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SYNTHESIS OF NEW ANTIATHEROMATOUS DRUGS. 

STUDY OF THE ESTERIFICATION OF 17B-HYDROXY-5~-ANDROSTAN-3-ONE 

L. N. Volovel'skii, V. N. Koryukina, 
N. V. Popova, I. A. Rastrepina, 
and L. K. Borozenets 

UDC 615.857.06.088.8) 

The acylation of dihydrotestosterone with propionyl and p-chlorophenoxyisobutyryl 
chlorides leads to the formation of dihydrotestosterone esters and the 3-enol acyl- 
ates of the dihydrotestosterone esters. The acid hydrolysis of the 3-enol acylates 
converts them into the corresponding dihydrotestosterone esters. 

The useof derivatives of p-chlorophenoxyisobutyric acid as antiatheromatic drugs norm- 
alizing the lipid metabolism started at the beginning of the 60's, when ethyl p-chlorophenoxy- 
isobutyrate was tested and used [i]. The search for biologically active agents among the 
aroxyalkanecarboxylic acids is continuing [2, 3]. During the last 15 years, studies have ap- 
peared [4-6] showing that some androgens and their metabolites -- in particular, dihydrotes- 
tosterone -- possesses a hypolipoproteinemic action. However, dihydrotestosterone is inactiv- 
ated and excreted from the organism in a relatively short time. Some dihydrotestosterone 
esters exhibiting hypolipoproteinemic properties, and 17~-hydroxy-5~-androstan-3-one p-chlor- 
ophenoxyacetate and p-chlorophenoxyisobutyrate, which prevent the development of disturbances 
to the lipid metabolism, have been synthesized. With these, the protective effect was ex- 
pressed even after 30 days and was retained during the whole time of observation° These es- 
ters are obtained by the reaction of dihydrotestosterone with the chlorides of the acids men- 
tioned in pyridine solution at --5'I0°C. 

A study of the reaction products in the production of dihydrotestosterone p-chlorophen- 
oxyisobutyrate showed that another compound was formed in addition to the desired product. 

Thin-layer chromatography showed the presence of two spots with Rf ~ 0.53 and ~0.65, the 
compound with Rf ~ 0.53 being dihydrotestosterone p-chlorophenoxyisobutyrate. The formation 
of enol acetates in the esterification with acetic anhydride of A4-3-ketosteroids has been 
described in the literature [8-10]. 

Similar results were obtained in the acetylation of 17a-hydroxyprogesterone [9]. No 
such reactions have been described for androstan hydroxyketones having no conjugated ethylen- 
ic bond in the ring. A distinguishing feature of the process that we are introducing is acyl- 
ation at a temperature of ~0°C, while in the known cases this process takes place on heating. 
We have suggested that the spot with Rf - 0.65 belongs to 5a-androstene-3,17~-diol 3,17T 
bis(p-chlorophenoxyisobutyrate). The reaction product that we isolated from the filtrate con- 
tained no CO absorption band at 1705 cm -I that is characteristic for a carbonyl CO group at 
Cs. The absence of this band from the IR spectrum and the presence of bands at 1720 cm -I cor- 
responding to a carboxylic CO group, and at 1650 cm -~, corresponding to AS-enol, may serve 
as a proof of the formation of an enol acetate. 
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T]his reaction was investigated with the use of the acylation of dihydrotestosterone with 
propionyl chloride as a model. On TLC, the mixture of reaction products obtained gave two 
spots with Rf ~ 0.69 and 0.53 when the chromatogram was run twice. But since it was impossi- 
ble to isolate an enol propionate from this mixture, we made use of the properties of enol 
acetates of readily undergoing hydrolysis in the presence of a small amount of acid [9], when 
the esterified hydroxyl at C~7 is unaffected. The experiments showed that when the mixture 
was heated in the presence of a small amount of hydrochloric acid dihydrotestosterone propri- 
onate (Rf ~ 0.53) was formed quantitatively. 

On investigating the products of the esterification of dihydrotestosterone with p-chlor- 
ophenoxyisobutyryl chloride, we found that after the separation of the bulk of the dihydro- 
testosterone p-chlorophenoxyisobutyrate, a mixture of substances was isolated from the fil- 
trates in which the main product was a compound with Rf ~ 0.65, with a small amount of one 
with Rf ~ 0.53 corresponding to dihydrotestosterone p-chlorophenoxyisobutyrate. Partial hy- 
drolysis under the conditions described above converted the product obtained into dihydro- 
testosterone p-chlorophenoxyisobutyrate. On the basis of the results obtained, it may be as- 
sumed that the esterification of dihydrotestosterone with acid chlorides at temperatures be- 
low O°C takes place in accordance with the following scheme: 

CI-t 3 

H.~ OH 3 

• 0 H 

~. R = C~-~/;~O-C(~H~)~C ~- 

z. R = 82Hs CO- 

OH 3 ~H~ 

:, z,~ c o--~.-I ~ 

EXPERIMENTAL 

Dihydrotestosterone Propionate. With stirring and cooling to -(I0-12)°C, 50 ml of fresh- 
ly distilled propionyl chloride was added to a solution of 56 g of dihydrotestosterone in 
350 ml of freshly distilled dry pyridine in such a way that the temperature did not rise above 
-IO°C. After the end of the addition of the acid chloride, stirring was continued at the 
same temperature for another 2 h, and the mixture was poured into 3 liters of ice water con- 
taining 140 ml of sulfuric acid. The resulting precipitate was separated off and was dis- 
solved in 600 ml of ether. The ethereal solution was washed successively with 150 ml of 5% 
hydrochloric acid, 300 ml of water, 150 ml of 5% sodium carbonate solution, and 300 ml of wa- 
ter and was dried over anhydrous sodium sulfate for 2 h, and then it was separated off and 
evaporated to dryness. The residue was crystallized from methanoi, giving 57.7 g of a sub- 
stance with mp II0-I13°C. Recrystallization did not raise the melting point. On a chromato- 
gram, two spots were formed with Rf ~ 0.53 and "0.65 (C6H6--C2HsOH (95:5)), TLC on Silufol 
UV-254, spots were revealed with a 1% solution of vanillin in 10% perchloric acid). IR spec- 
trum, v~, cm-1:1720 (carboxylic CO), 1200 (C-<>-C). 

The mixture of substances obtained (57.7 g) was boiled with 800 ml of benzene, 25 ml of 
concentrated hydrochloric acid, and 25 ml of water for 30 min and was then cooled and was di- 
luted with 200 ml of water, and the benzene layer was washed successively with 150 ml of 5% 
caustic soda solution and with water to neutrality. The benzene solution was separated off 
and dried over anhydrous sodium sulfate. Then it was evaporated to dryness and the residue 
was crystallized from iO0 ml of methanol. This gave 52.6 g (78.7% of theoretical) of dihydro- 
testosterone propionate with mp I19-123°C. On chromatogram it gave one spot with Rf ~0.53. 

IR spectrum, v KBr cm-~: 1720 (carboxylic CO); 1705 (CO at C-3); 1200 (C--O-C). 
max" 

Dihydrotestosterone p-Chlorophenoxyisobutyrate. With stirring at a temperature of --(2- 
5)°C,--60 ml of p-chlorophenoxyisobutyryl chloride was added to a solution of 20 g of dihydro- 
testosterone in i00 ml of freshly distilled dry pyridine in such a way that the temperature 
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did not rise above -2°C. Stirring at -(2-5)°C was continued for another 3 h, and then 250 ml 
of benzene and 150 ml of water were added. The benzene layer was separated off and the aque- 
ous layer was extracted with benzene (2 x i00 ml). The combined benzene extracts were washed 
successively with i00 ml of saturated sodium chloride solution, i00 ml of 5% sodium chloride 
solution, and 150 ml of water. Then they were dried over anhydrous sodium sulfate and the 
benzene was distilled off completely. The residue was crystallized frommethanol, giving 
25 g (74.5% of theoretical) of dlhydrotestosterone p-chlorophenoxyisobutyrate with mp 159- 
162°C. 

The methanolic filtrate after evaporation yielded 4.7 g of a mixture of substances with 
mp 128-130°C (TLC on Silufol UV-254; visualization with a 1% solution of vanillln in 10% 
perchloric acid; (C6H,--C2HbOH (95:5); Rf - 0.65 and 0.53). The reaction products (4'7 g) were 
dissolved in 120 ml of benzene and then 2 ~ ml of hydrochloric acid (i:i) was added and the 
mixture was boiled for 0.5 h. It was diluted with water, and the benzene layer was separated 
off and washed with 5% caustic soda solution (20 ml) and with water to neutrality. The benz- 
ene layer was separated off again, dried over anhydrous sodium sulfate, and evaporated to 
dryness. The residue was crystallized from 20 ml of methanol, giving 3.5 g of a substance, 
C=9H3904CI, with mp 159-162°C. Total yield: 28.5 g (85% of theoretical) of dihydrotestoster- 
one p-chlorophenoxyisobutyrate with mp 159-162°C. 

IR spectrum, KBr ~max: 1705 (CO at C-3); 1720 (carboxyllc CO): 1250 (C--O-C) cm-*. 

SUMMARY 

i. It has been shown that the acylation of dihydrotestosterone wiEh propionyl and p- 
chlorophenoxyisobutyryl chlorides leads to the formation of thedihydrotestosterone esters 
and the 3-enol acylates of the dihydrotestosterone esters. 

2. The acid hydrolysis of 3-enol acylates of the dihydrotestosterone esters converts 
them into the corresponding dihydrotestosterone esters. 
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