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[CONTRIBUTION FROM THE LABORATORY OF ORGANIC CHEMISTRY OF THE UNIVERSITY OF WISCONSIN] 

Some Stilbestrol-like Analogs of Desoxycorticosterone and Progesterone 
BY WARREN R. BIGGERSTAFF1'2 AND A. L. WILDS 

The discovery of the highly potent synthetic 
estrogen diethylstilbestrol3 stimulated interest 
in preparing structurally related analogs of the 
other steroidal hormones. In 1941 Linnell and 
Roushdi4 reported the preparation of the m-
hydroxyacetyl derivative I (as a glass) and 
claimed that it possessed activity in the life-
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maintenance test, although less than 0.005 that 
of desoxycorticosterone acetate.5 Jaeger and 
Robinson6 reported the synthesis of the ^-acetyl 
derivative II, also as a glass. While this material 
failed to show progestational activity in a 70-mg. 
dose, it was pointed out that its estrogenic ac
tivity could be inhibiting the progestational effect 
if any. The synthesis of a number of other simple 
analogs of progesterone and desoxycorticosterone 
has been reported, although physiologically active 
compounds apparently have not been obtained 
as yet.7-8 

In view of the uncertain nature of the glassy 
product of Jaeger and Robinson, we have been 
interested in synthesizing the p-acetyl derivative 
II in pure crystalline form for further tests and as 
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a preliminary to the preparation of closer analogs 
of progesterone, etc., with the aromatic rings 
hydrogenated. In addition the synthesis of the 
^-acetoxyacetyl analog of II seemed attractive 
for adrenal cortical tests, particularly since Linnell 
and Sharma9 had found that the m-hydroxy 
isomer of diethylstilbestrol was much less active 
as an estrogen than the ^-isomer. These com
pounds have now been synthesized in crystalline 
form, as have their reduced analogs related to 
hexestrol. 

The cyano ketone (V) employed by Jaeger and 
Robinson was also used in the present work. The 
procedures for its preparation were improved, 
starting with ethyl a-(£-aminophenyl)-butyrate 
(III)10 as shown in the Flow Sheet. Selective 
reaction of the keto group with ethylmagnesium 
bromide (1.25 equivalents) as described by Jaeger 
and Robinson followed by dehydration gave the 
oily stilbene derivative VI which was hydrolyzed 
and demethylated in one step to the stilbene 
acid VII using the attractive method of Neher 
and Miescher.11 The crystalline acid VII (m. p. 
143-146.5°) was obtained in 26-33% over-all 
yields from the cyano ketone V, or as high as 50% 
if the oily isomeric acids were isomerized by re
peated treatment with £-toluenesulfonic acid.10 

When only one equivalent of Grignard reagent 
was employed with the cyano ketone V and the 
product carried through the subsequent treatment 
with alkali at 220°, a different acid, m. p. 143°, 
was obtained. From the analytical values for 
carbon-hydrogen and neutralization equivalent, 
leading to the formula C10Hi2O2, it was apparent 
that this acid was the result of cleavage of the 
molecule; it was obtained in as high as 70% 
yield by similar alkaline cleavage of the cyano 
ketone V. The acid was identified as p-n-
propylbenzoic acid, identical with an authentic 
sample; the other cleavage product (presumably 
^-hydroxybenzoic acid or perhaps phenol) was 
not isolated.12 

For preparing the pure acetyl derivative II, 
the crystalline acid VII provided an intermediate 
superior to the oily cyano derivative VI (undoubt-
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(m. p. 142°) obtained by Jaeger and Robinson in low yield by alkaline 
hydrolysis of the oily cyano carbinol, and to which they assigned the 
structure of the corresponding a-hydroxy-£-methoxy acid (CaHjiOO. 
The acid (m. p. 144-146°) obtained by Neher and Miescher by the 
action of methanolic alkali at 200° on the same carbinol and con
sidered by them to be the a,£-dihydroxy acid (C19H32O4), may also 
be £-w-propylbenzoic acid, in view of its markedly greater volatility 
(in sublimation) than VII. The carbon-hydrogen values do not dis
tinguish decisively between these acids, and in neither case was the 
neutralization equivalent reported. 
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edly a mixture of isomers) employed by Jaeger and 
Robinson. The acid VII was converted via 
the acid chloride of the acetate to the methyl 
ketone II in two ways, using either dimethyl-
cadmium13 or sodiomalonic ester14 followed by 
hydrolysis. The first method was superior in this 
example. Reaction of the same acid chloride with 
diazomethane followed by decomposition of the 
diazoketone in acetic acid provided the acetoxy-
acetyl derivative IX. In each case the desired 
compound was obtained in a pure crystalline state. 
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In order to prepare similar analogs related to 
hexestrol, it was necessary to obtain the corre
sponding reduced acid VIII. Neher and Mie-
scher11 carried out hydrogenation experiments 
with the crystalline acid VII, but were unable to 
separate the mixture of stereoisomers which re
sulted. I t has been found that hydrogenation of 
/raws-diethylstilbestrol gives predominately the 
lower-melting DL-hexestrol while the cis-isomer 
(and double bond isomers) give mainly meso-
hexestrol.16 We therefore turned to hydro
genation of the oily mixture of acids left after 
removal of the crystalline isomer VII (which 
probably is the more stable trans-isom&r, if the 
analogy to diethylstilbestrol holds). After re
duction using a palladium catalyst one of the 
pure isomers of VIII (m. p. 171.5-172.5°) could 
be isolated by means of its insoluble sodium salt, 
and in approximately 17-20% over-all yield based 
upon the cyano ketone V. A similar reduction of 
the solid isomer of VII gave a mixture from which 
could be isolated some (21%) of the 172° acid and 
in addition, the other isomer, m. p. 126-128°. 

By analogy with the hexestrols, it would be 
concluded that the higher-melting acid VIII 

C2H5 

VIII (17-20% from V) 

possessed the same bridge configuration as meso-
hexestrol. In order to establish this point more 
rigorously, this isomer was subjected to a Curtius 
degradation through the acid azide of the methyl 
ether XII to the amine XIII in good yield. By 
diazotization and hydrolysis this provided the 
monomethyl ether (XIV) of meso-hexestrol, iden
tical with an authentic sample. 

The 172° isomer of VIII was converted to the 
acetyl derivative X and the acetoxyacetyl deriva
tive XI using the methods employed with the 

stilbene acid VII. In each 
case a pure crystalline com-

;>—R' pound could be obtained. 
Physiological tests have 

been carried out under the 
direction of Drs. R. K. Meyer 
and Elva G. Shipley of the 

Department of Zoology. Since it was desirable 
to have these tests on all of the possible iso
mers, the oily acidic mixture left after removal 
of the crystalline (and presumably trans) isomer 
of VII was converted to the acetyl and acetoxy
acetyl derivatives II and IX, as oils. Simi
larly the oil mixture of acids remaining after iso
lation of the 172° isomer of VIII was converted 
to the derivatives X and XI, also as oils. The 
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128° isomer of VIII has not yet been used in 
similar syntheses. In preliminary estrogenic 
assays in ovariectomized rats, the crystalline 
isomers of IX, X and the oily isomeric mixtures 
corresponding to IX, X and XI were active in 
about 100 7 doses. The oil corresponding to 
II was active at 50 y. Diethylstilbestrol and 
hexestrol showed comparable activity in about 
0.5-1 7 doses. On the other hand the crystalline 
isomers of II and XI were inactive at 200 y and 
100 7, respectively, but appear to be active at a 
higher level (about 500-1000 7). The higher 
estrogenic activity of the oils, particularly II and 
XI, is unexpected, since the solid isomers corre
spond to the more active configurations for diethyl
stilbestrol and hexestrol. While the activity of 
the oils might be due in part to the presence of a 
contaminant, this is not derived from the cleavage 
acid ^-w-propylbenzoic acid, since £-w-propyl-
acetophenone and a-acetoxy-^)-M-propylaceto-
phenone, obtained as oils, were inactive in 500 
7 doses. The aminophenol corresponding to 
XIII, which is the monoamino analog of hexestrol, 
was only about one-twentieth as active (20 7) as 
the latter. 

The compounds were screened for progesta
tional activity using the copulatory response in 
guinea pigs, which does not seem to be inhibited 
by estrogens. Both the crystalline and oily iso
mers of II and X were inactive in 2-mg. doses, 
while 0.1 mg. of progesterone gave an 80% 
response. p-re-Propylacetophenone and a-ace-
toxy-£-w-propylacetophenone were inactive at 
2-mg. and 5-mg. doses, respectively. In the rabbit 
test also, the crystalline isomer of II showed no 
activity (25 mg.—one animal); £-w-propylaceto-
phenone was inactive at a 50 mg. dose. Life-main
tenance tests on adrenalectomized rats indicated 
the crystalline and oily isomers of IX and XI to 
be inactive at doses of 2 mg. per day, and the 
isomers of II and X inactive at 0.5 mg. per day, 
with most of the animals failing to survive as long 
as the controls. The crystalline isomers of II and 
IX failed to show activity in the glycogen de
position test (mice) in doses of 0.5 mg. 

Experimental16 

a- (^-Cyanophenyl) -butyric Acid (IV).—Ten grams 
(0.048 mole) of pure ethyl a-(£-aminophenyl)-butyrate10 

was refluxed for twelve hours with 60 cc. of 1:1 hydro
chloric acid, then cooled to 0° and diazotized with 3.Og. 
of sodium nitrite in 20 cc. of water. After the addition was 
complete, the solution was stirred one-half hour longer, 
neutralized with solid sodium carbonate and then added 
slowly to a vigorously stirred, cold (0-5°) solution of 
13.0 g. (0.145 mole) of cuprous cyanide, and 19.1 g. 
(0.29 mole) of potassium cyanide in 100 cc. of water.17 

After the addition was complete, the mixture was stirred 
for an additional one-half hour and allowed to come to 
room temperature. Finally the mixture was warmed to 
50°, strongly acidified (hood) and the resulting suspension 
was stirred at 60-70° for two hours, cooled and extracted 

(16) AU melting points are corrected. 
(17) With smaller proportions of cuprous and potassium cyanides 

the yields were considerably lower, s. g., 76% with 2 and 4 mole-
equivalents, respectively. 

with ether. The extract was washed with 1:1 hydro
chloric acid, water, dried and concentrated to a cherry-
red oil which crystallized to give 8.44 g. (92%) of the crude 
cyano acid, m. p . 74-82°. Several recrystallizations from 
benzene together with evaporative distillation of the fil
trates gave materials of m. p . 83-87° in 9 3 % recovery. 
Further recrystallization gave the pure acid as large ir
regular plates, m. p . 86.5-87.5°. 

Anal. Calcd. for Ci1HnO2N: C, 69.8; H, 5.9; neut. 
equiv., 189. Found: C, 69.9; H, 5.9; neut. equiv., 
191. 

Alkaline hydrolysis of the cyano acid gave a-(p-car-
boxyphenyl) -butyric acid which crystallized from acetone 
as colorless leaflets, m. p . 186-187.5°. 

Anal. Calcd. for CuHi2O4: C, 63.5; H, 5.8; neut . 
equiv., 104. Found: C, 63.5; H , 5.6; neut. equiv., 
104. 

1 - (p-Anisyl) -2 - (p-cyanophenyl) -1 -butanone (V).—The 
acid chloride was prepared from 65.2 g. of the cyano acid 
IV and condensed with anisole in the presence of stannic 
chloride following the same general procedure previously 
employed in the synthesis of a-ethyldesoxyanisoin.10 

The resulting crude ketone was obtained as an oil which 
crystallized from twice its volume of 95% ethanol to give 
in two crops 79.3 g. (82%) of the solid ketone, m. p . 64-
70.5°. Another recrystallization gave material of m. p . 
69-72° in 96% recovery. In the early runs a lower melt
ing form of the ketone was obtained, m. p . 61-63° (re
ported,6 60-62°); the higher melting form (m. p . 71-73°) 
was obtained in the later runs. Seeding a melt of the 
lower form at 67° converted it to the higher melting solid. 

The analytical sample was obtained as colorless prisms 
with the broad m. p . 70-74°, unchanged by numerous re-
crystallizations from alcohol or prolonged drying at 50° 
and 0.1 mm. 

Anal. Calcd. for CiaHi702N: C, 77.4; H, 6.1. Found: 
C, 77.0; H, 5.9. 

Alkaline hydrolysis of the cyano ketone gave l-(p-
anisyl)-2-(£-carboxyphenyl)-l-butanone, which melted 
a t 130.5-131.5° after several recrystallizations from ben
zene-petroleum ether. 

Anal. Calcd. for CuHisOj: C, 72.5; H, 6 .1; neut. 
equiv., 298. Found: C, 72.4; H, 6.0; neut. equiv., 297. 

a,a'-Diethyl-4'-hydroxy-4-stilbenecarboxylic Acid 
(VII).—Ten grams of the cyano ketone V was converted 
to the cyano carbinol using 1.25 equivalents of ethyl-
magnesium bromide following essentially the procedure 
of Jaeger and Robinson,6 except the Grignard reagent was 
added to the cyano ketone. The oily carbinol was not 
distilled but dehydrated directly by heating with 1 g. of 
^-toluenesulfonic acid10'18 at 130° under reduced pressure 
(water pump) for thirty minutes. The resulting oily mix
ture was transferred to a steel reaction bomb with 120 cc. 
of methanol, and 50 g. of potassium hydroxide pellets 
added. The bomb was heated at 220° with shaking for 
fifteen hours, cooled and the mixture worked up by a modi
fication of the method described by Neher and Miescher.11 

A negligible amount (0.1 g.) of neutral material was sepa
rated from 10.8 g. of an acidic oil; the latter was dissolved 
in about 35 cc. of hot 2 N sodium hydroxide and cooled 
in the refrigerator to give a solid sodium salt which was 
filtered, suspended in water and acidified. The resulting 
hydroxystilbene acid was filtered and dried to constant 
weight, 2.81 g. (26%), m. p . 135-146°. Other runs gave 
yields of 30-33% at this stage. One recrystallization from 
benzene-petroleum ether gave material of m. p . 143-146° 
(dried at 85° and 0.2 mm. for one hour) in 70% recovery. 

The analytical sample, prepared by hydrolysis of the 
pure methyl ester described below, was obtained after re
crystallization from acetone-petroleum ether in the form 
of colorless plates, m. p . 143-146.5°. Neher and Mies
cher11 reported the m. p . 144-146°. 

Anal. Calcd. for CuH20O3: C, 77.0; H, 6.8; neut. 

(18) Dehydration with this reagent gave a purer product than with 
iodine in xylene 
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equiv. ,296. Found: C, 77.2; H , 6.9; neut. equiv., 292, 
294. 

Acidification of the alkaline filtrate from the insoluble 
sodium salt (above) gave 6.46 g. of an oil consisting mainly 
of isomeric hydroxystilbene acids. In similar runs it was 
found possible to isomerize this oily mixture to the solid 
hydroxystilbene acid by repeating the treatment with p-
toluenesulfonic acid as above, separating the product as 
the insoluble sodium salt; the total yield of crude acid 
after three such treatments was 49%, m. p . 135-142°. 

Reaction of the hydroxystilbene acid, m. p . 137-144°, 
with diazomethane followed by two recrystallizations from 
benzene-petroleum ether gave the methyl ester as color
less blades, m. p . 116-117°, in 87% yield. Further re-
crystallization did not change the melting point. 

Anal. Calcd. for C20H22O3: C, 77.4; H, 7.2. Found: 
C, 77.6; H, 7.2. 

a,a'-Diethyl-4'-acetoxy-4-stilbenecarboxylic Acid.—A 
solution of 2.56 g. of crude hydroxystilbene acid VII , 
m. p . 135-142°, in 8 cc. of acetic acid, 2 cc. of pyridine and 
2 cc. of acetyl chloride was allowed to stand overnight, and 
then filtered to give 2.01 g. of the acetate, m. p . 178-
180.5°. An additional 0.61 g., m. p . 175-180°, was ob
tained by extraction of the filtrate bringing the total yield 
to 90%. Recrystallization from benzene-petroleum ether 
gave the pure acetate as colorless diamond-shaped plates, 
m. p . 181-182.5° (reported11 182-183°). 

Anal. Calcd. for C2iH2204: C, 74.5; H, 6.6. Found: 
C, 74.4; H, 6.6. 

£-«-Propylbenzoic Acid. (a). By Alkaline Cleavage.— 
When 2.00 g. of the cyano ketone V was treated with 1.0 
instead of 1.25 equivalents of ethylmagnesium bromide 
and the resulting product dehydrated and treated with 
methanolic alkali at 220° as described above, only a small 
amount (0.06 g.) of the solid hydroxystilbene acid II 
could be isolated through its sodium salt. Acidification 
of the filtrate gave a solid which was separated with 5% 
sodium bicarbonate into 0.1 g. of crude phenolic material, 
m. p . 130-145°, and an acidic portion which upon re-
crystallization from benzene-petroleum ether gave 0.15 
g. of solid, m. p . 141-143°. Evaporative distillation and 
recrystallization gave the acid as colorless blades, m. p. 
141.5-143°. Unlike the hydroxystilbene acid this acid 
was soluble in cold 2 N sodium hydroxide and depressed 
the melting point of the former to 110-140°. The m. p . 
of a mixture of this acid with authentic £-»-propylbenzoic 
acid was undepressed (141.5-143°). 

Anal. Calcd. for Ci0Hi2O2: C, 73.1; H, 7.4; neut. 
equiv., 164. Found: C, 73.0; H , 7.4; neut. equiv., 161. 

When the cyano ketone V was treated directly with 
methanolic alkali at 200°, the acid was obtained in 70% 
yield, m. p . 138-141°. Another recrystallization gave 
material of m. p . 140-142.5°, which did not depress the 
melting point of the above acid. 

(b) From £-Bromo-»-propylbenzene.—The Grignard 
reagent prepared from 10 g. of this bromide was poured 
upon Dry Ice and allowed to stand overnight. Acidifica
tion of the salt gave 4.8 g. (58%) of acid, m. p . 138-141°. 
Several recrystallizations from benzene-petroleum ether 
gave the pure acid, m. p . 142-143° (reported19 142.5°). 

£-»-Propylbenzamide, prepared from the authentic 
acid and recrystallized from acetone-petroleum ether, 
formed colorless prisms, m. p . 153-154.5°. The amide 
prepared from the acid obtained in (a) melted at 152.5-
154° and showed no depression in melting point when 
mixed with the known derivative. 

Anal. Calcd. for Ci0Hi3ON: C, 73.6; H, 8.0. Found: 
C, 73.3; H , 7.7. 

The Higher Melting Isomer of 3-(£-Carboxyphenyl)-4-
(^-hydroxyphenyl) -hexane (VIII) .•—The oily hydroxy
stilbene acid (6.46 g.) obtained above after removal of the 
solid isomer as the sodium salt, was hydrogenated in 40 
cc. of glacial acetic acid with 3 g. of 5% palladium-on-
carbon20 and hydrogen a t atmospheric pressure for twelve 

UH) Kind le r , Ber., 69, 2801 (1936). 
(20) Moz ingo , Org. Syntheses, 26, 78 (1H46), p rocedure B . 

hours. At the end of this time the absorption of hydrogen 
had become very slow and the total uptake was 90-95% 
of the theoretical. The oil obtained by diluting and ex
tracting with ether was dissolved in hot 2 N sodium hy
droxide solution. Upon cooling, a solid salt separated from 
which was obtained on acidification 3.05 g. of crude acid 
VI I I , m. p . 160-170°, corresponding to 28% over-all 
yield from the cyano ketone. The total yield of the two 
crude acids VII and VIII was usually 52-55%. 

The crude reduced acid from three runs was combined 
(7.68 g.) , taken up in ether and washed with several por
tions of dilute hydrochloric acid to free a portion present 
as sodium salt (0.5-0.6 g.). The dried ether solution was 
evaporated and the solid acid recrystallized from benzene 
to give in two crops, 5.50 g., m. p . 170-172.5° (after dry
ing at 90° and 0.1 mm) . The combined filtrates were 
evaporatively distilled a t 0.2 mm. and the distillate re
crystallized from benzene to give an additional 0.34 g., 
m. p . 170-172.5°. The over-all yield of the pure reduced 
acid was 17-21% from the cyano ketone. Repeated re
crystallizations raised the melting point to 171.5-172.5°. 
A different crystallographic form of the acid, thick, color
less prisms, m. p . 180-182°, softening at 171°, was ob
tained by hydrolysis of the pure acetate methyl ester 
(below) followed by recrystallization from acetone-
petroleum ether. The higher melting point, 181-182.5°, 
was observed when the two forms were mixed. 

Anal. Calcd. for Ci9H22O8: C, 76.5; H, 7.4. Found: 
C, 76.3; H, 7.5. 

The acetate was prepared in 92% yield from the crude 
saturated acid VIII by the procedure already described 
for the stilbene acid. Several recrystallizations from ben
zene gave the pure acetate as colorless, elongated plates, 
m. p . 176.5-178.5°. 

Anal. Calcd. for C2iH2404: C, 74.1; H, 7.1. Found: 
C, 73.9; H, 7.2. 

The methyl ester of the acetate, prepared using diazo
methane, was recrystallized from benzene-petroleum 
ether and then from methanol as thin, irregular platelets, 
m. p . 126.5-128°. 

Anal. Calcd. for C22H26O4: C, 74.5; H, 7.4. Found: 
C, 74.3; H, 7.3. 

The methyl ester of the hydroxy acid VIII, prepared 
using diazomethane, crystallized from acetone-petroleum 
ether in the form of colorless blades which melted at 143-
146 °; when the melt was induced to resolidify it remelted 
at 155-157°. Another recrystallization did not change 
these melting points. 

Anal. Calcd. for C20H24O3: C, 76.9; H, 7.7. Found: 
C, 77.0; H, 7.8. 

The methyl ether of the acid VIII was prepared using 
10% potassium hydroxide and dimethyl sulfate, warming 
on the steam-bath for one hour; then the ester was hy-
drolyzed by refluxing with additional potassium hydroxide 
for one hour. When the clear solution was cooled, shining 
crystals of the potassium salt of the methoxy acid sepa
rated. Acidification of the suspension and extraction 
with ether gave a 94% yield of the methoxy acid, m. p . 
169-171.5° (softening at 166°). Repeated recrystalliza
tions of the solid from acetone-petroleum ether did not 
improve the melting point; vacuum sublimation gave 
prisms, m. p . 170.5-172.5° (softening at 166°). The 
acid melted completely when inserted in a bath preheated 
to 168°, suggesting the existence of polymorphic forms. 
A mixed melting point with the hydroxy acid (VIII) gave 
a marked depression, m. p. 150-160°. 

Anal. Calcd. for C20H21O3: C, 76.9; H, 7.7. Found: 
C, 77.1; H, 7.6. 

The Lower Melting Isomer of 3-(£-Carboxyphenyl)-4-
(£-hydroxyphenyl) -hexane (VIII).—Hydrogenation of 1.64 
g. of the solid hydroxystilbene acid VII (m. p . 143-144°) 
in 15 cc. of glacial acetic acid with 0.8 g. of 5% palladium-
on-carbon20 at atmospheric pressure gave a nearly quan
titative uptake of hydrogen after three and one-half hours. 
Removal of the catalyst, dilution and extraction with 
ether gave an oil from which was obtained through its so-
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dium salt 0.34 g. (21%) of the higher melting acid VII I , 
m. p . 169-172° (mixed melting point undepressed). 
Acidification and extraction of the nitrate from the so
dium salt gave an oily acid which crystallized from ben
zene after long standing in the refrigerator. This solid, 
when dried at 0.2 mm. and 75° to remove benzene of 
crystallization, amounted to 0.88 g., m. p . 120-128°. 
After three more recrystallizations followed by drying in 
vacuo, 0.63 g. (38%) of the acid VIII , m. p . 125-127°, was 
obtained. Hydrolysis of the pure acetate (see below) fol
lowed by recrystallization from benzene gave the analytical 
sample as colorless needles. After prolonged drying (vac
uum) this melted a t 126-128° when the bath temperature 
was raised slowly; more rapid heating gave the m. p . 114-
116° to a cloudy liquid becoming clear at 125°. 

Anal. Calcd. for Ci9H22O3: C, 76.5; H, 7.4. Found: 
C, 76.3; H, 7.3. 

The acetate of the lower melting racemic acid VIII was 
prepared by the method described for the higher melting 
form. Repeated recrystallization from acetone-petro
leum ether gave colorless blades, m. p . 132-134°. 

Anal. Calcd. for C2IH24O4: C, 74.1; H, 7.1. Found: 
C, 73.9; H , 6.8. 

Conversion of the Higher Melting Isomer of 3-(£-Car-
boxyphenyl)-4-(£-hydroxyphenyl)-hexane to meso-Kexes-
trol.—One-half gram of the pure methyl ester of VIII 
(m. p . 155-157°) was hydrolyzed with alkali and the re
sulting hydroxy acid was methylated to give 0.51 g. of 
crude solid methoxy acid. This was converted to the acid 
chloride by the usual procedure employing thionyl chlo
ride, and then dissolved in 5 cc. of acetone; to the solu
tion was added 0.13 g. of sodium azide followed by 0.5 cc. of 
water. The flask was swirled for twenty minutes at room 
temperature and then diluted to 30 cc. with water. The 
crystalline acid azide, after drying in vacuo, weighed 0.47 
g. (87%), m. p . 94-96° ( d e c ) . The azide was refluxed 
with 5 cc. of methanol and 5 cc. of toluene for four hours, 
forming the methyl urethan derivative. When pure this 
derivative formed clusters of fine needles from benzene, 
m. p . 145.5-146.5°. 

Anal. Calcd. for C2iH2703N: C, 73.9; H, 8.0. Found: 
C, 73.9; H, 7.8. 

The entire amount of the methyl urethan from the 
above procedure was hydrolyzed by refluxing with 3 cc. of 
4 5 % potassium hydroxide and 5 cc. of methanol under 
nitrogen for forty-five hours. At the end of this time the 
suspension was diluted and extracted with ether, giving 
the crude solid amine, 0.36 g. (91% based on the azide), 
m. p . 95-100°, which was only slightly soluble in warm 
dilute hydrochloric acid. Sublimation and recrystalliza
tion from methanol gave 3-(£-aminophenyl)-4-(£-meth-
oxyphenyl)-hexane (XIII) as slender needles, m. p . 103-
105°. 

Anal. Calcd. for C19H25ON: C, 80.5; H, 8.9. Found: 
C, 80.6; H, 8.7. 

To 50 mg. of the methoxyamine dissolved in 0.5 cc. of 
glacial acetic acid was added a mixture of 0.2 cc. of con
centrated sulfuric acid and 0.3 cc. of glacial acetic acid with 
stirring. The pasty mixture was then diazotized using 
14 mg. of sodium nitrite in 0.5 cc. of water, continuing 
stirring for one and one-half hours. The cold diazonium 
solution was then added dropwise to 10 cc. of boiling 15% 
sulfuric acid and after heating for several minutes the mix
ture was cooled and extracted with ether. Evaporative 
distillation at 0.1 mm. of the resulting brown oil followed 
by recrystallization from benzene-petroleum ether gave 
15 mg. of solid, m. p. 110-115°. Another distillation 
produced 10 mg. (20%) of solid meso-hexestrol mono-
methyl ether, m. p . 117-119°. Admixture with a known 
sample, m. p . 118-120°,21 showed no melting point de
pression . 

When 5 mg. of the monomethyl ether in dilute potas
sium hydroxide was treated with dimethyl sulfate and 

(21) Kindly furnished by Dr. William B. McCormaek, cf. THIS 
JOURNAL, 70, 4129 (1948). 

allowed to stand overnight, meso-hexestrol dimethyl ether 
was formed. After recrystallization from benzene-
petroleum ether this melted at 142.5-143.5° and showed no 
depression with an authentic sample. 

3 - (£-Aminophenyl) -4- (p-hydroxyphenyl) -hexane .—A 
mixture of 77 mg. of the methoxy amine (see above), 2 cc. 
of acetic acid and 1 cc. of 48% hydrobromic acid was re-
fluxed for six hours, then diluted, neutralized to litmus paper 
with 4 5 % potassium hydroxide solution and thoroughly 
extracted with ether. Crystallization of the product from 
acetone-petroleum ether gave 20 mg., m. p . 170-185°; 
an additional 34 mg., m. p. 184-188°, was obtained by 
subliming the filtrate at 0.1 mm., making the total yield 
74% at this stage. By further sublimation a t 125° and 
0.1 mm., material was obtained with the m. p . 186-188° 
( v a c ) . 

Anal. Calcd. for Ci8H23ON: C, 80.3; H, 8.6. Found: 
C, 80.0; H, 8.5. 

a,a'-Diethyl-4'-hydroxy-4-acetylstilbene (II). (a) Di
ethyl Malonate Procedure.—The acid chloride, prepared 
from 2.00 g. of the acetoxy-stilbene acid with thionyl 
chloride, was dissolved in 25 cc. of dry thiophene-free 
benzene and treated with sodiomalonic ester prepared 
from 0.4 g. of powdered sodium as described by Wilds and 
Beck . u The acylmalonic ester was then refluxed for two 
hours with 10 cc. of glacial acetic acid, 8 cc. of concen
trated hydrochloric acid and 4 cc. of water. The diluted 
mixture was extracted with ether, washing with 5 % so
dium bicarbonate; from the latter was obtained only 0.1 g. 
of acidic material. The oil resulting from the ether layer 
crystallized from benzene-petroleum ether to give 0.56 g. 
of the ketone, m. p . 135-140°, and an additional 0.28 g. 
m. p . 128-138 . Recrystallization gave a total of 0.52 g. 
(30%), m. p . 141-145°. Four recrystallizations of the 
solid from acetone-petroleum ether gave small colorless 
plates of the phenolic ketone I I , m. p . 144.5-146.5°. 

Anal. Calcd. for C20H22O2: C, 81.6; H, 7.5. Found: 
C, 81.3; H, 7.6. 

(b) Dimethylcadmium Procedure.13—A solution of di-
methylcadmium was prepared by adding 0.30 g. of anhy
drous cadmium chloride to 11 cc. of 0.27 N methylmag-
nesium bromide, stirring and refluxing for thirty minutes 
(test for Grignard reagent negative after twenty minutes); 
nearly all of the ether was removed and 5 cc. of dry ben
zene was added. The acid chloride from 500 mg. of the 
acetoxystilbene acid, dissolved in 5 cc. of dry thiophene-
free benzene and filtered through a cotton plug (another 
5 cc. benzene used to complete the transfer) was added 
rapidly to the refluxing benzene solution, and stirring and 
refluxing were continued for one hour. The suspension 
was cooled, hydrolyzed with cold, dilute hydrochloric 
acid and extracted twice with ether. Evaporation of the 
ether left the oily acetoxy methyl ketone which was hy
drolyzed with 2 cc. of 4 5 % potassium hydroxide and 4 cc. 
of methanol, heating one hour at reflux. The product 
was extracted with the ether after acidification, washing 
with 5 % sodium bicarbonate solution to separate the 
acidic material (40 mg. ) ; removal of the ether left 400 
mg. of the crude, solid phenolic ketone which after several 
recrystallizations from acetone-petroleum ether and evap
orative distillation of the residues at 0.1 mm. gave a total 
of 273 mg. (63%) of the same unsaturated ketone as de
scribed in (a) , m. p . 142-146.5°. 

Treatment of the above phenolic derivative with di
methyl sulfate and potassium hydroxide gave the methyl 
ether (85% yield) which after recrystallization from pe
troleum ether was obtained as clusters of fine needles, 
m. p . 104-105.5°. 

Anal. Calcd. for C2iH2402: C, 81.8; H, 7.8. Found: 
C, 81.5; H1 7.6. 

3-(p-Acetylphenyl-4-(p-hydroxyphenyl)-hexane (X).— 
The methyl ketone was prepared from the higher melting 
isomer of the reduced acid VII I by either the diethyl 
malonate or the dimethylcadmium procedure. As was 
the case with the stilbene analog the second method gave 
better yields. Thus, when 0.50 g. of the acetoxy satu-
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rated acid was converted through its acid chloride to the 
acylmalonic ester and then hydrolyzed and decarboxylated 
as previously described, 0.27 g. (62%) of crude crystalline 
ketone, m. p . 153-158°, was obtained in three crops from 
9 5 % ethanol. Recrystallization of this material gave 
0.20 g. (46%) of solid, m. p . 158-160°. The analytical 
sample was obtained from ethanol in the form of thick 
hexagonal plates, m. p . 159-160°. 

Anal. Calcd. for C21)H24O2: C, 81.0; H, 8.2. Found: 
C, 80.9; H , 7.9. 

When 0.40 g. of the acetoxy saturated acid was converted 
to the acid chloride, treated with dimethylcadmium fol
lowing the procedure described for the stilbene analog, and 
the oily acetoxy ketone hydrolyzed, 0.33 g. of crude solid 
hydroxy ketone was obtained, m. p . 147-153°. Two re-
crystallizations from 95% ethanol gave 0.22 g. (63%) of 
the ketone, m. p . 158-160°. 

The methyl ether, prepared from the above saturated 
phenolic ketone with dimethyl sulfate, crystallized from 
acetone-petroleum ether as colorless platelets, m. p . 
135.5-137°. 

Anal. Calcd. for C2iH2602: C, 81.3; H, 8.4, Found: 
C, 81.0; H, 8.1. 

a,a'-Diethyl-4'-acetoxy-4-acetoxyacetylstilbene (IX).— 
The acid chloride from 1.00 g. of the acetoxystilbene acid 
dissolved in 10 cc. of dry benzene was added dropwise to a 
cold (0-5°) ethereal solution of diazomethane (prepared 
from 4.4 g. of nitrosomethylurea, dried over potassium 
hydroxide and distilled). After standing at room tem
perature for nineteen hours, the excess diazomethane and 
ether were removed leaving the crude solid diazoketone 
(1.02 g.) . Recrystallization from benzene-petroleum 
ether gave 0.88 g. (82%) of the pale yellow compound, 
m. p . 152-154° ( d e c ) . To 2 cc. of boiling acetic acid 
was added 200 mg. of the recrystallized diazoketone. 
Nitrogen was rapidly evolved and boiling was continued 
five minutes after the addition was complete. The mix
ture was chilled, taken up in ether and washed with water. 
Evaporation of the dried ether extract left a semisolid resi
due which was recrystallized from ethanol to give in two 

It has recently been found in this Laboratory 
that aliphatic primary amines do not react with 
nitrous acid at a pH below ca. 3.3 Thus, methyl-
amine, ethylamine, w-propylamine, ra-amylamine, 
benzylamine and cyclohexylamine are not at
tacked by nitrous acid below this pH. In sharp 
contrast, aromatic primary amines are routinely 
diazotized at a pB. below 1, i.e., in relatively 
strongly acidic solutions.4 This difference, plus 
the fact that hypophosphorous acid smoothly 
replaces a diazonium group by hydrogen,5 now 
makes it possible to effect transformations such as 

(1) From the doctoral dissertation of Don C. Iffland, Purdue Uni
versity, June, 1947. 

,(2) Present address: University of West Virginia, Morgantown, 
West Va. 

(3) Iffland, Ph.D. thesis, Purdue University, June, 1947. 
(4) "Organic Syntheses," Coll. Volume I, John Wiley and Sons, 

Inc., New York, N. Y., 1932, p. 542; Saunders, "The Aromatic 
Diazo Compounds," Arnold and Co., London, 1936, p. 4. 

(5) Kornblum, "Organic Reactions," John Wiley and Sons, Inc., 
New York, N. Y., 1944, Vol. II , pp. 277-282. 

crops 189 mg. of solid, m. p . 123-137°. Further recrys
tallization from acetone-petroleum ether resulted in 144 
mg. of the stilbene acetoxyacetyl derivative, m. p . 135-
138°, corresponding to a 66% yield from the diazoketone 
or 54% from the acetoxy acid. Further recrystallization 
gave the pure compound as thick, colorless prisms which 
showed two melting points, 133.2-134° and 138-140°. 

Anal. Calcd. for C24H26O6: C, 73.1; H, 6.6. Found: 
C, 73.0; H, 6.6. 

The over-all yield of the acetoxy ketone was higher (63%) 
when the intermediate diazoketone was not recrystallized 
but used directly. An at tempt to obtain more crystalline 
material from the oily residue by chromatographic adsorp
tion on alumina gave only a negligible amount of impure 
solid, m. p . 100-125°. 

3-(£-Acetoxyacetylphenyl) -4-(£-acetoxyphenyl) -hex-
ane (XI).—One hundred milligrams of the saturated 
acetoxy acid was converted through the diazoketone to 
the acetoxyacetyl derivative by the above procedure; 
a first crop of 36 mg., m. p . 150-152°, was obtained from 
acetone-petroleum ether and another 41 mg., m. p. 135-
147°, in three additional crops. Recrystallization of the 
latter material brought the yield of saturated acetoxy ke
tone to 70 mg. (60%), m. p . 149-152°. Several more re-
crystallizations gave the pure compound as long, colorless 
blades, m. p . 152-153.5°. 

Anal. Calcd. for C24H28O5: C, 72.7; H, 7.1. Found: 
C, 72.6; H , 7.0. 

Summary 

Some analogs of progesterone and desoxycor-
ticosterone have been prepared in the stilbestrol 
and hexestrol series. 

These crystalline compounds, as well as mix
tures of isomers corresponding to them, were 
found to be weak estrogens but failed to show 
progestational or adrenal cortical activity. 
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That is, an aromatic primary amino group is re
placed by hydrogen without disturbing the alipha
tic amino group. The selective deamination 
reaction is a general one as is demonstrated by its 
successful application to a total of thirteen aro
matic-aliphatic diamines in which the side chains 
are ortho, meta and para to the aromatic amino 
group. 

The procedure is very simple; hypophosphorous 
acid being a relatively strong acid6 is used not 
only as the reducing agent but also as the source 

(6) K = 6 X 10-2; Kolthoff, RiC. trail, chim., 46, 350 (1927) 
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