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HeaTs oF ForMATION OF URaNIUM OXIDES

AH kcal.
Mixter's values
Peroxide Oxygen This paper
Reaction bomb bomb oxygen bomb
3U + 40, = U304 —895.5 —845.2 —853.5 +=1.6
3UO: + 0, = Us05 — 8.4 — 753 — 76.01 =0.09
U+ 0, = U0, —269.7 -—-256.6 —259.2 +£0.6

with O. and of U, U0y and U0y with Na.O..  The values
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he obtained with oxygen do not agree with the values he
obtained with sodium peroxide. Our values are in fair
agreement with his oxygen values as cau be seen in the adjoin-
ing table:

Acknowledgments.--The authors wish to ac-
kiowledge the assistance of Juanita Pena, Oliver
Simi, William Smiley and Edward VanKooten in
the analytical work.
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Some Inorganic Reactions of Nitryl Chloride

By HARRY H. BATEY AND HARRY H. SiSLER
RECEIVED FEBRUARY 18, 1952

The improvement in methods for the synthesis of
nitryl chloride, which has made possible its con-
venient preparation in the laboratory, has resulted
in a considerable increase in interest in its reactions
and particularly in its possible use as a reagent in
organic synthesis. By analogy with nitrosyl chlo-
ride it was at first considered to be a possible source
of the nitronium (NO.™) group and of negative
chlorine. Schmiesser,! however has reported that
at very low temperatures in the liquid or solid phase,
nitryl chloride reacts with ammonia to yield chlor-
amine and ammonium nitrite. This would indicate
that nitryl chloride behaves as a source of positive
chlorine and negative nitrite. Schmiesser, how-
ever, gives very little information concerning his
experiments, We were, therefore, interested in
carrying out the reaction of nitryl chloride with
ammonia under a variety of conditions, and further
to observe the behavior of nitryl chloride toward a
variety of other reagents which might give some
indication concerning its polar characteristics.

Experimental
Preparation of Nitryl Chloride.—The method used was
that of Dachlauer? as modified by Shechter and Kaplan.3
‘This method involves the reaction, in the absence of niois-
ture, of anhydrous nitric acid with chlorosulfuric acid. To
the anhydrous nitric acid (1.4 noles), cooled to —0.5°, was

big. 1

(1) M. Schmiesser, Z. anorg. Chem., 256, 33 (1948).
(2) Dachlauer, German Patent 509,405 (1929).
(3) Private communication, 1948.

added in a dropwise manner with vigorous stirring over a
period of two hours, 1.4 moles of chlorosulfuric acid. Ni-
tryl chloride distilled out of the mixture and condensed in
at —80°. The receiver was disconnected as soon as the
addition of chlorosulfuric acid was complete. A yield of 1.1
moles of NO:Cl was obtained as a pale yellow liquid freezing
at —145° (lit. —145°).

Reaction of Nitryl Chloride with Ammonia in the Liquid
Phase.—The addition of liquid nitryl chloride to liquid am-
monia even at —75° results in a very violent reaction. The
reaction takes place somewhat less violently but still very
vigorously when gaseous ammonia, diluted with nitrogen
gas, is passed into dilute solutions of nitryl chloride in inert
solvents such as carbon tetrachloride, diethyl ether or pe-
troleumn ether. In all these cases the products of the reac-
tion include chloramine, hydrazine, ammonium nitrite and
ammonium chloride. In 1o case was an appreciable amount
of nitrate found.

Reaction of Nitryl Chloride with Ammonia in the Gas
Phase.—In order to reduce the vigor of the reaction the
mixing of nitryl chloride (diluted with nitrogen) with an ex-
cess of ammonia was carried out in the gaseous state using
the apparatus shown in Fig. 1. The outlet from E’ was
connected to a series of three traps, cooled to —80°. The re-
sidual gas was finally bubbled into water. Nitryl chloride con-
tained in bubbler F was entrained in a stream of nitrogen gas
and passed into reactor R (60 cm. long X 4.5 cm. in diameter)
at 25° where it was mixed with a large excess of gaseous am-
monia. Thereaction which occurred was immediate but was
ot violent and there was no noticeable heating of the reac-
tion chamber. The effluent gases gave strong tests for the
presence of chloramine. The white solid formed was fil-
tered out by the glass wool plugs at E and E’. Gases from
the reactor tube were condensed at —80° in the traps and
the water bubbler was used to remove the last traces of chlo-
rine-containing substances.

The solid contents of the reactor were dissolved in water
and analyzed for hydrazine and chloride, and tested qualita-
tively for nitrite and nitrate. No hydrazine or nitrate was
ever detected in this portion of the system, but the presence
of an abundance of nitrite was indicated. In a series of ex-
periments carried out in this manner amounts of chloride
corresponding to from 10 to 15%, of the nitryl chloride were
found in the glass wool plugs in the reactor. Mattair and
Sislert had found, in the reaction of chlorine with ammonia
to produce chloramine in a similar reactor that up to about
109% of the chloramine produced by the chlorine-ammonia
reaction decomposes to ammonium chloride in the reactor
tube. Assuming that a similar proportion of chloramine
might decompose in the nitryl chloride-ammonia reaction,
we may conclude that the reaction of nitryl chloride and am-
monia in the gaseous phase proceeds quantitatively to vield
chloramine and ammonium nitrite; and that the chloride
found in the reactor results from the secondary decomposi-
tion of a sinall portion of the chloramine so produced.

The liquid ammonia solutions of chloramine in the traps
were allowed to stand at —75° overnight and then to evapo-
rate. White solid residues composed of a mixture of hydra-

(4) R. Mattair and J, Sisler, THIs JOURNAL, T3, 1619 (1951).
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REeacTioN OF NO,Cl witH SoME LEWIS ACIDS

Results
Vigorous reaction, Br; evolved

Vigorous reaction, I, evolved

Exothermic reaction
Violent reaction, voluminous
white precipitate

No apparent reac-

Products

(NO)SnClg* + oxychlorides of tin +
N204

(N;O4 impurity in NO,Cl forms some
N,;042BF;—a white crystalline solid)
PCl;, POCl;, NOCI, N0,
NO,C1.280,/—presumably NO,(C1S;06)
nitronium chlorodisulfate
Residue contained no C1—, NO; =, or NO, -
Residue contained no Cl1~, NO; ™, or NO,~
Residue contained no C1—, NO; —, or NO;~
Residue contained no C1—, NO;~, or NO,~
No residue

ant Conditions
SnCly Excess NO,Cl, —75° No reaction
SuBr,; Excess NO,Cl, —75°
Snl;  Excess NO,Cl, —75°
BF; Excess NO.Cl, —75° No reaction
PCl; Excess PCl;; NO,Cldistilled inat —75°
SO, Lig. SO; added to excess NO;Clat —75°
SiCly  Excess NO,Cl; —75° No reaction
WO, NO,ClI refluxed over WOj; for 12 hours No reaction
MoO; NO,ClI refluxed over MoQ; for 12 hours No reaction
1,05 NO,Cl refluxed over 1,0; for 12 hours No reaction
SO, Equal volumes of liquid SO; and NO,Cl Miscible,

refluxed for 36 hours tion
s Bright, yellow, solid sublimes above 150°. Anal.

Caled.:

Cl, 54.31; Sn, 30.37. Found: CI, 50.88; Sn, 33.68.

Product thus is impure, but agrees with properties reported for (NO).SnCls by H. Reinbolt and R. Wasserfuhr, Ber., 60B,

732 (1927). ® Anal. Caled. for NOoClS:0s):

Product was so susceptible to hydrolysis that some chlorine was lost as HCI during analysis.
Fumes even in the presence of phosphoric anhydride.

tallized as long sharp needles, Exceedingly hygroscopic.
zine monohydrochloride and ammonium chloride were ob-
tained. Yields of hydrazine monohydrochloride amounting
to 159% of theoretical based on the nitryl chloride used were
obtained. As already shown in a previous publication?
the yields can be increased. We were, however, interested
here in the primary reaction of the nitryl chloride. The
above results are in agreement with those obtained by
Schmiesser and with the equations

NO:Cl + 2NH; —» NH,NO, 4+ CINH,
CINHQ + 2NH; —> N,H, + NH,CI

Qualitative results obtained for the liquid phase reaction
likewise fit this picture.

Reaction of Nitryl Chloride with A Series of Lewis Acids.
—A series of qualitative or semi-quantitative experiments
were carried out in which the behavior of nitryl chloride
toward various Lewis acids most of which might be expected
to codrdinate negative chlorine was observed. The results
of these experimeuts are summarized in Table I.

These results indicate that, with the exception of sulfur
trioxide, there is no reaction with these Lewis acids except
where oxidation-reduction processes occur.

Reaction of Nitryl Chloride with Metals.—In order to de-
termine whether NO. or Cl can be readily displaced from
nitryl chloride by metals in such reactions as

2NO0,Cl + M —> MCl; + N;O4

2NO,Cl + M —> M(NOs), + Cl:

a series of tests with a variety of metals was carried out.
Samples of chemically pure zine, mercury, bismuth, copper,
magnesium, iron, aluminum and tin were added to 10-ml.
portions ot nitryl chloride and kept at —30° in sealed tubes
for six hours. At the end of this time only mercury showed
any evidence of having reacted. The samples were then
cooled to —75° at which temperature they were held for an
additional 36 hours. At the end of this time the nitryl
chloride was allowed to boil off. The metal specimens and
their containers were thoroughly washed and the wash liquid
tested for metal cation, nitrate ion, nitrite ion and chloride
ion.

With copper, magnesium, iron, aluminum and tin there
was no indication of reaction with nitryl chloride.

With mercury, bismuth and zinc, however, the agqueous
wash liquid gave strong tests for metal cations, nitrite and
chloride. In the reaction with mercury a thin film of gray
solid formed on the mercury surface stopping the reaction.
The reaction could be started again by shaking the mercury
s0 as to expose a fresh metal surface. The reactions with
zinc and bismuth were much less apparent and proceeded
very slowly under the conditions of the experiment. The
reactions of zine, bismuth and mercury with nitryl chloride
yield a mixture of the metal nitrites and chlorides and in the

or

Cl, 14.67; S, 26.64; N, 5.79. Found: CI, 12.90; S, 26.65;

N, 5.48.
Melted at about 120° and crys-

case of mercury, of mercurous and mercuric salts. The

reactions which occur are probably
2Bi + 3N0O,Cl —> BiCl; + Bi(NO;)s
2Zn 4+ 2NQ0.Cl —> ZnCl; + Zn(NO,),
2Hg + 2NO0,Cl —> HgCl; + Hg(NO,),
4Hg + 2NO,Cl —> Hg2C12 + Hg(NOQ)Q

Discussion

The results reported above indicate that the
nitrogen to chlorine bond in nitryl chloride is not so
polarized as to act as a source of negative chlorine
except toward exceedingly strong electron acceptors
such as sulfur trioxide. This is supported strongly
by the facts that the reaction with ammonia yields
chloramine and ammonium nitrite rather than ni-
tramide and ammonium chloride, and that nitryl
chloride does not react with tin tetrachloride or
with boron trifluoride. The reactions with tin
tetrabromide, tin tetraiodide and phosphorus tri-
chloride indicate that nitryl chloride can act as an
oxidizing agent either by losing oxygen and forming
nitrosyl chloride or by losing chlorine and forming
dinitrogen tetroxide. This is in accord with the
structure O:N-CL

Schmiesser? has stated that the formation of
chloramine and of hypochlorite by the reactions of
nitryl chloride with liquid ammonia and aqueous
sodium hydroxide, respectively, indicates that nitryl
chloride is in reality nitrosyl hypochlorite with the
structure

O0=N—0—Cl
Such an assumption is clearly unnecessary for the
ammonolysis of nitryl chloride may yield either
nitramide or chloramine depending upon the
polarity of the N-C1 bond, as represented

f} t

= =, + I
O;N,—CI leNOz
+ o, - —> H,N—Cl + ; - —> H,N—NO,

H——NH, H——NH,
The chlorine in nitrosyl chloride is clearly negative
in polarity. The addition of a second oxygen atom
to the nitrogen atom in nitryl chloride has either
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greatly reduced this negative polarity or actually
changed it to positive.
DEPARTMENT OF CHEMISTRY

THE OHIO STATE UNIVERSITY
Corvmeus 10, Ouro

Preparation of Substituted Bis-phenols

By Davip J. BEAVER aND PAul. J. SToFrEL
RECEIVED FEBRUARY 21, 1952

Since the original synthesis® of Baeyer, numerous
papers on phenol-aldehyde condensations have ap-
peared in the literature.? More recently, an in-
creasing interest has been shown by various inves-
tigators of this type compound as intermediates for
phenolic resins,?® as antioxidants for wax,? as rubber
chemicals,” as bacteriocides,® and as fungicides.’

The present work was directed toward the prepa-
ration of bis-pherols of the general formulas

o R o R
RS -CNR /\»»—C--{ A,
[bw g and CoH
R R R R

in which R = alkyl, aryl or chlorine and R’ = alkyl
or aryl, for use as rubber antioxidants and bacterio-
static agents. A search of the literature revealed
a surprisingly small number of bis-phenols other
than derivatives of phenol and the cresols with
formaldehyde? and chloral.®

This paper describes the preparation of 33 poly-
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densation products not reported previously. They
are white crystalline compounds in all cases except
+,4'-(p-hydroxybenzylidene)-bis- (G- ¢- butyl-m-cre-
sol), #9, which is lemon yellow.

The wide applicability and versatility of the de-
scribed procedures can readily be seen from the
following tables. The reaction time, as given, was
the point at which resin formation was observed
and the batch quenched with the designated precipi-
tant. The reaction times are, therefore, not true
measures of the reaction rates but they do definitely
indicate the wide variations observed by changing
the structure of the phenols and aldehydes. Since
the formation of bis-phenol and resin is a competi-
tive reaction, the low yields can be attributed to
either insufficient reaction time for bis-phenol
formation or, conversely, not quenching quickly
ertough to prevent the bis-phenols formed from con-
densing further to resinous products. The re-
ported yields have no quantitative significance,
since in most cases the figures given are the results
of a single run.

The compounds described in Table I are 4,4’-al-
kylidene or arylidene bis-phenols since they do not
form mitroso derivatives as does the unreacted 6-¢-
butyl-m-cresol. The specific preference for 4,4’
linkage i ortho—para competition is probably a re-
sult of partial steric hindrance,® although condensa-
tion in the ortho position does occur, if the para po-
sition is occupied. Examples are given in com-
pounds 20, 28 and 34 in which 4,6-di-¢-butyl-m-
cresol is condensed in the one available ortho posi-
tion with three different aldehydes.

TABLE 1
Bi1s-PHENOLS FROM 6-{-BUTYL-#-CRESOL”

Pre- Recrys- Analyses, %
cipi- Time, Yield, tallizing Limpirical Carbon Hydrogen Chlorine

No Aldehyde tantbd hr. M.p., °C. % solvent formula Caled. Found Caled. Found Caled. Found
1 Formaldehyde 1 P 178.7-179.2 39.0 Heptane C23H3202 81.12 81.01 9.47 9.53
2 Acctaldehyde 1 174 201.1-201.5 87.0 Heptane C24H3402 81.31 80.93 9.67 9.99

3 Chloroacetaldehyde 1 10 228.5-229.5 45.9 Heptane CoyHpuClOe 74,09 73.03 8.55 8.538 90.12 8,95
4 Propionaldehyde 1 4 190.0-190.4 43.4 Heptane CuHzOr 81.48 81.20 9.8 9.92
5 Butyraldehyde 2 8 21D, 0-210.7 62.8 Heptane CesHasOy 81.64 81.91 10.01 10.23
¢ Isobutyraldehyde 1 24 229 .8-230.7 50.8 Heptanc CagHysO2 81.64 81.47 10.01 .94
7 Heptaldehyde 212 160.2-160.4 2{.5 Heptane Crs HesOs 82.02 81.85 10.44 10,061
8 Benzaldehyde 1 i 1409.3-199.8 13,3 Heptane CagHor O 83.62 83.504 8.71 8.55
1 p-Hydroxybenzaldchyde 3 Ve 262.4-263.1  35.2  Acetic acid  CoeHyzeOs 80.53 80.33 8.39 8.10
10 Salicylaldehyde 1 + 216.7-217.0 18,9  Tolucne CosHzaOx 80.53 80.37 8.30 8.39

11 2.4-Dichlorobenzaldehyde 1 1 209,9-210.4 5 Heptane CyH3Cl:O: 71,73 71.91 7.06 6.96 14.61 14.65

12 5-Chlorosalicylaldehyde 1 [ 214 .2-215.9 Benzene CooH3C10; 74,508 74.86 7.5 7 .44 7.59 7.58

13  o-Chlorobenzaldehyde 1 226.3--226.9 Toluecue CuHuCl10,  77.22 77.20 7.82 7.76 7.8 8.02
14 Veratraldehyde 1 i/e 231.2-231.9 52, Heptane CaHaoO4 78.12 78.17 8.4L 8.60
15 Pyruvic aldehyde 2 t/y 196.2-197 1 34.8 Benzene CasHagOn 78.350 78.38 8,96 8.78

16 Chloral 2 6 218.8-219.3 65.6 Toluene CaHaCl302 62,94 63.28 6.82 7.01 23.23 23.05
17 2.Methyl-2.pentenal 1 18 190.1-190.5 18.5 Ileptane CHanOr 82.30 82.15 9.87 9.52
18 2.Ethyl-2-hexenal 1 3 210. 6 38.4 Heptane CroHOn 82.46 82.46 10.16 9.89

19 2.Thiophenaldehyde 1 Ve 2230 7 42.0 Heptane CaiHeaO2S 76,75 76.68 8.11 8.41 “

% The compounds in Table 1 were all prepared following Procedure A,

4, water. “ Sulfur, %: caled. 7.57; found 7.64.

alkylated and chlorinated phenol-aldehyde con-

‘1) A. Baeyer, Ber., 5, 280, 1096 (1872).

32) 1., Kahl, /bid., 81, 143 (1898); A. Lunjac, Chem. Cenir.. T8, I,
1650 (1904); T. Zincke, Ann., 8363, 255 (1008); M. Koebuer, 7.
nrgew. Chemn., 46, 251 (1933).

(3) 1.. H. Baekeland and H. 1.
i1925); N. T. L.
49, 251 (1930).

i4) H. Morawetz, [nd. Eng. Chem., 41, 1442 (1949).

13) A. S. Briggs and J. Haworth, British Patent 621,004 (1949).

i) W. C. Harden and E. E. Reid, TH1S JOURNAL, B4, 4325 11932).

() P.B. Marsh, M. 1.. Butler and B, 8. Clark, Fudl. Fng. Chewm., 41,
2176 (10400,

Bender. Ind. Eag. Chem., 17, 225
Megson and A, A, Drummond, J. Suc. Chem. ind.,

v 1, Heptane; 2, benzene; 3, glacial acctic acid;

Experimental®

The compounds described in this paper have been prepared
by two procedures—modifications of the original Baeyer
synthesis. In both cases, the choice of precipitant was de-
termined by spot testing during the initial reaction period.
One ml. of the reaction mix was added to 3 ml. of each of the
four selected precipitants and when crystal formation was
noted, the reaction mixture was quenched with the chosen
precipitant as indicated in the tables.

(8) G. H. Stillsoun, D, W, Sawyer and C. K, Hunt, THIS JOURNAL,
67, 303 (1945); J. B. Niederl and V. Niederl, #bid., 61, 1785 (1939):
1. D. Hughes, Quart. Revs. (London), 3, 107 (1948).

“ay All mielting points wre correcterl.



