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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 10™4 M in absolute alcohol. Amax. 225, 287, 325 mu;
loge4.11, 4.27, 4.30; Amin. 250, 303 mu; log € 3.59, 4.26.

Anal. Caled. for CyH;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; Apia, 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 muy;
log € 4.22, 3.92, 3.51, 3.45.

Anal. Caled. for Cey;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 CiyH;gN2CIOBr-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. (709%,)
of purple crystals, m.p. 163-166° dec. For 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 € 3.93, 3.83, 4.18;
Amin, 230, 272, 400 mu; loge 3.87,3.78, 3.61.

Amnal. Caled. for Ci7Hp;N:20: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° aud
then allowed to cool to room temperature. A solution of

H, 5.41;

{11) For simplicity of nomenclature it is assimed throughout this
paper tliat no interchange has cansed inversion of substitueuts be-
tween the 1- and 3-positions.

(12) M. Betti, Gazs. chim. iial., 281, 243 (1808).

(13) M. Schiff, Ann., 201, 355 (1880), prepared this compound,
m.p. 180--182°.  OQur imine obtained by recrystallization fr»m warm
ethanol melted at 185-186°, Anal. Caled. for CaHeNO2: C, 70.6;
11, 4.85; N, 748 lound: C, 70.8; H, 4.87; N, 7.96; Anax. 223,
286, 342 mu; log € 4.02,4.10, .30, Apa, 226, 253, 306 niu; log € 3.87,
R.77, 4.03. Rombant and Suiets reporred mp. 187 1882, urd Ay«
PR534 g log €421, 433
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2.09 g. of p-bromoaniline hydrochloride in 25 ml. of absolitte
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 witl:
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;sN:OCIBrs: 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

By WriILLIAM G. DAUBEN AND GERHARD J. FONKEN
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 i1
the presence of a Lewis acid such as aluminum
chloride or acetyl chloride. Similar conditions,
using acetyl chloride, also have been employed to
convert A*6-22-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 3,26-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 409,. 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 heen evaluated.
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It was found that when 22-is0-3-spirosten-2:3-)l
acetate (diosgenin acetate, Ia) was allowed 1
(1) D. M. Gould, I, Stacadle aud I3, B, Hersliberg, Turs Jotesa:

T4, 36835 (1052,
(2) W. G Duauben, J. F. Eastham, R. A, Miclieli, K. I{. Taoaiprn,
L. Muurdell ard J. N Cliewerda, 1hid., T8, 3255 (1053).
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react with acetyl chloride and acetic anhydride in
the presence of one mole equivalent of pyridine (per
mole of steroid) for three hours at reflux tempera-
ture, the majority of the starting material was
recovered. When the reaction time was increased
to 15 hours, the furostadiene diacetate II was ob-
tained in 55% yield and if the heating period was
further extended to 24 hours, II was isolated in a
yield of 859,. The Schering workers' have re-
ported that in the absence of pyridine the reaction
proceeds in a period of 4 hours, but no yield of the
reaction product is given. Nevertheless, the pres-
ent results are in marked contrast to the ease of
ring opening in the enol acetylation studies and
suggest that the base itself is not the effective
catalyst. Since in the latter reaction pyridine
hydrochloride would be present in the mixture, the
isomerization was attempted on 22-iso-5-spirosten-
38-01 (Ib) itself, and it was found that after 5
hours the furostadiene diacetate II could be ob-
tained in 809, yield. That such an increased
reactivity was due to the pyridine hydrochloride
was demonstrated by allowing the acetate Ia to
react with acetic anhydride and the salt for 5 hours,
whereupon the diacetate IT was isolated in a yield of
849,. Furthermore, the salt must be of a strong
acid since the monoacetate Ia was obtained from
the free alcohol Ib when only acetic anhydride and
pyridine were employed.

It was found, however, that when the isospiro-
stan was allowed to react with pyridine hydro-
chloride in a non-acetylating solvent such as
methanol, only the starting material was recovered.
Such aresult emphasizes the fact that the formation
of the 26-acetate is a necessary step in the isomeriza-
tion reaction. This latter might be expected in
view of the reported! reconversion of II to I under
acidic hydrolysis conditions.

Experimental

Reaction of 22-Iso-53-spirosten-38-ol Acetate (Ia) in Pres-
ence of Pyridine.—A mixture of 1.00 g. (2.1 mmoles) of
the acetate (m.p. 188-190°), 5 ml. of acetic anhydride, 1
ml. of acetyl chloride (purified) and 0.168 g. (2.1 mmoles)
of pyridine was heated under reflux for 3 hours, cooled to
50° and the solvents removed under reduced pressure. The
dark red solid residiie was dissolved in hot methanol,
treated with Norit and the solution deposited 0.87 g. of
white crystals, m.p. 170-177°. Recrystallization yielded
0.68 g., m.p. 187-189°. Concentration of the mother
liquors yielded only a small ainount of erystalline material
which upon further recrystallization melts from 140-145°.

When the reaction was allowed to reflux for 15 hours and
processed as above, the solid from the first methanol recrys-
tallization amounted to 0.56 g., m.p. 87-91°, and the mother
liquor upon standing deposited a further quantity of similar
material. The total solid was recrystallized from ethanol
(Norit); yield 0.59 g. (659%), m.p. 95-98°, [«]®%Dp —48.8°
(CHCly). Gould, Staeudle and Hershberg! report m.p. 93—
98° for their crude material from the aluminum chloride
catalyzed isomerization and m.p. 98.5-100.5° [a]%D
—47.0° (CHCly), after chromatography.

When 2.0 g. of the acetate [a was allowed to react with
10 ml. of acetic anhydride, 2 ml. of acetyl chloride and 0.336
g. of pyridine for 24 hours and processed as above, 1.83 g.
(85%,) of the diacetate was obtained, m.p. 94-97°, [«]%D
—47.2° (CHCly). The infrared spectrum was identical
with that prepared by the alumiunm chloride method.

Reaction of 22-Iso-5-spirosten-33-ol (Ib) in Presence of
Pyridine.—A mixture of 2.0 g. (4.7 mmoles) of the alcohol
Ib, m.p. 204-206°, 10 ml. of acetic anhydride, 2 ml. of
acetyl chloride and 0.37 g. (4.7 mmoles) of pyridine was
heated under reflux for 5 hours, the reaction mixture con-
centrated under reduced pressure aud the residue dissolved
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in 50 ml. of methanol. After concentration to 25 ml. and
cooling, 1.2 g., m.p. 92-95°, of solid was obtained and fur-
ther concentration of the mother liquor yielded an addi-
tional 0.9 g. The combined materials were recrystallized
from 20 ml. of methanol; yield 1.86 g. (80%,), m.p. 95-98°,
[e]®lp —47.8° (CHCL,).

Reaction of 22-Iso-5-spirosten-33-ol Acetate in Presence
of Pyridine Hydrochloride.—A mixture of 2.0 g. of the ace-
tate, 10 ml. of acetic anhydride and 0.65 g. of dry pyridine
hvdrochloride was heated for 5 hours and processed by
pouring into ice-water. After filtration and recrystalliza-
tion, the diacetate II was identical with the above; yield
1.8g.(849%,).

Acknowledgment.—The authors are indebted to
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diosgenin acetate.
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The Reaction of Diphenyliodonium Ion with
Hydroxide Ion'

By EpwARrD S. LEwrs Axp CHARLES A, StouT
RECEIVED MARCH 27, 1954

The decomposition of diaryliodonium salts has
been represented both as an ordinary nucleophilic
displacement on the aromatic system by the anion,?
and as a unimolecular decomposition to give an
aryl cation and the aryl iodide.? Qualitative evi-
dence on the direction of fission of unsyimnetrical
iodonium salts®?* and on the stabilities of salts
with anions -of different nucleophilic power® both
suggested that the unimolecular mechanism was
unlikely in that the results of both are predictable
on the basis of an analogy to the bimolecular dis-
placement of chlorine from substituted chloroben-
zenes.??  This evidence does not rigorously exclude
the unimolecular mechanism, however, since the
systems were in most cases heterogeneous. Be-
cause of our interest in aryl cations derived from
diazonium salts, we have searched for other sources
of these ions, and had investigated the hydrolysis
of iodonium salts from this viewpoint, before the
appearance of the further evidence of Beringer and
co-workers® which made the unimolecular mecha-
nism very improbable.

Not only is the order not definitely established
but the products are complicated by the possibility
of consecutive reactions. By the bimolecular
path the reactions would be 1 and 2

(C6H5)21+ 4+ OH" ——> CeHsI 4 CeH‘,OH (1)
(CeHs)el * 4 OCeH; ~ —> CeHI + (CeH; )0 (2)

Diphenyl ether has indeed been detected by
Beringer,?® but since it might also arise from the
phenyl cation, the unimolecular reaction cannot be
eliminated on this basis.

Kinetic measurements of even a crude sort will
tell whether or not the rate of decomposition of
diphenyliodonium ion is dependent on the hydrox-

(1) From the M.A. Thesis of C. A. Stout, 1953.

(2) (a) F. M. Beringer, A. Brierly, M. Drexler, E. M. Gindler and
C. C. Lumpkin, TH1s JoOURNAL, 75, 2708 (1953); (b) J. F. Bunnett and
R. E. Zahler, Chem. Revs., 49, 273 (1951).

(3) H. J. Lucas, E. R. Kennedy and C. A, Wilmot, THIS JOURNAL,
58, 157 (1936).

(4) R. B, Sandin, M. Kulka and R. McCready, ¢bid., §9, 2014
(1937).

(5) R. B. Sandin, P. T. McClure and F. Irwin, ¢béd., 61, 2044 (1030).



