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Previous studies have shown that the Stenhouse
reaction? may be employed to form a wide variety?®
of symmetrical dianils of 2-hydroxyglutaconalde-
hyde. A recent report from this Laboratory?® dis-
cusses various proposals which have sought to
explain the mechanism of the reaction and reviews
much of the earlier literature.

One characteristic of many dianils of 2-hydroxy-
glutaconaldehyde is their instability.? In acidic
solution 1-phenylimino-5-phenylamino-2-hydroxy-
penta-2,4-diene, a symmetrical dianil of 2-hydroxy-
glutaconaldehyde, undergoes ring closure with the
formation of  N-phenyl-3-hydroxypyridinium
salts®*5 and the elimination of aniline. The mech-
anism of this reaction is not entirely clear. The aryl-
amine in either the 1- or 5-position of the dialdehyde
could be cleaved during the formation of the pyri-
dol. It occurred to us, therefore, that the reaction
of various anils of furfural with aromatic amines
other than those parent to the original anil might
provide a source of useful unsymmetrical dianils.
Ring closure of the latter should yield various N-
aryl-3-pyridols and provide an insight into the
mechanism of ring closure. The unsymmetrical di-
anils previously have not received systematic study
although aniline and various other aromatic amines
together with furfural and acid have been used to
form resinous materials.%” Schiff® studied reac-
tions of furfural and mixtures of aromatic amines
in the presence of acid but did not report details.

The preparation of l-arylimino-5-arylamino-2-
hydroxy-penta-2,4-diene salts where both aryl
groups are the same in general offers no great dif-
ficulties other than those associated with the pre-
viously noted hygroscopic nature and instability
of the products.? Boehm® has reported the affin-
ity of these substances for many solvents of crys-
tallization. In attempting to prepare 1-N-p-
phenylazophenylimino-5- phenylamino-2-hydroxy-
penta-2,4-diene hydrochloride from N-p-phenylazo-
phenylfurfurylideneimine and aniline hydrochloride
some difficulties were encountered. After investi-
gating various means, it was found that the product
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obtained directly from concentrated solution in
methanol or ethanol melted at 157°, while that ob-
tained by recrystallization from methanol melted
at 174°. Both compounds gave the correct ele-
mentary analysis for the expected unsymmetrical
dianil. Moreover, their absorption spectra were
quite similar. The explanation may lie in simple
polymorphism. An examination of structure I,
however, reveals many opportunities for geometri-
cal isomerization (syn—ants, cis—trans) as well as the
possible existence of tautomeric forms. Tentatively,
therefore, the higher melting product is called form
A and the lower melting form B.
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For the preparation of 1-phenylimino-5-p-bromo-
phenylamino-2-hydroxypenta-2,4-diene hydrochlo-
ride, stoichiometric amounts of N-p-bromophen-
ylfurfurylideneimine and aniline hydrochloride
were allowed to reactin ethanol. Theexpected dianil
could not be isolated readily from the reaction mix-
ture, The product invariably gave carbon, hydro-
gen and bromine analyses, despite repeated recrys-
tallization, which suggested contamination by the
1-p - bromophenylimino - 5 - p - bromophenylamino
compound. When the reaction was carried out in
the presence of three equivalents of the bromoanil
and one mole of aniline hydrochloride, the isolated
product was indeed 1-N-p-bromophenylimino-5-N-
p-bromophenylamino - 2 - hydroxypenta - 2,4 - diene
hydrochloride. Conversely, when three equiva-
lents of aniline hydrochloride were employed with
one mole of the bromoanil, the product obtained
was, by analyses, virtually free of the bis-bromo de-
rivative. These experiments serve to suggest the
possibility of a redistribution reaction.

In the analogous preparation of 1-p-hydroxy-
phenylimino-5-phenylamino-2-hydroxypenta-2,4-
diene hydrochloride from N-p-hydroxyphenylfur-
furylideneimine and aniline hydrochloride no such
difficulties were encountered, and the expected
product was obtained readily. Rombaut and
Smets’ reported that p-aminophenol and p-anisi-
dine are displaced from furfural by p-aminodiethyl-
aniline and that p-nitroaniline is displaced by p-
anisidine.

Furfurylideneimines, employed by us, were de-
rived from p-aminoazobenzene, p-hydroxyaniline
and p-bromobenzene. All these imines show absorp-
tion maxima in the range 325-370 mu. The maxi-
mum for the unsubstituted phenyl compound, N-
phenylfurfurylideneimine, lies at 320 mu. The ob-
served shifts of the maxima to longer wave lengths
are in agreement with the generally observed shifts
attributable to increased conjugation and intro-
duction of nuclear substituents on the benzene
ring which enhance the resonance possibilities.!

Experimental

N-p-Bromophenylfurfurylideneimine.—p-Bromoaniline
(17.0 g.) and 9.59 g. of furfural were placed in a small
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Claisen flask in a bath at 130°. The fraction, b.p. 89° (3.5
mm.), was collected (23.1 g., 929%,). For analysis the prod-
uct was recrystallized from n-hexane to yield pale yellow
crystals, m.p. 62.5~63°. Absorption spectra were obtained
on this and related azomethines at concentrations of approxi-
mately 1074 M in absolute alcohol. Amax. 225, 287, 325 my;
loge4.11,4.27,4.30; Amin. 250, 303 mu; log € 3.59, 4.26.

Anal. Caled. for C\,H;NOBr: C, 52.82; H, 3.22; N,
5.60. Found: C, 52.97; H, 3.22; N, 5.68.

1-N-p-phenylazophenylimino-5-phenylamino-2-hydroxy-
penta-2.4-diene Hydrochloride.!'—N-p-Phenylazophenyl-
furfurylideneimine (2.75 g.1%; Amax, 225, 240, 367 my; log e
4,16, 4.15, 4.24; Apin, 233, 267 mu; log € 4.15, 3.85) was
dissolved in a minimum amount of anhydrous ethanol, and
1.29 g. of aniline hydrochloride was added. The solution
turned purple and deposited 3.29 g. (819%) of purple crys-
tals, m.p. 157° dec. The product was washed with an ex-
cess of ether—alcohol (2-1) and then dried under diminished
pressure. The melting point and color were unaltered.
Fresh solutions? of the dianils were examined in absolute
alcohol: form A, Amax, 245, 310, 395, 555, 590 mu; log e
4.24, 3.96, 4.65, 3.60, 3.58; Amia. 230, 290, 515, 580 my;
log € 4.22, 3.92, 3.51, 3.45.

Anal. Caled. for Cs;HyNOCI: C, 68.2; H, 52; N,
13.84; Cl, 8.75. Found (cor. for ash): C, 67.6; H, 5.1;
N, 13.85; Cl, 8.6.

Conversion of Form A to Form B.—The lower-melting
form was dissolved in methanol at room temperature. The
solution was chilled, and the purple crystals were washed
with methanol-ether; m.p. 174° dec. Further recrystalli-
zation and drying under diminished pressure did not alter
the melting point; Amax, 245, 295, 392, 540 mu; log ¢ 4.24,
3.93, 4.54, 3.73; Amia. 230, 290, 320, 500, 610 mu; log e
4.19, 3.92, 3.91, 3.63, 3.61.

Anal. Found (cor. for ash): C, 67.8; H, 4.9; N, 13.8;
Cl, 8.7.

1-N-p-Bromophenylimino-5-phenylamino-2-hydroxypen-
ta-2,4-diene  Hydrochloride.—N-p-Bromophenylfurfuryli-
deneimine (0.83 g.) was dissolved in a minimum amount of
anhydrous ethanol. A solution of aniline hydrochloride
(1.3 g.) in anhydrous ethanol was added, and the mixture
was allowed to stand. The purple crystals (0.5 g., 40%),
m.p. 151° dec., were collected and washed with anhydrous
ethanol. The melting point and color were unchanged
upon repeated recrystallization and drying under diminished
pressure at 76°, The compound was extremely hygroscopic
and retains one molecule of water of crystallization upon
exposure to moist air.

Anal. Caled. for CyyH;sN.CIOBr-H:0: C, 51.3; H,
4.,56; N, 7.05; Br, 20.10; Cl, 8.92; H.0, 4.53. Found:
C, 51.6; H, 44; N, 6.99; Br, 20.01; Cl, 888; H:0 (by
loss of weight at 100° under diminished pressure), 4.51.

1-N-p-Hydroxyphenylimino-5-phenylamino-2-hydroxy-
penta-2,4-diene Hydrochloride.—To 7.0 g. of N-p-hydroxy-
phenylfurfurylideneimine!® in 50 ml. of ethanol, a solution
of 4.9 g. of aniline hydrochloride in 20 ml. of ethanol was
added. On standing, the solution deposited 8.3 g. (70%)
of purple crystals, m.p. 163-166° dec. TFor analysis the
compound was recrystallized from ethanol and dried under
diminished pressure. The purple product melted at 171-
172° dec.; Amax. 250, 292, 520 mu; log e 3.93, 3.83, 4.18;
Amin, 230, 272, 400 mu; loge 3.87,3.78, 3.61.

Anal. Caled. for CyH;pN20:Cl: C, 64.46;

N, 8.85. Found: C,64.76; H, 5.71; N, 8.81.
1-p-Bromophenylimino-5-p-bromophenylamino-2-hy-
droxypenta-2,4-diene Hydrochloride.—To a solution of 1.72
g. of p-bromoaniline in 20 ml. of absolute alcohol was added
0.96 g. of furfural. The mixture was heated to 60° and
then allowed to cool to room temperature. A solution of

H, 5.41;
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2,09 g. of p-bromoaniline hydrochloride in 25 ml. of absolute
alcohol was added with stirring. On standing, the solu-
tion deposited 1.4 g. of purple dianil hydrochloride, m.p.
159-160° dec. The crystals were collected and washed with
alcohol—ether (1-1). For analysis the compound was dried
under diminished pressure. Recrystallization from ab-
solute alcohol did not affect the melting point of the crystals.
An additional amount of product was obtained from the
mother liquors to give a total yield of 3.92 g. (86%).

Anal. Caled. for CpyH;sN2:0Cl1Bra: C, 44.5; H, 3.3.
Found: C, 44.6; H, 3.3.
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Isomerization of Isospirostans to Furostenols with
Pyridine Hydrochloride as the Catalyst
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RECEIVED MARCH 25, 1954

The isomerization of an isospirostan to a furo-
stenol was studied by Gould, Staeudle and Hersh-
berg! and they found that the conversion could be
achieved at the boiling point of acetic anhydride in
the presence of a Lewis acid such as aluminum
chloride or acetyl chloride. Similar couditions,
using acetyl chloride, also have been employed to
convert A*5-22-isospirostadiene-3-one to the corre-
sponding 3-acetoxy-3,5,7-triene.> Although this
latter reaction was complicated by the tendency of
the starting ketone to form 3,206-diacetoxy-3,3,7,-
20(22)-furostatetraene, the maior product always
contained the side-chain intact. In contrast,
however, when the enol acetylation was conducted
in the presence of one equivalent of pyridine (per
mole of steroid), the enol acetate of furostatetraenc
was obtained in a yield of 40%. In view of the
increased reactivity of the reaction system toward
isospirostan ring isomerization when the pyridine
was present, the role of this base in such a conver-
sion has been evaluated,
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It was found that when 22-iso-3-spirosten-3:3- i
acetate (diosgenin acetate, Ia) was allowed
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