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Sodium 17a—hydroxy'-11-desoxycorticosterone-Z]-sulfate was irradiated with ultraviolet light
in aqueous medium. During the reaction the 21-sulfate ester is hydrolyzed. The main products
of the irradiation are androst-4-en-3,17-dione and the hydrolysis product Reichstein S.

A number of studies have dealt with the transformations of steroids, both.in
the solid state and in solution, as a result of irradiation with y,  and X-rays [1—3].
" The effect of the radiation is strongly dependent on the nature of the solvent.

The reactions in aqueous media in the presence of O, differ con51derably from
those under anaerobic conditions. In general, reduction processes occur in anaerobic
aqueous solution (dehydroxylatlon hydrogenation of double bonds), while in the
presence of O, the main.reaction path involves oxidation and hydroxylation, and .
the formation of the keto group and unstable peroxides. The breakdown of the
steroid skeleton may result, as also the incorporation of actlve groups from the
solvent (e.g. acetylation in a glacial acetic acid medium).

The compound used in the present experlments was an ester of a cortlcosterOJd
sulfate, which was well soluble in water. This afforded the possibility of an extensive
study of the reaction induced by ultraviolet radiation, as well as comparison
with the nonconjugated steroid reaction. The effects of ultraviolet light (UV light)

" on aqueous solutions of steroids had previously not been investigated in any great
detail, such work having been concentrated mainly on the aromatic compounds [4].

Experimental

Sodium 17a-hydroxy-11-desoxycorticosterone-21-sulfate (Reichstein S-21-sul-
fate) was prepared by a modification [6] of the procedure described by KORNEL
et al. [5] for 17-hydroxycorticosterone. )

The effects of UV light were studied in solutions of various pH containing
certain additives. Each solution contained 102 M sodium Reichstein S-21-sulfate
in distilled water, the other characteristics being as follows (see: Table 1):

A:pH=38; B:pH=7.0; C:10~2M FeCl,, pH=2.0;
D:2X10- 3MH202,pH 7.0.
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Irradiation was carried out from a distance of - 10 cm with a quartz lamp Type
AKO2 (Budapest, Hungary). The surface. of the solution was in free contact with -
the air. The temperature of the solution during the irradiation was 40°C, and the
duration of the irradiation was [-—72 hours.

At the end of the reaction the free steroids were extracted with methylene
chloride (3 times with an equal volume), the extracts were dried over Na,SO,, and
the solvent was evaporated.

~The method of KoRNEL [7] was applied for the extraction of the steroid sulfate
and for the hydrolisis of the sulfate group.

A 1072 M solution of Reichstein S in water was prepared: dissolution was
induced with a little propylene glycol; the pH of the final solution was adjusted
to 7.0. After irradiation the product was exiracted 3 times with an equal volume
of methylene chloride.

The products were separated by thin-layer chromatography on Sllrcagel HF,;,,
with chloroform-ethanol (9:1), methylene chloride-acetone (8:2), benzene-ethanol
(95:5) as solvents. For qualitative separation and identification a 250 my layer- .
thickness was used, whereas for preparative separation the thickness of the absor-
bents was 1 mm. Elution from the layer was achieved with methanol or a methanol-
methylene chloride (1:1) mixture.

Development : spraid with 25% sto4 solution, dried at 100°C; UV ﬂuore;-
cence; tetrazolium chloride reaction; alkaline fluorescent reagent [8].

The compounds were identified on the basis of their infrared spectra [9] and
meltmg points [10].

Quantitative determinations were carried out after methanol elution, by
measurement of the absorption at 240 mp and comparison with a standard curve.

" Results .

The following free steroids were found in the solutions of sodium Reichstein’
S-21-sulfate after irradiation with ultraviolet light. Two main products are formed:
androst-4-en-3;17-dione (androstendione, AD) and 17a-hydroxy-11-desoxycorti-
costerone (Reichstein S). A further characteristic product consisted of two sub- .
stances (one of them marked by X in the Table) with almost the same chromato-
graphic properties as those of cortisol; the structures have not been specifically deter-
mined till now, but the infrared spectra (almost identical) indicate the presence of
the unchanged 4-en-3-keto group, while a carboxyl group has probably been formed,
too” (most likely in position 20).

The “other” compounds include chromatographically less well-defined
substances, formed in amounts of about 1-—5%. During the irradiation of the solu-
tion the extinction at 240 mp showed a slow, but constant decrease. This change
could not be caused by the main products; it was due to the hydrogenation of the
olefinic bond in position 4, resulting in the conjugation and reduction of the charac-
teristic absorption at 240 mp. The extinction was reduced by about 1—5%, in
agreement with the above.

When the steroid-sulfate remaining in the solutlon after the methylene chloride
extraction is extracted and then hydrolyzed, only Reichstein S is obtained, showing
that no product containing the sulfate ester group is formed.
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Among the products of the irradiation of nonconjugated Reichstein S, only
androstendione is found in significant amounts; the other products are not charac-
teristic, and -are difficult to separate by chromatography.
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The results given in Table I refer to a 24 hours irradiation. The amounts
of the products increase proportionally to the time of the treatment. (The relative
ratios gradually shift towards thee increase of the amount of androstendione.)

Table 1

Na Reichstein S-21- Reichstein S
sulfate compound
X Mixture .
. A B C D - E
Product % . ]
" AD - 19 | 14 | 11| 10 1
Reichstein S 12 9 | .7 1 8 -
X 5 4 3 e _
Other 5 3 2 15 1
Total 41 30 23 | 34 2
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It can be seen that the reaction proceeds to the greatest extent in the acidic
aqueous medium.

The change in pH during the reaction was measured (Fig. 1), a constant
shift 1o lower pH values being apparent (similarly in solutions of different composi-
tion), in agreement with the hydrolisis of the sulfate ester.

Control experiments (40°C, light-free) showed that no changes took place in the
above systems.

Discussion

Work similar to the above has been performed by ALLINSON er al. [2]. In their
experiments aqueous solutions of cortisone and desoxycorticosterone were irradi-
ated with X-rays. The transformations found in the presence of air were: decom-
posttion of the 4-ene-3-keto system, formation of a very small amount of the 17-keto
group by side-chain splitting, and the formation of a product which was presumed
to be of a hydroperoxide type.

Our experiments indicate that a considerable proportion of the corticosteroid-
21-sulfate is converted by side-chain splitting to androstenedione. The decomposition .
of the 4-ene-3-keto system (by hydrogenation) occurs only to a small extent. The
presence of the original steroid in considerable amount as a result of simple hydro-
lysis makes it probable that the process is primarily hydrolysis, this being followed
by the oxidative decomposition of the side-chain. The formation of the sulfate
ester means that the steroid is soluble and its reactivity is thereby considerably
increased.

This hydrolytic process is of interest, because in aqueous medium no hydro-
lysis of steroid sulfates is found, even if the medium is acidic or heated to 100°C.
The hydrolysis is therefore carried out in an organic medium. At the same time,
however, a trace of water is always necessary in the case of solvolysis in the organic
phase. The rate of the process is controlled by the number of available lone electrons
on the ethers [11—13].

It is to be expected that the steroid will be attacked by the radicals formed on
~ the action of the ultraviolet light during the hydrolysis process.

It can be established from our results, as well as from the literature that certain
preferred positions are attacked in the reactions due to the irradiation. The main
target of attack in the system studied was the side-chain of the steroid.
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} BJIMSTHUE VJITPAGUOJIETOBOTO OBJIVYEHUS HA BOJHEIN
" PACTBOP HATPUEBOI1 COJIU 17 -THAPOKCU-JAE3OKCUKOPTHKOCTEPOH-
' ' ' 21-CYJIDATA :

M. Mapuan, M. Mamxrosuy u H. Bapuuka =~
17a-runpokcu-11-ne3okcuxopTiKocTepon-21-cynbdat-cons  (PejiimTeiin-S-cynbhar-Na-conn)
B BOAHIi cpelle moaBeprajack yneripaguoneroBoMy obnyyenunio. Bo BpemMs obGnyuenus cynbdar

3Up THAPOIUIUPYETCHA. BTOPHIM INIaBHBIM IPOAYKTOM OONy4eHH s ABNAETCA aBApOCT-4-eH-3.17-010H
U HEeGONBILOE KOJIMYECTBO APYTOro HEMAECHTHOHUHPOBAHHOIO BELIECTBA.
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