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Previous papers in this series®* describe the reaction of ammonia and aliphatic amines with carbon monoxide and sulfur

giving urea and 1,3-dialkylureas and hydrogen sulfide.
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RNH; + CO + S —> RNH—C—NHR + H:S

Aromatic amines react only slightly under conditions which produce high yields of dialkylureas. However, in the absence
of a solvent and with a tertiary amine catalyst, high yields of several diarylureas have been achieved. A study of the reaction
conditions and the preparation of a variety of diaryl ureas are reported in this paper.

Reaction conditions. The location of optimum re-
action conditions for the preparation of 1,3-di-
phenylurea is an example of the utility of statis-
tically designed experiments for this purpose. Early
work with this reaction showed very little promise
of a satisfactory preparation of arylureas. Very
low yields were obtained in the absence of a
catalyst and even with a variety of basic catalysts
and a wide range of reaction condition, yields no
better than 509, were obtained.

An experiment was designed to study the effects
of five reaction variables on the yield. The design
was a one-half replicate of a 2° factorial experiment
with four factor interactions confounded with
main effects. It was intended that the second half
of this design be run if interactions were important
enough so that a more precise knowledge of the
orror term was needed. However, the results of the
first block of 16 runs was conclusive enough to make
the second block superfluous. The variables chosen
for study were temperature, time, carbon monoxide
pressure, amount of catalyst, and amount of sulfur.

The variables and their levels chosen for study
were:!

TABLE 1
THE VARIABLES AND THEIR LEVELS
Temperature. . ...... ... ... 100° to 180°
Time ............ ... ... .. 1.5 and 3 hr.

Carbon monoxide pressure. . .300 to 600 p.s.i.g.
Triethylamine to aniline

ratio. . ... 0.1:1 and 0.3:1
Amount of sulfur. . ... ..., 1 and 2 times stoichiometry

(1) Lion Oil Co.

(2) Midwest Research Institute.

(3) R. A. Franz and F. Applegath, “A New Urea Syn-
thests: The Reaction of Ammonia, Carbon Monoxide, and
Sulfur.” Presented before the Southwest Regional Meeting
of the American Society, December 1, 1960, Oklahoma City,
Okla,

(4) R. AL Franz, . V. Morriss, and F. Buaioechi, A4 New
Synihesis of Ureas: II. The Reaction of Primary Aliphatic
Amines with Carbon Monoride and Sulfur. In press.

Table I shows the yields for each run and the
conditions under which it was made. The runs
were made in a randomized order. Yields are based
on the amount of aniline added. The exact procedure
is described in the experimental section.

TABLE IT
DipHENYLUREA YIELDS, 9
Catalyst 1.5 Hours 3.0 Hours
Ratio Sulfur 100° 160° 100° 160°
0.1:1 1:1 37.12  24.8 46.1 25.5%
2:1 45.6 31.9% 59.7%  30.8
0.3:1 1:1 34.7 38.8¢% 46.5% 24.3
2:1 45.7%  37.0 52.9 39.0%

@ CO pressure 600 p.s.i.g., other 300 p.s.i.g.

The results of the analysis of variance are shown
in Table III.

TABLE III
ANALYs1s OF VARIANCE MEAN SQuAREs?
Tem- Cat. Pres-
perature  Time Sulfur Ratio sure
Temperature  993.8°
Time 127.57°  96.16¢
Sulfur 1.09 1.80 351.60°
Cat. ratio 37.60¢ 2.39 2.16 3.38
Pressure 0.12 14.60 0.24 1.02 20.46

@ Principal diagonal elements are main effects, others are
first order interactions. ® Significant at the 99.9%, confi-
dence level. ¢ Significant at the 999, confidence level. ¢ Sig-
nificant at the 9597 confidence level.

In the statistical analysis, the main effects were
isolated and Cochran’s test of the largest variance
(time X temperature) was applied to the two factor
interactions. This proved to be significant at the
59 level of significance. The remaining nine inter-
actions had a mean square of 6.82. This compared
favorably with the 6.51 (10 d.f.) error found pre-
viously for duplicate runs. Therefore, it was decided
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TABLE 1V
Desiey AxD YieLps (%)% For SeRrIEs No. 2

Time, 2:1 Sulfur 4:1 Sulfur

Hr. 100° 115° 130° 145° 100° 115° 130° 145°
0.50 49.9 58.2
1.25 56.0 51.7 61.5 64.3
2.00 65.6 67.2 56.8 77.7 76.9 62.8
2.75 55.6 68.0 65.9 67.2 82.7 84.2
3.50 62.3 70.2 71.9 86.2
4.25 66.6 73.6

% 959, confidence limits == 8.13.

to use the 6.51 error for limits and tests of signifi-
cance and on this basis the following conclusions
were drawn.

There is no effect in tripling the catalyst ratio or
doubling the CO pressure. Temperature interacted
significantly with the catalyst ratio but the magni-
tude (3.9%,) was small enough to possibly consider
as due to experimental variation. In all cases,
doubling of the sulfur increased the yield with an
over-all average increase of 9.3%,. Time, tempera-
ture, and their interaction were significant with the
combination of 100° and 3.0 hr. giving the best
vields in all cases. The sulfur effect appears com-
pletely additive with these factors.

Since the initial series had shown that only time,
temperature and amount of sulfur were important
variables, a second series was designed to find
the optimum values for these factors. An orthogonal
design not previously described in the literature was
outlined (see Table 1V). The design resembles a
full replicate for one factor at four levels (tem-
perature), one at six levels (time), and one at two
levels (amount of sulfur). The major difference is in
the omission of half the runs, namely those known
to produce low yields, low temperature combined
with short time, and high temperature combined
with long time,

The yields produced in each run are shown in
Table IV. Although the experimental times were
not long enough to encompass the maximum, the
results are quite conclusive. Increasing the sulfur
ratio from 2:1 to 4:1 gave an average increase
of 119, yield with 959, limits of 8.7 and 13.3 and the
increase scemed to be independent of other con-
ditions,

High and low temperatures (e.g., 100° and 145°)
are significantly less favorable to the reaction than
either the 115° or 130° temperature.

The yield surface was adequately fitted by a
quadratic function of the two variables; the maxi-
mum was found to be at about 116° for three hours
thirty-three minutes. The yield at this pointata4:1
sulfur level is estimated to be 83.29, with 959,
confidence limits of 78.5 and 87.5%.

Turther experiments indicated that extra time
did not appreciably change these yields nor were
larger amounts of sulfur beneficial.

Although the amount of catalyst was not ef-
fective in changing the yields of diphenylurea within
the limits of these studies, later experimentation
over a wider range of conditions showed that very
small amounts of tertiary amine do not give satis-
factory reaction rates. Very low yields were ob-
tained if the catalyst to amine ratio was cut by a
factor of ten and in general a ratio of about 1/10
was used. A variety of catalysts were investigated
but only very basic, soluble compounds were ef-
fective. Besides the tertiary aliphatic amines the
other catalysts which produced moderate yields
were potassium hydroxide, and calcium oxide or
magnesium oxide in methanol.

Solvents generally were detrimental to good
yields. Methanol, petroleum ether, benzene, and
pyridine all produced yields about 109, lower than
similar runs without solvents.

The effect of substituents on yields. After the opti-
mum conditions were obtained for preparing di-
phenylurea, a variety of aromatic amines were in-
vestigated under the same set of conditions. Table V
summarizes the data from this study.

Tive of the ureas have not previously been re-
ported. The proof of structure depends upon ele-
mental analysis, general similarity of physical
properties to other ureas and in two cases, mixed
melting points with the products prepared by better
known methods.
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The yields ranged from 929 to zero. The major
structural factors affecting the yields appear to be
ortho-substitution and substitution with electro-
negative groups. In every case where an ortho-
substituent was present low yields were obtained.
A yield of 659, was obtained from p-chloroaniline
but 3,4-dichloroaniline gave only a 209, yield.
The reaction of 2,4- or 2,4,6-trichloroaniline pro-
duced no urea and no hydrogen sulfide.

No catalyst was required for the reaction of p-
aminophenyl. The higher basicity may account for
the reactivity of p-aminophenol but N N-dimethyl-
p-phenylenediamine gave only 39, yield without a
catalyst and N,N-diethyl-p-phenylenediamine gave
only a 279, yield.

The low yields of 1,2-di-a-naphthylurea and 1,3-
di-B-naphthylurea are partly explained on the basis
of side reactions which apparently produce amino
thiols which react further to produce thiazolones.
Irurther data on this side reaction will be presented
in a future publication.

No evidence was obtained for direct interference
in the reaction by carbonyl or carbalkoxy in the
para-position but the urea yields were low in both

MALLORY, SCHUELLER, AND WOOD
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cases, Several other substituents did enter into
reaction in one way or another and these reactions
will be reported in a subsequent paper.

The nitro, amino, aromatic hydroxyl, and thiol
groups all were altered by the reaction under certain
circumstances,

EXPERIMENTAL

The conditions for all the reactions reported duplicated
those described for the best preparation of diphenylurea
except that different solvents were used in purification.

Diphenylurea. Aniline (50 g.) and sulfur (34.4 g.) were
placed in a 1-1. Magnedash autoclave with 4.4 g. of triethyl-
amine. The autoclave was evacuated and then pressurized
to 500 p.s.i.g. with carbon monoxide and heated rapidly
to 130° for 3.5 hr. The pressure was released and the products
rinsed from the vessel with ethanol. The ethanol was evapo-
rated to about 50 ml., cooled and the solid filtercd off.
The white product (48.3 g.) melted at 235-238°. A second
crop (0.9 g.) was obtained by evaporating the cthanol and
washing the residue with dilute hydrochloric acid. Tt melted
at 223-230° and this melting point was not lowered by mixing
with pure diphenylurea. The total yield was 86.2¢¢ based on
aniline.

Ern DDorapo, ARK.
Kaxsas Crry, Mo.
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Aromatic Nitroso Compounds. I. A New 1,4-Rearrangement'

FRANK B. MALLORY, KATHLEEN E. SCHUELLER, axp CLELIA 5. WOOD

tecetved December 19, 1960

2-Nitro-i-chloronitrosobenzene and 2-nitro-3-chloronitrosobenzene have been prepared. 17.¢ nonidentity of these two
compounds rules out a conceivable structure for this type of molecule in which the nitro and nitroso groups combine to
give a symmetrical “benzofurazan dioxide’ type of heterocycle. However, evidence has been ohtained for the existence of
this hitherto unknown heterocyclic configuration as an unstable intermediate or transition state in the high-temperature
isomerization of either of these nitroso compounds to a mixture {approximately 1:1) of the two. This reaction is an example
of & new type of 1,4-rearrangement involving the transfer of an oxygen atom between two nitrogen atoms.

It 1s generally accepted®?® that the crystalline,
yvellow compound with formula CeH:N,0,, origi-

(1) Presented before the Organie Division at the Spring
1961 American Chemical Society Meeting, St. Louis, Mo.,
March 27, 1961,

(2) (a) D. L. Hammick, W. A. M. Edwards, and E. R.
Steiner, J. Chem. Soc., 3308 (1931); (b) G. Tappi, Gazz.
chim. ital., 71, 111 (1941); (¢) P. Ruggli and F. Buchmeier,
Helv. Chim. Acta., 28, 850 (1945); (d) J. H. Boyver, D. L.
McCane, W. J. McCarville, and A. T. Tweedie, J. Am.
Chem. Soc., 75, 5208 (1033); (e) R. J. Gaughran, J. P.
Picard, and J. V. R. Kaufman, J. Am. Chem. Soc., 76, 2233
(1954); (f) K. H. Pausacker and J. (;. Scroggie, J. Chem.
Soc.. 4499 (1054); (g) T. F. Fagley, J. R. Sutter, and R. L.
Oglukian, J. Awm. Chem. Soc., 78, 3567 (1956); (h) A. S
Bailey and J. R. Case, Tetrahedron, 3, 113 (1938); (i) J.
V. R. Kaufman and J. P. Picard, Chem. Rev., 59, 420 (1959).

(3) Dissenting opinions have been advanced, however:
AL O, Forster and H. K. Fierz, J. Chem. Soc., 91, 1942
(1907); A. G. Green and F. M. Rowe, J. Chem. Soe., 897
(19135: J. H. Boyer, R, F. Reiniseh, M. J. Danzig, G. AL
Stoner, and ¥F. Sahhar, J. Am. Chem. Soc., 77, 5688 (1935);
J. H. Bover and =0 B, Ellzey, Jr., J. Am. Chem. Soc., 82,
2525 (1460).

nally thought' to be o-dinitrosobenzene, is hetter
deseribed as the N-oxide of the known compound
benzofurazan (I), and may be named benzofurazan
oxide (II). The question of the possible existence
of benzofurazan dioxide? (III) has apparently not
been previously investigated.

(4) E. Noelting and A. Kohn, Cheniker-Ztg., 18, 1905
(1894); T. Zincke and P. Schwarz, lnn., 307, 28 (1899).

(5) Such a molecule would presumably be a resonance
hybrid in which forms such as

T T
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might be expected to be of greater importancee than the one
designated as III. The dioxide formulation IIT was chosen
as a symbol for this hybrid to emphasize the symmetry
of this type of molecule.



