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Abstract 

Background:  For many years, various drugs have been used for the treatment of infectious diseases but some bacte-
rial microorganisms have induced resistance to several drugs. In a search of new antimicrobial agents, a series of new 
steroidal hydrazones were designed and synthesized.

Result:  The structures of the compounds were established based on the spectral data. The in vitro antimicrobial 
activity of some newly synthesized compounds against bacteria and fungi was studied.

Conclusion:  New compounds showed better or similar antimicrobial activity. Designing more efficient steroidal 
hydrazones from ketosteroid based on the current study may successfully lead to the development of antimicrobial 
agent.
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Background
Hydrazones are synthesized by condensation of alde-
hyde/ketone with hydrazine. Hydrazones are also syn-
thesized by coupling reaction of aryl diazonium salts 
with active hydrogen compounds [1]. Hydrazone have 
gained great importance due to their diverse biological 
properties including antibacterial and antifungal [2], 
anticonvulsant [3], anti-inflammatory [4], antimalarial 
[5] and antituberculosis [6] activities. When they are 
used as intermediates, coupling products can be syn-
thesized by using the active hydrogen component of 
azomethine group [7].

Searching for new molecules in the field of steroid will 
never end. Researchers are always been interested to do 
research on steroid due to its particular biological and 
pharmacological action. The Steroidal drugs have been 
widely used in traditional medicines. The versatile activ-
ity of androstene and estrane series indicates that these 
molecules could be a key starting material for developing 
a new drug. Particularly, this invention relates to thera-
peutically valuable steroids of androstene and estrane 
series having hydrazone function. Steroidal hydrazones 
have received extensive attention of scientists because 
they exhibit some biological activities such as antifungal, 
antibacterial, antiproliferative, antituberculosis, antiviral 
and anticancer [8–16].

Structural modification of steroids requires great syn-
thetic effort and still a vivacious area of research. Steroi-
dal ring modification and incorporation of heteroatom 
or replacing one or more carbon atoms in steroidal mol-
ecule may improves its biological activities have been 
researched and reported [17–26]. About preparation 
of steroidal derivatives, introduction of methyl group at 
a certain position of steroids may significantly change 

their bioactivities [27]. The investigation of new steroidal 
derivatives has been given great attention. Hydralazine 
plays an important role as antihypertensive drug and sold 
under the brand name Apresolin. Hydralazine belongs to 
the hydrazinophthalazine class of drugs [28]. Hydrala-
zine derivatives have wide applications in the treatment 
of diseases such as tuberculosis, mental disorder [29]. 
Hydralazine can be used as antimicrobial, antihyperten-
sive, antimalarial and antitumoral agents [30–32].

Steroidal hydrazone containing nitrogen atom has been 
synthesized with the aim of improving selectivity. How-
ever steroidal hydrazones with hydralazine hydrochloride 
were rarely reported. We decided to further explore the 
antimicrobial properties of steroidal hydrazone by syn-
thesizing new analogs with suitable structural modifica-
tions (Fig. 1).

Methods
All the chemicals were used as received from commercial 
sources. All reaction progress were monitored by thin-
layer chromatography (TLC) analysis using silica gel 60 
F254 TLC plates. The melting point was determined on 
a Veego-matic melting point apparatus. IR spectra were 
recorded using potassium bromide disks on a Shimadzo 
IR Affinity 1S. The wave numbers are given in cm−1. 1H 
and C13 NMR spectra were recorded on Bruker Avance 
II spectrophotometer at 400 and 300 MHz and 100 and 
75 MHz, respectively, with tetramethylsilane as an inter-
nal reference; the chemical shifts were measured in ppm 
with respect to the solvent. Mass spectra were recorded 
on TSQ Quantum and water make Acquity model UPLC 
connected with SQ detector (Single Quadra pole) soft-
ware Mass Lynx (401) instrument equipped with electro 

Fig. 1  Steroidal hydrazone of androstene and estrane
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spray ionization (ESI) ion source. Measurements were 
taken in positive (MS+) ion mode.

Experimental
General procedure for the preparation of steroidal 
hydrazone (3–8, 10, 11, 15, 16, 18, 20 and 22)
Ketosteroid (1, 9A, 9B, 14A, 14B, 17A, 19 and 21) 
(Schemes 1, 2, 4, 5, 6, 7) (2.5  mmol) and hydralazine 
hydrochloride (2) (2.6  mmol) with Potassium acetate 
(2.6  mmol) in Methanol (25  ml) was refluxed for 6  h. 
After the end of the reaction (monitored by TLC), the 
mixture was allowed to cool and added water (25 ml). 
On stirring, the precipitate was formed and collected 
by filtration. This solid was purified from Methanol 
(10 ml) and dried at 45–50 °C to afford the correspond-
ing compounds as yellow solid.

Synthetic procedure of 9A (Δ6‑testosterone)
To a solution of Testosterone (9) (2.0 g) in tert. butanol 
(20  ml) was added chloranil (1.6  g) and the reaction 
mixture was heated to 80 °C for 5 h. After cooling, the 
reaction mixture was poured into 10% Na2CO3, solu-
tion and the products were extracted with methylene 
dichloride. The extracts were washed with water dried 
over anhydrous sodium sulfate and the solvent was 
evaporated to afford crude crystals. Recrystallization 
from acetone gave (1.0 g) 9A.

Synthetic procedure of 9B
5  g of Testosterone (9) in tert. butanol (50  ml) was 
stirred under nitrogen and charged potassium tert. 
butoxide (5 g) in the mixture. Stirred the reaction mass 
until clear solution obtained. Added drop wise solution 

Scheme 1  Reagents and conditions (i) methanol, potassium acetate, 2 (hydralazine hydrochloride), reflux, 6 h

Scheme 2  Reagents and conditions (i) chloranil, tert. butanol, reflux, 5 h; (ii) tert. butanol, potassium tert. butoxide, methyl iodide, reflux,4 h; (iii) 
methanol, potassium acetate, 2 (hydralazine hydrochloride), reflux, 6 h
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of methyl iodide (7.0  ml) in to the reaction mass at 
25–30  °C. Reaction mass allowed to stirred for 4  h 
(monitored by TLC) at 25–30  °C. Water (100  ml) was 
added, the tert-butanol removed in vacuum and cooled 
the suspended mass and filtered. Recrystallization 
from acetone to give compound (2.5 g) 9B. MS (ESI+) 
m/z: Calculated for C21H32O2 [M + H]+ 316.48; found, 
317.31.

Method for the preparation of compound 10 and 11 
according to the general procedure
See Scheme 2.

Synthetic procedure of (13)
Estrone (12) (0.75  g, 2.8  mol) and hydralazine hydro-
chloride (2) (0.58  g, 2.9  mol) with Potassium acetate 
(0.28 g, 2.8 mol) in Tetrahydrofuran (25 ml) was refluxed 
for 8–10 h. After the end of the reaction (monitored by 
TLC), Distilled off Tetrahydrofuran under reduced pres-
sure and yellowish oily mass allowed to cool and added 
Methanol (15 ml). On stirring, the precipitate was formed 

and collected by filtration and washed with water (20 ml). 
This solid was purified from Methanol (10 ml) and dried 
at 45–50 °C to afford the corresponding compounds (13) 
as yellow solid (Scheme 3).

Synthetic procedure of 14A (4‑methyl nandrolone) and 14B
To a solution of Nandrolone (14) in tert. butanol was 
added potassium tert-butoxide with stirring under 
inert atmosphere by nitrogen blanketing. The solution 
of methyl iodide (3.8  ml, 61.04  mmol) in tert-butanol 
(18 ml) was added drop wise over a period of 30 min. and 
the resulting mixture was refluxed for 30 min (monitored 
by TLC). After cooling, the reaction mixture was acidi-
fied with 1 M HCl and the solvent was evaporated. The 
crude product was extracted with Methylene dichloride, 
the organic layer was washed with NaHSO3 and water, 
dried with anhydrous sodium sulfate and distilled out sol-
vent under vacuum to give crude product which was sep-
arated by flash chromatography over short silica column 
eluting with 30% ethyl acetate in n-Hexane to give white 
solid of 4-methyl-androst-4-en-3-one-17β-ol (14A) MS 
(ESI+) m/z: Calculated for C19H28O2 [M + H]+ 288.42; 

Scheme 3  Reagents and conditions (i) methanol, potassium acetate, 2 (hydralazine hydrochloride), reflux, 6 h

Scheme 4  Reagents and conditions (i) tert-butanol, potassium tert-butoxide, methyl iodide, reflux, 1 h; (ii) methanol, potassium acetate, 2 
(hydralazine hydrochloride), reflux, 6 h
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found, 289.16 and 4,4-dimethyl-androst-5-en-3-one-
17β-ol(14B) MS (ESI+) m/z: Calculated for C20H30O2 
[M + H]+ 302.45; found, 303.21.

Method for the preparation of compound 15 and 16 
according to the general procedure
See Scheme 4.

Synthetic procedure of 17A (Δ6‑norethisterone) according 
to the procedure 9A and method for the preparation 
of compound 18 according to the general procedure
See Scheme 5.

Method for the preparation of compound 20 according 
to the general procedure
See Scheme 6.

Scheme 5  Reagents and conditions (i) Chloranil, tert-butanol, reflux, 5 h; (ii) methanol, potassium acetate (2) hydralazine hydrochloride, reflux, 6 h

Scheme 6  Reagents and conditions (i) methanol, potassium acetate (2) hydralazine hydrochloride, reflux, 6 h

Scheme 7  Agents and conditions (i) methanol, potassium acetate, (2) hydralazine hydrochloride, reflux, 6 h
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Method for the preparation of compound 22 according 
to the general procedure
See Scheme 7.

Results

3‑(Phthalazin‑1yl‑hydrazono)‑4‑androstene‑17β‑ol 
(3)  Yellow solid, 0.63  g, Yield 67%; mp: 190  °C Dec.; 
IR (KBr, cm−1): 1582 (C=C), 1605(C=N), 2934 (CH), 
3387(NH), 3410(OH); 1H NMR (400  MHz CDCl3) δ, 
ppm: 0.76(s, 3H, –CH3), 1.17(s, 3H, –CH3), 3.62(s, 1H, 
–CH), 5.70(s, 1H, –CH) 7.51(m, 1H, Ar–H), 7.67(m, 
2H, Ar–H), 7.86(s, 1H, Ar–H), 8.30 (m, 1H,Ar–H); 13C 
NMR (100 MHz CDCl3): 11.0, 17.4, 20.6, 23.3, 30.3, 31.5, 
32.8, 33.9, 35.6, 35.7, 36.4, 42.8, 50.4, 53.9, 81.4, 123.7, 
125.8, 126.9, 127.3, 128.7, 131.4, 131.7, 137.5, 146.9, 
152.0, 161.4; MS (ESI+) m/z: calculated for C27H34N4O 
[M + H]+ 430.27; found, 431.12.

3‑(Phthalazin‑1yl‑hydrazono)‑19‑nor‑4‑androstene‑17
β‑ol (4)  Yellow solid, 0.70 g, Yield 62.5%; mp: > 200  °C; 
IR (KBr, cm−1): 1590(C=C), 1612(C=N), 2912(CH), 
3352(NH), 3409 (OH); 1H NMR (400  MHz CDCl3) δ, 
ppm: 0.76(s, 3H, –CH3), 3.61(s, 1H, –CH), 5.78(s, 1H, –
CH), 7.71(m, 1H, Ar–H), 7.81(m, 2H, Ar–H), 8.29(s, 1H, 
Ar–H), 8.51(m, 1H, Ar–H); 13C NMR (100 MHz CDCl3): 
11.1, 23.1, 26.1, 26.5, 30.3, 30.6, 35.4, 36.4, 40.4, 42.5, 
43.0, 49.5, 49.7, 81.5, 122.9, 124.4, 126.2, 127.5, 128.1, 
131.2, 137.6, 145.8, 166.9; MS (ESI+) m/z: Calculated for 
C26H32N4O [M + H]+ 416.26; found, 417.28.

17‑Ethinyl‑3‑(phthalazin‑1yl‑hydrazono)‑19‑nor‑4‑and
rostene‑17β‑ol (5)  Yellow solid, 0.65  g, Yield 60%; mp: 
165–167  °C; IR (KBr, cm−1): 1585(C=C), 1615(C=N), 
2956(CH), 3271(≡C–H), 3331(OH); 1H NMR (400 MHz 
CDCl3) δ, ppm: 0.97(s, 3H, –CH3), 2.86(s, 1H, –CH), 
5.73(s, 1H, –CH), 7.75(m, 1H, Ar–H), 7.92(m, 2H, 
Ar–H), 8.30(s, 1H, Ar–H), 8.45(m, 1H, Ar–H); 13C NMR 
(100 MHz CDCl3): 11.9, 23.1, 26.4, 26.8, 30.8, 32.6, 35.6, 
36.7, 39.0, 41.2, 42.7, 47.0, 49.3, 74.3, 79.8, 87.6, 124.7, 
125.9, 126.4, 127.3, 129.1, 131.9, 132.7, 135.5, 141.7, 
158.5, 165.8; MS (ESI+) m/z: Calculated for C28H32N4O 
[M + H]+ 440.58; found, 441.38.

17‑Ethinyl‑3‑(phthalazin‑1yl‑hydrazono)‑7α‑methyl‑
19‑nor‑4‑androstene‑17β‑ol (6)  Yellow solid, 0.73  g, 
Yield 67%; mp: > 200  °C; IR (KBr, cm−1): 1580(C=C), 
1608(C=N), 2934(CH), 3251 (≡C–H), 3404(OH); 1H 
NMR (400  MHz CDCl3) δ, ppm: 0.75(d, 3H, J = 7.2  Hz, 
–CH3), 0.90(s, 3H, –CH3), 2.56(s, 1H, –CH), 5.82(s, 1H, –
CH), 7.75(m, 1H, Ar–H), 7.92(m, 2H, Ar–H), 8.33(s, 1H, 
Ar–H), 8.69(m, 1H, Ar–H); 13C NMR (100 MHz CDCl3): 
12.6, 12.8, 22.2, 26.7, 30.6, 32.3, 36.6, 38.7, 42.0, 43.2, 

43.4 45.9, 46.9, 74.1, 78.6, 87.3, 124.1, 125.2, 126.7, 127.6, 
128.9, 131.5, 132.8, 135.9, 141.3, 157.9, 165.0; MS (ESI+) 
m/z: Calculated for C29H34N4O [M + H]+ 454.27; found, 
455.19.

7α‑Methyl‑3‑(phthalazin‑1yl‑hydrazono)‑19‑nor‑4‑a
ndrostene‑17β‑ol (7)  Yellow solid, 0.75  g, Yield 66%; 
mp: > 210  °C; IR (KBr, cm−1): 1587(C=C), 1610(C=N), 
2927(CH), 3362(NH), 3410(OH); 1H NMR (400  MHz 
CDCl3) δ, ppm: 0.73(d, 3H, J = 8 Hz, –CH3), 0.90(s,3H,–
CH3), 3.61(s,1H,–CH), 5.72(s,1H,–CH), 7.71(m,1H,Ar–
H), 7.97(m,2H,Ar–H), 8.35(s,1H,Ar–H), 8.67(m,1H,Ar–
H); 13C NMR (100 MHzCDCl3): 11.8, 12.9, 22.5, 26.9, 
30.4, 32.9, 36.9, 38.4, 42.1, 43.3, 43.9, 45.4, 46.3, 81.6, 
123.9, 125.3, 126.5, 127.8, 128.3, 131.7, 132.6, 135.4, 
141.2, 156.9, 163.7; MS (ESI+) m/z: calculated for 
C27H34N4O [M + H]+ 430.27; found, 431.22. Anal. Calc. 
C:75.31, H:7.96, N:13.01; found C:75.24, H:7.59, N:13.13.

18‑Methyl‑3‑(phthalazin‑1yl‑hydrazono)‑19‑nor‑4‑an
drostene‑17β‑ol (8)  Yellow solid, 0.77  g, Yield 71.9%; 
mp: > 200  °C; IR (KBr, cm−1): 1575(C=C), 1609(C=N), 
2923(CH), 3393(OH); 1H NMR (400  MHz CDCl3) δ, 
ppm: 0.81(t, 3H, J = 7.1  Hz, –CH3), 1.20(m, 2H, –CH2), 
3.48(s,1H,–CH), 5.73(s,1H,–CH), 7.76(m, 1H, Ar–H), 
7.93(m, 2H, Ar–H), 8.33(s, 1H, Ar–H), 8.49(m, 1H, Ar–
H);13C NMR (100  MHz CDCl3): 8.9, 18.6, 21.5, 26.0, 
28.0, 30.4, 35.2, 35.8, 38.7, 40.5, 42.2, 47.5, 48.6, 50.2, 
80.2, 123.6, 124.1, 125.9, 127.0, 128.2, 131.4, 137.3, 
145.2, 168.5; MS (ESI+) m/z: Calculated for C27H34N4O 
[M + H]+ 430.59; found, 431.44.

3‑(Phthalazin‑1yl‑hydrazono)‑androsta‑4,6‑dien‑17β‑ol 
(10)  Yellow solid, 0.66  g, Yield 58.9%; mp: > 200  °C;IR 
(KBr, cm−1):1587(C=C), 1606(C=N), 2933(CH), 
3381(NH), 3456(OH); 1H NMR (400  MHz CDCl3) δ, 
ppm: 0.74(s, 3H, –CH3), 0.94(s, 3H, –CH3), 3.55(t, 1H, 
J = 16  Hz, –CH), 5.70(s, 1H, –CH), 5.98(s, 1H, –CH), 
7.34–7.38(m, 1H, Ar–H), 7.49–7.53(m, 2H, Ar–H), 
7.68 (s, 1H, Ar–H), 8.25–8.30(m, 1H, Ar–H); 13C NMR 
(100 MHz CDCl3): 11.0, 16.8, 20.5, 22.3, 23.0, 30.3, 33.2, 
36.1, 36.5, 37.2, 43.7, 48.7, 50.9, 81.3, 124.1, 124.2, 125.9, 
127.2, 127.5, 128.6, 131.5, 131.6, 133.8, 137.8, 146.5, 1 
52.0, 161.6; MS (ESI+) m/z: Calculated for C27H32N4O 
[M + H]+ 428.26; found, 429. 4. Anal. Calc. C:75.67, 
H:7.53, N:13.07; found (C:74.29, H:8.15, N:12.19).

3‑(Phthalazin‑1yl‑hydrazono)‑4,4′‑dimethyl‑5‑andros
tene‑17β‑ol (11)  Yellow solid, 0.6  g, Yield 55.0%; mp: 
208–210  °C; IR (KBr, cm−1): 1584(C=C), 1607(C=N), 
2931(CH), 3367(NH), 3426 (OH); 1H NMR (400  MHz 
CDCl3) δ, ppm: 0.72(s,3H,–CH3), 0.96(s, 3H, –CH3), 
1.22(s, 6H, –CH3), 3.67(d, 1H, J = 8.03  Hz, –CH), 
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5.63(m,1H,–CH), 7.65(m, 1H, Ar–H), 7.87(m, 2H, Ar–H), 
8.11(s, 1H, Ar–H), 8.39(m, 1H, Ar–H); 13C NMR 
(100 MHz CDCl3): 12.0, 18.7, 20.8, 23.1, 25.4, 28.4, 30.1, 
31.3, 39.2, 42.4, 48.7, 50.2, 81.5, 124.2, 126.1, 126.5, 127.3, 
128.1, 144.6, 149.5, 163.2; MS (ESI +) m/z: calculated for 
C29H38N4O [M + H]+ 458.64; found, 459.39.

3‑Hydroxy‑1,3,5(10)‑estratrien‑17‑(phthalazine‑1yl‑h
ydrazono) (13)  Yellow solid, 0.75 g, Yield 66%; mp: 167–
169  °C; IR (KBr, cm−1): 1585(C=C), 1602, 1649(C=N), 
2935(CH), 3055(aromatic CH), 3383(NH); 1H NMR 
(400 MHz DMSO) δ, ppm: 0.98(s, 3H, –CH3), 6.51(d, 1H, 
J = 4  Hz, Ar–H, estrone), 6.57(d, 1H, J = 4  Hz, estrone), 
7.14(d, 1H, J = 8.48  Hz, Ar–H, estrone), 7.70 (m, 3H, 
Ar–H, hydralazine), 8.00(s, 1H, Ar–H, hydralazine), 
8.23(s, 1H, Ar–H, hydralazine), 9.08(s, 1H, –OH), 11.21(s, 
1H, –NH); 13C NMR (100 MHz DMSO): 16.9, 25.9, 27.2, 
29.1, 30.7, 35.1, 38.1,43.8, 44.3, 52.1, 112.86, 114.9, 115.9, 
123.3, 126.2, 126.8, 131.4, 136.5, 137.1, 145.7, 168.0, 176.6; 
MS (ESI+) m/z: Calculated for C26H28N4O [M + H]+ 
412.53; found, 413.4. Anal. Calc. C:75.70, H:6.84, N:13.58; 
found (C:74.35, H:6.72, N:13.59).

3‑(Phthalazin‑1yl‑hydrazono)‑4‑methyl‑19‑nor‑4‑an
drostene‑17β‑ol (15)  Yellow solid, 0.4  g, Yield 36%; 
mp: > 200  °C; IR (KBr, cm−1): 1579(C=C), 1607(C=N), 
2932(CH), 3366(NH), 3415(OH); 1HNMR (400  MHz 
CDCl3) δ, ppm: 0.93(s, 3H, –CH3), 1.22(s, 3H, –CH3), 
3.53(s, 1H, –CH), 7.71(m, 1H, Ar–H), 7.87(m, 2H, 
Ar–H), 8.18(s, 1H, Ar–H), 8.51(m, 5H, Ar–H); 13C NMR 
(100  MHz CDCl3):11.3, 18.0, 23.3, 24.7, 26.1, 26.5, 29.7, 
30.1, 30.6, 35.4, 36.4, 40.4, 42.5, 43.0, 49.5, 49.7, 81.5, 
124.4, 129.2, 138.4, 166.9; MS (ESI+) m/z: Calculated for 
C27H34N4O [M + H]+ 430.27; found, 431.18.

3‑(Phthalazin‑1yl‑hydrazono)‑4,4′‑dimethyl‑19‑nor
‑5‑androstene‑17β‑ol (16)  Yellow solid, 0.6  g, Yield 
66.6%; mp: 109–108  °C; IR (KBr, cm−1): 1588(C=C), 
1606(C=N), 2954(CH), 3371(NH), 3456(OH); 1H NMR 
(400 MHz CDCl3) δ, ppm: 0.97(s, 3H, –CH3), 1.21 (s, 6H, 
–CH3), 3.57(s, 1H, –CH), 5.56 (d, 1H, J = 7.1 Hz, –CH), 
7.51(m, 1H, Ar–H), 7.71(m, 2H, Ar–H), 8.21(s,1H,Ar–H), 
8.41(m, 1H, Ar–H); 13C NMR (100  MHz CDCl3): 13.6, 
21.4, 23.9, 24.7, 27.4, 30.7, 31.1, 31.8, 32.1, 33.8, 37.1, 38.4, 
44.2, 48.9, 80.8, 119.9, 124.3, 124.6, 125.5, 127.0, 127.4, 
128.3, 131.2, 131.8, 133.4, 137.9, 146.6, 152.3, 162.3; MS 
(ESI +) m/z: calculated for C28H38N4O [M + H]+ 446.63; 
found, 447.47.

17‑Ethinyl‑3‑(phthalazin‑1yl‑hydrazono)‑estr‑4,6‑d
ien‑17β‑ol (18)  Yellow solid, 0.55  g, Yield 74%; mp: 
167–169  °C; IR (KBr, cm−1):1582(C=C), 1619(C=N), 
2977(CH), 3322(NH), 3401 (OH); 1H NMR (400  MHz 

CDCl3) δ, ppm: 0.95(s,3H,–CH3), 2.86(s, 1H, CH), 5.80(d, 
1H, J = 10.7  Hz, CH), 5.92(s, 1H, –CH), 6.23(d, 1H, 
J = 10.7  Hz, –CH), 7.60(m,1H,Ar–H), 7.79(m,2H,Ar–H), 
8.28(s,1H,Ar–H), 8.43(m,1H,Ar–H); 13C NMR (100 MHz 
CDCl3): 12.0, 22.5, 25.1, 26.9, 32.3, 37.8, 38.7, 40.8, 41.9, 
45.7, 47.3, 48.7, 74.3, 80.4, 87.0, 124.4, 125.6, 126.9,127.5, 
128.8, 131.6, 132.1, 136.5, 141.5, 158.9, 161.8; MS (ESI +) 
m/z: Calculated for C28H30N4O [M + H]+; 438.56; found, 
439.49.

3‑( Phthalazin‑1yl‑hydrazono)‑1α‑methyl‑5α‑an
drostan‑17β‑ol (20)  Yellow solid, 0.67  g, Yield 
61%; mp: > 200  °C; IR (KBr, cm−1):1586(C=C), 
1629(C=N), 2930(CH), 3392(OH); 1H NMR (300  MHz 
CDCl3) δ, ppm: 0.74–1.0(m,14H,Mesterolone), 
1.0–1.79(m,11H,Mesterolone), 3.58 (t, 1H, J = 9.0  Hz, –
CH), 7.40–7.45(m, 1H, Ar–H), 7.56–7.59(m, 2H, Ar–H), 
7.72(d, 1H, J = 6 Hz, Ar–H), 8.30–8.35 (m, 1H, Ar–H);13C 
NMR (75 MHz CDCl3): 11.3, 14.0, 14.8, 20.0, 23.5, 28.7, 
30.5, 30.9, 31.3, 35.6, 36.7, 38.6, 38.9, 39.2, 39.6, 40.6, 
43.1, 48.7, 48.9, 51.0, 81.8, 124.1, 126.0, 127.2, 131.4, 
131.6, 137.4, 146.4, 166.8; MS (ESI+) m/z: Calculated for 
C28H38N4O [M + H]+ 446.63; found, 447.92.

4′‑[17‑(Phthalazin‑1‑yl‑hydrazone)‑1,3,5(10)‑estratri
en‑3‑yloxymethyl]‑biphenyl‑2‑carbonitrile (22)  Yel-
low solid, 0.50  g, Yield 76.9%; mp: > 200  °C; IR (KBr, 
cm−1): 1586(C=C), 1602(C=N), 1648, 2223(C≡N), 
2937(CH), 3064(CH aromatic), 3398(NH); 1H NMR 
(400 MHz CDCl3) δ, ppm: 1.1(s, 3H, –CH3), 5.16(s, 2H, –
OCH2–), 6.80–8.85(m, 20H, Ar–H);13C NMR (100 MHz 
CDCl3):17.0, 25.1, 27.3, 29.1, 30.7, 35.1, 38.1, 43.8, 44.3, 
52.1, 112.86, 114.9, 115.9, 123.3, 126.2, 126.8, 131.4, 136.5, 
137.1, 137.8, 141.4, 145.7, 149.7, 154.0, 167.1, 183.5; MS 
(ESI+) m/z: calculated for C40H37N5O [M + H]+ 603.75; 
found, 604.86.

Discussion
Chemistry
The literature survey was done by focusing on steroidal 
hydrazone where ketosteroid used as a starting mate-
rial. Allah HMF synthesized phthalazinohydrazone of 
17α-methyltestosterone [33]. Rasras et  al. [34] con-
veyed the efficient procedure for the synthesis of novel 
hydrazide–hydrazone of cholic acid and tested them for 
antibacterial activity. Mohareb et al. reported synthesis of 
hydrazide‑hydrazone, pyrazole, pyridine, thiazole, thio-
phene derivatives and their cytotoxicity evaluations [35]. 
A method conveyed by Nadaria et al. [36, 37] for the syn-
thesis and biological activity of hydrazone of 5α-steroids 
and synthesis and cytotoxicity of epiandrosterone 
hydrazones. Jaben et  al. [38] specified the synthesis of 
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anticancer agents of progesterone and testosterone. Zick-
ovic et al. [39] synthesized steroidal thiosemicarbazones 
and evaluated their cytotoxic activity.

The structural chemistry of these steroidal hydrazones 
involves the condensation of hydralazine hydrochloride 
at C3 and C17 of ketosteroid. The reaction is catalyzed by 
potassium acetate in methanol as solvent. Androgen and 
estrogen scaffold used as ketosteroid for the synthesis of 
title compounds. The synthesis of steroidal hydrazones 
was developed without chromatographic purification 
(column/flash chromatography).

The structures of the synthesized compounds (3–8, 
10, 11, 15, 16, 18, 20 and 22) were established using 1H, 
13C-NMR and mass spectral data. In 1H NMR spec-
trum of steroidal hydrazones (3–8, 10, 11, 15, 16, 18, 
20 and 22) singlet signals of 4-CH3, 4,4′-CH3, 18-CH3 
and 19-CH3 groups were present at δ 1.22 ppm, 0.76–
0.96  ppm and 0.81  ppm and doublet signal of 7-CH3 
group was present at δ 0.73–0.75  ppm. Aromatic 
protons of hydralazine were noted in the interval at 
δ7.5–8.5  ppm. In the 13C NMR spectra of steroidal 
hydrazones (5, 6 and 18) peaks of ≡CH carbon exist-
ence at around δ 79.0 ppm and –C≡ at around 87 ppm. 
Signals of C=N bond at 161.6 ppm and 168.0 ppm. The 
C17 peaks of steroidal hydrazones (3–8, 10, 11, 15, 16, 
18, 20 and 22) were observed at around δ 81  ppm. In 
1H NMR spectrum of steroidal hydrazones (3–8, 11, 
15, 16 and 18) and singlet signal of –CH were present 
at around δ 2.48–3.61 ppm. Where as in compound 10 
and 20, –CH gave triplet at δ 3.55 and 3.58 ppm. In the 
mass spectral analysis [M + H]+ of 9A, 14A, 14B, 10, 13 
and 20 matched with theoretical values.

In the 1H NMR spectra (in DMSO) of steroidal hydra-
zone (13) singlet signals of angular 18-CH3 group was 
present at δ 0.98  ppm. The signals of aromatic protons 
were present in the range of δ 6.57–7.14  ppm. The sin-
gles of aromatic protons of hydralazine were present in 
the range of δ7.70–8.23 ppm. Singlet signal of the proton 
of –OH group at δ 9.08  ppm. The protons of the –NH 
at δ 11.21 ppm. The IR spectrum of the steroidal hydra-
zone (13) contained absorption bands the NH– group 
at 3358  cm−1, C=N bond at 1649  cm−1, bands at 1602, 
1585  cm−1for –C=C–. The infrared spectra of steroidal 
hydrazones (3–8, 10, 11, 15, 16, 18, 20 and 22) showed 
the NH-band in the range of 3381–3209 cm−1.

Biological activity
In vitro antimicrobial activity
We have selected compounds 3 (testosterone), 6 (iso tibo-
lone), 7 (7-methyl nandrolone), 10 (δ6-testosterone), 11 
(4,4-dimethyl steroid) and 18 (δ6-norethisterone) for the 
antimicrobial screening based on the steroidal skeleton. 

The difference in the structure of above compounds is the 
presence of -CH3, Unsaturation and ethinyl group. The 
position of groups are encourages us that what will be the 
activity of the selected compounds among the all.

The in vitro antimicrobial activity of some of the syn-
thesized compounds was accomplished by broth micro-
dilution method [40]. It is one of the non-automated 
in vitro bacterial susceptibility tests. This classic method 
yields a quantitative result for the amount of antimicro-
bial agents that is needed to inhibit growth of specific 
microorganisms. It is carried out in tubes. Mueller–Hin-
ton broth was used as nutrient medium to grow and 
dilute the compound suspension for the test bacteria and 
Sabouraud Dextrose broth used for fungal nutrition.

Each synthesized drug was diluted obtaining 2000 µg /
ml concentration, as a stock solution.

Primary screen  In primary screening 1000 micro/ml, 
500 micro/ml and 250 micro/ml concentrations of the 
synthesized drugs were taken. The active synthesized 
drugs found in this primary screening were further 
tested in a second set of dilution against all microorgan-
isms.

Secondary screen  The drugs found active in primary 
screening were similarly diluted to obtain 200 micro/ml, 
100 micro/ml, 50 micro/ml, 25 micro/ml, 12.5 micro/
ml, 6.250 micro/ml and concentrations.

Reading result  The highest dilution showing at least 
99% inhibition zone is taken as MIC. The result of this 
is much affected by the size of the inoculum. The test 
mixture should contain 108 organism/ml. Inoculum size 
for test strain was adjusted to 108 CFU [Colony Form-
ing Unit] per milliliter by comparing the turbidity. The 

Table 1  Antibacterial activity of steroidal hydrazones

Compounds E. coli P. aeruginosa S. aureus S. pyogenus
MTCC 443 MTCC 1688 MTCC 96 MTCC 442

MIC (minimal inhibition concentration) μmol

3 580 1159 232 1345

6 219 110 549 55

7 145 231 289 1159

10 116 582 116 582

11 272 142 544 217

18 568 284 227 1137

Gentamycin 0.1 2 0.5 1

Ampicillin 286 286 715 286

Chloramphenicol 154 154 154 154

Ciprofloxacin 75 75 150 150

Norfloxacin 31 31 31 31
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strains employed for the activity were procured from 
[MTCC—Micro Type Culture Collection] Institute of 
Microbial Technology, Chandigarh.

The compounds 3, 6, 7, 10, 11 and 18 were screened 
for their antibacterial activity against Escherichia coli 
(E. coli), Pseudomonas aeruginosa (P. aeruginosa), 
Staphylococcus aureus (S.aureus), Streptococcus pyo‑
genes (S. pyogenes) and antifungal activity against Can‑
dida albicans (C. albicans), Aspergillus niger (A. Niger) 
and Aspergillus clavatus (A. Clavatus). DMSO was used 
as media to get desired concentration of compounds to 
test upon microbial strains. The lowest concentration, 
which showed no visible growth after spot subculture 
was considered as MIC for each compound. The stand-
ard antibiotics used for comparison in the present 
study were gentamycin, ampicillin, chloramphenicol, 
ciprofloxacin and norfloxacin for evaluating antibacte-
rial activity while nystatin and griseofulvin for antifun-
gal activity. The results are summarized in Tables 1 and 
2.

From the antimicrobial data, steroidal hydrazones 3, 
7, 10 and 18 showed better activity (MIC 116–289 µM) 
against gram-positive bacteria Staphylococcus aureus (S. 
aureus) as compare to ampicillin (MIC 715  µM). Com-
pounds 7 and 10 showed excellent activity (MIC 145 
and 116 µM) against gram-negative bacteria Escherichia 
coli (E. coli) as compared to ampicillin (MIC 286  µM), 
compound 6 (MIC 55 µM) is found active against Strep‑
tococcus pyogenes (S. pyogenes) as compare to chloram-
phenicol (MIC 154 µM) and ciprofloxacin (MIC 150 µM). 
Compound 6 (MIC 110 µM) and 11 (MIC 142 µM) exhib-
ited powerful activity against Pseudomonas aeruginosa 
(P. aeruginosa) as compare to ampicillin (MIC 286 µM). 
Compound 6 showed equivalent potency against Escheri‑
chia coli (E. coli) and Staphylococcus aureus (S. aureus) as 
compared to ampicillin.

Entire steroidal hydrazones (MIC 580–2319  µM) 
showed inferior activity against all gram-positive and 
gram-negative bacteria as compare to gentamycin (MIC 
0.10–2  µM) and norfloxacin (MIC 31  µM). Compound 
7 (MIC 580  µM) is found active against C. albicans as 
compare to griseofulvin (MIC 1417 µM) and rest of the 
steroidal hydrazones exhibited less potency than stand-
ard fungicidal nystatin and griseofulvin against Candida 
albicans, Aspergillus niger and Aspergillus clavatus.

Conclusions
The antimicrobial activities of steroidal hydrazone were 
studied by the broth microdilution method. Compound 
6, 7 and 10 displayed excellent antibacterial activity 
among the tested compounds due to bearing an ethinyl 
at C-17 of compound 6, methyl at C-7 of compound 7. 
Compound 10 showed excellent antibacterial activity 
due to the compounds bearing an additional –C=C– in 
the structure. Hence, these substituted steroidal skeleton 
considered for the development of the new antimicrobial 
agent.
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