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Effect of ωωωωω�substituents in the hydrazones of conjugated
 pregnane 20�ketosteroids on their ability to

cyclize to pyrazolines*
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The reactions of 3β�acetoxy�5�pregnan�20�one with thiooxamic acid hydrazides were
studied. Depending on the nature of substituents in the thiohydrazide, the reactions give the
corresponding hydrazones or pyrazolines resulting from hydrazone cyclization.
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The condensation of dehydropregnenolone acetate (1)
with phenylhydrazine (2a) in acetic acid is known1 to
afford 20�phenylhydrazone (3а), which readily cyclizes
on heating to pyrazoline derivative 4а (Scheme 1). The
N�acetylhydrazone of the same ketosteroid 3b does not
cyclize but is stabilized in the Е�form incapable of cy�
clization under the reaction conditions.

The corresponding N�acetylpyrazoline 4b can be ob�
tained by heating compound 1 with hydrazine hydrate in
acetic acid.1 The mechanism of this reaction has not been
studied, and it remained unclear what compound is formed
first, either 20�acetylhydrazone, which subsequently cy�
clizes, or pyrazoline, which is then acetylated under the
reaction conditions.

We found that the influence of the substituent at the
amine nitrogen atom of the hydrazone fragment is not
limited to the positions nearest to the hydrazone group.
A study of the reaction of 20�ketosteroid 1 with thiooxamic
acid hydrazides 2c—e has revealed that the reaction path�
way depends also on the nature of the distant ω�substitu�
ent in the thiohydrazide. In the case of derivatives 2c,d,
intermediate hydrazones 3c,d cyclize to give pyrazolines
4c,d, whereas in the case of 2e, the reaction stops after the
formation of hydrazone 3e.

Experimental

1H and 13C NMR spectra were recorded on a Bruker AC�300
instrument (operating at 300 МHz). Mass spectra were recorded
on a Kratos instrument with direct inlet, an ionization energy of
70 eV, and a control voltage of 1.75 kV. Commercially available

* Dedicated to Academician O. M. Nefedov on the occasion of
his 75th birthday.

Scheme 1

R = Ph (a), Ac (b),  (c),

  (d),  (e)

Conditions: i. AcOH; ii. AcOH or Py/AcOH,
∆ (for 3a,c,d → 4a,c,d); iii. N2H4•H2O, AcOH (for 1 → 4b).



Kamernitskii et al.2118 Russ.Chem.Bull., Int.Ed., Vol. 55, No. 11, November, 2006

chemicals (Acros) were used. Thiooxamic acid hydrazides 2c—e
were prepared by a known method.2

Ethyl {5�ethyl�2�[2�hydrazino�2�thioxoacetylaminо]thio�
phene�3�carboxylate} (2с), yield 57%, m.p. 152—154 °C.
Found (%): C, 43.90; H, 5.97; N, 13.90; S, 21.37.
C11H15N3O3S2. Calculated (%): C, 43.84; H, 5.02; N, 13.94;
S, 21.28. 1H NMR (DMSO�d6), δ*: 1.20, 1.40 (both t, 3 H each,
Me); 2.80, 4.30 (both m, 2 H each, CH2); 7.10 (s, 1 H,
thiophene); 12.40 (s, 1 H, NH). MS, m/z: 301 [M]+.

N�(2�Pyridyl)�2�hydrazino�2�thioxoacetamide (2d), yield
67%, m.p. 141—143 °C. Found (%): C, 42.90; H, 4.07; N, 28.47;
S, 16.40. C7H8N4OS. Calculated (%): C, 42.85; H, 4.11;
N, 28.55; S, 16.34. 1H NMR (DMSO�d6), δ: 7.14, 7.82 (both m,
1 H each, Ру); 8.08 (d, 1 H, Ру, J = 7.9 Hz); 8.40 (m, 1 H, Ру);
10.35 (s, 1 H, NH). MS, m/z: 196 [М]+.

N�(2�Bromophenyl)�2�hydrazino�2�thioxoacetamide (2e),
yield 65%, m.p. 161—163 °C. Found (%): C, 34.93; H, 2.88;
Br, 29.26; N, 15.47; S, 11.81. C8H8BrN3OS. Calculated (%):
C, 35.05; H, 2.94; Br, 29.15; N, 15.33; S, 11.70. 1H NMR
(DMSO�d6), δ: 7.15, 7.45 (both m, 1 H arom. each); 7.72, 8.31
(both d, 1 H arom. each, J = 8.0 Hz); 10.51 (s, 1 H, NH). MS,
m/z: 274 [M]+.

Reactions of ketosteroid 1 with thiooxamic acid hydrazides
(general procedure). Method А. A solution of compound 1
(0.356 g, 1 mmol) and the corresponding thiohydrazide (2c—e)
(1.1 mmol) in glacial acetic acid (7 mL) was refluxed for 4 h.
The reaction mixture was then cooled, water (10 mL) was added,
and the mixture was left for 16 h. The precipitate that formed
was filtered off, washed successively with water and heptane,
and dried in vacuo. The target products 4c,d and 3e were puri�
fied by thin layer chromatography (SILPEARL, ethyl ac�
etate—hexane, 1 : 1).

Method B. A solution of compound 1 (0.356 g, 1 mmol) and
thiohydrazide 2d (0.215 mg, 1.1 mmol) was refluxed for 4 h in
pyridine (7 mL) in the presence of catalytic amounts of AcOH
(∼1 drop). After cooling, water (10 mL) was added to the reac�
tion mixture and the product was extracted with ethyl acetate
(3×7mL). The organic extracts were combined, washed with
2% HCl and water, dried with MgSO4, concentrated, and kept
in vacuo. The residue was purified by thin layer chromatography
(SILPEARL, ethyl acetate—hexane, 1 : 1) to give compound 4d.

3βββββ�Acetoxy�3´�methyl�1´�[2�oxo�2�(3�ethoxycarbonyl�5�
ethyl�2�thienylamino)ethanethioyl]androst�5�ene�[17,16�d]pyr�

azoline�2 (4c). Yield 56%, m.p. 135—137 °C. Found (%):
C, 63.95; H, 7.20; N, 6.39. C34H45N3O5S2. Calculated (%):
C, 63.82; H, 7.09; N, 6.57. 1H NMR (DMSO�d6), δ: 0.99 (s,
3 H, 18 Me); 1.05 (s, 3 H, 19 Me); 1.20, 1.40 (both t, 3 H each,
Me); 2.05 (s, 3 H, 21 Me); 2.13 (s, 3 H, OАс); 2.80 (s, 2 H,
CH2); 3.40 (d, 1 H, 17 CH, J17,16 = 8.0 Hz); 4.30 (m, 2 H,
CH2); 4.46 (m, 1 H, 3 CH); 5.05 (t, 1 H, 16 H, J = 8.0 Hz); 5.40
(s, 1 H, 6 CH); 7.05 (s, 1 H from thiophene); 11.32 (s, 1 H,
NH). MS, m/z: 639 [M]+.

3βββββ �Acetoxy�3´�methyl�1´�[2�oxo�2�(pyridine�2�yl�
amino)ethanethioyl]androst�5�ene�[17,16�d]pyrazoline�2 (4d).
Yield 50% (method А) and 53% (method Б), m.p. 130—132 °C
(benzene). Found (%): C, 67.50; H, 7.27; N, 10.38.
C30H38N4O3S. Calculated (%): C, 67.39; H, 7.16; N, 10.48.
1H NMR (DMSO�d6), δ: 0.99 (s, 3 H, 18 Me); 1.05 (s, 3 H,
19 Me); 2.05 (s, 3 H, 21 Me); 2.13 (s, 3 H OАс); 3.40 (d, 1 H,
17 CH, J17,16 = 8.1 Hz); 4.41 (m, 1 H, 3 CH); 5.05 (t, 1 H,
16 CH, J = 8.1 Hz); 5.40 (s, 1 H, 6 CH); 7.14, 7.82 (both m,
1 H each, Py); 8.05 (d, 1 H, Py, J = 7.9 Hz); 8.38 (m, 1 H, Ру);
10.95 (s, 1 H, NH). 13C NMR, δ: 183.0 (C=S); 169.7 (C=OOАс);
166.1 (C=OO=CNH); 164.6 (Cα´�Py); 151.7 (CHPy); 138.3 (CHPy);
121.8 (CHPy); 119.7 (CHРу). MS, m/z: 534 [M]+.

20�[2´�(2�Bromoanilino)�2�oxoethanethioylhydrazono]�3βββββ�
acetoxypregna�5,16�dien�20�one (3e). Yield 41%, m.p.
185—186 °C. Found (%): C, 60.55; H, 6.31; N, 6.79.
C31H38BrN3O3S. Calculated (%): C, 60.78; H, 6.25; N, 6.86.
1H NMR (DMSO�d6), δ: 0.98 (s, 3 H, 18 Me); 1.05 (s, 3 H,
19 Me); 2.05 (s, 3 H, 21 Me); 2.13 (s, 3 H, OАс); 4.41 (m, 1 H,
3 CH); 5.40 (s, 1 H, 6 CH); 6.62 (m, 1 H, 16 CH); 7.15, 7.45
(both m, 1 H arom. each); 7.72, 8.30 (both d, 1 H arom. each,
J = 8.0 Hz); 10.72, 11.75 (both s, 1 H each, NH). MS,
m/z: 612 [M]+.
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* In the spectra of compounds 2c—e, the signals of the NH—NH2
group are faint.
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