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stand overnight at room temperature, and acidified with 
hydrochloric acid in the manner previously described. The 
crude, gummy product was washed by decantation with 
water, suspended in about 30 ml. of 95% ethanol, and 
chilled at about —20° for one hour. The resulting 10 g. of 
solid product (24%, m.p. about 140°) was recrystallized 
from ethanol. The pure compound formed dense, virtually 
white crystals, m.p. 151-152°. 

Anal. Calcd. for Ci4H16O4: C, 67.73; H, 6.50. Found: 
C, 67.80, 67.68; H, 6.37, 6.38. 

The diethylaminoethyl ester hydrochloride (XVIII) (pro­
cedure A) melted at 137-139°. 

Anal. Calcd. for C20H30O4NCl: C, 62.57; H, 7.88; N, 
3.65. Found: C, 62.51, 62.49; H, 7.75, 7.74; N, 3.91, 3.92. 

The piperidinoethyl ester hydrochloride (XIX) (procedure 
B) melted at 187-188°. 

Anal. Calcd. for C21H30O4NCl: C, 63.70; H, 7.64; N, 
3.54. Found: C, 63.46; H, 7.49; N, 3.51,3.47. 

9-(£-Hydroxyphenyl)-7-keto-8-nonenoic Acid (X).—A 
solution of 51 g. of 7-ketocaprylic acid (VI), 35 g. of p-hy-
droxybenzaldehyde, 40 g. of sodium hydroxide and 650 ml. 
of water was heated on a steam-bath for four hours, allowed 
to stand overnight at room temperature, and acidified with 
hydrochloric acid in the manner previously described. The 
crude product consisted of 32 g. (42%) of a gummy solid, 
principal melting range 110-130°, plus a few grams of oil 
which was discarded. Successive crystallizations from di­
lute ethanol gave a good recovery of dense, white crystals 
of the pure compound, m.p. 133-135°. 

Anal. Calcd. for Ci5Hi8O4: C, 68.68; H, 6.92. Found: 
C, 68.76, 68.26, 68.50; H, 6.95, 6.67, 6.73. 

The diethylaminoethyl ester hydrochloride (XX) (proce-

The media which have been used for the acid-
catalyzed aromatization of cyclohexadienones can 
be divided into two types: (a) aqueous mineral 
acids, and (b) anhydrous media such as acetic an­
hydride with an acid catalyst. In the one case 
where both media were applied to the same com­
pound, santonin,3'4 the result was the same and 
the dienone-phenol rearrangement was formulated 
as a general acid-catalyzed reaction.6'6 The present 
experiments show that the course of this reaction 
may depend on the nature of the medium. 
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dure B) melted at 124-125° and showed somewhat reduced 
solubility in water at room temperature. 

Anal. Calcd. for C2iH3204NCl: C, 63.38; H, 8.11. 
Found: C, 63.81, 63.56; H, 8.20, 8.20. 

The piperidinoethyl ester hydrochloride (XXI) (procedure 
B) melted at 142-144° and showed somewhat reduced solu­
bility in water at room temperature. 

Anal. Calcd. for C22H32O4NCl: C, 64.45; H, 7.87; N, 
3.42. Found: C, 64.25, 64.06; H, 7.79, 7.71; N, 3.30, 
3.30. 

Ozonolysis of 6-(£-Hydroxyphenyl)-4-keto-5-hexenoic 
Acid (VII).—A solution of 110 mg. of VII in 30 ml. of ethyl 
acetate, maintained at —10 to —15°, was treated with 98% 
of the calculated amount of ozone. After removal of the 
solvent, the waxy ozonide was decomposed by heating it 
with water on the steam-bath for 30 minutes. The result­
ing solution was cooled, treated with potassium carbonate 
solution and hydrogen peroxide, allowed to stand at room 
temperature for 30 minutes, acidified with hydrochloric acid, 
and evaporated to dryness. The organic portion of the 
residue was removed by digestion with acetone, and the 
material thus obtained was subjected to chromatography on 
a column prepared with five grams of silica. Elution with 
10:1 benzene-acetone resulted in the isolation of 21 mg. 
(38%) of slightly impure hydroquinone, identified by its 
characteristic conversion to quinhydrone. 

Elution with 6:1 benjene-acetone resulted in the isolation 
of 28 mg. (47%) of almost pure succinic acid. After one 
recrystallization it melted at 187-188° and did not depress 
the melting point of an authentic sample. For further con­
firmation of its identity it was converted to the diphenacyl 
ester, m.p. 147-149°. 

CHICAGO, ILLINOIS 

Only anhydrous acid conditions have been ex­
tensively applied to steroids. While it was origin­
ally thought that this method transformed steroidal 
l,4-diene-3-ones (such as I) into l-methyl-3-hy-
droxysteroids (such as III),7'8 it is now known that 
the products actually are l-hydroxy-4-methyl-
steroids (such as II).6'9 The l-methyl-3-hydroxy-
steroids could be prepared by this method only 
when an additional double bond was present at 
the 6,7-position.10 

The direct conversion of I into III can be accom­
plished in 55% yield by the use of concentrated 
aqueous hydrochloric or hydrobromic acid, in 
which I is readily soluble. A small amount (10%) 
of II is also formed. The two phenolic steroids 
were separated by taking advantage of the greater 
alkali solubility of III or by chromatographic ad-
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The Dienone-Phenol Rearrangement with Mineral Acids12 
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The aromatization of l,4-androstadiene-3,17-dione with aqueous mineral acids yielded mostly 1-methylestrone and also 
some l-hydroxy-4-methyl-3-desoxyestrone. Under the same conditions, 10-methyl-2-keto-A1:0'3:*-hexahydronaphthalene 
rearranged to 4-methyl-ar-2-tetralol and a small amount of 4-methyl-ar-l-tetralol. The differences between aqueous acid 
and anhydrous media for the dienone-phenol rearrangement are discussed. 
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sorption of their methyl ethers. They can be dis­
tinguished by their infrared absorption spectra. 
A fairly strong band in the 11.67-11.76 n region, 
which may be due to isolated hydrogens on a ben­
zene ring,11 is present in III but not in II, while 
a strong peak near 12.28-12.45 y, due to two adja­
cent hydrogens on a benzene ring,11 shows in II but 
not in III. The methyl ethers of II and III and 
the two tetralols V and VI exhibit the same differ­
ences in light abso'rption. 

In order to test the generality of the effect of the 
reaction medium on the course of the dienone-
phenol rearrangement the aqueous mineral acid 
procedure was applied to 10-methyl-2-keto-
A1:9'3:4-hexahydronaphthalene (IV). Woodward 
and Singh have shown that the acetic anhydride-
sulfuric acid method rearranged this ketone to 
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4-methyl-ar-l-tetralol (V) as the acetate.6 In con­
trast, 4-methyl-ar-2-tetralol (VI) was the major 
product (62%) when the aromatization was con­
ducted in concentrated hydrochloric acid or 50% 
sulfuric acid. In both reactions a small amount 
of V could be shown to be present.12 

The manner in which the reaction medium in­
fluences the course of the dienone-phenol rear­
rangement is not yet clear. In an aqueous acid 
solution the dienones are probably attacked by a 
hydronium ion to give an intermediate formulated 
as VII, while in acetic anhydride the intermediate 
is more likely VIII. From this point on, the two 
aromatizations differ in three respects: (1) The 
number of hydrogens on the migrating carbon 
atom, (2) the location of the migrating group with 
respect to the plane of the dienone ring, and (3) the 
nature of the shift itself. Thus the intermediate 
VII suffers a preferential migration of a methyl 
group on one side of the dienone ring by a 1,2-shift 
to give III or VI, while VIII is converted exclusively 
into II or V by a 1,3-shift of a secondary (or pri­
mary) carbon atom on the other face of the un­
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saturated ring. More evidence is needed to es­
tablish whether electrical or steric differences in­
herent in the two situations (expressed tentatively 
as VII and VIII) are responsible for the separate 
reaction paths.16 
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Rearrangement of l,4-Androstadiene-3,17-dione (I). 
(a). With Hydrobromic Acid.—A clear red solution of 421 
mg. of I (m.p. 134-1390)18 in 6 cc. of 48% hydrobromic acid 
was allowed to stand at room temperature in a stoppered 
flask for five days. A first crop of 143 mg. of almost black 
solid was collected. It turned to a tan gray on washing 
with water. The mother liquor was heated at 55° for 24 
hours when a second crop of 246 mg. was collected. Further 
heating for two days at 55° yielded 12 mg. which brought 
the total yield to 95%. This solid material, m.p. 180-220? 
(shrinking at 140°), apparently consisted mostly of phenols; 
V^ 285 mix, e 2000; X ?̂n 252 mn, «= 500. 

A portion of this crude product (385 mg.) was heated with 
75 cc. of 5% sodium hydroxide at 100° for two hours and 
cooled. The dark insoluble material was filtered off and 
the clear amber filtrate was acidified yielding 250 mg. of a 
cream colored powder, m.p. 210-232°, which consisted 
mostly of 1-methylestrone (III). Recrystallization from 
methanol afforded 223 mg. (55%) of 1-methylestrone as 
pale yellow prisms, m.p. 246-249°, alone and when mixed 
with an authentic sample of III, m.p. 248-250°.19 When 
the product was mixed with a sample of II (prepared from 
I by the acetic anhydride-zinc chloride rearrangement, m.p. 
247-249°) it melted at 205-220°. The material in the 
methanolic mother liquors melted lower and probably was 
a mixture of III and II. 

The alkali insoluble substance was washed through the 
filter with chloroform and the solvent was evaporated. 
When the residue was covered with a little methanol it 
yielded elongated tan prisms, m.p. 237-243°; yield 46 mg. 
f l l%). This consisted mostly of l-hydroxy-4-methyl-3-
desoxyestrone (II); after recrystallization from methanol, it 
melted at 245-249° alone and when mixed with an authen­
tic sample of II. The methanolic mother liquors yielded 
50 mg. of a yellow powder which was very soluble in meth­
anol and was not further investigated. 

In order to test the efficiency of separating II and III in 
the previous experiment 58 mg. of II was heated with 10 cc. 
of 5% sodium hydroxide for two hours at 100° and cooled. 
The insoluble material, after washing with 2 cc. of 5% so-
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VII favors a Wagner-Meerwein type 1,2-shift (simplest path) of the 
methyl group (most hydrogens). In acetic anhydride, however, the 
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postulated by Woodward8), which would probably favor the migra­
tion of the secondary (or primary) carbon atom by the only path avail­
able to it, a 1,3-shift. 
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July 5, 1953 DIENONE-PHENOL REARRANGEMENT WITH MINERAL ACIDS 3161 

dium hydroxide and 2 cc. of water and drying, weighed 53 
mg. (91%). Acidification of the clear mother liquor gave 
4 mg. (7%) of I I , which would not dissolve on heating with 
0.8 cc. of 5 % sodium hydroxide. 

Under the same conditions 62 mg. of I I I dissolved com­
pletely in 5 cc. of 5 % sodium hydroxide and was recovered 
quantitatively on acidification. 

(b) With Hydrochloric Acid.—When the rearrangement 
was conducted in concentrated hydrochloric acid (25 cc. for 
500 mg. of I) at room temperature for 25 days, the yield of 
precipitated phenolic material was 394 mg. (79%), m.p. 
125-215°, X^lx 285 mix, « 2000, x£?n 252 m/», « 500. The 
alkaline extraction procedure as described in the previous 
experiment afforded 241 (48%) of crude 1-methylestrone 
( I I I ) , m .p . 205-225°. I ts infrared absorption spectrum 
was identical with an authentic sample,10 and its acetate 
melted at 155-157° alone and when mixed with an authentic 
sample, m.p. 157.5-158.5°.10 The yield of alkali insoluble 
material was 128 mg., m.p. 185-201°. That this consisted 
largely of l-hydroxy-4-methyl-3-desoxyestrone (II) was 
shown by the similarity of its infrared absorption spectrum 
with that of a pure sample of II and by the fact that its ben-
zoate, m.p. 234.5-236°, did not depress the melting point 
of the benzoate of II, which crystallized from benzene-pe­
troleum ether as colorless needles, m.p. 234.5-236°. 

Anal. Calcd. for C26H28O3: C, 80.38; H, 7.27. Found: 
C, 80.36; H, 7.40. 

In another experiment a solution of 300 mg. of I was 
heated in 10 cc. of constant boiling hydrochloric acid under 
reflux for two hours. The precipitated product (233 mg.) 
was converted to the methyl ethers of I I and I I I , m.p. 
80-95°, yield 173 mg. (55%). Chromatographic separation 
on activated alumina with a 1:1 mixture of petroleum ether 
and benzene gave 40 mg. of the methyl ether of I I , which 
after recrystallization from petroleum ether melted at 115-
117° alone and when mixed with an authentic sample (re­
ported, 8 m.p. 117-118°). Further elution of the column with 
benzene yielded 90 mg. of the methyl ether of III, m.p. 126-
127°, which did not depress the melting point of the methyl 
ether prepared from an authentic sample of I I I with di­
methyl sulfate and sodium hydroxide, m.p. 126-127.5°. 

Anal. Calcd. for C20H26O2: C, 80.49; H, 8.78. Found: 
C, 80.77; H, 8.88. 

(c) With Hydrochloric and Acetic Acid.—When a solu­
tion of 100 mg. of I in 1.5 cc. of glacial acetic acid, 0.2 cc. of 
water and 0.5 cc. of concentrated hydrochloric acid was re-
fluxed for six hours it remained clear. Dilution with water 
precipitated 93 mg. of a tan solid, m.p. 194-200°. In this 
case, the two phenols were separated by fractional crystalli­
zation from aqueous alcohol, which eventually yielded 35 
mg. of I I I , m.p. 242.5-245°, and 10 mg. of I I , m.p. 240-
244°. These samples did not depress the melting points 
of the corresponding authentic steroids. 

Rearrangement of 10-Methyl-2-keto-A1;9'3;4-hexahydro-
naphthalene (IV). (a) With Hydrochloric Acid.—A clear 
yellow solution of 500 mg. of IV s (m.p. 14-15°) in 5 cc. of 

concentrated hydrochloric acid was heated at 100° for 30 
minutes, causing a dark oil to separate. After dilution with 
water, the product was isolated with ether and dissolved in 
30 cc. of 3 % aqueous sodium hydroxide. Acidification and 
ether extraction yielded an oil which solidified on triturating 
with petroleum ether to give 320 mg. (64%) of a colorless 
solid mixture of V and VI, m.p. 96-100°. Recrystalliza­
tion from the same solvent afforded 233 mg. (47%) of 4-
methyl-ar-2-tetralol (VI), m.p. 104-105° alone and when 
mixed with an authentic sample,8 m.p. 104-105°, X^°x 

281 rmi, s 2000, X8^n 251 mix, « 250. The £-nitrobenzoate 
melted at 114-116° alone and when mixed with an authentic 
sample,20 m.p. 116-118°. 

The material contained in the combined mother liquors 
was converted to the ^-nitrobenzoate, yield 250 mg. (26%) 
of solid, m.p. 96-99 . Several recrystallizations in high 
yields raised the melting point not further than 104-106°. 
This substance, which crystallizes from ethanol as yellow 
needles, analyzed correctly for a p-nitrobenzoate of a methyl-
tetralol, but depressed the melting point of this derivative 
of either V or VI. 

Anal. Calcd. for Ci8HnNO4 : C, 69.44; H, 5.50; N, 
4.50. Found: C, 69.60; H, 5.77; N, 4.72. 

That this substance contained approximately equal quan­
tities of the ^-nitrobenzoates of V and VI, which had crys­
tallized together, was shown as follows: (a) a 1:1 mixture 
of V and VI gave the same compound, m.p. and mixed 
m.p. 104-106°, when converted to the ^-nitrobenzoate. 
(b) In a series of mixed melting points of the pure deriva­
tives of V (m.p. 145-147°) and of VI (m.p. 115-117°) only 
the 1:1 mixture melted at 102-105°. 

These results indicated that the rearrangement resulted 
in a total yield of 62% of 4-methyl-ar-2-tetralol (VI) and 
approximately 10% of 4-methyl-ar-l-tetralol (V). 

(b) With 50% Sulfuric Acid.—When the rearrrangement 
was performed as described in the previous experiment, 
except that 50% sulfuric acid was used instead of the con­
centrated hydrochloric acid, there resulted 260 mg (52%) of 
4-methyl-ar-2-tetralol (VI), m.p. 105-106°, and 335 mg. 
of the mixed ^-nitrobenzoates of V and VI, described above, 
m.p. 104-106°. 

Infrared Absorption Spectra.—The spectra were measured 
in a Beckman LR. 2 instrument and interpreted by Mr. 
Bruce Scott of Parke, Davis and Co. The pure samples 
showed the following characteristic absorption bands: 
1-methylestrone ( I I I ) , X™°eraloil 11.67 ix; methyl ether of 
I I I , X™°eraIoil H - 7 4 M; 4-methyl-ar-2-tetralol, X££eral oil 

11.76 M; l-hydroxy-4-methyl-3-desoxyestrone(II), X££sral oiI 

12.28 M; methyl ether of I I , X™"ral oil 12.45 ix; 4-methyl-
ar-l-tetralol, X™""1 oil 12.40 /x. 
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