) G. Ponzio and F. Biglietti, Gazz. chim. ital., 64, 861

(1934).
(13) R. Scholl; Ber., 23, 3490 (1890).
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water, but may be stored for several weeks at tem-
peratures below 10°. They have been postulated as
unstable intermediates in the conversion of a-
nitro esters to a-oximino esters with sodium nitrite
in aqueous ethanol.!'* This theory is now supported

RCH(NO,)COOIt + NO,~ —> RCCOOEt + N0y~
fl‘ou

by the observation that the pure a-nitro-e-nitroso
esters react with 509, aqueous aleoholic sodium
nitrite to give a-oximino esters in good yield.

Oxidation with air, oxygen (especially when
catalyzed by light), chromic oxide, or peroxytri-
fluoroacetic acid converts the a-nitro-a-nitroso
esters (I) to a,a-dinitro esters prepared previously
by another procedure.’® These dinitro esters are
formed also when the a-nitro-a-nitroso esters (I)
are permitted to react with 1009, nitric acid and
ammonium nitrate without stirring.

Ethyl oximinoacetate reacts exothermically with
gaseous nitrogen dioxide giving ethyl nitro-
éximinoacetate and its decomposition product
3,4-dicarbethoxyfuroxan (II).!* With 1009, nitric
acid and ammonium nitrate the same initial
products are probably formed; the nitrolic acid,
however, is further oxidized and dinitroacetate is
isolated.'” 3,4-Dicarbethoxyfuroxan (II) is the
only insoluble product when ethyl aminooximino-
acetate is nitrated under the same conditions.

Oximino esters with negative substituents, such
as ethyl chlorooximinoacetate and ethyl oximino-
malonate, are converted in good yields to the cor-
responding a-nitro esters by 1009, nitric acid and
ammonium nitrate.

With other oximino compounds the nitrating
mixture of 1009, nitric acid and ammonium nitrate
has proved less advantageous. Thus, acetone oxime
gives the known 3,4-diacetylfuroxan (III), which
also is formed from a-oximinoacetone by the action
of N,O4 in ether.®® Ethyl «-oximinoacetoacetate

N« N ~ N
0\ 0y
I O I o
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reacts to give essentially the same mixture of
ethyl dinitroacetate and 3,4-dicarbethoxyfuroxan
(II) as is obtained from ethyl oximinoacetate.
Under milder conditions (FINQs, d. 1.2) it yields a
mixture of ethyl nitrooximinoacetate and II.1

A still different type of reaction occurs with
ethyl piperidinooximinoacetate (IV) which is con-
verted to ethyl «-oxopiperidineacetate (V) by
nitrie acid and ammonium nitrate.

(s N—(‘);—COOEt ¢S N—(‘%—COOEt
NOH o
v v

a-Oximino acids (VI, R=alkyl) under similar
conditions undergo simultaneous nitration and
decarboxylation to dinitroparaffins (VII) which are

HNO;
NH,NO;

RC(=NOH)COOH 4 HNO; + NH.NO; —>
RCH(NO,). + CO,
VI Vil

isolated in small yields. Oximinoeyanoacetic acid
and B-amino-gG-oximinopropionic acid have given
only water-soluble nitration products.

EXPERIMENTALZ

Ethyl a-nitro-a-niirosopropionate. () Ammonium nitrate
(80.0 g., 1.0 mole) was added with stirring to 1009 nitric
acid (63.0 g., 1.0 mole) at room temperature, and the sus-
pension was cooled to 20°. A blue oil formed immediately
when ethyl a-oximinopropionate (13.1 g., 0.1 mole) was
added in small portions. The mixture was stirred at 23-25°
for 2.5 hr. and poured on ice. The oil was taken up in meth-
ylene chloride, washed with water, and dried over sodium
sulfate at 5°. After removal of the solvent under reduced
pressure a blue oil (14.6 g., 83%) remained which had
n?% 1.4218, Anex 630 my, 6.8 (in cyclohexane), A(C==0)
569, A(NO,) 6.31, 7.424, and A(N==0) 6.404.

Anal. Caled. for C:HN,O;: C, 34.10; H, 4.57. Found: C,
34.34; H, 4.58.

(b) Nitrogen dioxide was added slowly to a solution of
ethyl e-oximinopropionate (13.1 g., 0.1 mole) in ether (100
ml.), contained in an ice bath. The mixture was allowed to
stand for 1 hr. and was distilled under reduced pressure be-
low 20°, finally at 1 mm. The residual blue oil (16.5 g.,
949,), n% 1.4260,% had an infrared spectrum identical with
the above ester.

Eihyl a-nitro-a-nitrosobutyrate. The nitration of ethyl
a-oximinobutyrate (7.2 g., 0.05 mole) with 1007, nitric acid
(0.5 mole) and ammonium nitrate (0.5 mole) at 20° under
identical conditions gave 8.8 g. (93%) of blue oil with n’5
1.4250, Amax 635 my, €8.3 (in cyclohexane), A(C=0) 5.69,
ANO,) 6.30, 7.414, A(NO) 6.414.

Anal. Caled. for CsHioN.O:: C, 37.88; H, 5.30. Found:
C, 37.84; H, 4.99.

The a-nitro-a-nitroso esters were insoluble in water and
dissolved in ethanol, methanol, chloroform, acetic acid,
benzene, and cyclohexane. They were unchanged in con-
tact with water below room témperature but decomposed
slowly on standing in water at 25°, yielding colorless oils
containing dinitro esters.

(19) M. Jowitschitsch, Ber., 28, 1215 (1895); 39, 785
(1906).

(20) All temperatures are uncorrected. Microanalyses
by M. Naranjo.

(21) The high refractive index in this sample is attributed
to the presence of a small amount of dinitro ester.
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Ethyl a-oziminobutyrate from ethyl a-nitro-a-nitrosobutyr-
ate. When a solution of sodium nitrite (1.72 g., 0.025 mole)
in 10 ml. of water was added to a blue solution of ethyl a-
nitro-e-nitrosobutyrate (1.58 g., 0.0083 mole) in 10 ml. of
959 ethanol, the color changed to green immediately. It
was yellow after 5 min. at 25°. The mixture was allowed to
stand at 25° for 16 hr., diluted with 50 ml. of water, and
extracted with cther. The extract was dried over sodium
sulfate, filtered, and cvaporated at 50 mm., leaving 1.0 g.
(83%) of pale yellow oil which crystallized in colorless
ncedles from hexane-petroleum ether, the needles melting
at 50-60°. Melting point, mixed melting point, and infrared
spectrum were identical with those of pure ethyl a-oximino-
butyrate (lit. m.p. 58°).2¢

Ozidation of ethyl a-nilro-a~nitrosobutyrate. Fithyl e-nitro-
a-nitrosobutyrate was oxidized to ethyl «,«a-dinitrobutyrate
under various conditions (Table I). The produets were ex-
tracted with methylene chloride or chloroform, dried, and
distilled to remove the solvents. They gave identical infra-
red spectra which also agreed with that of an authentic
specimen, ¥ hoiled at 45-50° (0.1-0.2 mm.), and had analyti-
cal values corresponding to the dinitro ester.

TABLE 1

OXIDATION OF KTHYL a-NITRO-a~NITROSOBUTYRATE

niy of

Method Yield, ¢; Dinitro Ester

Chromium trioxide in HOAc at

15° 25 Not detd.
Peroxytrifluoroacetic acids 47 1.4342
Air oxidation® 64 1.4330
Oxygen and GE 135W lamp? 78 1.4356
Nitric acid and ammonium

nitrate? 42 1.4348

% The gas was introduced into the liquid ester through a
dispersion disk.

> The a-nitro-a-nitrosobutyrate was not isolated in this
case. The stirrer was stopped when the blue oil was formed
from the oximino ester and the mixture was allowed to
warm exothermically.

Nitration of other oximino compounds. Each of the follow-
ing compounds was added with stirring at 20° to a five- to
ten-fold excess of an equimolar mixture of 1009, nitric
acid and ammonium nitrate. The reaction mixtures were
stirred at 20-25° for 2 =% 0.5 hr., poured on ice, and ex-
tracted with methylene chloride. The extracts were washed
with ice water, dried over sodium sulfate, and distilled.

- (a) Ethyl oximinomalonate gave a 747, yield of ethyl ni-
tromalonate, h.p. 50° (0.08 mm.), n% 1.4272, MC=0)
5.69, A(NO,) 6.35, 7.314.

Anal. Caled. for C;H,NOg: C, 40.99; H, 5.40; N, 6.83.

Found: C, 41.30; H, 5.86; N, 6.74,

(22) R. Locquin, Bull. soc. chim., [3] 31, 1068 (1904);
L. Bouveault and R. Locquin, Compt. rend., 135, 179
(1902); J. K. H. Inglis and L. E. Knight, J. Chem. Soc.,
93, 1505 (1908).
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Nitration of ethyl oximinomalonate with 10097 nitric acid
and concentrated sulfuric acid gave only a small yield of
impure nitro ester.

Ethyl a~chloro-a-oximinoacetate yielded 519, of ethyl o-
chloro-a-nitroacetate, b.p. 45° (0.03 mm.), »% 1.4358,
MC=0)5.67, M(NO,) 6.31, 7.414.

Anal. Caled. for C;HCINO,: C, 28.66; H, 3.60; N, 8.36.
Found: C, 28.72; H, 3.63; N, 8.20.

(e) Ethyl wa-oximinoacetoacetate and ethyl oximinoacetate
both gave mixtures of ethyl dinitroacetate and 3,4-dicar-
bethoxyfuroxan (II) which were separated by extraction
with 209 aqueous sodium carbonate solution. 3,4-Dicar-
bethoxyfuroxan boiled at 90° (0.1 mm.) and had n% 1.4730;
vield 56 and 249, A(C=0) 5.73u, MC==N) 6.15u. Iithyl
dinitroacetate was regenerated from its yellow sodium salt
solution by acidification with concentrated hydrochloric
acid at 0°. The ester was recovered in 31 and 119, yield,
respectively, by extraction with methylene chloride and
evaporation of the solution. It boiled at 40° (0.5 mm.) and
had n¥ 1.4322, A\(C=:0) 5.65u, and \(NO,) 6.31, 7.51u.

Anal. Caled. for CHN.Os: C, 26.98; H, 3.40; N, 15.74.
Found: C, 27.09; H, 3.25; N, 15.07.

(d) Ethyl aminooximinoacelate furnished a 319, yield of
3,4-dicarbethoxyfuroxan (II), b.p. 90° (0.05 mm.), n%
1.4730, Mmax 270 mu (log € 3.63) in ethanol.

Anal. Caled. for CgH,oN,Oq: C, 41.76; H, 4.38; N, 12.18.
Found: C, 42.09; H, 4.39; N, 11.79.

(e) Ethyl piperidinooximinoacetate (IV)?® was converted
to ethyl a-oxopiperidineacetate (V) both by the above
nitrating agent and by nitrogen dioxide in chloroform in
vields of 33-65%. The product was twice distilled from a
molecular still and boiled at 75° (0.05 mm.), n% 1.4724;
AMC=0)5.76 and 6.034.

Anal. Caled. for C,H;;:NOs: C, 58.33; H, 8.10; N, 7.56.
Found: C, 58.39; H, 8.18; N, 6.92.

Itsinfrared spectrum was identical with that of an authen-
tic specimen, prepared from ethyl oxalate and piperidine.?

(f) Acetone ozime gave a 359, yield of 3,4-diacetylfuroxan
(IIT), b.p. 65° (0.1 mm.), n% 1.5032, \(C==0) 5.83u, A\(C==N)
6.241, Amaxi 221 my (log € 3.94), Xmaxe 272 mu (log € 3.82) in
ethanol.

Anal. Caled. for CHgN,Ou: C, 42.37; H, 3.55; N, 16.47.
Found: C, 42.43; H, 3.38; N, 16.08.

(g) a-Oximinopropionic acid yielded 1,1-dinitroethane
(29%), which was converted to the hydrazine salt, m.p.
137-138°.15

Anal. Caled. for C.HN,O,: C, 15.79; H, 5.26. Found:
C, 15.44; H, 5.55.

(h) a-Oximinobutyric acid furnished 1,1-dinitropropane in
299, yield. Its hydrazine salt melted at 99-100°.15

Anal. Caled. for C;H,)N,O;: C, 21.69; H, 6.06. Found:

C,22.30; H, 6.47.

Absorpiion spectra. Infrared ahsorption spectra were
determined with a Perkin-Elmer Model 21 spectrophotom-
eter, ultraviolet absorption spectra with a Beckman DR
spectrophotometer.

Los Auamos, N. Mex.
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