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Hiibner and Stiinkel (1) reduced 2-nitrophenyl benzoate with tin and
hydrochloric acid, dissolved the resulting tin double salt in alcohol, de-
composed it cold with hydrogen sulfide, and obtained 2-phenylbenzoxazole,
which had previously been prepared by Ladenburg (2) by treatment of
2-aminophenol with benzoyl chloride and subsequent distillation of the
first product. Béttcher (3) repeated and confirmed the observations of
the previous workers but found, in addition, that when the tin double
salt was decomposed in hot alcoholic solution it gave mainly 2-benzoyl-
aminophenol mixed with but a small portion of 2-phenylbenzoxazole.
The formation of these products may involve intermediates I and II,
neither of which was isolated.

The formation of 2-benzoylaminophenol in that experiment represents
the migration of acy! from oxygen to nitrogen, which was found later to
occur in many other cases. Bender (4) reduced 2-nitrophenyl ethyl car-
bonate and obtained what he thought was the corresponding 2-amino-
phenyl derivative, but noted that the substance showed no basic properties.
Ransom (5), working under the direction of Stieglitz, proved that Bender’s
compound is 2-hydroxyphenylurethan and must have been formed by
the migration of the carboethoxy radical from oxygen to nitrogen.
Similarly, Lellmann and Bonhéffer (6) reduced the 2-nitrophenyl ester of
diphenylearbamic acid and obtained a compound that had the expected
composition, and which they regarded as 2-aminophenyl diphenylcar-
bamate with the structure later assigned by Herzog (7) to a product he
obtained by the action of diphenylcarbamyl chloride on 2-aminophenol.
More recent work by Raiford and Alexander (8) indicates that Lellmann
and Bonhoéffer’s compound cannot have the structure they assigned, but
is 2-diphenylcarbamylaminophenol, and must have been formed by a
migration of acyl from oxygen to nitrogen in the 2-amino compound which
was the first product of reduction.

The tendency of 2-N-acylaminophenols to form eyclic compounds is also
well known. Following Ladenburg’s work, Hitbner and Stiinkel (1) found
that heating 2-benzoylaminophenol above its melting point converts it
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into 2-phenylbenzoxazole. Groenvik (9) heated 2-hydroxyphenylurethan
above 200° and found that aleohol was eliminated and benzoxazolone was
formed. In later work Moore (10) found that reduction of the methyl,
ethyl, n-propyl, and n-butyl 2-nitro-4-bromo-5-methylphenyl carbonates
gave the corresponding 2-amino compounds which, under the usual labora-
tory conditions, promptly rearranged to the isomeric 2-hydroxyphenyl-
urethans, as found by Ransom for the unsubstituted compound. In
addition, Moore showed that under the conditions of his work portions of
the urethans containing the ethyl, propyl, and butyl radicals lost the ele-
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instances the change takes place slowly when the product is stored at
room temperature (12).

In the light of the above observations it was of interest to extend this
work and, in particular, to test the reaction of an o-nitrophenyl ester of a
heterocyclic acid. 2-Nitrophenyl furoate and several of its substitution
products were prepared and their behavior studied. Reduction of the
unsubstituted compound at the temperature of an ice-bath gave chiefly
2-(a-furyl)benzoxazole, m.p., 85-87°, and a small portion of an alkali-
soluble product, m.p., 225-226°, which was found not to be identical with
2-furoylaminophenol, m.p., 161°, nor with N-furoylbenzoxazolone, m.p.,
141-143°, either of which might have been expected under the conditions.
The product in question contains chlorine, and is still under investigation.
When reduction was carried through at a higher temperature the chief
product was 2-furoylaminophenol, along with a smaller portion of furyl-
benzoxazole, and none of the high-melting compound. This might occur
as indicated in Figure 1. It was of interest here to note the effect of halo-
gen as a substituent. Reduction of 2-nitro-4-bromophenyl and 2-nitro-4-
bromo-5-methylphenyl furoate, respectively, at low temperatures gave
mixtures of the corresponding benzoxazoles and the 2-furoylaminophenols,
but chiefly the latter in each case. When two bromine atoms were present
none of the benzoxazole was obtained. Thus, reduction of 2-nitro-4,6-
dibromopheny! furoate and 2-nitro-4-bromophenyl 5-bromofuroate, re-
spectively, gave only the related 2-furoylaminophenols.

EXPERIMENTAL

2-Nitrophenyl alkyl carbonates. These compounds were obtained by the inter-
action of a caustic alkali solution of the required nitrophenol and the necessary alkyl
chlorocarbonate. To the phenolate solution an ether solution of the carbonate was
added and the mixture was shaken until the red color of the phenolate had disap-
peared. The ether layer containing the desired product was removed, dried over
potassium carbonate, the ether distilled, and the residue purified by erystallization
from a suitable solvent. Analytical data and other properties for these products
are given in Table I.

Reduction of the o-nitrophenyl alkyl esters. This was carried out in aceordance with
the general directions of Ransom (5) with the modifications indicated below. The
nitropheny! alkyl carbonate was ground to a fine powder and was then added to con-
centrated hydrochloric acid. For each gram of ester, 15-18 cc. of acid was used, the
mixture was stirred rapidly, and an excess of granulated tin was added in small
quantities during a period of half an hour, while the temperature of the mixture was
kept below 20°. Within three-fourths hour the blue-green color of the carbonate had
disappeared and there remained in the flask the tan to nearly colorless product in the
form of the amine hydrochloride.

To determine whether the reduction was complete the following test was made.
A small portion of the reaction mixture, held on the end of a glass rod or thermometer,
was brought into a test tube containing some 509, solution of potassium hydroxide at
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about —10°. If reduction was incomplete a red color was produced. This color
was probably due to the potassium salt of the o-nitrophenol that had been formed by
hydrolysis of the carbonate used as starting material. When the color test was
negative the whole reduction mixture was cooled to about —12° and slowly poured

TABLE 1
2-NiTr0-4-BROMOPHENYL ALKYL CARBONATES
ANAL.,
ALKYL YIE:D’ SOLVENT CRYSTAL FORM M.P. °C. FORMULA HALOGEN
Cale’d {Found
Methyl...... 482 | Aleohol | Pale yellow nee- | 61-63 CsHeBrNO; (28.98/29.12
dles
Ethyl........ 74¢ | Alcohol | Pale yellownee- | 75-77 | CyHBrNO; |27.58/27.91
dies
n-Propyl.....| 91 | Alecohol | Nearly colorless | 49-51 C1oH,0BrNO; 126.31/26.51
blunt needles
n-Butyl...... Tan oil 181° CiuH::BrNO;s |25.15/25.23
5-6 mm.

e These refer to purified material.
b Upson (16) reported 76° for this compound but did not record analytieal data.

TABLE 11
2-CARBOALKOXYAMINO-4-BROMOPHENOL DERIVATIVES®
ANAL.,
ALKYL YIWEDIED SOLVENT CRYSTAL FORM M.P. °c. FORMULA HALOGEN
Cale’d |Found
Methyl...... 40 | Alcohol | Colorless 1684 CsHsBrNO; |32.52 |32.53
plates
Ethyl........ 52 | Aleohol | Colorless 1414 CoH;oBrNO; | 30.76¢ |32.00
plates
n-Propyl.....| 30 | Alcohol | Colorless 113-114¢ | CoH;BrNO; | 29.19 {29.04
plates
n-Butyl...... Alcohol | Long color- | 121-123% | C,;H.BrNO; | 27.77 27.94
less plates

e These compounds do not suffer ring closure on standing at room temperature,
as was found by Huey (12), in the study of the corresponding aryl compounds.

® These values represent purified material.

¢ This compound was previously obtained by Upson (16) who reported that it
melted at 140-142° and gave a satisfactory analysis for carbon and hydrogen.

4 The melting points of the hydrochlorides of the isomeric 2-aminophenyl alkyl
carbonates were: methyl, 147-148°; ethyl, 141-143°; n-propyl, 136°; n-butyl, 138°,

with stirring into an excess of the 509, alkali solution, also cooled to —12°. The cold
alkali mixture was then extracted three times with ether (25-30 cc. used each time),
the extract washed three times with ice-water and then dried for some hours over
anhydrous sodium sulfate. The dry ether solution was decanted and dry hydrogen
chloride was bubbled through it. A flocculent colorless solid, the amine hydro-
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chloride, was deposited. This salt was next dissolved in warm alcohol, the solution
was allowed to stand for a short time, and was then diluted with an equal volume of
water. The water caused hydrolysis of the salt to the 2-aminophenyl alkyl carbonate
which then rearranged to the isomeric 2-hydroxyphenylurethan.

To establish the structure of this and other rearranged products in this group,
each was prepared in another way. A portion of the corresponding o-aminophenol,
dissolved in dioxane, was mixed with dimethylaniline, and to this liquid was slowly
added the required alkyl chlorocarbonate with cooling and stirring. The mixture
was then warmed to about 50°, allowed to stand for one hour, and poured into a large
volume of water. The solid that separated was collected, dissolved in 5% caustic
alkali solution, and the liquid treated with dilute hydrochloric acid. The product
that separated was crystallized from a suitable solvent. Data for these products
are given in Table II.

OH 0OCO.CH, 0CO,CH,
—_— —_—
Br NO, Br NO, Br NH;Cl

l H,O
OH OH
CICO,CHj;
Br NHz B NHCO:CH:;

FUROIC ACID DERIVATIVES

N-Furoylbenzoxazolone. Thirteen and five-tenths grams of benzoxazolone (13)
was dissolved in 80 cc. of pyridine, and to this was slowly added with stirring and
cooling 109, more than one molecular proportion of furoyl chloride. The reaction
flask was then allowed to stand in an ice-bath until no more solid separated after
which four volumes of water was added, the mixture was stirred and allowed to
remain for half an hour, and was then filtered. A yield of 839, was obtained. Crys-
tallization from alcohol gave colorless glistening needles that melted at 141-143°.

Anal. Cale’d for C,H;NO,: N, 6.11. Found: N, 6.20.

§-Bromofuroic acid. This compound has previously been prepared by a number of
workers. Canzoneri and Oliveri (14) obtained a product that melted at 185-186°, and
gave acceptable analyses for C, H, and Br. They recorded no yield. Hill and
Sanger (15) treated dry furoic acid with bromine vapor at an elevated temperature
and obtained yields between 409, and 60%, of the desired product, which they found
to melt at 183-184°. In the present work the bromination was carried out at the
temperature of a boiling water-bath in the apparatus described below. One end of a
piece of glass tubing about 50 mm. long and 25 mm. inside diameter was sealed to the
middle of the inside of the base of a one-liter Erlenmeyer flask so as to provide a
separate well. The flask was fitted by a ground glass joint to a long Allihn con-
denser, the inner tube of which extended down into the well for about 1 em. when the
condenser was in place. The upper end of the condenser was connected with a train
of three wash bottles containing water, lime water, and sodium hydroxide solution,
respectively. )

Twenty grams of powdered furoic acid was placed in the flask and distributed as
uniformly as possible over the bottom in such a way that none entered the well, Into
the latter was introduced, by means of a long-stemmed tap funnel, 33 g. of bromine,
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the condenser was attached, the flask was placed in a bath of boiling water, and heat-
ing was continued until the vapors of bromine had disappeared, usually five to seven
hours. The average yield for nine runs was 85% of a product that showed a melting
range of 165-172°. This solid was dissolved in the minimum quantity of boiling
water, decolorizing carbon was added, and the mixture was boiled and filtered. The
compound that separated was further purified by four additional crystallizations, and
was obtained in large colorless foliated flakes that melted at 190-191°, The average
yield of material purified in this way was 549%,.

Anal., Cale’d for C;H;3BrOs: Br, 41.88. Found: Br, 41.90.

5-Bromofuroyl chloride. A mixture of 38.2 g. of furoic acid and 100 cc. of thionyl
chloride was placed in a suitable flask, connected to a return condenser by a ground
glass joint and heated at about 80° for four hours. The mixture was transferred to a
distilling flask, unchanged thionyl chloride was removed under reduced pressure,
until a dark colored crystalline residue was obtained. The condenser was then
replaced by a distilling flagk which was kept immersed in an ice-bath, and the dis-
tillation continued at still lower pressure. The product passed over at 89° and 8
mm. and was obtained in the form of colorless irregularly-shaped plates that melted
at 54-56°.

Anal. Calc’d for CsH;BrClO,: Hal., 55.13, Found: Hal., 54.66.

5-Bromofuranilide. To a solution containing 1.9 g. of aniline in 10 ce. of dioxane,
2.1 g. of the required acid chloride was added, the mixture was allowed to stand for
an hour, a few cc. of dilute hydrochloric acid was added, and the whole was poured
with stirring into several volumes of water. Repeated erystallization of the product
from alcohol gave long colorless needles that melted at 145°,

Anal. Cale’d for C;;HBrNO;: Br, 30.07. Found: Br, 30.04.

2-Nitrophenyl furoate and substitution products. To obtain these products the
required nitrophenol was heated with a solution of an equimolecular proportion of
caustic potash until all was dissolved, the liquid was stirred and cooled to about 30°
$0 as to cause most of the salt to separate in the form of fine crystals, after which one
molecular proportion of furoyl chloride was slowly dropped in with stirring, and the
resulting mixture was stirred for some hours, until the red color of the potassium
salt had almost disappeared. The solid product was collected by filtration, and
purified by ecrystallization from a suitable solvent. Analytical data and other
properties are given in Table III,

Reduction of 8-nitrophenyl furoic actd esters. Two and thirty-three hundredths
grams of 2-nitrophenyl furoate was dissolved in 10 cec. of boiling alcohol, and the
solutio- s stirred and cooled in an ice-bath to favor the formation of small crystals.
When the temperature was between 5° and 0°, 12.5 ce. of a hydrochloric acid solution
of stannous chloride (prepared by dissolving the dihydrate in concentrated hydro-
chloric acid, in the proportion of 1 g. to 1 cc.) was added dropwise, the mixture was
stirred until all solid dissolved, which sometimes required as long as ten hours, and
was then set aside at room temperature for two days. Next, two volumes of con-
centrated hydrochloric acid was added and the mixture was cooled in an ice-bath for
several hours. The green crystals that appeared were removed, washed with cold
dilute hydrochloric acid, and finally with ice-water. On the theory that the product
was 2-furoylaminophenol, the yield was 85%. The material showed a melting range
of 70° to 170°, indicating a mixture, The solid was shaken with 5% solution of sodium
hydroxide, the mixture was filtered and the filtrate (F) was reserved. The alkali-
insoluble portion was dissolved in concentrated hydrochloric acid and from this
liquid it was precipitated unchanged by neutralization or large dilution, which
suggested that it might be 2-aminophenyl furoate. It was identified as 2-(a-furyl)
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benzoxazole. Analytical data for this and others obtained in a similar way are
shown in Table IV.

When filtrate (F) was acidified, it gave a product that melted at 225-226°, but
which was not the expected 2-furoylaminophenol. To obtain the latter the following
experiments were carried through. To a solution of 10 g. of 2-aminophenol in a
mixture of 32.6 ce. of pyridine and 25 cc. of dioxane was added with cooling and stir-
ring 30 g. of furoyl chloride in 30 cc. of dioxane, the mixture was allowed to stand
overnight, one volume of water was added, and the liquid was made faintly acid
with hydrochloric acid. A 93% yield of product separated. Crystallization from
absolute aleohol gave heavy brown needles that melted at 113-114° and were identi-
fied as 2-furoylaminophenyl furoate.

Anal. Cale'd for Ci¢H; NOs: N, 4.71. Found: N, 4.68.

A mixture of 16.8 g. of the above diacyl derivative and 100 ce. of 69, caustic alkali
solution was warmed until all solid had dissclved, the liquid was cooled and acidified.
The yield of product was 959. Analytical data and other properties for this and
related o-furoylaminophenols are given in Table V,

SUMMARY

1. A number of 2-nitrophenyl alkyl esters of carbonic acid have been
reduced in acid solution. In each case the 2-amino derivative was isolated
and its direct rearrangement to the isomeric 2-hydroxyphenylurethan was
observed. The latter were found to be stable under the conditions of these
experiments.

2. Reduction of 2-nitrophenyl furoate at the temperature of the ice-bath
gave chiefly 2-(a-furyl)benzoxazole. When a bromine atom was present
in the phenyl residue some of the corresponding benzoxazole was again
obtained, but the chief product was the 2-furoylaminophenol. When the
dibromo compounds were used, the furoylaminophenols only could be
isolated.

Iowa Ciry, Iowa.
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