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Among the derivatives of corticosteroids in which the primary alcoholic group at the 21- 
position is substituted by sulfur, the 21-thioaliphatic derivatives are known best [5-8, I0, 
14]. Of these, tixocortol pivalate, which has a local anti-inflammatory activity equal to 
that of cortisol acetate, when there is no glucocorticoid or mineralocorticoid activity [ii], 
is of considerable interest. The 21-sulfide derivatives of corticosteroids [9, 12, 13] have 
been much less studied. 

In our search for new biologically active compounds, we synthesized 21-thio-derivatives 
of corticosteroids (I-X) that were not yet known, and studied their anti-inflammatory activity. 

21-Thioalkanoic acids of corticosteroids I-V are obtained by the reaction of corticos- 
teroid 21-tosylates with the disodium salts of mercaptoalkanoic acids, and acid VI from cor- 
tisol 21-tosylate and 8-mercaptopropionic acid • the presence of triethylamine. The sodium 
salt IIIa is obtained from acid III and sodium methylate; the methyl ester VIII is obtained 
from cortisol 21-tosylate and the sodium salt of mercaptoacetic acid methyl ester, followed 
by oxidation to sulfoxide. Amide IX is obtained from acid III and diethylamine in the pres- 
ence of dicyclohexylcarbodiimide. Alcohol X w~s synthesized by the reaction of cortex, lone 
21-tosylate with the sodium salt of mercaptoethanol. 

pS-M' 
~SO -H' ~0 
~o 

0 
l-~.~i 

I: R=H~, RI =CH~COOH: If: R=O. RI= CHoCOOH: Ill: R~H. ~OH 
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The structure of 21-thio derivatives of corticosteroids I-X was confirmed by the data of 
elementary analysis, L~ ~, IR and PMR spectra. In the IR spectra of compounds I-X, there are 
absorption bandsin the regions of 1600-1620 cm-* (4-C=C), 1630~1680 cm -I (3-C=C), and 
1690-1725 cm -I (20-C=C). In the spectra of acids I-VI there are also absorption bands in 
the regions of 1710-1740 cm -~ (C-O of the carboxylic group) and 2400-3300 cm -~ (OH of the 
carboxylic group), while in the spectra of esters VII, VIII, at 1745 cm -~ (C=O of the ester 
group). In the IR spectrum of compound IX there is an absorption band of the amide carbonyl 
at 1660 cm -:, and in the spectrum of alcohol X, a band at 3450 cm -: (OH). In the P~H~ spectra 
of compounds I-X, proton signals of all the structural fragments were observed in the expected 
regions. 

EXPERIMENTAL CHEMICAL 

The melting points were determined on a Boetlus stage (GDR). The specific rotation was 
determined on a Jasco J-20 spectropolarlmeter (Japan). The UV spectra were obtained on a 
Specord UV-VIS spectrophotometer (GDR) in ethanol. TheiR spectra were run on a UR-20 spec- 
trophotometer (GDR), and the PMR spectra on a Bruker WM-360 spectrometer (GFR) in CDCIs solu- 
tion, relative to TMS. The course of the reaction and the individual state of the compounds 
obtained was controlled by the TLC method, on SilufolUV-254 plates or on a LS 5/40 silica 
gel, using a 9.5:0.5 chloroform-methanol mixture as eluent. 

Cortioosteroid 21-tosylates were obtained by the method that we have already described 
in [i]. The reactions were carried out with stirring, in an argon atmosphere. 

(17u-Hydroxy-4-pre~nene-3~20-dion-21-yl-21-thip)aceti c Acid (I). A freshly prepared 
disodium sulfidoacetate, obtained from 0.332 g (0.0035 mole) of mercaptoacetic acid and 0.378 
g (0.007 mole) of sodium methylate in 14 ml of methanol, are added to a solution of 1.502 g 
(0.003 mole) of cortexolone 21-tosylate in 30 ml of acetone. After 15-20 min, 4 ml of acetic 
acid are added to the reaction mixture, which is evaporated to half of its volume, and water 
is added. The crystals formed are filtered. PMR spectrum, 6, ppm: 0.69 s (3H, 18-H3), 1.21 
s (3H, 19-Hs), 3.32 q (J 15.9 Hz, 2H, -S-CH~-), 3.51 d (J 16.2 Hz, IH, 21-HB) , 3.99 d (J 
16.2 Hz, IH, 21-HA) 4.16 hr. s (OH), 5.75 br. s (IH, 4-H). 

(17u-Hydroxy-4-pre~nene-3rll~20-tri0n-21-yl-21-thio)acetic Acid (II) is obtained from 
cortisone 21-tosylate and disodium sulfidoacetate in a methanol solution. The reaction mix- 
ture is acidified by 10% HC1, and partiallyevaporated, and the compound is precipitated by 
the addition of water. The precipitate is filtered, washed and dried. PMR spectrum, 6, ppm: 
0.64 s (3H, 18-H3), 1.39 s (3H, 19-H,), 3.32 q (J 15.6 Hz, 2H, -S-CH2-) 3.42 d (J 16.8 Hz, IH, 
21-HB) , 3.86 d (J 16.8 Hz, IH, 21-HA) 4.72 hr. s (IH, 4-H). 

Sodium (li8~lTaTDihydroxyT4-pregnene-3,20-dion-2!-ylT21-thiol>acetic Acid (Ilia). In a 
similar way, from cortisol 21-toslyate, in an acetone solution and disodium sulfidoacete in 
methanol, (118, 17u-dihydroxy-4-pregnene-3,20-dion-21-yl-21-thio)acetic acid (III) is obtained. 
This compound is dissolved in acetone, and sodium methylate in methanol is added. The salt is 
filtered, washed with acetone and dried. PMR spectrumof III, ~, ppm: 0.91 s (3H, 18-H~), 1.48 
s (3H, 19-H,), 3.32 q (J 15.2 Hz, 2H,-S-CH2-) 3.60 d (J 17.1 Hz, IH, 21-HB) , 3.97 d (J 17.1 
Hz, IH, 21-HA) , 4.63 s (3H, OH), 5.68 s (IH, 4R). 

u-(17u.HTdroxy-4-pregnene-3,20-dion-21-yl-21-thi0)propionic Acid (IV) is obtained from 
cortexolone 21-tosylate and the disodium salt of u-mercaptopropionic acid. PMR spectrum, 6, 
ppm: 0.69 s (3H, 18H3), 1.18 s (3H, 19-Hs), 1.46 d (J 7.2 Rz, 3H, CH,-CH-), 3.52 q (J 7.2 Hz, 
IH, CH,-CH-), 3.52 d (J 16 Hz, IH, 21-HB), 4.02 d (J 16 Hz, IR, 21-HA), 5.77 br. s (IH, 4-H). 

8_(17a_Hydroxy_4.pregne~eT3,20-dion- 21-yl-21-thio)Propionic Acid (V)is obtained from cor- 
texolone 21-tosylate and the disodium salt of a-mercaptopropionic acid. PMR spectrum, 6, ppm 
0.72 s (3H, 18-H~), 1.18 s (3H, 19-Hs), 2.67 t (J 6.4 Hz, 2H, -S-CH2), 2.83 t (J 6.4 Hz, 2H , 
-CH2-COO-), 3.36 d (J 15 Hz, IH, 21-HB), 3.69 d (J, 15 Hz, IH, 21-HA), 5.76 br. s (IH, 4-H). 

8_(llB~lTa_Dihydroxy_4_pregnene-3~20-dion-21-zl-thio)propionic Acid (VI). A solution of 
1.55 g (0.003 mole) of cortisol 21-tosylate, 0.37 g (0.0035 mole) of 8-mercaptopropionic acid 
and 1.5 ml of triethylamine in 50 ml of acetone is stirred for 30 min. The reaction mixture 
is evaporated to 1/4 of the initial volume, diluted with water to 100 ml and acidified with 
2% HC1 to pH 5.0. The crystals are filtered, washed with water and are reprecipitated twice 
from ethanol. PMK spectrum 6, ppm: 0.91 s 3H, 18-H3), 1.45 s (3H, 19-Hs), 2.60 t (J 6.1 Rz, 
2H, rS-CH2-), 2.83 = (J 6.1 Hz, 2H, -CH2-COO-), 3.48 d (J 15.5 Hz, IH, 21-R B), 3.81 d (J 15.5 
Hz, 1H, 21-HA) , 5.65 hr, s (IH, 4-H). 
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Methyl Ester of (llS,17a-Dihydroxy-4-pre~nene-3,20-dion-21-yl-2!-thio)(acetic Acid (VII) 
A 0.0027 mole portion of the sodium salt of a methyl ester of mercaptoacetic acid is added to 
a solution of 1.27 g (0.0025 mole) of cortisol 21-tosylate in 30 ml of acetone. The reaction 
mixture is treated in the usual way. PMR spectrum, 8, ppm: 0.95 s (3H, 18-H3), 1.45 s (3H, 
19-Hs), 3.27 s (2H,-S-CHa-), 3.43 d (J 16 Hz, IH, 21-HB), 3,70 s (3H, OCH~), 3.88 d (J 16 
Hz, 1H, 21-HA), 5.68 s (1H, 4H). 

Methyl Ester of (liB,17u-Dihydroxy-4-pregnene-3,20-dion-21-yl-21-sulfenyl)acetic Acid 
(V!II). An aqueous-alcoholic soltuion of 0.077 g (0,0004 mole) of HIO, is added at 0-5~ 
to a solution of 0.15 g (0.00033 mole) of VII in l0 ml of ethanol, and the mixture is left to 
stand in the cold overnight. The reaction mixture is diluted with water and extracted by 
chloroform (3 x 25 ml). The extract is dried over MgS04, and evaporated, and the residue is 
crystallized from ethyl acetate. PMR spectrum, 6, ppm: 0.95 s (3H, 18-H3), 1.45 s (3H, 19-H3), 
3.58 d (J 13.7 Hz, 1H, 21-HB) , 3.83 s (3H, OCH,), 3.85 d (J 14.2 Hz, 1H, -SO- CHB-), 4.09 d 
(J 14.2 Hz, IH, -SO-CHA-), 4.83 d (J 13.7 Hz, 1H, 21-HA) , 5.71 br s (IH, 4-H). 

Diethylamide of (ll~tl7u-Dihydroxy-4-pre~nene-3,20-dion-21-yl-21-thio)acetic Acid (IX). 
A 0.12 g portion (0.00058 mole) of dicyclohexylcarbodiimide is added to a solution of 0.22 g 
(0.0005 mole) of IIl in 10 ml of dioxane in the presence of 0.2 ml of diethylamine, and the 
mixture is left to stand overnight. The precipitate is filtered, and the filtrate is evapo- 
rated to dryness. The residue is dissolved in acetone and the solution is filtered. The 
compound is crystallized from methanol, from a mixture of ethyl acetate and methanol, and 
again from methanol. PMR spectrum, ~, ppm: 0.89 s (3H, 18-Hs), 1.13 t (J 7.2 Hz, 3H, =N-CH2- 
CHs), 1,25 t (J 7.2 Hz, 3H, =N-CH=-CH3), 1,46 s (3H, 19-H~), 3.27-3.47 (7H, 21-HB, -S-CHa-, 
-N(CH2-CH3)~), 4.08 d (J 18 Hz, IH, 21-HA), 4.38 hr. s (2H, OH), 5.68 br. s (IH, 4-H). 

2-~lT~-Hydroxy-4-pregnene-3~20-dion-21-yl-21-thio)ethanol (X). A sodium salt of mercapto- 
ethanol, obtained from 0.47 g (0.006 mole) of mercaptoethanol and 0.281 g (0.0052 mole) of 
sodium methylate in 2.85 ml of methanol is added to a solution of 2.505 g (0.005 mole) of 
cortexolone 21-tosylate in 40 ml of acetone. The reaction mixture is evaporated to 2/3 of 
initial volume, water is added, and the crystals are filtered. PME spectrum ~, ppm: 0.72 s 
(3H, 18-Hs), 1.20 s (3H, 19-H3), 2.78 t (2H, J 6.2 Hz, -S-CH2-), 3.36 d (J 15.4 Hz, IH, 21-HB) , 
3.76 m (3H, 21-H A and -CH2-O-), 5.74 hr. s (IH, 4H). 

EXPERIMENTAL PHARMACOLOGICAL 

The anti-exudative action of the compounds was evaluated on a model of a strong inflam- 
mation edema of a paw induced by carraghenin (0.1 ml of 1% solution) in nonpedigree rats 
weighing 200-220 g each [3]. The volume of the paw was measured oncometrically before and 
after the introduction of the phlogogenic agents and the ~ompound studied. The anti-edematic 
activity of the compounds was evaluated from the decrease in the degree of limb edema, and 
was expressed in percent. The compounds were introduced with variation of the dose, as a 
single dose, intraperitoneally, 1 h before the introduction of carraghenin. An EDso, which 
is dose causing a 50% decrease in the edema of the limb 1 h after the introduction of car- 
raghenin [4] was determined. The activity of the compounds studied was compared with the 
activity of prednisolone, which was taken as unit value. 

The toxicity of the compounds was studied in experiments on nonpedigree mice of both 
sexes, weighing 22-24 g each. The compounds studied were introduced with variation of the 
dose, as a single dose, intraperitoneally. The insoluble compounds were a~m~nistered in the 
form of a suspension in 2% starch. The volume of the compounds introduced did not exceed 0.5 
ml per i0 g of the body weight of the animal. The acute toxicity index (LDso) was determined 
by a rapid method [2]. The latitude of the pharmacological action indexes (the LDso/EDso 
ratio) of the compounds studied and the pharmacological standard were calculated. 

RESULTS AND DISCUSSION 

The data obtained showed that like prednisolone, the 21-thio derivatives of corticos- 
teroids inhibit the development of limb edema in rats, induced by the introduction of car- 
raghenin. In their EDso value, not one of the compounds tested has any advantages in com- 
parison over the pharmacological standard (Table 2). 

A comparison of the activity of the 21-thio-derivatives of corticosteroids with the ac- 
tivity of prednisolone taken as unit value showed that only the activities of compounds I, 
IV and V approach those of the standard preparation. Compounds Illa, VI, and X have a moder- 
ate anti-infl~mmatory activity, reaching approximately 50% of the activity of prednisolone. 
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The anti-exudative activity of c~mpounds II, Vll, Vlll and IX is 20-35% of the activity of 
prednisolone. 

A comparison of the indexes characterizing the latitude of the pharmacological action of 
the compounds studied shows that in the most active compounds I, IV and V, this index does not 
appreciably differ from the latitude action index of prednisolone. In contrast, in compounds 
with a low anti-inflammatory activity, the latitude of the pharmacological action index is 
twice as high as that of prednisolone. 

According to the value of mean lethal doses during a single intraperitoneal administra- 
tion, the compounds studied can be classified as moderately toxic. Their LDso for nonpedigree 
mice is 410-815 or 1030-2000 mg/kg. In the clinical pattern of the toxic action of the com- 
pounds, the depressing symptoms predominate in the animals. It was found that the compounds 
with a low anti-inflammatory activity are also slightly toxic. 

Thus, our study showed that in their intensity of action, the 21-thio derivatives of 
corticosteroids are not inferior to prednisolone. Their activity is largely determined by 
the character of the initial structures used for the synthesis of the 21-thio derivatives. 
The overall toxicity, and probably the degree of expression of the undesirable effects goes 
in parallel with the decrease in the anti-edematous activity. 
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