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Steroid Xanthates and some Transformation

Products thereof

POUL BORREVANG

Leo Pharmaceutical Products, Copenhagen, Denmark

Treatment of steroids containing a ketol side chain such as hydro-
cortisone, prednisone, and prednisolone with carbon disulphide and
potassium hydroxide affords the corresponding 21-potassium xantha.-
tes, which are transformed into derivatives of 1,3-oxathiolane-2-
thione-4-ol upon acidification. The xanthates react with alkyl halides
to yield S-alkyl xanthates.

Testosterone, upon treatment with carbon disulphide and potas-
sium hydroxide, yields smoothly the 17-potassium xanthate, which
with alkyl halidesis converted to the corresponding S-alkyl xanthates,
Oxidation of the potassium xanthate with iodine leads to the di-
xanthate.

he need for water soluble derivatives of certain corticosteroids made the

synthesis of 21-alkali xanthates of these compounds desirable. In the
steroid series alkali xanthates and some S-alkyl derivatives have been prepared
from cholesterol and cholestanol by action of carbon disulphide on the steroid
alcoholates in benzene or toluene 5. For various reasons, however, this met-
hod was not suitable for corticosteroids, and a method, in which the reaction
was performed in a two phase system consisting of dioxan and aqueous potas-
sium hydroxide was therefore worked out.

A chilled solution of hydrocortisone (Ia) in dioxan was stirred with aqueous
potassium hydroxide while adding carbon disulphide. After acidification and
extraction with ether a substance of the composition CyyHgyO5S, - 3H,0 could
be isolated from the organic phase. This substance, the structure of which,
as shown below, may be represented by formula 1Ia, was in alcoholic potas-
sium hydroxide solution transformed into a potassium salt, to which the struc-
ture IIla has been assigned for the following reasons: The ultraviolet spectrum
(in water) showed besides the A4%-3-keto band at 245 myu a maximum at 304 my,
which gradually disappeared upon storage of the solution, and which is charac-
teristic of simple alkali xanthates ¢,7. The infrared spectrum (KBr) contained
bands at 1 615 and 1 655 ecm™ (44-3-keto) and at 1 717 em™ (20-keto). Reac-
tion of the potassium salt with methyl iodide in acetone yielded a compound
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with an elementary analysis consistent with the 21-S-methyl xanthate formula
(IVa, R = CH,) and an ultraviolet spectrum (ethanol) showing maxima at
239 my (4%-3-keto) and 279 my. Simple S-alkyl xanthates are reported to
absorb at the latter wave length 8,7, The I.R. spectrum (KBr) contained bands
at 1 617, 1 660 (44-3-keto), and 1 732 cm™! (20-keto).

Upon acidification of an aqueous solution of IIIa followed by extraction
with ether the above mentioned substance of the formula C,,H,,0,S,- 3H,0
was obtained from the ether phase. The ultraviolet spectrum (ABOH 940 mpu
and 281 myu *) was very similar to that of IVa, but in the infrared spectrum
the 20-keto band was absent.

To obtain further information about the structure of this substance a
similar series for reactions was performed with the simple a-ketol benzoin (V),
in which the keto group constitutes a part of the chromophoric system. (AnoH
245 my).

Treatment of a dioxan solution of V at room temperature with aqueous
potassium hydroxide and CS, followed by acidification and extraction with

* Upon storage of the solution the maximum at 281 mu gradually disappears.
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ether afforded a substance of the formula C;;H,,0,S,. The ultraviolet spectrum
(ether) contained only one maximum at 282 mpy, which is characteristic of
the chromophoric system RO . C—S—C— found in S-alkyl xanthates®’. This

I
S
finding in connection with the elementary analysis and the absence of a car-
bonyl band in the infrared suggested the structure VI.
A Zerewitinoff determination of active hydrogen was in accordance with
this formulation. In alcoholic potassium hydroxide VI was converted into

the potassium xanthate VII (U.V. A5 249 myu and 304 my; ILR. (KBr) 1 690
cm 1), which upon acidification was reconverted to VI. Alkylation of VII
with methyl iodide yielded the S-methyl xanthate (VIII). (U.V. Aaor 249
and 280 myu; I.R. (KBr) 1 681 cm™).

It will be seen, that the reactions of hydrocortisone and benzoin described
above as well as the spectral data of the two series of reaction products are
completely analogous and the assignment of the structure ITa to the product
obtained by acidification of a solution of the 21-potassium xanthate of hydro-
cortisone seems therefore justified.

The same series of reactions were performed with two other steroids con-
taining the a-ketol side chain, namely prednisone (Ib) and prednisolone (Ic).

A number of 21-S-alkyl xanthates of Ia, b and ¢, prepared by action of an
appropriate alkyl halide on the corresponding 21-potassium xanthates, are
listed in Table 1.

The 21-potassium xanthate of hydrocortisone as well as other salts, e.g.
the diethanolamine salt, are soluble in water (5—7 9%,). In aqueous solution,
however, the xanthates are rapidly decomposed with the formation of hydro-
cortisone, the halflife value at 37°C and pH 7.2 being about 15 min.

Treatment of testosterone (IX) in dimethylformamide with aqueous potas-
sium hydroxide and CS, leads to the potassium xanthate (X), which is rather
stable in aqueous solution, but is decomposed with the formation of testo-
sterone upon acidification.
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By action of alkyl halides on X the S-alkyl xanthates listed in Table 2 were
obtained. Oxidation of X with iodine yielded the dixanthate XIII.

Biological properties. In adrenalectomized rats IIla showed a glucocorti-
coid activity corresponding to that of hydrocortisone, when given intrave-
nously *. The effect of intravenous administration of the corresponding
diethanolamine salt in man has been investigated by Sprechler 8, and the topi-
cal use of these two salts in dermatology by Haxthausen %!. X showed no
androgenic activity in castrated male rats *.

EXPERIMENTAL

All melting points are uncorrected. Ultraviolet spectra were measured immediately
after the preparation of the solutions,

17- (1,3-Oxathiolane-2-thione-4-ol-4- Jandrost-4-ene-3-one-118,17a-diol  (IIa). To a
chilled solution of hydrocortisone (Ia) (3.0 g) in peroxide-free dioxan (90 ml) was added
chilled 1.5 N aqueous potassium hydroxide (30 ml) with stirring. 5 min later a solution
of carbon disulphide (3.0 g) in dioxan (5 ml) was added. After stirring of the chilled solu-
tion for 15 min ether (300 ml) followed by conc. hydrochloric acid (9 ml) were added

* These experiments were carried out in the endocrinological department of Leo Pharmaceu-
tical Products.
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with vigorous stirring. The two phases were separated, and the ether-phase washed with
water. Hereby & precipitate separated, which was filtered off, washed with ether, and
dried to yield 3.0 g of crude product. Recrystallization from aqueous acetone (10 %, water)
yielded the analytical specimen, which was decomposed at 118—120° (loss of CS,) and
melted at 215—17°C. TUltraviolet absorption spectrum: ligh;f' 233 myu (¢ 18 200) and
280 myu (18 200). In 0.1 N aqueous NaOH: A,z 245 mpu (¢ 18 400) and 304 mu (e
18 800) *, (Found: C 53.63; H 7.42; S 12.84. Calc. for C,,H;,0,S,,3H,0: C 53.63; H 7.37;
S 13.02; H,0 10.97). From acetone and methyl ethyl ketone solvated forms are obtained.

In the same way the following compounds were prepared:

17-(1,3-Ozathiolane-2-thione-4-ol-4- Jandrosta-1,4-diene-3,11-dione-17a-ol (1Ib). The
amount of ether was reduced to 60 ml. Yield: 58 9%. From acetone a solvated produect,
which was decomposed at 134 —135°C and melted at 232—233°C was obtained. Ultra-
violet absorption spectrum: Zﬁ“‘a}f‘ 229 mu (¢ 17 700) and 280 my (¢ 18 000). In 0.1 N
aqueous NaOH: Apax 239 mu (¢ 21 000) and 304 mpu (¢ 19 000). (Found: C 60.75; H 6.45;
S 13.02. Cale. for C,,H,40;S,,C;H,0: C 60.95; H 6.55; S 13.02).

17- (1,3-Oxathiolane-2-thione-4-ol-4- Jandrosta-1,4-diene-3-one-118, 17a-diol (IIc). The
amount of ether was reduced to 60 ml, Yield: 56 9. The substance crystallized from
acetone in a solvated form, which was decomposed at 126 —128°C and melted at 238 —
239°C, Ultraviolet absorption spectrum: AE;X"“ 230 myu (e 18 100) and 280 mu (¢ 18 300).
In 0.1 N aqueous NaOH: A, 241 my (¢ 18 000) and 304 mu (e 18 200). (Found: C 60.64;
H 6.97; S 12.89. Calec. for C,,H,;50;8,, C;H0: C 60.70; H. 6.93; S 12.96).

Corticosteroid-21-potassium xanthates (I1I1a, b and ¢ ). These were prepared from Ila,
b and ¢ as follows: I1a (3.0 g) was dissolved in 2 9, alcoholic potassium hydroxide (20 ml).
Shortly afterwards crystals began to separate, which were collected and washed with
ether to yield 2.7 g of IITa. Ultraviolet absorption spectrum, A%:Q 245 myu (¢ 17 500)
and 304 my (¢ 15 100).

Hydrocortisone-21-S-methyl xanthate (IVa, Rt = CH; ). A mixture of IIIa (3.0 g),
acetone (75 ml), and methyl iodide (6.0 ml) was stirred at room temperature for 1 h. Met-
hyl isobutyl ketone (150 ml) was added, and the resulting solution was washed with water.
After drying the solvent was removed ¢n vacuo. The residue crystallized with ether to
yield 1.7 g of crude product. After recrystallization from methanol the m.p. was 193 —
194°C. Ultraviolet absorption spectrum: A9 239 my (¢ 18 000) and 279 my (¢ 12 300).

max
(Found: C 61.07; H 7.00; S 14.08. Calc. for C,;H;,0,S,: C 61.03; H 7.13; S 14.17).

The 21-S-alkyl xanthates listed in Table 1 were prepared analogously.

4,5-Diphenyl-1,3-oxathiolane-2-thione-4-0l (VI ). To a solution of benzoin (V) (10.0 g)
in dioxan (300 ml) was added with stirring 1.5 N potassium hydroxide (100 ml) and
carbon disulphide (10 ml). After stirring for 1 h ether (1 000 ml) and conc. hydrochloric
acid (30 ml) were added. After separation the ether phase was washed three times with
water. After drying and removal of the solvent in vacuo the residue was crystallized from
chloroform-hexane to yield 9.4 g, which was decomposed at 111—113°C (loss of CS,) and
melted at 132—133°C. Ultraviolet absorption spectrum: A5 282 mu (e 16 400). (Found:
C 62.52; H 4.10;! S 22.32; "H” 0.37. Calc. for C;;H,,0,S,: C 62.47; H 4.20; S 22.23; "H”

0.35).

Potasstum zanthate of benzoin (VII ). To a solution of VI (5.0 g) in abs. ethanol
(75 ml) was added 2 9, alcoholic potassium hydroxide (50 ml). Upon scratching the potas-
sium salt crystallized. After standing it was filtered off, washed with ethanol and ether,
and dried. Yield: 4.5 g. Ultraviolet absorption spectrum: lg;?( 249 mpy (¢ 14 000) and
304 my (¢ 11 400).

S-Methyl xzanthate of benzoin (VIII). A mixture of VII (3.0 g), acetone (75 ml), and
methyl iodide (6.0 ml) was stirred at room temperature for 1 h. Ether (200 ml) was
added, and the solution was washed 2 times with water. After drying, the solvent was
removed ¢n vacuo and the residue recrystallized from ethanol to yield 2.1 g of a product with

* The bands at 233 mu (ether) and 245 myu (0.1 N NaOH) ropresent the sum of the 44-3-keto
band and a weaker band due to the xanthate group, which is reported to absorb near 226 mus,
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m.p. 97—-98°C. TUltraviolet absorption spectrum: lﬁ;?(H 249 my (¢ 15 900) and 280 myu
(¢ 14 000). (Found: C 63.45; H 4.70; S 21.15. Cale. for C; H,,0,S,: C 63.55; H 4.67; S
21.20).

Potassium xanthate of testosterone (X ). To a solution of testosterone (IX) (10.0 g) in
dimethylformamide (50 ml) were added with stirring a solution of potassium hydroxide
(10.0 g) in water (7.5 ml) and carbon disulphide (10 ml). After stirring for 1 h at room
temperature the aqueous layer was removed by decantation and ether (800 ml) was
added to the dimethylformamide phase. The oily precipitate, which formed, was crystal-
lized from acetone-ether and thereafter recrystallized from ethanol-cther to yield 7.2 g
of pure product. Ultraviolet absorption spectrum: lnEl;?(H 235 myu (¢ 24 000) and 304 mu
(e 15 200). (Found: S 15.78. Cale. for C,)H,,KO,S,: S 15.92).

Ammoniuwm xanthate of testosterone (XI ). To a solution of X (6.0 g) in water (225 ml)
was added ammonium chloride (30.0 g) in water (100 ml). The precipitate was collected,
washed with acetone followed by ether and dried to give 3.5 g of crude product. Recry-
stallization from methanol-ether yielded a product with m.p. 128-—-129°C (decomp.).
(Found: C 62.87; H. 8.16; N 3.73; S 16.43. Calc. for CyoH,, NO,S,: C 62.95; H 8.19; N 3.67;
S 16.80).

S-Alkyl xanthates of testosterone XII (see Table 2). A mixture of 0.01 mole of the
potassium xanthate (X), excess of the appropriate alkyl halide and acetone (200 ml) was
stirred for 2-—-3 h, Ether (200 ml) was added, and the mixture was washed with water,
dried, and evaporated to dryness in vacuo, whereafter the residue was recrystallized
from abs. ethanol, combined, if necessary, with a treatment with decolorizing carbon.

Dizanthate of testosterone (XIII ). The potassium xanthate (X) (5.0 g) was dissolved
in water (300 ml). Iodine (1.58 g) in 10 9% aqueous potassium iodide (50 ml) wes added
with stirring and the resulting suspension was extracted with methyl ¢sobutyl ketone.
The organic layer was separated, washed successively with water and aqueous sodium
thiosulphate, and dried. After removal of the solvent ¢n vacuo the residue crystallized
with methanol. Yield of crude product: 3.5 g. Recrystallization from benzene-methanol
yielded a product with m.p. 206 —207°C (decomp.). Ultraviolet absorption spectrum:
ZE:SKH 240 my (e 55 000) and 286 mu (¢ 8 600). (Found: C 66.04; H 7.54; S 17.58. Calc.
for CpH;,0,8,: C 66.07; H 7.49; S 17.64).
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