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Nitrosyl chloride reacts with a-oximino esters to give good yields of a-chloro-a-nitroso esters. The new esters have been
characterized by infrared and ultraviolet absorption spectra and oxidized to a-chloro-a-nitro esters. The limitations of the

reaction have been investigated.

Nitrosyl chloride reacts with aldoximes? and ke-
toximes® to give chloro nitroso compounds which
also ean be prepared from oximes by reaction with
dry chlorine in ether.* Their structures are based on
oxidation® and reduction® reactions and conversion
of the bromine analogs to pseudo nitroles with
silver nitrite.®

The reaction of nitrosyl chloride with a-oximino
esters (I, R = alkyl) proceeds smoothly at 0° in
methylene chloride or ether in the absence of light
to give a-chloro-a-nitroso esters (II, R = alkyl).
Under the same conditions the first member of the
series (I, R = H) is converted in good yield to the

Cl
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hydroxamic acid chloride I (R = Cl), the isomer of
II (R = H). Oximino esters with strong electro-
philic groups (I, R = Cl, C=N, NO,) are unchanged
by nitrosy! chloride except for ethyl a-oximinoaceto-
acetate (I, R = CH,CO), which reacts with ni-
trosyl chloride in methylene chloride to give a mix-
ture of chloro and chloronitro esters. Ethyl amino-
oximinoacetate (I, R = NH,) reacts with nitrosyl
chloride in methylene chloride with formation of
ethyl chlorodximinoacetate and an ester C.HsCl-
NO,, which is tentatively assigned the structure of
ethyl chloroiminoacetate.

The results of the addition reactions are consist-
ent with an ionic mechanism involving the addition
of NO+Cl~ to the carbon nitrogen double bond of
oximino esters (I) to give nitrosohydroxylamine
intermediates (III) which can decompose spontane-

R—C—COOEt 4 NOCl —> [R——CCICOOE‘G]
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iiTOH N(NO)OH
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ously to the nitroso esters I1.6 ¥-Nitrosohydroxyl-
amines have been isolated previously as low melting
and rather unstable solids which tend to decom-
pose to nitroso compounds.”

The new nitroso esters are blue liquids, sensitive
to light and heat. Their structures have been estab-
lished by oxidation to the corresponding «-chloro-
a-nitroesters with peroxytrifluoroacetic acid.

Absorption spectral data indicate that the esters
are essentially monomeric nitroso compounds.
Thus they exhibit a weak absorption maximum
near 640 mu*® and characteristic infrared absorp-
tion bands at 6.39u (N=0),*° while dimer bands
are absent.

The infrared band at 6.39u = 0.01u is given by
the a-chloro-a-nitroso esters, 2-chloro-2-nitrosopro-
pane, 1l-chloro-1-nitrosocyclohexane and propyl-
pseudonitrole (Table I).

TABLE 1
INFRARED ABsoRPTION SPECTRA OF NITRO AND NITROSO
CompoUNDs?
As sym-
C=0 N=0 NO: NO,
CH;CCI(NO)CH; — 6.39 — —
CH,C(NO)NO.CH,® — 6.40° 6.31° 7.42
CH;CCI{NO)COOEt 571 6.39 — —
CH;CCI{(NO,)COOEt 5.67 — 6.33 7.46
C.H;CCI(NO)COOEt 5.72 6.39 — —
C,H;CCINO,;)COOEL 5.68 —_ 6.34 7.42

¢ Determined as capillary films except as noted. ? Dis-
solved in chloroform, 109, solution. ¢ The band assignments
in this case are apparently opposite to those of Liittke, who
gives the nitroso band as 6.31u.® The present assignment is
favored because the nitro band occurs at the lower wave
lengths (6.33-6.34u) in a-chloronitro esters.

{6) An alternate path to the same nitrosohydroxylamine
intermediates I1I involving free radicals could, however, be
written as follows:

>C=NOH + -NO —>» >C—N(NO)OH
Ct
>C—N(NO)OH + NOCl —> >é—N(NO)OH + -NO
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The N=0 stretching band is observed occasion-
ally in pure liquid nitroso esters (II) as a doublet
(6.32-6.33u and 6.38-6.39u), as is found for 1-
chloro-1-nitrosocyclohexane (6.34 and 6.39u). Split-
ting into two bands of nearly equal intensity is be-
lieved to be due to rotational isomerism.? Weaker
bands, which occur in the region of 7.3y, 9.0x, and
124, could not be observed in all nitroso compounds
and were not assigned for this reason.

The reactions of nitrosyl chloride with ethyl
oximinoacetoacetate and ethyl aminodximinoace-
tate involve steps other than simple addition, such
as cleavage of carbon-carbon bonds, chlorination,
oxidation, and elimination reactions which require
further investigation for their complete elucidation.

While ketoximes can be chlorinated in dry ether
to give chloro nitroso compounds,* the correspond-
ing reaction of a-oximino esters (I, R = alkyl) gives
products devoid of nitro or nitroso groups.

EXPERIMENTAL

All temperatures uncorrected. Analyses by M. Naranjo.

Ethyl a-chloro-a-niirosopropionate. A solution of ethyl a-
oximinopropionate (5.0 g., 0.038 mole) in methylene chlo-
ride (80 ml.) was immersed in an ice bath and treated with a
slow stream of nitrosyl chloride until the weight increase was
4.0 g. (A large excess of nitrosyl chloride must be avoided.)
The mixture was allowed to stand at 0° for 45 hr., con-
centrated on a steam bath to half its volume, and evapo-
rated at 50 mm. and then at 1 mm. The residual blue oil
weighed 5.5 g. (89%) and had n% 1.4334, Auax (cyclohex-
ane) 635 my, ¢ 5.0,

Anal, Caled. for CsHsCINO,: C, 36.28; H, 4.86; N, 8.46.
Found: C, 35.54; H, 4.59; N, 8.58.

The nitroso esters were sensitive to light, heat, and air
and proved difficult to burn in the standard micro combus-
tion procedure.

Oxidation of a-chloro-e-nitrosopropionate (5.0 g., 0.030
mole) with 909, hydrogen peroxide (1.05 ml., 0.035 mole)
and trifluoroacetic anhydride (7.35 g., 0.035 mole) in chloro-
form (40 ml.) at 0° gave 4.0 g. (63%) of crude nitro ester,
b.p. 45° (0.05 mm.), n%’ 1.4358,

Anal. Caled. for CsHyCINO,: C, 33.09; H, 4.44; N, 7.72.
Found: C, 32.67; H, 4.58; N, 8.31.

Ethyl a-chloro-a-nitrosobutyrate. The reaction of ethyl a-
oximinobutyrate with nitrosyl chloride was carried out es-
sentially as for the lower homolog. The product, obtained in
80% vield, had n%® 1.4348, Amax (cyclohexane) 640 my, 5.4,

Anal Caled. for CeHyCINO;: C, 40.12; H, 5.61; N, 7.80.
Found: C, 40.83; H, 5.73; N, 7.80.

Oxidation with peroxvtrifiucroacetic acid gave an 849,
vield of ethyl a~chloro-a-nitrobutyrate, b.p. 45° (0.05 mm.),
ni 1.4371.

Anal. Caled. for CeH,,CINO,: C, 36.85; H, 5.15; N, 7.16.
Found: C, 37.35; H, 5.26; N, 7.48.

The reaction of ethyl oximinoacetate with nitrosyl chloride.
Ethyl oximinoacetate (2.39 g., 0.0204 mole), dissolved in
methylene chloride (50 ml.), was treated with nitrosyl
chloride at 0° until the weight increase was in excess of the
theoretical amount (1.33 g., 0.0204 mole) and the red solu-
tion was allowed to stand at 0° for 16 hr. Evaporation of the
solutior. under reduced pressure gave 2.90 g. of crystalline
residue which was recrystallized from benzene-petroleum
ether (b.p. 30-60°). The melting point and mixed m.p. with
authentic ethyl chlorodximinoacetate was 78-79° (lit. m.p.
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80°),1 yield 1.86 g. (65%), M(OH) 3.02, \(C==0) 5.71, 5.80,
MC=N) 6.164 (liquid film).

Ethyl oximinoacetate. A mixture of ethyl glyoxylate hemi-
acetal (7.40 g., 0.05 mole) and hydroxylamine hydrochloride
(3.47 g., 0.05 mole) was heated on a steam bath with 5 ml.
of 959, ethanol for 3 hr. The hydrochloride went gradually
into solution and hydrogen chloride was evolved. The solu-
tion was evaporated under reduced pressure and the residual
oil was distilled from a Hickman still. The oximino ester
boiled at 70° (0.03 mm.), yield 2.39 g. (41%,), A(OH) 3.03,
MC=0) 5.80, M(C==N) 6.15x (liquid film). The distillate
solidified on cooling to colorless prisms, m.p. 31° (lit. m.p.
35°).1

The reaction of ethyl a-oxtminoacetoacetate with nitrosyl
chloride. Ethyl a-oximinoacetoacetate (5.0 g., 0.031 mole),
dissolved in 100 ml. of methylene chloride, was treated with
nitrosyl chloride at 0° until the weight of the mixture had in-
creased by 7.5 g. The brown solution was allowed to stand
at 0° for 16 hr. Excess nitrosyl chloride and solvent were re-
moved on a steam bath and the remaining liquid was
evaporated under reduced pressure. The crude residue, n%’
1.4495, was separated by chromatographic adsorption on
silica gel. The benzene eluate contained 8% of nearly color-
less chloronitro ester, n%® 1.4493, AMC==0) 5.69u, A(NO;)
6.29, 7.36 u.

Anal. Found: C, 39.40; H, 4.38; N, 2.55.

The ether eluate of the chromatogram furnished 62% of
vellow oil yielding 329 of alkali-insoluble oil which con-
tained chlorine and carbethoxyl but was devoid of nitro
group, and a small quantity of alkali-soluble chloronitro
ester, M(C==0) 5.73u, M(NO;) 6.38, 7.32u.

The reaction of ethyl aminodriminoacetate with nitrosyl
chloride. The product from ethyl aminotximinoacetate
(0.50 g.), methylene chloride (50 ml.) and a slight excess of
nitrosyl chloride (18 hr. at 0°) was purified by distillation
from a Hickman still. A small amount of distillate (50 mg.)
boiled at 60° (0.05 mm.), contained chlorine, and partially
solidified on standing, A\(NH) 3.10u, M(C=0) 5.75u, N(C==N)
6.14u.

Anal. Caled. for C.HCINO,: C, 35.45; H, 4.46; N, 10.35.
Found: C, 35.51, 36.10; H, 4.31, 5.14; N, 10.05.

Some residue which remained in the flask decomposed into
volatile products on further heating, a behavior ascribed to
imino chlorides.t?

The product from a duplicate run was purified by crystal-
lization from hexane (30 ml.) and yielded colorless needles,
m.p. 77-78°, vield 0.28 g., identified as ethyl chlorotximino~
acetate,

Anal. Caled. for C.H(CINO;: C, 31.69; H, 3.99; N, 9.24,
Found: C, 31.88; H, 3.12; N, 9.19.

Ethyl oximinocyanoacetate, ethyl chlorodximinoacetate,
and ethyl nitrodximinoacetate were recovered unchanged
when their solutions in methylene chloride or other solvents
were allowed to stand with nitrosyl chloride for 14-24 hr. at
0°.

Absorption Spectra. Ultraviolet absorption spectra were
determined in 1-cm. cells with a model DR Beckman spec-
trophotometer. Since the nitroso esters were photosensitive,
their solutions were protected from light. Fading of the blue
color, however, could not be entirely prevented. Infrared
absorption spectra were obtained as capillary films or in
chloroform solution with a Model 21 Perkin-Elmer spectro-
photometer.
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