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3B,17c-diol Series and its Hydrogen Succinate.
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In the previous paper,” the authors reported the synthesis of 17a-hydroxy-17.3-
(2-alkylamino-(or 2-arylamino- or 2-N,N-alkylarylamino-)-4-thiazolyl)androst-4-en-3-
one series, some of which showed the somewhat degree of potency in pigeon method
and Engelmann’s test.

The present paper described the results of further studies on the reduction of
several kinds of 17a-~hydroxy-178-(2-alkylamino-(or 2-arylamino- or 2-N,N-alkylaryl-
amino-)-4-thiazolyl)androst-4-en-3-one series (V) with sodium borohydride. Moreover,
authors attemped the preparation of hydrogen succinate of 173-(2-alkylamino-(or 2-aryl-
amino- or 2-N,N-alkylarylamino-)-4-thiazolyl)androst-4-en-3,17a~diol series (IX) in order
to make them water-soluble.

The preparation of a water-soluble steroid has been studied by several groups of
worker in recent years; steroid phosphate,? steroid sulfonate,® steroid carboxylic acid
salt, steroid ammonium salt® and steroid hydrogen succinate and so forth are well
known to be the water-soluble steroid.

A number of steroid hydrogen succinate have appeared in the literature as the
following compounds : cortisone 21-(hydrogen succinate), 21-hydroxypregnan-3,20-dione
hydrogen succinate,” 3a-hydroxypregnan-11,20-dione hydrogen succinate® 3«,1283-di-
hydroxy-11,12-dioxocholenic acid 3-(hydrogen succinate),” 3a,11-dihydroxy-12-0x0-9(11)-
cholenic acid 3-(hydrogen succinate),!® 33- methoxy-21-hydroxy-allopregnan-20-one
hydrogen succinate,' digitoxygenin 3-(hydrogen succinate),® oleandrigenin 3-(hydrogen
succinate) and gitoxygenin 16-(hydrogen succinate)'® etc.

Reduction of 17a-hydroxy-1783-(2-alkylamino—(or 2-arylamino- or 2-N,N-alkylami-
no-)-4-thiazolyl)androst-4-en-3-one (V) with sodium borohydride in dioxane or dioxane-
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methanol (1:1) and subsequent purification by chromatography through acid-washed
alumina yield sole product of corresponding 3,17a-diol series (lI). The physical con-
stant of the compounds are listed in Table I.

The configuration of 3-hydroxy group could be assumed to be B by means of mole-
culer rotation measurement, proposed by Barton.

The structure of the compounds (V) was substantiated by examination of the infra-
red spectra which showed disappearance of the A4*-3-carbonyl band at 1660 cm™ and
the presence of near 3300~3580cm™ due to 3-hydroxy group. The 2-alkylamino-4-
thiazolyl derivatives of VIb~f were confirmed by examination of infrared spectra which
showed an absorption near 3090~3310cm™ due to N-H stretching, whereas the 2-N,N-
alkylarylamino-4-thiazolyl derivatives of ViI-1 did not show the corresponding absorption
in the region.

Furthermore, the 2-arylamino-4-thiazolyl derivatives of Wlh~k showed an absorption
near 293~299 mp in the ultraviolet spectrum and near 638~815mp in the infrared
spectrum due to substituted benzene. Infrared absorption of VI are summarized in
Table II.

Further evidence was obtained from the result of the ultraviolet spectra which
showed disappearance of the 4*-3-carbonyl band at 239~245 mp and the appearance of
absorption near 259~267 mp due to thiazole ring. 2-Arylamino-4-thiazolyl derivatives
of VI showed secondary absorption near 293~299 mp in the ultraviolet spectrum due to
benzene ring.

17a-hydroxy-178-(2-amino—(or 2-alkylamino- or 2-arylamino-)-4-thiazolyl)androst—
4-en hydrogen succinate series (IX) was obtained from 17a-hydroxy-173-(2-amino—(or
2-alkylamino- or 2-arylamino)-4-thiazolyl)androst-4-en series with succinic anhydride
in pyridine on the usual manner. The aliphatic amino derivatives of IX was proved
to be 38-0,N-bis(hydrogen succinate) from the result of elemental analysis. The phy-
sical constant of the compounds are listed in Table M. This substance is very slightly
soluble in hot water, but it forms an alkali salt which is easily soluble in water and
acidification of the solution with acetic acid again produces hydrogen succinate (IX).
The reaction route is shown in Chart 1.

HC—S-, R:
C~N
| .
4‘:—1\'/ <R2 H? S\C_N/R‘

- OH C—N# """ R,
---OH
0 noﬁ;tg
HC—S, R
NN
Vi Ri=H, AlkylLH C—N/ R VII U'Ry=H: Alkyl. H
Re=11, Alkyl, Aryl ;ﬁ'““ o R.=H, Alkyl, Aryl
R

1IX 1 R=0, Ri=H, R:=COCH.COOH
~H
R=
OCOCH.CH.COOH,

R:=H, R:=Aryl radical
R= =COCH,CH:COOLI, Re=Alkyl radical
N OCOCH.CH.CO0H, Ri= «CH: , Re=Alkyl radica

Chart 1.

Pharmacological Test

Screening tests of the compounds described above, were determined on the toxicity
of pigeon method and the contractile force of isolated frog heart (Engelmann’s test).

The compounds were compared with cardiac aglycone by using these test, as shown
in Tables IV and V.

Toxicity of these compounds were compared with that of cardiac aglycone and
these results indicated that their toxicity is lower than that of cardiac aglycone, as
shown in Table 1IV.
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TasLe IV. Toxicity by Pigeon and Frog method
Frog LD mg./g.

No. Pigeon LD mg./kg.

after 4 hr. after 12 hr.
Digitoxin 0.60 0.001 0.001
Gitoxin 1.21
Digoxin 0.45 0.001® 0. 001
Vla 2.10 0.030 14® 0.030 14®
Vilb 2.80 0.030 0.030
Vilc 7.00 0. 030 0. 030
viid 7.00 0.030 0.030
Vile 4.00 0. 0309 0. 030®
Vi 3.60 0.030 14® 0.030 15®
Vilg 6.10 0. 030 0. 0300
VITh 7.00 0. 060 0. 060
VIii 0. 060 0. 060
VI j 0. 060 0. 0602
ik 0. 060 0.060
VII1 3.65 0. 030® 0. 0309
Xa 0. 060 154" 0. 060

a) This indicates that the animals did not die until each dose was injected.
b) killed animals/treated animals.

TasLe V. Effect on Frog Heart of Compounds

Contractile Force Heart Rate

No. Concentration  Dose cc./10g. inhibit — diminish —

increase + increase +

Vila 10-¢ 0.2 no effect no effect

Vb 104 0.2 — —_
10-¢ 0.2 + —
107¢x 2.5 0.2 no effect

Viic 104 0.2 no effect —

vd 10¢ 0.2 + —
104 0.2 + +

VILf 1078x 2.5 0.1 +
1073x 2.5 0.2 no effect no effect
10-¢ 0.1 + —
104 0.2 + -
10-¢ 0.2 + —
107¢x 2.5 0.2 + weak —
10%¢x 2.5 0.3 + -

Viig 10— 0.2 no effect no effect
10¢ 0.2 + —

VI j 104 0.2 + —

Vi1 10-3x5 0.05 -— —
103x5 0.1 - —
1073x5 0.2 — —
104 0.1 — —
104 0.2 — —
1074x 2.5 0.2 — —
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As can be seen Tables IV and V, hydrogen succinate IX of these compounds showed
lower potency than original 1783-(2-alkylamino-(or 2-arylamino-)-4-thiazolyl)androst-
4-en-38,17a-diol series (Vll), as in the case of digitalis hydrogen succinate.

On the other hand, 173-(2-alkylamino-(or 2-arylamino- or 2-N,N-alkylarylamino-)-4-
thiazolyl)androst-4-en-33,17«-diol (Vi) was found to have stronger potency than corres-
ponding 3-one derivatives (V~TVI) in these test.

Experimental

173-(2-Alkylamino~(or 2-arylamino- or 2-N,N-alkylarylamino-)-4-thiazolyl)androst-4-en-3,17-diol
(VIII)>—A solution of 0.01 mole of 17a-hydroxy-178~(2-alkylamino-(or 2-arylamino- or 2-N,N-alkylaryl-
amino-)-4-thiazolyl)androst-4-en-3-one in 50 cc. of dioxane or dioxane-MeOH (1:1) was added dropwise
with stirring into a solution of 0.012 mole of NaBH, in 10 cc. of MeOH. After for 5 hr., AcOH was
added to the reaction mixture and evaporated to dryness. The residue was chromatographed through
acid-washed alumina. The eluate of CHCl; was crystallized from EtOH (or aq. EtOH) to 60~95% of
crystals.

17a-Hydroxy-173-(2-amino-(or 2-alkylamino- or 2-arylamino-)-4-thiazolyl)androst-4-ene Hydrogen
Succinate Series (IX)——A solution of 0.01 mole of 17e-hydroxy-17g-(2-amino-(or 2-alkylamino- or 2-
arylamino-)-4-thiazolyl)androst-4-ene series and 0.08 mole of succinic anhydride in 50 cc. of pyridine was
allowed to stand at room temperature for overnight. The solution was diluted with ice water contai-
ning HCl. The precipitate was collected, and washed several times with water and recrystallized from
EtOH or aq. EtOH afforded colorless crystals. Yield, 65~70.5%.

The authors express their deep gratitude to Dr. S. Hayashi, Managing Director of this Company,
and Mr. G. Tatsui, Director of this Laboratory, for their kind encouragement.

Thanks are also due to Mr. N. Ogikubo and Miss R. Tomii for ultraviolet and infrared spectral
measurements, and Miss M. Ishii and Miss M. Oikawa for carrying out in microanalyses.

Summary

173-(2-alkylamino-(or 2-arylamino- or 2-N,N-alkylarylamino-)thiazolyl)androst-4-en-
38,17«a~diol was prepared from corresponding 3-one with sodium boronhydride in dioxan
or dioxane-methanol (1:1).

178-(2-alkylamino-(or 2-arylamino-)-4-thiazolyl)androst-4-en-383, 17a-diol 3-(hydro-
gen succinate) and O,N-bis(hydrogen succinate) were obtained from corresponding
38,17«~diol and 17a-ol-3-one with succinic anhydride.

Some of this substance had a digitalis like properties.

(Received August 29, 1962)

NII-Electronic Library Service





