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with a water separator. On working up in the manner indi-
cated for glycine, the yield of phthaloyl-pi-phenylalanine,
m.p. 176.5-177.5° (lit.,® m.p. 174-175°), was 5.05 g. (909,
yield).

(¢) p-Phenylalanine (0.300 g.) and phthalic anhydride
(0.254 ¢g.) were heated in 10 ml. of refluxing dimethylforma-
mide for 45 min. The product, isolated by pouring the reac-
tion mixture into 30 ml. of ice and water, weighed 0.43 g.
(83.5%,) and melted at 175-177°, For a sample recrystal-
lized from aqueous methanol, m.p. 182-183.5°, «[%’] was
+211° (0.0566 g. in 3.5 ml. of ethanol), showing 1009 opti-
cal purity.

N-Phthaloyl-L-leucine. L-Leucine and phthalic anhydride
heated in pyridine at 100-105° for 1 hr. afforded N-phthal-
oyl-L-leucine in poor yield. A sample recrystallized from

(20) J. H. Billman and W, F. Harting, J. 4Am. Chem.
Soc., 70, 1473 (1048).
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aqueous methanol, m.p. 121-122°, showed [a]y® —25.5°
(0.0915 g. in 3.5 ml. ethanol); (lit.,® m.p. 118.5-119.5°,
la]p® —24°).

Diethyl N-phthaloyl-L-glutamate. A suspension of 12 g. of
diethyl r-glutamate hydrochloride and 7.4 g. of phthalic
anhydride in 10 ml. of triethylamine and 150 ml. of toluene
was heated under reflux for 2.5 hr. in a flask fitted with a
Dean-Stark tube. Nearly the calculated amount of water
was collected. The reaction mixture was filtered and the
filtrate was washed with dilute hydrochloric acid and then
with water and dried over sodium sulfate. On removing the
solvent from the dried solution, a light yellow colored, vis-
cous oil was obtained (14.6 g., 889%,). A sample was puri-
fied by distillation, giving close to quantitative recovery of
nearly colorless distillate: n% 1.5234; [a]% —35.2° (etha-
nol) [lit.,’2 %} 1.5220; [«]% —33.5° (ethanol)].

PuiLapeLpHIA 4, Pa.
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Reaction of Cyclohexane with Nitrosyl Chloride
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The preparation of nitrosocyclohexane dimer from cyclohexane and nitrosyl chloride is described. Data are presented
which may explain the fact that, under the reaction conditions employed, the major reaction produet is nitrosocyclohexane

dimer and not cyclohexanone oxime hydrochloride.

The reaction of nitrosyl chloride with cyclo-
hexane (1) in the presence of light to yield cyclo-
hexanone oxime hydrochloride (I1T) has been known
for many years.! More recently, Mueller and Metz-
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ger? found that they could prepare nitrosocyclo-
hexane dimer (IT) by the reaction of cyclohexane
(I) with a mixture of nitric oxide and chlorine in the
presence of light: Cyclohexyl nitrate and 1-chloro-1-
2NO + Cl, —> 2 NOCl
u. v. light
— IT 4 2HCl

excess NO

21 4+ 2NOCI

nitrosocyclohexane were formed as by-products of
the reaction. They used a nitric oxide-chlorine
volume ratio of 8:1. It seemed logical that the flow
of gas through the system resulted in the removal,
by entrainment, of the hydrogen chloride formed
before it could isomerize the nitroso compound (II)

(1) German Appln. W5051 (1952), (to Matheson Chemi-
cal Corp.); French Patent 992,772 (1951) (to Svit, Narodni
Podnik). W. Zerneck and H. Ritter, (to Cassella Farbe-
werke Mainkur), Ger. Appln., C, 2,405 (1952); B. B. Brown
(to Olin Matheson), U. 8. Patent 2,719,116 (1955); M. A,
Naylor and A. W. Anderson, J. Org. Chen., 18, 115 (1953).

(2) E. Mueller and H. Metzger, Chem. Ber., 88, 165 (1955).

to cyelohexanone oxime (IV). To test this assump-
tion, cyclohexane (I) was reacted with nitrosyl
chloride in the presence of excess nitrogen. The re-

CsHs
Excess in Ny

I + NOCl ————>II + III 4 HCl
255800
aection was carried out by entraining nitrosyl chlo-
ride, with a stream of dry nitrogen, into an irradiated
solution of cyclohexane (I) in benzene. In this man-
ner good yields (30-509,) of nitrosocyclohexane
dimer (IT) and small amounts of cyclohexanone
oxime hydrochloride (III) were obtained. If the
flow of the gas stream was slow, or if the gas stream
was passed into the bottom of a container holding a
benzene-cyclohexane solution of considerable depth,
the major product was the oxime salt (III). These
observations prompted us to measure the rate of
isomerization of the nitroso dimer (II) to cyclo-
hexanone oxime (IV) in various media. Table I

NO NOH
2
I v

shows the results obtained from the measurement of
the rate of isomerization of nitrosocyclohexane
dimer to cyclohexanone oxime in cyclohexane and
in the presence of several different catalysts.
Surprisingly, the data in Table I show that the
nitroso dimer (II) did not isomerize to cyclohex-
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TABLE 1

Dara OBTAINED BY MEASUREMENT OF THE RATE oF IsoM-
ERIZATION OF NITROSOCYCLOHEXANE DIMER 10 Cycro-
HEXANONE OXIME IN VAaRIous MEDIA

Temper-
ature, 10%k
°C. Reaction Medium (Min.—t)

50.2 Cyclohexane Very small
69.7 Cyclohexane Very small
80.0 Cyclohexane Very small
89.8 Cyclohexane-CH;CO,H® 4.80
23.5 (yclohexane-HCP .640
23.0 Cyclohexane-Cyclohexylamine? 1.24
38.8 Cyclohexane-Cyclohexylamine? 10.5
24.6 Cyclohexane-Pyridine® 232
59.5 Cyclohexane-Pyridine® 9.25

@ Catalyst concentration = 28.6% by volume. ? Catalyst
concentration = 0.2 g./100 ml.

anone oxime (IV) in cyclohexane solution over the
concentration range of 0.1-0.2 g./100 ml. even at
80°. After heating the solution at 50° for twenty-
seven hours and at 70° and 80° for several hours,
no detectable drop in the concentration of II was
observed. The data also show that by the addition
of suitable acids or bases the isomerization will
proceed in cyclohexane solution. Hydrogen chloride
is not a good isomerization catalyst at or near room
temperature. This latter observation explains why
under the conditions employed for the reaction of
nitrosyl chloride with cyclohexane (I) the major
product was II and not III. Below 70°, glacial
acetic acid was not a good isomerization catalyst.
After heating at 69-70° for two hours in an acetic
acid—cyclohexane mixture, no change in the con-
centration of Il in cyclohexane occurred. Under
similar conditions at 89.8°, the nitroso compound
(II) was isomerized to the oxime (IV). The best
catalyst found to effect the isomerization in cyclo-
hexane was cyclohexylamine. Pyridine was slightly
less effective.

Studies of the rate of isomerization of nitro-
socyclohexane dimer to cyclohexanone oxime also
were carried out in methanol. The results of these
investigations are shown in, Table II.

TABLE II

RATE oF IsOMERIZATION OoF NITROSOCYCLOHEXANE DIMER
70 CYCLOHEXANONE OXIME IN METHANOL

10%k(Min. 1)

0.702
5.48

Temperature, °C.

50.3
65.0 (Refluxing methanol)

The data in Table II indicate that methanol is a
much better solvent for the isomerization than cy-
clohexane and that perhaps methanol is a ecatalyst
for the isomerization.

EXPERIMENTAL

Materials. Nitrosocyclohexane dimer (1I) was prepared by

REACTION OF CYCLOHEXANE WITH NITROSYL CHLORIDE

1339

the oxidation of N-cyclohexylhydroxylamine? or by the ac-
tion of nitrosyl chloride on cyclohexane. It was purified by
recrystallization from cyclohexane, The pure dimer melted at
116-118°.

The cyclohexane used as a solvent in the rate studies was
distilled through a 12-inch Vigreux column. Undistilled
cyclohexane was unsatisfactory for the infrared analyses.

The methanol used in the isomerization studies was
Baker Analyzed Reagent Grade (99.5% methanol).

The cyclohexylamine, pyridine, and acetic acid used as
catalysts were purified by repeated distillation. The gaseous
hydrogen chloride employed as a catalyst was generated
from concentrated aqueous hydrochloric acid.

Apparatus. The constant temperature bath was capable
of holding the temperature within one-tenth degree of the
desired temperature. A stainless steel basket divided into
twelve compartments held the samples. The basket was
agitated by a shaft which was attached in an offset manner
to a flywheel powered by a motor. The sample containers
were 10-ml. flat-bottomed cylindrical flasks fitted with indi-
vidual reflux condensers.

Analyses. The samples employed in the isomerization stud-
ies in methanol and pure cyclohexane were analyzed by
methods based on the absorption maximum of nitro-
socyclohexane dimer (II) at a wave length of 290 milli-
microns (mg) in the ultraviolet region of the spectrum.
Working curves were set up for the analysis of II by the
measurement of its absorbance at 290 mu for both methanol
and cyclohexane solutions. Both curves obeyed Beer’s Law.
The working curves were checked with solutions of known
concentration, and the results were within the experimental
error.

The samples from the acid and base catalyzed isomeriza-
tions were analyzed for nitrosocyclohexane dimer (II) by
the infrared method described in a previous publication.?

Procedures. The experiments in pure cyclohexane and
methanol were carried out by dissolving 0.05-0.2 g. of the
nitroso-dimer (II) in the appropriate solvent and diluting
the solution to 100 ml. Two to five milliliters of the stock
solution was placed in each of the twelve containers and, if
desired, the requisite amount of catalyst was added. The
basket was then lowered into the bath at the proper temper-
ature, The samples were allowed 5 min. to reach the reaction
temperature. The zero time sample was removed and timing
of the other samples started. When the reaction mixtures
involving pure methanol or cyclohexane were removed, the
reaction was stopped by the addition of cold methanol
(—10°) or cold cyclohexane (10°) to the samples. The
sample was then diluted to 100 ml. and analyzed by the
ultraviolet methods. The acid or base catalyzed isomeri-
zations were stopped by removing the catalyst. Pyridine and
cyclohexylamine were removed by washing the sample with
4 20-ml. portions of distilled water. The acid catalysts were
removed by washing the samples successively with 10 ml.
of water, 10 ml. of saturated aqueous sodium bicarbonate
solution, and 10 ml. of water. The washed samples were
passed through filter paper to remove traces of water and
analyzed by the infrared method.? The washing technique
had no appreciable effect on the concentration of nitroso-
cyclohexane dimer,

Nitrosocyclohexane Dimer (G./100 Ml.)
Before wash After wash

Catalyst Removed

Acetic acid 0.0520 0.0512
Hydrogen chloride 0.0690 0.0600
Cyclohexylamine 0.0478 0.0465
Pyridine 0.0490 0.0478

All reactions ran were at least 659, complete. The yield
of cyclohexanone oxime in these reactions ranged from

(3) L. G. Donaruma and D. J. Carmody, J. Org. Chem.,
22, 1024 (1957).
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90-95%, by instrumental analysis and from 60-80% by ac-
tual isolation techniques.

Handling of data. Substitution of ultraviolet absorbances
or concentrations (II g./100 ml, of solvent) into the first
order rate equation at appropriate time intervals gave
values of the first order rate constant (k) which did not drift
appreciably. When the logarithm of the abserbance or con-
centration was plotted versus time, unambiguous straight
lines were obtained in all the experiments. The least number
of points on any curve was eight.

The rate constants were calculated by integration of the
first order rate equation over two widely separated time
units? and by the determination of the slope of the curve
obtained by plotting the log of the absorbance or concen-
tration versus time. The slope was determined statistically
by the method of least mean squares.’ Agreement between
the two methods was excellent.

Error. The maximum error in concentration in the ultra-
violet analyses was 0.008 absorbance unit. The maximum
concentration error for the infrared analyses was 3% rela-
tive. The maximum time error was about one minute.

Preparation of nitrosyocclohexzane dimer (I1) by nitrosation of
cyclohezane. A 4-liter beaker having a glass cooling coil
fitted ingide was charged with 1 liter of cyclohexane and 500
ml. of benzene. Ice water was pumped through the cooling

(4) F. Daniels and F. H. Getman, Outlines of Physical
Chemistry, Wiley, New York, 1947 p. 342-86.

(5) W. E. Roseveare, J. Am. Chem. Soc., 53, 1651 (1931).
L. J. Reed and E. J. Theriault, J. Phys. Chem., 35, 673
(1931).
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coil until the temperature of the mildly agitated mixture was
below 10°. Irradiation by a 150-watt spotlight placed
against the bottom of the beaker or 2—4 inches above the
solution surface was started. Dry nitrogen gas (at 4 1./hr.)
was passed into a cold trap containing 7.9 grams (0.12
mole) of nitrosyl chloride at a temperature between —50°
and —20°, The entrained nitrosyl chloride was conducted
into the reaction mixture (temperature = 20-25°) by means
of a tube which was just slightly (about 1 inch) below the
surface of the solution. The addition of nitrosyl chloride was
complete in 6 hr, Irradiation of the reaction mixture was
continued for an additional 15 min. The reaction mixture
was left standing in an evaporating dish in the hood until
the solvent evaporated. The crude product was scraped out
of the evaporating dish. The yield was 6.5 grams (47%).
After recrystallization from cyclohexane the yield of pure
nitrosocyclohexane dimer (m.p. 116°-118°) was 5.5 grams
(40%).
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a,a-Dinitro esters can be prepared, although in poor yield, by nitration of half esters of malonic acid and alkyl malonic
acids with 709 nitric acid. The dinitro esters are stable colorless oils. With hydrazine hydrate, ethyl dinitroacetate yields a
hydrazine salt which can be converted to the hydrazine salt of dinitroacethydrazide. Ethyl dinitropropionate and higher
homologs are cleaved by hydrazine hydrate to give 1,1-dinitroparaffins.

Ethy!l dinitroacetate (I, R = H) has been pre-
pared by nitration of the half ester of malonic acid
with fuming nitric acid at 25-30°.% It is accom-
panied by dicarbethoxyfuroxan (IT) from which it

Et00C COOEt
RCINO,1,CO0Et P00 T
NegNy
I 0
1

can be separated by extraction with alkali. Al-
though this reaction has been known for over 50
years, it apparently has not been applied to higher
homologs of monoethyl malonate. Some of these
half esters have now been prepared by a modifica-
tion of the method of Marguery? and nitrated under

(1) This work was performed under the auspices of the
Atomic Energy Commission, Paper I: L. W. Kissinger, W.
E. McQuistion, M. Schwartz and L. Goodman, J. Oryg.
Chem., 22, 1658 (1957).

(2) L. Bouveault and A. Wahl, Compt. rend., 136, 159
(1903).

(3) F. Marguery, Bull. soc. chim., {3}, 33, 542 (1905).

various conditions. Nitration with concentrated
nitric and sulfuric acids leads to destruction of the
half esters, even at low temperatures. Fuming or
1009% nitric acid produces esters with nitro and
nitrato groups, but 709, nitric acid at 60° furnishes
low yields of a,a-dinitro esters reasonably free from
contaminants. The «,a-dinitro esters are colorless
oils with faint odor. The yields and properties of
these compounds are given in Table 1.

Ethyl dinitroacetate has been converted step-
wise to the hydrazine salt and to dinitroacethydra-
zide hydrazine salt.

The homologous a,a-dinitro esters, RC(NOs).-
COOEt, undergo cleavage with alcoholic hydrazine
hydrate at room temperature. With ethyl « a-di-
nitropropionate this reaction takes place rapidly,
giving a 509, yield of 1,1-dinitroethane hydrazine
salt in 30 min. The analogous reaction with ethyl
a,a~dinitrobutyrate yields 1,1-dinitropropane hy-
drazine salt so that the reaction may be formulated
as follows:



