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INTRODUCTION
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Papadakis^ has described the synthesis of 
(p-hydroxyphenyl)-cyclohexanedione-l, 3 via 5-/(p- 
acetoxyphenyl)-4, 6-dicarbethoxyj-cyclohexanedione-1, 3 
as shown in equations 1-8 of the flow sheet.

The structures of these compounds are such that 
they can serve as intermediates for the preparation 
of compounds resembling steriods. They have functional 
groups which can afford alkylation, acylation, Grig
nard, Reformatsky, halogénation, and many other 
type reactions.

O  ̂ 4 cIn a series of papers, Papadakis et al * * *
g ? Q
* * * has made many derivatives, some of which are

*Philippos E. Papadakis, J. Am. Chem. Soc.. 67. 
1799-1800 (1945).

pPhilippos E. Papadakis, Joseph Scigllano, Carl Chin, and Adrienne Adrian, J. Am. Chem. Soc.. 72.
4256-7 (1930).

•^Philippos E. Papadakis and Joseph Scigllano,
J. Am. Chem. Soc.. 73, 5483 (1951).

4Philippos E. Papadakis, Joseph Scigllano, and 
Sebastian Pirruccello. J. Am. Chem. Soc.. 75. 5436-7 
(1953).

5Philippos E. Papadakis, Leo M. Hall, and Robert 
Augustine, J. Org. Chem.. 23, 123-5 (1958).

^Philippos E. Papadakis and Joseph Scigllano,
J, Aie. Chem. Soc.. 75, 5437-8 (1953).

7'Philippos E. Papadakis, J. Am. Chem, Soc.. 19. 51-5 (1954).
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p-hydroxyphenyl-cyclohexanedione-1,5

Equation 8
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of physiological importance and others have similarit
ies in structure to physiologically important compounds. 
Many of the derivatives, published and unpublished, 
have, as a further object, the further synthesis of 
compounds with physiological properties. In other 
■words, at their present status, the compounds may be 
considered as intermediates.

The object of this work is to prepare such an 
intermediate 5- ̂ (p-hydroxyphenyl)-2, 4, 6-tricarbethoxyj 
cyclohexanedione-1, 3»

Papadakis^ has synthesized 5- £(p-ethylcarbonate- 
phenyl)-2-carbethoxy]-cyclohexanedione-1, 3 by the 
reaction of ethyl chloroformate on the sodio deriva
tive of (p-hydroxyphenyl)-cyclohexanedione-l, 3 (!)•

I

OPhilippos E. Papadakis and Robert Mathiesen, 
J. Org. Chem,. 21, 593 (1956).

nP, E. Papadakis, Private Communication
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This method, however, yields another isomeric product 
(II) which is difficult to separate.

II

Another method seemed necessary wherein the 
reagents would be such that, upon synthesis, specifi
cally at the step of cyclization, the carbethoxy would 
be fixed on position 2 in a carbon to carbon connec
tion.

Papadakis and Seigliano^0 faced such a problem 
when they wanted to attach a methyl group to carbon 2, 
since the method of méthylation was giving two products: 
the O-methyl on carbon 2, and the enolic ether on 
carbon 1.

To prepare 5- [(p-acetoxyphenyl)-2-methyl-4, 6- 
dicarbethoxj^-cyclohexanedione (III) with the CH3-

10Philippos E. Papadakis and Joseph Scigliano, 
op. cit.. 73, 5483.
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on carbon 2, they condensed p-acetoxybenzalmalonate 
with ethyl {5-oxo-pentanoate (Equations 9-10). This

+■ C2K5CH

Equations 9-10

synthesis is similar to that in Equations 1-8, except 
in the last step the hydrogen of the starred carbon and 
not the hydrogen of the -0H3 serves to split the -OR 
from the malonate carbethoxy. This occurs because the 
hydrogens of the methyl group are further away from the 
carbonyl and are not activated.

If, instead of the -0H3 group in the structure (IV),
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Ĉ HjO-O- CH2-C- C:i2- CHj

IV

we have a carbethoxy as in dicarbethoxy acetone (V),

p o o
CgĤ }-d-CH2-w-CH2-A-0C2Ĥ

the dicarbethoxy acetone reagent, reacting by the out
lined method, would put a -COOCeHe group instead of a 
-OH3 group on carbon 2 o f  the above structure forming 
5- fp-hydroxyphenyl)-2, 4, 6-tricarbethoxy]-cyclohexane- 
dione-1, 3 structure (VI).

ft0-0 Ĉ K -»

VI



GENERAL DISCUSSION



SYNTHESIS OF 5- [(P-HY.D;^0XY:-HENYL)-4. fi-DICAR3ETHOxj- 
CYCLOHEXANEDIONE-1. 5.

Since the scheme of reactions is analogous to 
those used for the preparation of 5- jjp-hydroxyphenyl)- 
4, 6-dicarbethoxy] -cyclohexanedione-1, 3» a description 
of this synthesis is in order. In the next chapter 
will be an analogy of the synthesis of 5-[(p-hydroxy- 
phenyl)-2, 4, 6-tricarbethoxyj-cyclohexanedione-1, 3. 
The preparation of 5- [(p-hydroxyphenyl-4, 6-dicarbethox 
cyclohexanedione-1, 3 (I) differs from the prepartion 
of 5- ̂ (p-acetoxyphenyl-4, 6-dicarbethoxy] -cyclohexane- 
dione-1, 3 only in that the p-hydroxybenzaldehyde is 
not acetylated as is done in equation 1 of the Intro
duction.

The starting material for the synthesis of 
5- |(p-hydroxyphenyl)-4, 6-dicarbethoxyj-cyclohexane
dione-1, 3 is ethyl p-hydroxybenzalmalonate. This
material was prepared by condensing p-hydroxybenzalde-
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hyde with diethyl malonate. The reaction was carried 
out by heating the p-hydroxybenzaldehyde and diethyl 
malonate for eight hours in the presence of a small 
amount of piperidine. The p-hydroxybenzaldehyde con
densed with the diethyl malonate with the elimination 
of water and the formation of the double bond.

The amount of piperidine used is critical for 
two reasons: (1) water may be eliminated in a side 
reaction between the p-hydroxybenzaldehyde, piperidine, 
and diethyl malonate (Equation 1); and (2) a large

Equation 1
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amount of piperidine prevents crystallization of the 
ethyl p-hydroxyhenzaldehyde. Whenever a relatively 
small amount of piperidine was used, crystallization 
occurred much more readily. As an example, in the 
particular reaction described in the experimental 
part of this paper, 5 ml. of piperidine was used to 
condense two moles of p-hydroxybenzaldehyde and two 
moles of diethyl maionate. This formed a liquid 
melt. After standing overnight in the refrigerator, 
the melt formed a solid mass of crystals. Two hundred 
and nine grams of ethyl p-hydroxybenzaldehyde was 
obtained upon filtering the first crop. In another 
reaction 10 ml. of piperidine was used to condense 
one mole of p-hydroxybenzaldehyde and one mole of 
diethyl maionate. Crystallization occurred with 
difficulty and was not complete to the extent of the* t
run previously described even after 1-2 weeks of standing 
in the cold compartment of the refrigerator.

The cyclohexanedione ring system was formed by 
first condensing the sodio-derivative of ethyl aceto- 
acetate with p-hydroxybenzalmalonate, followed 
by the splitting of a hydrogen of the methyl group 
with an ethoxide of the malonic ester residue. Ethyl 
alcohol was produced as a by-product (Equations 3-4, 
Introduction), ^he ethyl p-hydroxybenzalmalonate,



was simply added to the sodio-salt of ethyl acetoace- 
tate, which was formed by adding the ethyl acetoacetate 
to sodium ethoxide. The sodium ethoxide was made by 
reacting elementary sodium with ethyl alcohol. The 
condensation and cyclization took place during five 
hours of refluxing. The product was the sodium salt 
of 5-J^(p-hydroxyphenyl)-4, 6-dicarbethoxyj-cyelohex- 
anedione-1, 3 (II).

16

II

It was desirable to have the sodio-salt of 
5- [(p-hydroxyphenyl)-4, 6-dicarbethoxyj-cyclohexane- 
dione-1, 3 in crystalline form because in this way purl 
fication was greatly simplified. The crystallization

I

depended to a great extent on the volume of alcohol 
used in making the sodium ethoxide. This alcohol 
remained and was used as the solvent medium. If too 
much alcohol were used, the sodium salt of 5- J(p- 
hydroxyphenyl)-4, 6-dicarbethoxyj-cyclohexanedione-1, 3
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remained in solution. If the proper amount were used, 
crystallization occurred as the reaction was being 
heated, usually at a temperature of about 70° C. When 
crystallization occurred, heat was evolved, causing 
refluxing to begin.

The volume of alcohol was adjusted in two ways. 
The proper amount could be used in making the sodium 
ethoxide. About 10 ml. of alcohol for each gram of 
sodium used produced the desired results. Sometimes 
the reaction time was reduced by adding the ethyl 
acetoacetate before all of the sodium dissolved. Or, 
if this procedure were not followed, the alcohol was 
removed by evaporation under vacuum, using a steam 
bath either before or after the addition of the ethyl 
acetoacetate.

If the crystalline sodio-salt of 5- £(p-hydroxy- 
phenyl)-4, 6-dicarbethoxy]-cyclohexanedione-1, 3 were 
obtained, purification was best effected by simply 
filtering the salt and washing it thoroughly with 
absolute ethyl alcohol. The salt was then dissolved 
in water, and this solution was acidified with dilute 
acid. Relatively pure 5- £(p-hydroxyphenyl)-4, 6- 
dlcarbethoxyj-cyclohexanedione-1, 3 precipitated. If 
further purification were desired, the material could 
be recrystallized from glacial acetic acid and washed
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with ether.
If, during the reaction, the sodio-salt of 

5- [_(p-hydroxyphenyl)-4, 6-dicarbethoxyJ-cyclohexane- 
dlone-1, 3 did not crystallize, the alcohol solution 
was evaporated under vacuum until a thick syrup 
remained. Water was added and a solution and a water 
Insoluble red gum were obtained. The solution was 
filtered and acidified with dilute acid, and an impure 
precipitate formed. This material was recrystalllzed 
two or more times from glacial acetic acid and washed
with ether.
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SYNTHESIS OF 5- |jP-HYI)R0XYPHENYL)-2. 4, 6-TRIOARBETH-
o x y|-oyclohexahediohe-1 . 3.

The synthesis of 5- [(p-hydroxyphenyl)-2, 4, 6- 
tricarbethoxy]-cyclohexanedione-1, 3 was accomplished 
in essentially the same manner as the synthesis of 
5~{(p-hydroxyphenyl)-4, 6-dicarbethoxy) -cyclohexane- 
dione-1, 3» with the exception that dicarbethoxy 
acetone (la) was used in the place of ethyl aceto- 
acetate (lb). It can be noted that both of these

0 C 0 
CgH^C-'i-C-B-G-'d

$
o a

Etj 0— C— C— O—UC 2^

I
compounds contain hydrogen attached to a carbon 
between two electron-withdrawing carbonyl groups, 
making these hydrogens measurably acidic and capable 
of being replaced with sodium as previously described.
It should therefore be possible to add dicarbethoxy 
acetone in much the same way as the analogous ethyl 
acetoacetate is added in the formation of 5- j(p- 
hydroxyphenyl)-4, 6-dicarbethoxy] -cyclohexanedione-1,
3. This proposed reaction is illustrated in equation 1.

It must be noted that dicarbethoxy acetone contains 
four such acidic hydrogens equally and symmetrically
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Ç> H 0 ÿ
c2^ o - 6- o-o- ck2- o-o C2K5

Equation 1

arranged about the central carbonyl (II).

C2K50-
a s

C-CC2H5

II

In order for the desired reaction to take place pro 
perly, only one of these hydrogens may be replaced 
by the sodium.

The apparatus used consisted of a dropping
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funnel In which the sodium ethoxide was made. This 
sodium ethoxide was then dropped slowly into the 
reaction flash into which the dicarhethoxy acetone 
was placed under magnetic stirring. In this way the 
concentration of reactants should have been proper 
in order to bring the maximum amount of unreacted 
dicarbethoxy acetone into contact with a low concen
tration of sodium ethoxide thus producing the mono
sodium salt of dicarbethoxy acetone and decreasing 
the chance of forming the disodium salt.

In doing the reaction, 51 ml. of ethyl alcohol 
was used to dissolve 1.24 grams of sodium. The 
dicarbethoxy acetone was diluted with an additional 
12-13 ml. of alcohol. This amount of alcohol was 
used to be sure that all of the sodium went into 
solution and to lower the concentration of sodium 
ethoxide at any given point in the reaction flask.
In this way the possibility of the formation of the 
disodium salt of dicarbethoxy acetone was reduced.

The ethyl p-hydroxybenzalmalonate was added and 
the solution brought to reflux. Since the quantity 
of alcohol was relatively high the material went into 
solution and did not form the crystalline salt.
After five hours of refluxing the alcohol was evap
orated
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The hydrogen of the unreacted methylene group can 
split alcohol with an ethoxy group of the ethyl p-hydroxy- 
benzalmalonate in the same manner as the condensation 
of 5- [(p-acetoxyphenyl)-4, 6-dicarbethoxyj-cyclohexane- 
dione-1, 3 (Equation 4, Introduction). This reaction 
resulted in a cyclohexanedione ring having a carbethoxy 
group at position 2 to form 5- [_(p-hydroxyphenyl)-2, 4, 
6-tricarbethoxy] -cyclohexanedione-1, 3 (III).

o
-C-OC2H5

OrC-Ĉ H-j

I I I



To obtain a higher percentage of cyclization 
dioxane was added after the evaporation of the alcohol 
and the reaction was again refluxed for five hours.
The dioxane was removed by vacuum on a hot water bath. 
This left a syrup with some crystals suspended in it.
The filtration of the crystals from the syrup was 
difficult. Upon addition of ether, white crystals

a

separated, which were filtered. After the crystals 
were washed with ether they were dissolved in water.
The solution was filtered. Dilute hydrochloric acid 
was added to the solution and a gummy precipitate 
formed. This was left in the refrigerator over the 
weekend and the water solution was decanted.

The precipitate was obtained crystalline from dilute 
aqueous methanol. Upon purification the crystals were 
white, amorphous, and soluble in ethanol and ether.
They softened at 168° 0. and melted at 171-172* 0.

The dicarbethoxy acetone used in this work was 
prepared in an organic synthesis class of which this 
author was a member. The method followed has been

1 ppublished in Organic Synthesis 9 .
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1 Roger Adams, H. M. Chiles, and C. F. Rassweiler, 
John Wiley and Sons, Inc., New York, N. Y., 1932, 
p. 9.



The method of preparation used is as follows.
Citric acid was decarboxylated at low temperature with 
fuming sulfuric acid to acetone dicarboxylic acid 
(Equation 9),

24

9C-OH
> 2HOCCOOH
CH2
C-OH

Citric Acid

q
6-o h

fuming H2SO4 CH2
_______________9  ' - +■ CQ 4- H90ÔHp

Ò-OH
tì

Acetone
Dicarboxylic Acid 

Equation 9

The acetone dicarboxylic acid was esterified to 
decarbethoxy acetone using dry HCl catalyst at room 
temperature (Equation 10). Purification was effected 
with vacuum distillation.

s-OH
¿H2
r> *r\

0H2
C-CH»1

■r Jjo2h5°h
dry HCl CH2
-------- ? 0*0 t-

?H2
c -c c 2h5

£t'20

Dicarbethoxy Acetone 

Equation 10

pRoger Adams and H. M. Chiles, Organic Synthesis, 
Collective Volume I , John Wiley and Sons, Inc.,
New York, N. Y., 1932, p. 232.



EXPERIMENTAL

,1 >



26

PREPARATION OP ETHYL P-HYDROXYBENZAIMALONATE
In a typical experiment 308 ml. (320 g; 2 moles) 

of diethyl malonate was heated with 244 grams (2 moles) 
of para-hydroxybenzaldehyde and 5 ml. of piperidine at 
100-110° C. for eight hours. After this time the melt, 
a syrupy liquid, was placed in the refrigerator over
night. The crystals were filtered; yield: 209 grams. 
The second crop of crystals was obtained two days later; 
weight 70 grams. Twelve days later a crop of 13«5 grams 
was obtained. The total yield was 292.5 grams or 
55.3$.
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PREPARATION OF ACETONE DICARBOXYLIC ACID
Eighteen hundred grams (952 ml.) of 20^ fuming 

sulfuric acid was cooled to -5° in a flash fitted with 
a mercury-sealed mechanical stirrer and a large- 
diameter gas outlet tube. Pour hundred and twenty 
grams of powdered citric acid was gradually added in 
such a way that the temperature of the reaction did 
not rise above 10° C. When approximately three- 
fourths of the citric acid had been added, a vigorous 
foaming ensued, forcing material through the gas out
let and also the mercury seal. At this time all 
stoppers were wired to the flash. After a period of 
time the frothing subsided and the rest of the citric 
acid was added without incident. The temperature of 
the reaction was then allowed to rise to 30° C. No 
more gas evolution tooh place.

The reaction was cooled to 0° C. and 1500 grams of 
crushed ice was added in such a manner that the tempera
ture did not rise above 10° 0. until a third of the ice 
had been added. The temperature may have been allowed 
to rise to 25-30° with the addition of the last two- 
thirds, but no rise in temperature above 10° C. was observed 

The temperature was again lowered to 0° 0., the cry
stalline acetone dicarboxylic acid filtered and washed 
twice with ethyl acetate. The crystals were pressed dry.
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PREPARATION OF DIGARBETHOXY ACETONE
The crude acetone dicarboxylic acid was combined 

with two other yields and dissolved in 1500 ml. of 
absolute ethyl alcohol saturated with hydrogen chloride. 
The solution was placed in a water bath and heated to 
45° 0. and allowed to stand for twelve hours.

The solution was then poured into about 3-1. of 
ice water and the ester layer separated. The water 
layer was washed twice with half its volume of benzene. 
This bensene solution was combined with the original 
ester layer and this solution was washed with 10$ 
sodium carbonate, dilute sulfuric acid, and twice with 
water in that order. The benzene was distilled on a 
water bath and the ester distilled under the lowest
vacuum obtainable
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PREPARATION OF 5- |(P-HYDR0XYPHEliIYL)-2. 4, 6-TRIOARBETH- OXYj -CYCLOHEXANEDIONE- 1 . 3 •
The apparatus used in this preparation was de

scribed in the discussion part of this paper. Fifty- 
one milliliters of absolute ethyl alcohol was used to 
dissolve 1.24 grams of sodium. This solution was 
added slowly with stirring to 10.92 grams (.054 moles) 
of dlcarbethoxy acetone diluted with 12-13 ml. of alcohol. 
This addition was carried out over a period of 25 min
utes. The addition funnel was flushed with 10 ml. of 
absolute ethyl alcohol. To the sodio-salt of dicarb
ethoxy acetone was added 14.26 grams (.054 moles) of 
ethyl p-hydroxybenzalmalonate. The ethyl p-hydroxy- 
benzalmalonate went into solution and this solution was 
refluxed for five hours. After this time the alcohol 
was evaporated under reduced pressure on a steam bath 
until the material was a thick: syrup. Fifty milliliters 
of dioxane was added and again reflux was continued 
for five hours. The dioxane was evaporated under reduced 
pressure on a steam bath and crystals were obtained 
suspended in a syrup. This mixture proved unfilterable 
so ether was added and well defined crystals were obtain- 
ed. These crystals were washed with several portions 
of ether and dissolved in water. This solution was 
filtered and made acid. A cloudiness formed. This



solution -was allowed to stand in the refrigerator for 
two days. The water was decanted and a very viscous 
oil was crystallized from methanol-water. The material 
was recrystallized from methanol three times, washed 
with ether once, and recrystallized from methanol a 
fourth time. An analytical sample was again washed 
twice with ether. It softened at 168° 0. and melted 
171-172° 0. The mother liquors from the purifications 
were kept and evaporated. The resulting solid was 
washed carefully with ether, and more product was 
obtained, although it was somewhat impure. Total 
yield was 1.8 grams or Q.0% of the theoretical. A 
large amount of a yellowish-brown, water-insoluble, 
viscous material was isolated upon evaporation of 
the ether washings of the product obtained on evaporation 
of the dioxane.
Analytical: Calculated for CS1HS409. C, 60,00%;
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H, 5.71J*. Found. C, 59.87^; H, 5.51^.



SUMMARY



5- £(p-hydroxyphenyl)-2, 4, 6-dicarbethoxyJ - 
cyclohexanedione-1, 3 was prepared by a series of 
reactions analogous to those used by Papadaicis in the 
preparation of 5- [(p-hydroxyphenyl)-4, 6-dicarbethoxyJ 
cyclohexanedione-1, 3.
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