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A number of very important compounds that are 
found in both plants and animals contain a cyclo- 
pentanoperhydrophenanthrene carbon skeleton (Fig.l) 
as part of their molecules. These compounds, commonly 
grouped under the heading "steroids", include the sterols, 
the bile acids, the sex hormones, the adrenal cortical 
hormones, the cardiac aglycones, and the D-vitamins.
The steroids differ from one another in the arrangement 
of double bonds in the rings, angular methyl groups, 
the presence of oxygen, hydroxyl, or other groups, and, 
in certain cases, there may be a break in one of the 
rings.

The angular methyl groups, as on positions C^q 
and C13 give rise to a number of possible isomers. 
For example, estrone, of primary interest here 
because of its relationship to the compound under 
consideration in this thesis, has sixteen possible 
isomers. The difficult synthesis of estrone has



been achieved by Anner and Miescher at Basle (1948) 
and W. S. Johnson, Ba.nerjee, and Scheider at the 
University of Wisconsin (1950).

The synthesis of equilenin has been a more 
frequent project of many invest!gators because it 
contains only tvro angular methyl groups leading to 
four possible isomers. This substance has been pre
pared by Bachmann, Cole, and Wilds^ in 1939 and by 
W. s. Johnson, Peterson, and Gutche2 in 1945, A 
latter synthesis of equilenin by Johnson and Stomberg2 
in 1952 using a Stobbe condensation reaction opens the 
way to a direct and simple method for the synthesis of 
steroid type compounds.

Johnson's4 method is an aldol condensation of 
dimethyl succinate on a cyclic ketone, saponification, 
decarboxylation, and subsequent cyclization to form 
a five membered ring, as illustrated in Chart I. His 
experiment, carried out in an atmosphere of nitrogen 
consists of dropping a mixture of dimethyl succinate 
and potassium t-butoxide into a three-necked flask 
containing the ketone dissolved in t-butyl alcohol over 
a period of several hours. Refluxing rather than let- 
ting the solution stand in the cold for several hours 
usually increases the yields. The use of a dropping 
funnel also increases the yield because it lessens the
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chance of self-condensation of the methyl ester. 
Potassium t-butozide is used in preference to sodium 
ethoxide and sodium methoxide to prevent reducing and 
self-condensation side reactions and because of its 
stronger condensing properties. Cyclization is accom
plished in rigid and anhydrous conditions with the aid 
of acetic anhydride and zinc chloride.

The research of this thesis attempts the pre
paration of 5-(p-methoxyphenyl)-hexahydroindanedione
1 r, 3-91,7/1 “ from 5 — (p—met ho xy phenyl ) — cy clohexanedi one—1 ,3
(Flow Sheet). The latter compound and its derivatives 
have been under investigation in this laboratory for 
several years because of their possibilities as physio- 
locial active compounds.

Two approaches are used for the preparation of 
the indanedione structure (Structure IX-Flow Sheet).
One is to adopt Johnson’s method for the synthesis 
of equilenin to this preparation. The other is 
the preparation of the carbomethoxypropionyl der
ivative and subsequent cyclization.

The formation of the carbomethoxypropionyl 
derivative followed by cyclization would seem to 
offer the easiest approach since cyclization of 
a Stobbe condensation product usually proves diffi-
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cult and, in most instances, takes place only under 
rigidly controlled conditions. The cyclization by aldol 
condensation should take place more readily than cycli
zation due to the splitting off of methyl alcohol. In 
addition, this method would be advantageous from the 
standpoint of the isolation of pure products. The Stobbe 
reaction is known to involve numerous side reactions 
stemming from the intermediate lactone formation mech
anism and self-condensation reactions.

The carbomethoxypropionyl derivative of 5-(p-acetoxy- 
phenyl)-2,6-dicarboethoxycyclohexanedione-l,3 has been 
prepared previously by Papadakis6 and Greenfield using 
the Claisen method and cyclization attempted by Doss6.
The Olaisen method acylation was found to afford two 
products, the O-acyl and the O-acyl derivatives. Longer 
periods of heating seemed to favor the 0—acyl compound.
The two derivatives were separated on the basis of their 
relative solubility in ether and distinguished from one 
another by use of the ferric chloride test.7

In this research use is made of the Dieckmann and 
Stein8 method, which is specific for 0-acylation, thus 
eliminating the problem of partial 0-acylation. The 
carbon to carbon acylation is effected by treatment of 
the more active alpha carbon hydrogen with the anhydride



and the sodium salt of the carbomethoxypropionate. The 
anhydride and the sodium salt mixture is formed by reflux- 
ingJ*-carbomethoxypropionyl chloride and an excess of 
sodium methyl hydrogen succinate. Analysis of the 
mixture after acylation yields closely the calculated 
craount of sodium methyl hydrogen succinate indicating 
quantitative formation of the anhydride.

Analysis of the product of the Dieckmann and Stein8 
acylation indicates that the expected acylation has taken 
place accompanied by cyclization and decarboxylation. 
Further evidence for the direct formation of the indanedi- 
one structure and decarboxylation is afforded by the 
failure of cyclization attempts (Methods A, B, and C) 
and decarboxylation attempts (Methods A and B). Cycli
zation is assumed to be favored by the long period of re
action. It seems possible that decarboxylation could 
have occurred owing to any unreacted-P-carbomethoxypro- 
pionyl chloride. This would produce a solution of 
sufficient acidity to bring about decarboxylation over 
tne long reaction time. The carbon and hydrogen analy
sis, although deviating slightly from the calculated 
values, eliminates the possibility of the uncyclicized 
or undecarboxylated compounds. However, it is assumed 
that the slight deviation from the calculated values is due 
to these compounds, which as impurities would be

6
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difficult to separate on the basis of solubility.
The attempt to condense dimethyl succinate and

5-(p-raethoxyphenyl)-cyclohexanedione-l,3 by the usual 
Stobbe condensation resulted in a compound melting at 
181°c. A mixed melting point between this compound 
and the original indicates a new substance. However, 
neutralization equivalents and analysis do not agree 
closely with the expected condensation product. It is 
thought that this is a result of the susceptibility of 
dimethyl succinate to self-condensation to form the 
oylic keto ester-. jn the usual Stobbe condensation 
procedure a large excess of the ester is employed to 
overcome the competing self-condensation. In the 
procedure used in this investigation, an excess of 
dimethyl ester cannot be used because of the possibili
ty of condensation of both carbonyl groups. It is 
noted that the self-condensation side reaction pro
duces a concentration of methoxide which could have 
a certain amount of reducing action upon the ketone.

Besides the primary objective of this research,-an 
attempt is made to prepare the methyl derivative 
°f 5-(p-methoxyphenyl)-cyclohexanedione-l,3. The
resulting methyl group on position 04 of the cyclo
hexane "radical would be similar to the methyl group
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found on of the general steroid structure. This, 
then, could he the starting material for the prepar
ation of a substance even more related to estrone 
than the one under investigation. Methylation is 
performed according to the procedure of Johnson for 
the preparation of equilenin. Analysis of the product 
indicates a mixture of unreacted, monomethylated, and 
dimethylated compounds. These compounds, due to 
their similarity in structure, are almost impossible 
to separate. The problem of methlation is further 
complicated by the fact that cis and trans forms are 
passible.



FLOW SHEET
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FLOW SHEET (continued)

I- Anisylidene acetone
II- 5-(p-Methoxyphenyl)-4-carboethoxy-cyclohexane- 

dione-1,3
III- 5-(p-Methoxyphenyl)-cyclohexanedione-1,3
IV- 5-(p-Methoxyphenyl)-3- (~P-carbonsethoxy-propionic 

acid)-2-cyclohexenone-l
V- 5 -(p-Methoxyphenyl)-3-(.P-carboxyl-propionic 

acid)-2-cyclohexenone-l
VI- 5-(p-Methoxyphenyl)-3-(propionic acid)-2-cyclo- 
' hexenone-1

5-(p-Methoxyphenyl)-2-carbomethoxypropionyl)- 
cyclohexanedione-1 , 3

V I I I- 5-(p-Methoxyphenyl)-3-carbomethoxy-hexahydroin- 
danedi one-1 ,7-/»^-9

IX- 5-(p-Methoxyphenyl)-hexhydroendanedione-1,7-a^~9
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CHART I(continued)

I- 1-Keto-2-methyl-7-raethoxy-l,2,3,4-tetrahydro- 
phenanthrene

II- _£-Ca.rbomethoxy-J?-(2-methyl-7-raethoxy-l, 2, 3,4- 
t et rahydro-l-phenanthrylidene)-propi oni c acid

III- J -Carboxyl-J?- (2-me t hyl-7-met hoxy-1,2,3,4-t et ra- 
hydro-l-phenanthrylidene)-propionic acid

IV- j - (  2-Methyl-7-methoxy-3,4-di hydro-l-phenanthryl) - 
propionic acid

V- 14,15-Behydroequilenin methyl ether
VI- Equilenin
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Preparation of Anisvlidene Acetone11 (Flow Sheet~l)
A mixture of 64 ml. (0.56 moles) anisaldehyde,

300 ml* (2.44 moles) acetone, and 10 ml. 10 per cent 
sodium hydroxide was dissolved in 200 ml. of methanol. 
vVater was added until the solution "became almost cloudy. 
The solution was stirred for 2 hours. At this time, 
water was added slowly with stirring. Crystallization 
was complete in one-half hour. The crystals were filter
ed and recrystallized from methanol. The substance 
melted at 74°c in 91 per cent yield.

\

Preparation of 5-(p-Methoxyphenyl)-4-Carbethoxy-Cyclo- 
hexanedione-1,312 (Flow 9beet-Il)

To 8.7 gras. (0.51 moles) metallic sodium dissolved 
in methanol was added 89.8 gms. (0.51 moles) anisylidene 
acetone, 100 ml. methanol, and 81.6 gms. (0.51 moles) 
diethyl malonate. The solution was refluxed for 10 
hours on an oil "bath. After codling the solution over
night in a refrigerator, it was acidified with cold, 
dilute hydrochloric acid and the mixture filtered. 
Recrystallization from methanol gave crystals melting 
at 157°o in 92 per cent yield.

Preparation of 5-(p-Methoxyphenyl)-Cyclohexanedione-
1,3 13 (Flow Sheet-Ill)
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Saponification and decarboxylation of 5-(p-methoxy- 
phenyl)-4-carbethoxy-cyclohexanedione-l,3 was accom
plished by refluxing 80.5 gms. (0.46 moles) of the 
compound for 30 hours with 150 gms. sodium carbonate 
in 400 ml. of water, acidifying it with dilute hydro
chloric acid, and boiling for one-half hour to produce 
a thick white precipitate. Recrystallized from methanol- 
ether solution. Crystals melted at 177° c. The yield
was 60 per cent. The overall yield from anisaldehyde 
was 54 per cent.

Preparation of Dimethyl Succinate 14
A mixture of 118.1 gms. (1.0) moles) succinic acid, 

192 gms. (6 .0 moles) methanol, 3 ml. cone, sulfuric 
acid dissolved in 600 ml. ethylene dichloride was re
fluxed for 15 hours. The cooled mixture was washed 
successively with water, dilute sodium bicarbonate 
solution, and water. The ethylene dichloride layer 
was distilled in vacuo and the residual methyl ester 
was distilled at atmospheric pressure. The colorless 
methyl ester was distilled over at 195°0/750 mm in 
85 per cent yield.

Preparation of Methyl Hydrogen Succinate ^
To 68 gms. (2.0 moles) methanol was added 200 gms. 

(3.0 moles) succinic anhydride. The mixture was
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refluxed on a steam bath for one hour with stirring.
The excess methanol was distilled in vacuo. The residual 
liquid was poured into a 25 cm. evaporating dish and 
cooled. The solid cake formed was ground to a fine 
powder in a mortar and dried overnight in a vacuum 
desiccator. The product melted at 57-58°C. The yield 
was 98 per cent.

Preparation of g-Oarbomethoxyproplonyl Chloride
In a 1-1. round-bottomed flask equipped with a 

reflux condenser, a mixture of 250 gms. (1.96 moles) 
methyl hydrogen succinate and 285 ml. (4.0 moles) 
thionyl chloride was heated for 3 hours at 40°C. The 
excess thionyl chloride was removed by distillation 
under reduced pressure, b.p. 48°o/18 mm. The colorless 
J?-carbomethoxy-propionyl chloride is distilled in 93 per 
cent yield at 92°o/18 mm. Redistilled at 83°0/4 mm.

Attempted Preparation of 5-(p-Methoxyphenyl)-5-(-P-0arbo-
methoxy-Propionic Aoid)-2-gyclohexenone-l (Flow Sheet-iv)

17The following procedure was used for the safe 
handling of potassium metal. The metal was cut under 
xylene in a mortar, an evaporating dish or beaker being 
too fragile. The freshly cut metal was removed with
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tweezers, blotted rapidly with a piece of filter paper, 
and introduced into the apparatus described below with 
the proper precautions, as to the rate of addition and 
exclusion of air.

The apparatus (Chart II) consists of a 500 ml. 
round-bottomed three-necked flask carrying a condenser, 
a glass stirrer passing through a mercury seal, and a 
dropping funnel. The three-way stopcock makes possible 
the evacuating and subsequent filling of the system 
with nitrogen. A mercury trap serves as a gas outlet 
and pressure valve.

x After partially evacuating the apparatus and fill
ing it with nitrogen, 2 .0 gms. (0.05 moles) metallic 
potassium and 50 ml. dry t-butyl alcohol was introduced. 
The mixture was refluxed for 2 hours to dissolve the 
metal completely, the hydrogen formed escaped through 
the mercury trap. After cooling the solution, taking 
care to equalize the pressure by admitting nitrogen, 
the potassium t-butoxide was quickly transferred along 
with 7.3 gms. (0.05 moles) dimethyl succinate to the 
dropping funnel. To the three-necked flask was added - 
10.9 gms. (0.05 moles) of 5-(p-methoxyphenyl)-cyclo- 
hexanedione-1,3. The air in the apparatus was replaced 
with nitrogen. The mixture in the dropping funnel was 
added into the three-necked flask slowly over a period
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of 5 hours with refluxing. After an additional hour 
of refluxing the mixture was cooled, acidified with 
dilute hydrochloric acid, and most of the solvent was 
removed under pressure. Water was added, the crystals 
were filtered, recrystallized from methanol, and washed 
with ether. The product melted at 181°c.

Preparation of 5-(p-Methoxyphenyl)-Hexahydroindanedione 
9 (Flow Sheet-£X)
In a 500 ml. round-bottomed three-necked flask

equipped with a condenser and stirrer was placed 18.4
\

gms. (0.14 moles) dry methyl hydrogen succinate and 3.2 
gms. (0.14 moles) sodium metal dissolved in 50 ml, 
anhydrous methanol. The mixture was refluxed for one- 
half hour on an oil bath. The mixture was evaporated 
to dryness under reduced pressure. To the residue was 
added 15.0 gms. (0.10 moles) freshly distilled J?-caro- 
methoxypropionyl chloride and 100 ml. dry dioxane. After 
15 hours refluxing, 21.8 gms. (0.10 moles) of 5-(p- 
methoxyphenyl)-cyclohexanedione-l,3 was added and the

t

mixture was refluxed with stirring for 24 hours. The 
solution was filtered and the filtrate evaporated under 
reduced pressure almost to dryness. The product was 
recrystallized from methanol. Addition of an equal
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amount of anhydrous ethyl ether and petroleum ether
caused slow crystallization on the side of the container.
Recrystallization from ethyl acetate and petroleum ether
gave crystals melting at 203°C. Crystals gave a yellow
color with ferric chloride.
Analysis: Calcd: C - 74.99, H - 6.29 

Found: C - 74.44, H - 5.81
Attempted Cyolization of the Preceeding Compound which 
Melted at 203°C.
Method A

One gram of the compound melting at 203°C waa 
treated with 0.117 gms. of potassium metal in 30 ml. 
dry t-butyl alcohol in an atmosphere of nitrogen.
After refluxing for 10 hours the mixture was neutralized 
with cold dilute hydrochloric acid. The mixture was 
evaporated to dryness under reduced pressure. Recry
stallization from methanol gave a compound melting at 
203°C. Mixed melting point 203°0.
Method B

To 1.1 gms. of the 203°C compound was added 0.08 
gms. metallic sodium dissolved in 10 ml. methanol.
The mixture was allowed to stand in the cold for one 
hour, then one drop of piperidine was added. The mix
ture was refluxed for 24 hours, neutralized, and evaporat
ed under reduced pressure to dryness. Recrystallization



from methanol yielded the original substance 
Method 0.
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To a solution of 0.5 gms. of the 203°0 compound in 
freshly distilled acetic anhydride was added three 
drops of a solution of anhydrous zinc chloride (20 mg./ml.) 
which was prepared by letting the salt dissolve in acetic 
anhydride at room temperature. The mixture was refluxed 
4 hours under nitrogen. The excess acetic anhydride was 
decomposed by dropwise addition of 10 ml. water to the 
hot solution. The acetic acid was removed in a stream 
of notrogen. Recrystallization from methanol gave the 
original 203°0 compound.

Attempted Decarboxylation of the Freceeding Compound 
Meltihg at 203°0.
Method A

Decarboxylation was attempted by treating 1.5 gms. 
of the 203°Q derivative with 2.0 gms. sodium carbonate 
in 30 ml. water. After refluxing for 24 hours the 
solution was acidified with dilute hydrochloric acid 
and heated for 20 minutes. The mixture was evaporated 
to dryness under reduced pressure. Recrystallization 
from methanol yielded the original compound.
Method B.

Decarboxylation was attempted by treating 1.5 gms.
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of the 203°C derivative with 20 ml. cone, hydro
chloric acid, 10 ml. pyridine, and 7.0 gms. oxalic 
acid. After heating for 2 hours, the solution was 
diluted with water and filtered. The original 203°C 
compound was obtained upon recrystallization from methanol. 
Attempted Preparation of 5-(p-Methoxyphenyl)-2-Methyl- 
Cyclohexanedione-l,3

To 10.9 gms. (0.05 moles) 5-(p-methoxyphenyl)- 
cyclohexa.nedione-1 , 3 and 2 .0 gms. potassium metal 
dissolved in 150 ml. t-butyl alcohol was added 7.1 gms. 
(0;05 moles) methyl iodode in an atmosphere of nitrogen.
The solution was refluxed for 3 hours. The solvent was 
removed on a steam bath under reduced pressure. The 
crystals were dissolved in alcohol and heated for 20 
minutes with 30 ml. of 2$ hydrochloric acid. The solu
tion was neutralized and evaporated to dryness under 
reduced pressure. The crystals were washed with water 
and ether. The product melted at 202°0.
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It appears from the evidence of this research 
that the synthesis of 5-(p-methoxyphenyl)-hexahydro- 
indanedione-1 ,7-4° -9 from 5-(p-methoxyphenyl)-oyclo- 
hexanedione-1,3 by the method of Dieckmann and Stein 
takes place as expected. The results of the carbon 
and hydrogen analysis, the cyclization attempts, 
and the decarboxylation attempts eliminates the 
possibility of other structures. The way is now 
open for further reaction of the reactive keto groups 
for the preparation of related derivatives. Not 
only would these derivatives, of themselves, be of 
value, they would lend further evidence to the in- 
danedione structure.

Presumably, the Stobbe condensation method 
could be applied with a greater degree of success 
for the preparation of 5-(-p-methoxyphenyl)-hexahydro-

'T.—.Qindanedione-1 ,7-a ° v if one of the carbonyl groups 
was first blocked. This would allow the addition 
of an excess of the dimethyl succinate which would 
be in accord with the usual Stobbe condensation pro
cedure. The excess would be added in such an amount 
as to furnish an equivalent amount of the dimethyl 
ester above that which would be lost due to self
condensation.

The preparation and isolation of the monomethyl-
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atea 5-(p-methoxyphenyl)-cyclohexanedione-l,3 can, 
no doubt, be accomplished by the general procedure 
outlined in this investigation. The isolation of the 
pure product should be possible by the addition of 
exact equivalent amounts of the reactants and by 
carefully controlled fractional crystallization.
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