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that obtained by the method of Dreiding and Volt-
man.’® The perchloric acid catalyzed reaction was
complete in 45 min. as contrasted to the 24 hr. required
by the Dreiding and Voltman procedure.

Experimental Section!®

Reagent A (10~% M HCI0,).—To 50 ml. of absolute ethyl ace-
tate was added 0.05 ml. of 72% perchloric acid (0.575 mmole).
Ten milliliters of this solution was then added to 30 ml. of ab-
solute ethyl acetate and 4.8 ml. (51 mmoles) of acetic anhydride,
and the solution was made up to 50 ml. with ethyl acetate to
give a reagent 1 M in acetic anhydride and 10~3 M in perchloric
acid.

Reagent B (10~ M HCIO.).—To 40 ml. of absolute ethyl
acetate was added 0.05 ml. (0.58 mmole) of 729, perchloric acid
and 4.8 ml. (5.1 mmoles) of acetic anhydride, and the solution
was made up to 50 ml. with ethyl acetate.

General Procedure.—The keto acid or ketone was dissolved
using 1 ml. of reagent for each 10 mg. of compound (reagent A
for keto acids and A%-3-ketones and reagent B for saturated 3-
ketones), and the solution was let stand for 5 min. at room
temperature. Compounds bearing hindered hydroxyl groups
(118 or 17a) were allowed 15 min. to ensure complete acetyla-
tion. The solution was then washed with saturated sodium bi-
carbonate solution, dried over anhydrous sodium sulfate, and
evaporated to dryness. Residual acetic anhydride, if any, could
be removed by adding a few milliliters of methanol containing
a trace of pyridine and again evaporating to dryness. Analytical
samples were prepared by recrystallization from methanol con-
taining a trace of pyridine, hexane-ether or acetone, or aqueous
acetone. The melting points, yields, and analyses of the products
are shown in Tables I and II. For large-scale reactions it was
found best to prepare a double-strength reagent which was added
to an equal volume of ethyl acetate in which the starting material
was previously dissolved.

The reagent can be stored in the refrigerator for several weeks
without any noticeable loss of activity, though it slowly acquires
a yellow to brown color. It tends to darken more rapidly as the
acid concentration is increased and the darkening becomes
more pronounced in the reaction mixture. Although good yields
may still be obtained at acid concentration up to 0.15 M and as
low ag 10~* M, the concentration for optimum yield of lactones
and enol acetates of «,8-unsaturated ketones with minimum
coloration of the product is 1072 M (reagent A).

Dienone—Phenol Rearrangement.—1,4-Androstadiene-3,17-di-
one (55 mg.) was dissolved in 5 ml. of reagent B. Small samples
were removed after 5, 30, and 45 min. and spotted on silica gel
t.l.c. microplates, and the plates were developed with benzene-
ethyl acetate 19:1. The spot corresponding to the product in-
creased in intensity, and at 45 min. the starting material spot
was no longer detected. The reaction mixture was washed
with saturated sodium carbonate solution, dried over anhydrous
sodium sulfate, and evaporated to dryness under nitrogen. The
residue (51 mg., 92%) was saponified by refluxing in aqueous
methanolic potassium hydroxide for 1 hr. The solution was
acidified with dilute hydrochloric acid, and the resulting solid was
collected, washed with water, and crystallized from methanol
to give 1-hydroxy-3-methyl-1,3,5(10)-estratrien-17-one. The
melting point and mixture melting point of a sample prepared
by the method of Dreiding and Voltman!® was 246-249°. The
reaction carried out by the method of Dreiding and Voltman
(zine chloride in acetic anhydride) was also monitored by t.l.c.
No appreciable reaction had occurred at 45 min., but the reac-
tion appeared to be essentially complete at 20 hr.
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The reactions of phenyl isocyanate with Grignard re-
agents,?® 1,3-dicarbonyl compounds,?® and aromatic
compounds under Friedel-Crafts conditions® to give
the corresponding anilides are well known. Among
heterocyclic compounds, pyrroles and Grignard reagents
of substituted pyrroles react with phenyl isocyanate to
form 2-pyrrolecarboxanilides.#® Imidazole yields 1-
imidazolecarboxanilide,®” whereas 4,5-diphenylimida-
zole forms the l-carboxanilide, the 2-carboxanilide, or
a mixture of the latter compound and 2,5,6-triphenyl-
imidazo[1,2-c]hydantoin, depending on the experi-
mental conditions.?

In the course of a study on acyl derivatives of pyr-
role, we found that the reaction of pyrrolylpotassium
with phenyl isocyanate in toluene or tetrahydrofuran
gives l-pyrrolecarboxanilide (1) in very good yield.
The product of this reaction is formulated as 1 because
it contains only one active hydrogen atom, and its in-
frared spectrum shows a carbonyl absorption at 1720
em.~1° but no characteristic absorption in the 3400
3500-cm. ~! region (pyrrole N-H stretching®®). In con-
trast, the spectrum of the known 2-pyrrolecarboxanilide
(2)*has bands at 1660° and 3450 cm. 1

U 1. PhNCO, PhCH, or THF [—]
N N
2. HO |

07 \NHPh
1

K+

Like l-imidazolecarboxanilide,” the pyrrole deriva-
tive 1 wundergoes transamination. As expected,!!
however, l-pyrrolecarboxanilide is more sluggish than
its imidazole analog. Thus, reaction of 1 with aniline
or piperidine in refluxing tetrahydrofuran proceeded
very slowly, and the substitution products, N,N’-di-
phenylurea (3) and N-phenyl-N’/N’-pentamethylene-
urea (4), could be obtained in satisfactory yields only
at higher temperatures in the absence of the solvent.

Refluxing with ethanolic potassium hydroxide for 4
hr. hydrolyzed 1 to pyrrole and aniline. This behavior
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of 1-pyrrolecarboxanilide contrasts with the resistance
to hydrolysis of 2-pyrrolecarboxanilides. 2,4-Di-
methyl-5-pyrrolecarboxanilide is reported to remain un-
altered after prolonged boiling with concentrated alco-
holic or aqueous sodium hydroxide,* and 2-pyrrole-
carboxanilide was obtained as the hydrolysis product
of other compounds in the present work (¢f. hydrolysis of
compound 6). Introduction of an alkyl group at the
1-position of the pyrrole ring enhances the tendency of
2-pyrrolecarboxanilides to undergo hydrolysis, as
evidenced by the conversion of 2-pyrrolecarboxanilide
(2) to l-ethyl-2-pyrrolecarboxylic acid (5) by ethyla-
tion and subsequent treatment with potassium hy-
droxide in refluxing n-propyl alcohol.

| '! NHPh 1. K, THF {[ ll
2. EtBr
V' e
I!\ ﬁ 3. KOH, n-PrOH, reflux T COOH
H o 4. H,0, HCl Ft
2 5

Unlike pyrrolylpotassium, which gives one product
upon treatment with phenyl isocyanate, pyrrolylmag-
nesium bromide reacts with this reagent in tetrahydro-
furan to give, after hydrolysis, a mixture of 1-pyrrole-
carboxanilide (809) and 2-pyrrolecarboxanilide (20%).

When 2-pyrrolecarboxanilide (2)* is treated with 2
equiv. of phenyl isocyanate in the presence of triethyl-
amine, N,N’-diphenylurea and 2-phenylpyrrolo[1,2-c]-
hydantoin (6) are formed in very good yield. The lat-
ter product is also obtained by the action of 2 equiv.
of the isocyanate on the potassium salt of 2. The

[_]\ 2PhNCO, Bt,N -
N0 AW N 0
Lo 1. K, THF | N
H NHPh ______/
2. 2PhNCO 0 \Ph
2 6
+
PhNHCONHPh
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hydantoin structure for compound 6 is supported by
the high carbonyl absorptions in its infrared spectrum
(1800 and 1750 cm. ), which correspond well with the
reported carbonyl bands® in the spectrum of 2,5,6-tri-
phenylimidazo(1,2-cthydantoin (1813, 1760, and 1709
em.™?). Further support for the proposed structure is
furnished by an independent synthesis of compound 6
from phosgene and the mono- or dipotassium salt of 2-
pyrrolecarboxanilide.

Compound 6 is hydrolyzed by alkali to the expected
2-pyrrolecarboxanilide. The latter product is also
formed, together with N,N’-diphenylurea, by the ac-
tion of aniline on 6.

Experimental Section

1-Pyrrolecarboxanilide (1).—Pyrrolylpotassium was prepared
in & nitrogen atmosphere from 33.5 g. (0.50 mole) of pyrrole and
15.6 g. (0.40 g.-atom) of potassium in 200 ml. of toluene by
stirring the mixture at reflux until all of the metal had reacted
and the blue color of the slurry had disappeared. After addi-
tion of a further 200 ml. of toluene, the temperature was brought
down to 30°, and 38.1 g. (0.32 mole) of phenyl isocyanate in 100

Vor. 31

ml. of toluene was added dropwise over a period of 1 hr. The
resulting mixture was stirred at 40-50° for 9 hr. and at 65~70°
for an additional 13 hr. and was filtered. The precipitate was
washed with dry ether, air dried, mixed thoroughly with water,
and allowed to stand for 4 hr. Filtration and drying yielded
58.0 g. of a solid which on crystallization from toluene gave 49.9
g. (849, of 1-pyrrolecarboxanilide, m.p. 154-155°.

Anal. Caled. for CiHN,O: C, 70.95; H, 5.41; N, 15.04;
active H, 0.541. Found: C, 70.74; H, 5.47; N, 14.98; active
H, 0.561.

The same reaction, run in tetrahydrofuran, yielded 56.6 g.
of ecrude 1-pyrrolecarboxanilide.

Reaction of 1-Pyrrolecarboxanilide (1) with Piperidine.—
A mixture of 2.0 g. of 1 with 20 m]. of piperidine was refluxed
for 22 hr. Cooling and filtration yielded 1.7 g. of a solid, m.p.
169-170°, identified as N-phenyl-N’,N’-pentamethyleneurea
(4) (lit.2 m.p. 168°, 170-171°, 171-172°) by mixture melting
point and by comparison of its infrared spectrum with that of an
authentic sample.

Reaction of 1-Pyrrolecarboxanilide (1) with Aniline.—A
mixture of 2.0 g. of 1 with 20 ml. of aniline was heated at 130~
140° for 24 hr. Cooling, filtration, and washing of the precipi-
tate with chloroform yielded 1.8 g. of a solid, m.p. 238-239°,
identified as N,N’-diphenylurea (3) by mixture melting point
and by comparison of its infrared spectrum with that of an
authentic sample.

Hydrolysis of 1-Pyrrolecarboxanilide (1).—A solution of 7.0
g. of 1 and 4.2 g. of potassium hydroxide in 25 ml. of ethyl
alcohol was refluxed for 4 hr. Gas-liquid partition chromatog-
raphy showed that the alecoholic solution contained equimolar
quantities of pyrrole and aniline.

Reaction of Pyrrolylmagnesium Bromide with Phenyl Iso-
cyanate.—To a solution of ethylmagnesium bromide, prepared
from 12.2 g. (0.50 g.-atom) of magnesium and 60 g. (0.55 mole)
of ethyl bromide in 180 ml. of tetrahydrofuran under a nitrogen
atmosphere, was added dropwise over a period of 45 min. 33.5
g. (0.50 mole) of pyrrole in 100 ml. of tetrahydrofuran. To the
resulting solution of pyrrolylmagnesium bromide, cooled to room
temperature, 54 g. (0.45 mole) of phenyl isocyanate in 80 ml.
of tetrahydrofuran was added dropwise in the course of 45 min.
Stirring was continued for 22 hr., and then the solution was
hydrolyzed by the addition of 250 ml. of a saturated aqueous
solution of ammonium chloride. An ether extract of the aqueous
layer was combined with the organic layer and the solvents
were removed under reduced pressure. Crystallization of the
crude produect from toluene yielded 70.3 g. of a solid (m.p. 147~
150°), the infrared spectrum of which showed that it was a mix-
ture of 1- (1) (809) and 2-pyrrolecarboxanilide (2) (209,).

1-Ethyl-2-pyrrolecarboxylic Acid (5).—To a solution of 5.6
g. (0.03 mole) of 2-pyrrolecarboxanilide (2)4 in 50 ml. of tetra-
hydrofuran, kept in a nitrogen atmosphere, was added 1.17 g.
(0.03 g.-atom) of potassium. The mixture was stirred at re-
flux until all of the metal had reacted, cooled to room tempera-
ture, and treated with 3.3 g. (0.03 mole) of ethyl bromide.
After the mixture had been stirred for 14 hr., a further 3.3 g. of
ethyl bromide was added to ensure completion of the reaction,
and stirring was resumed for an additional 6 hr. at 45-50°.
Dilution with ether and filtration yielded a precipitate which was
dissolved in a small amount of water. An ether extract of this
solution was combined with the filtrate, and the solvents were re-
moved under reduced pressure. The residue was stirred with 10
g. of potassium hydroxide and 30 ml. of n-propy! alcohol at re-
flux for 24 hr. The material obtained by concentration of this
solution under reduced pressure was diluted with water and
washed with ether. After treatment with animal charcoal,
the aqueous solution was cooled to 0° and acidified with cold,
dilute hydrochloric acid. The precipitate was collected by filtra-~
tion, washed with cold water, and air dried. Exfraction with
ether of the filtrate and evaporation of the extract to dryness
yielded a residue which was added to the precipitate. The
combined products were stirred with an excess of chloroform,
and the resulting solution was treated with animal charcoal
and filtered. Ewvaporation of the filtrate to dryness under re-
duced pressure (40-50°) yielded 2.1 g. (50%) of 1-ethyl-2-
pyrrolecarboxylic acid, m.p. 80-81° (lit.2*m.p. 78°). Recrystal-

(12) F. K. Beilstein, “Handbuch der Organischen Chemie,” Vol. XX,
Verlag von Julius Springer, Berlin, 1935, p. 54.
(13) C. A. Bell, Ber., 10, 1861 (1877).
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lization from petroleum ether (b.p. 38-56°) gave colorless needles,
m.p. 81-82°. The infrared spectrum showed peaks at 2500-
3000 (broad), 1680, 1430, 1250, and 930 ¢cm. .

2-Phenylpyrrolo[1,2-clhydantoin (6).—A mixture of 5.60
g. (0.03 mole) of 2-pyrrolecarboxanilide (2),% 7.14 g. (0.06 mole)
of phenyl isocyanate, and 1.50 g. of triethylamine (distilled from
lithium aluminum hydride) was h@ated at 60-70° for 22 hr. The
resulting solid was ground into a powder which was washed with
petroleum ether, dried, and stirred thoroughly with 800 ml. of
chloroform. The insoluble material (6.1 g., 95%) was shown
to be N,N’-diphenylurea (3) by comparison of its infrared spec-
trum with that of an authentic sample. Crystallization from
ethyl alcohol gave colorless needles, m.p. 238-240°. A mixture
melting point with an authentic sample showed no depression.
Evaporation of the filtrate to dryness under reduced pressure
vielded 5.9 g. (929%) of 2-phenylpyrrolo[l,2-c]hydantoin (6).
Crystallization from ethyl alcohol gave colorless crystals, m.p.
226-227°.

Anal. Caled. for C..HN,0,: C, 67.92; H, 3.80; N, 13.20;
mol. wt., 212. Found: C, 68.09; H, 3.89; N, 13.38; mol.
wt., 208.

2-Phenylpyrrolo[1,2-c]hydantoin (6) from the Potassium Salt
of 2-Pyrrolecarboxanilide (2) and Phosgene.—A solution of 9.30
g. {0.05 mole) of 2¢in 70 ml. of tetrahydrofuran was stirred at
reflux with 1.95 g. (0.05 g.-atom) of potassium until all of the
metal had reacted. After dilution with 100 ml. of tetrahydro-
furan, the temperature was brought down to 0° and 7 g. of phos-
gene dissolved in 100 ml. of tetrahydrofuran at 0° was added
in the course of 15 min. The cooling bath was then removed,
and the mixture was stirred overnight. After removal of the
solvent under reduced pressure, the residue was treated with 250
ml. of ethyl alcohol, and the mixture was filtered. Crystalli-
zation of the precipitate from ethyl alcohol yielded 2.7 g. of 6,
melting at 225-226°,

Similar treatment of the dipotassium salt of 2 (from 9.30 g.
of 2 and 3.90 g. of potassium) afforded 3.75 g. of 6, m.p. 225-
226°.

2-Phenylpyrrolo[1,2-c]hydantoin (6) from the Potassium Salt
of 2-Pyrrolecarboxanilide (2) and Phenyl Isocyanate.—To a
solution of the potassium salt of 2, made from 4.65 g. (0.025
mole) of 2, 0.97 g. (0.025 g.-atom) of potassium, and 20 ml. of
tetrahydrofuran, was added 5.95 g. (0.050 mole) of phenyl iso-
cyanate in one portion. The mixture was stirred for a few
minutes, mixed with petroleum ether, and filtered. The pre-
cipitate was treated with water and the resulting solid was
dried and stirred with an excess of chloroform. Filtration and
evaporation of the filtrate to dryness yielded a solid which, on
recrystallization from ethyl alcohol, gave 1.6 g. of 6, m.p. 225~
227°.

Hydrolysis of 2-Phenylpyrrolo[1,2-clhydantoin (6).—A mix-
ture of 1 g. of 6, 2 g. of potassium hydroxide, and 20 ml. of ethyl
alcohol was heated until a clear solution had been obtained.
Cooling, dilution with cold water, and filtration gave 0.75 g.
of a solid, m.p. 153-154°. This product was identified as 2-
pyrrolecarboxanilide (2) by mixture melting point and com-
parison of the infrared spectra.

Reaction of 2-Phenylpyrrolo[1,2-clhydantoin (6) with Aniline.
—A mixture of 2 g. of 6 with 20 ml. of aniline was refluxed for
14 hr., cooled, and diluted with an excess of chloroform. TFiltra-
tion afforded 1.85 g. of a solid, the infrared spectrum of which
was identical with that of an authentic sample of N,N’-diphenyl-
urea (3). Crystallization from ethyl aleohol gave colorless
crystals, m.p. 238-239°, not depressed by an authentic sample of
3. The chloroform filtrate was washed with cold, dilute hydro-
chloric acid, then with water, and was evaporated to dryness
under reduced pressure. Washing of the residue with petroleum
ether yielded 1.30 g. of a solid, the infrared spectrum of which
was identical with that of an authentic sample of 2. Crystalli-
zation from benzene-methanol (85:15) gave pure 2-pyrrolecarbox-
anilide, m.p. 153-154°.
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Only a few reports have appeared in the literature on
the reaction of a,B-unsaturated ethers with organo-
metallic compounds.

The alkyl vinyl ethers are cleaved! by lithium alkyls,
vielding acetylene and aliphatic alcohols; a-ethoxy~-
styrene and some related compounds are cleaved? by
Grignard reagents, yielding olefins. Diisobutylalumi-
num hydride, at 30-35°, cleaves® vinyl n-butyl ether,
forming ethylene.

In connection with some investigations on the stereo-
specific polymerization of vinyl ethers,* we have ex-
amined the reaction between diisobutylaluminum hy-
dride and «,B8-unsaturated ethers of the types I, II, and
I11.

RO R RO R/
N / N /
c—=—=C C=—C
/ N\ b N
R/ R’ CH, CH,
N o
CH,—CH,

Ia, R = alkyl; R, R"”,R"""=H
b, R, R (or R""") = alkyl;

R, R (orR") = H
¢, R,R",R" = alkyl; R" = H

RO—C=C—R/
111, R, R’ = alkyl

IL R =alkyl; R = H

In agreement with the results obtained by Zakharkin
and Savina in the case of n-butyl vinyl ether,® by mixing
at 25° isobutyl vinyl ether or 2-ethylhexyl vinyl ether
with diisobutylaluminum hydride, a remarkable tem-
perature increase and a rapid gas evolution took place,
the gas evolved being practically pure ethylene. At the
same time, diisobutylaluminum isobutoxide, or diiso-
butylaluminum 2-ethylhexyloxide, was formed. How-
ever, the reaction did not occur when the temperature
of the reagents was kept below 20°.

A smooth cleavage of isobutyl vinyl ether by diiso-
butylaluminum hydride occurred also in the presence
of an excess of triisobutylaluminum, but temperatures
higher than 50° were required.

1-Methyl-2-ethoxyethylene and 1-propyl-2-ethoxy-
ethylene (Ib) (both mixtures of cis and frans isomers),
when treated in isooctane solution at 50-100° with di-
isobutylaluminum hydride, yielded propylene or 1-
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present findings, the above result can be accounted for admitting that,
because of the presence of Al(4-CsHs)oH deriving from Al(:-CsHg)s by thermal
decomposition, the monomer decomposed giving rise to ethylene which
then polymerized.



