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INTRODUCTION
From plants of the Apocynaciac and Scrophulariaceae 

order, substances are extracted which are heart poisons. 
Small doses of such substances stimulate deseased heart 
to a greater contractional activity and the result is a 
decrease in the rate and an increase in the intensity 
of the heart beat. These substances are made of a compli 
cated polynuclear radical of the steroid type called 
aglucon or genin and a chain of sugars such as glucose 
rhammose, digitoxose, cymarose, digitalose etc. attached 
to the aglucon by a glucosidic linkage. These type8 of 
substances are called cardiac glycosides. The glycosides 
of therapeutic value are found in the digitalis plant 
commonly known as fox glove.

The ring system of the cardiac aglucon is given 
below.
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The aglucon or genin part may vary in the different 
glycosides: a) with respect to the number of hydroxyls and 
their location, b) with the kind, number, and position of 
radicals, c) number of asymmetric carbons, d) planar rela 
tion of the rings, e) and the kind of unsaturated lactone.

The cardiac glycosides are expensive and difficult 
to obtain in pure form, because: a) they are present in 
the plant in small quantities, b) separation is difficult 
because of the presence of other substances with similar 
properties, and c) enzymatic hydrolysis during the process 
of isolation and purification, splits off the sugars.
Synthesis of the complex ring system ring system although 
possible is very difficult and not practical.

The Challenging question is: Can simpler substances 
be synthesized containing the essential functional groups 
with similar and if possible better physiological activity?

The synthesis of such simpler substances has been 
the object of recent investigations by Elderfield and 
coworkers^, Ruzicka, Reichstein and coworkersa, and by 
Papadaki ss,

Elderfield and coworkers J, Org. Chem, 6_, 260, 270, 273, 
289, 566 (1941), 7, 362, 374, 383, 444 (1942), §, 29 (1943)
(2) Ruzicka and coworkers, Helv, Chim Acta, 54, 76, 716, (19411
(3) Papadakis J. Am, Chem. Soc, 67, 1799 (1945)
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OBJECT
The object of the present research is to synthesize 

substances which can serve as good starting materials 
for further synthesis of compounds with cardiotherapeutic 
value,

The starting material of this investigation is 
vanillin. This substance has an hydroxyl on the para 
position to the aldehyde which will correspond to the 
hydroxyl on position three of the aglucon of the digitalis

Method
The method used in the research is that described 

by Papadakis3 in the Synthesis of I-(p-Acetoxyphenyl)- 
2-dicarbetoxy-cyclohexanedione-3-5 and derivatives. The 
reason for adopting such procedure is that the expected 
compounds will have the skyline of the digitalis structure 
and the important functional groups. Also other important 
functional groups will be present in strategic positions
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for further synthesis of the complicated ring system 
or other systems if that may be desired in the future.

Flow Sheet of Reactions 
Following is a flow sheet of the formulae and 

equations of this investigation.
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Discussion
As it will be seen in the experimental part in the 

attempted preparation or Ethyl-3-methoxy-4-acetoxy benzal 
malonate, modification of the method resulted in an 
intermediate product which was isolated. The analysis of 
this compound indicated that the mechanism of the reaction 
is a typical aldol condensation giving first a hydroxy 
derivative structure number 3. In the ease of Ethyl 4» 
aoetoxybenzalmalonate of Papadakis, such intermediate 
hydroxy compound was not isolated the higher
temperature used in his experiment split off water and 
resulted in the double bond compound. This intermediate 
compound structure number 3 upon treatment according to 
procedure in the experimental part Step number 2 resulted 
in a compound of the desired structure.

Experimental
Step I.- Attempted preparation or 3 Methoxy-4-acetoxy 

benzaldehyde.
In a 1000 cc. round bottom flask provided with a water 

cooled reflux condenser and calcium chloride tube was 
mixed thoroughly 123 gms. of vanillin and 115 cc. of 
acetic anhydride (plus five cc. in excess). This mixture 
was refluxed in an oil bath (temperature 1850C) for 
seven hours, cooled to room temperature and left over 
night. White crystals separated. They were filtered
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with suction washed, and recrystallized repetedly from 
hot absolute alcohol (charcoal was used to adsorb impurities) 
the filtrate was saved in the ice box and new portions 
of the crystalline material were obtained, Crystalline 
product M, P, 75—760Cl This material we shall designate 
as (I-A).

A mixed melting point using 50;# vanillin (m.p. 820C) 
and 50/J of the crystals (I-A) was found to have a melting 
range of 54-680C, ■‘•his indicated that substance (I-A) was 
not vanillin.
Analysis, Calculated for C10H1004 : C, 61.85; H, 5,15 
Found: C, 61.85; H, 5.15

Step 2.- Attempted preparation of Ethyl-3-methoxy-4-acetoxy 
benzalmalonate.

One mole of substance (I-A), one mole of diethyl 
malonate (freshly destilled) and two moles of acetic 
anhydride were mixed thoroughly by strong shaking for 
one hour, then hydrogen chloride was passed through for 
one and a half hours to assure complete saturation, 
(saturation is reached when the bubbling of the hydrogen 
chloride is stopped.) Crystals appeared in the sides of 
the flask, the flask was corked tight, and placed in the 
ice box for three days followed by three more days at 
room temperature. Suction with the water pump expelled 
the hydrogen chloride, this process was carried for two
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hours with the water pump and two more with the oil pump. 
The reaction flask was heated under a water bath 
(internal temperature 600C. pressure 9 mm. The solution 
was cooled to room temperature, and 250 cc. of distilled 
water containing 5 cc. of pyridine were added to assure 
complete abscence of hydrogen chloride. The solid was 
broken up and allowed to stand for two hours, then washed 
twice with ice water and filtered on a Buckner funnel. 
Asample of the crystalline material was found to have 
a m.p. of 84-850C.

A 50-50 mixture of thi® new crude material that we
shall call (2-A) and the substance (I-A) gave a m.p. of
76— 770C. The substance (I-A) and the crude (2-A) were
found to have very similar solubility properties,
namely: Both were soluble in ethyl acetate, hot alcohol,
ether, etc. Preferential solubility tests indicated that
substance (I-A) was more soluble in ether than (2-A)i
Following a long a tedious process of thirty eight
extractions with 50 cc. portions of ether, it was
possible to obtain a residue of e pure substance (2-A)
with mip. 91oC. Additional portions of substance (2-A)
were recovered from the combined ether extraction P.5 
foilows:

Each ether extraction was shaken with two 30 cc. 
portions of saturated NaHS03 solution washed twice 
with 50 cc. portions of cold destilled water. The ether 
was recovered by distillation over a water bath. The
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residue of m.p. 86-870C. was recrystallized twice from 
absolute alcohol, -̂-he recrystallized product gave a 
sharp m.p, 9i0C., proving that both substances are 
identical, (see structure nimber 3 page 4). Upon melting 
this substance (2-A) and heating up to 1500C. cooling 
and recrystallizing from absolute alcohol a new substance 
was formed by splitting a molecule of water. Its melting 
point was found to be 65-660C. We shall call this 
substance (2-B)
Analysis calculated for (2-A) C16Hla08, C, 56.627" H, 5.64 
Found: C, 56.827” H, 5.37

SUMMARY
1. - Ethyl-3-methoxy-4-acetoxybenzalmalonate was 

prepared from acetoxy vanillin.
2. - Ethyl-3-methoxy-4-acetoxy benzylmalonate was 

isolp.ted, This indicated that the mechanism of the reaction 
producing Ethyl»3-methoxy-4-acetoxybenzalmalonate is an 
aldol condensation.

Analytical Information.
The microanalytical work was done by Mr. D. Rigakos of 

the Rockefeller Institute for Medical Research.
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