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Abstract. 3-Butyryloxy-16-(β-naphthylmethylene)-5α-androstane-17-one, a novel 
androstanone derivative, was synthesized by aldol condensation between 

epiandrosterone and β-naphthaldehyde and subsequent esterification reaction. The 
structure of the new product was characterized by 1H NMR, 13C NMR, IR, UV and 
mass spectra. The new compound may have potentia l application as anti-cancer agent 

and/or 5α-reductase inhibitor. 

Introduction 

Steroids play significant roles in medical and pharmaceutical systems and 
increasing interest has been stimulated in the study on synthesis and biological 
activity of steroidal derivatives such as estrogen, androstene, pregnane and 

progesterone. Steroids have showed various biological activities including anti- tumor 
and antiproliferative effects on cells [1-5] and anti- flu virus effects [6]. Very recently 

it was reported that some new steroids could also be used as potential antileukemic 
agents [7] and 5α-reductase inhibitors [8]. As a continuation of our ongoing study on 
steroids synthesis and biological evaluation [9-12], herein we present the synthesis 

and structural characterization of a new androstanone derivative as lead compound for 
potential anti-cancer agents and/or 5α-reductase inhibitors. 

Experimental 

The reagents and solvents were purchased from commercial sources and used as 
received. Melting points were determined on a WRS-2A capillary melting apparatus.  
1H NMR and 13C NMR spectra were recorded on a Bruker AM 400 spectrometer. 
CDCl3 was used as solvent and chemical shifts recorded were internally referenced to 
Me4Si (0 ppm). IR spectra were obtained on a Thermo Electron Corporation Nicolet 

380 FT-IR spectrophotometer. UV spectra were recorded on a U-3310 
photospectrometer. Mass spectra were recorded on a Bruker APEX III-7.0 

spectrometer using electron ionization (EI). 

3-Hydroxy-16-(β-naphthylmethylene)-5α-androstane-17-one (2) 

A mixture of epiandrosterone (1) (0.70 g, 2.5 mmol), β-naphthaldehyde (0.47 g, 3.0 

mmol) and KOH (0.70 g, 12.5 mmol) in 20 mL of methanol was stirred at ambient 
temperature. White solid precipitated in 1 h and the mixture was further stirred for 5 h. 

The resulted precipitate was collected by filtration and washed with water. 
Recrystallization from ethyl acetate afforded 2 (0.70 g, 65%) as white powder. M.p. 
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225‒226°C. Rf = 0.16 (petroleum ether/ethyl acetate, 4:1, v/v). IR (KBr) ν = 3515, 
3419, 3054, 2922, 2854, 1712, 1621, 1455 cm–1. 1H NMR (400 MHz, CDCl3): δ 8.02 

(s, 1H), 7.92-7.84 (m, 3H), 7.68 (d, J = 8.6 Hz, 1H), 7.61 (s, 1H), 7.55-7.51 (m, 2H), 
3.65-3.60 (m, 1H), 3.05-2.93 (m, 1H), 2.56-2.52 (m, 1H), 1.99-1.92 (m, 2H), 

1.86-1.83 (m, 1H), 1.78-1.69 (m, 3H), 1.63-1.60 (m, 2H), 1.52-1.49 (m, 1H), 
1.48-1.46 (m, 1H), 1.46-1.33 (m, 6H), 1.21-1.17 (m, 1H), 1.06-1.03 (m, 1H), 1.01 (s, 
3H), 0.90 (s, 3H), 0.81-0.75 (m, 1H). 13C NMR (101 MHz, CDCl3): δ 209.76, 136.43, 

133.42, 133.27, 133.10, 133.06, 130.77, 128.50, 128.25, 127.69, 127.06, 126.90, 
126.54, 71.15, 54.59, 49.60, 47.62, 44.89, 38.11, 36.91, 35.77, 34.80, 31.74, 31.49, 

31.18, 29.41, 28.45, 20.61, 14.56, 12.36. UV (CH2Cl2): 268, 278, 321 nm. EI-MS: m/z 
(%) 429.04 (M++1, 100), 380.05 (76), 274.11 (89). 

3-Butyryloxy-16-(β-naphthylmethylene)-5α-androstane-17-one (3) 

To a flask containing compound 2 (0.22 g, 0.51 mmol), anhydrous triethylamine (0.20 
g, 2.0 mmol) and methylene dichloride (10 mL) was added butyryl chloride (66.1 mg, 

0.62 mmol). The mixture was stirred at 0 °C for 6 h. After reaction the mixture was 
extracted with methylene dichloride (50 mL × 3). The combined extract was washed 
with water and dried over anhydrous sodium sulfate. After filtration the filtrate was 

concentrated by evaporation under reduced pressure. The residue was purified by 
column chromatography on silica gel with petroleum ether/ethyl acetate (20:1, v/v) as 

eluent to afford 3 (0.216 g, 70%) as white powder. M.p. 158‒162°C. Rf = 0.20 
(petroleum ether/ethyl acetate, 20:1, v/v). IR (KBr) ν = 3431, 3051, 2990, 2857, 1721, 
1623, 1454 cm–1. 1H NMR (400 MHz, CDCl3): δ 8.02 (s, 1H), 7.92-7.84 (m, 3H), 

7.68 (d, J = 8.6 Hz, 1H), 7.61 (s, 1H), 7.57-7.51 (m, 2H), 4.75-4.71 (m, 1H), 
3.04-2.97 (m, 1H), 2.60-2.49 (m, 1H), 2.27 (t, J = 7.4 Hz, 2H), 2.00-1.90 (m, 2H), 

1.90-1.83 (m, 1H), 1.82-1.71 (m, 3H), 1.68-1.65 (m, 3H), 1.58 (s, 3H), 1.44-1.38 (m, 
4H), 1.30-1.25 (m, 1H), 1.13-1.03 (m, 2H), 1.01 (s, 3H), 0.97 (t, J = 7.4 Hz, 3H), 0.93 
(s, 3H), 0.86-0.77 (m, 1H). 13C NMR (101 MHz, CDCl3): δ 209.62, 173.19, 136.39, 

133.43, 133.28, 133.25, 133.07, 130.74, 128.48, 128.23, 127.67, 127.03, 126.89, 
126.51, 73.17, 54.48, 49.55, 47.58, 44.72, 36.68, 36.62, 35.79, 34.79, 34.03, 31.70, 

31.10, 29.37, 28.32, 27.48, 20.56, 18.56, 14.54, 13.59, 12.25. UV (CH2Cl2): 246, 268, 
278, 321 nm. EI-MS: m/z (%) 453.16 (53), 396.68 (70), 340.19 (38), 274.09 (100).  

Results and Discussion 

The new androstanone derivative 3 was synthesized from epiandrosterone as showed 
in Scheme 1. The aldol condensation between epiandrosterone and an aromatic 

aldehyde could be carried out in the presence of NaOH at 40°C and the reaction was 
completed in 12 h [13]. We employed KOH to replace NaOH for the aldol 
condensation between epiandrosterone and β-naphthaldehyde. The reaction was 

completed at room temperature in 6 h and product 2 was obtained in 65% yield. 
Esterification of 2 was realized by using 1.2 equivalent of butyryl chloride in the 

presence of triethylamine with methylene dichloride as solvent. The reaction 
proceeded at 0°C and the target compound was separated from the resulted mixture by 
extraction and column chromatography. Removal of two byproducts from the reaction 

mixture afforded the target product 3 in 70% yield. 
The chemical structures of compound 2 and androstanone ester 3 were fully 

characterized by 1H NMR, 13C NMR, IR, UV and mass spectra. 13C NMR spectrum of 
compound 2 and 1H NMR spectrum of ester 3 were showed in Fig. 1 and Fig. 2, 
respectively. In Fig. 1 a signal corresponding to C on C=O group at 209.76 ppm was 
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visible. While one more signal at 173.19 ppm ascribed to C on C=O group in the ester 
moiety appeared in 13C NMR spectrum of compound 3. 1H NMR spectrum of 2 

showed two signals corresponding to H on methyl group at 1.01 (s, 3H) and 0.90 (s, 
3H) ppm, respectively. While in 1H NMR spectrum of 3 one more signal due to H on 

methyl group of the butyl moiety at 0.97 (t, J = 7.4 Hz, 3H) ppm together with a 
signal at 2.27 (t, J = 7.4 Hz, 2H) ppm which was assigned to H on the OCH2 group 
were observed. All of the spectra demonstrated the designed chemical structure of 

compound 2 and 3. Both compounds exhibited several UV absorption bands and the 
maximum absorption peak appeared at 278 nm due to the existence of a large π 

conjugated system comprising of the anthracene ring and the ketene moiety. The new 
androstanone ester 3 may have excellent anticancer activities against the human 
cancer cell lines such as SW480, A549, HepG2 and HeLa [13]. Investigation on the 

biological activity of 3 is now underway. 
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Scheme 1 Synthetic route to new androstanone derivative 3 

 

Figure 1 
13

C NMR spectrum of compound 2 
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Figure 2 
1
H NMR spectrum of androstanone derivative 3 

Summary 

In conclusions, a new androstanone derivative was synthesized for potential 
application as anti-cancer agent and/or 5α-reductase inhibitor by aldol condensation 
between epiandrosterone and β-naphthaldehyde and subsequent esterification. The 

structure of the new product was characterized by 1H NMR, 13C NMR, IR, UV and 
mass spectra. Investigation of the biological activity of the new compound is 

underway. 

References 

[1] L. Li, L. Xie, F. Wang, W. He, J. Xiang, Synthesis and antitumor activity of 

17-(2',5'-disubstituted-oxazolyl)-androsta-4,16-dien-3-one derivatives, Chin. J. Org. 

Chem. 34 (2014) 1864-1869. 

[2] Y. Huang, S. Su, L. Jia, C. Gan, Q. Lin, E. Kong, J. Cui, Synthesis and 

antiproliferative evaluation of some steroidal oxime ether, Chin. J. Org. Chem. 34 

(2014) 1816-1828. 

[3] D. Kovács, J. Wölfling, N. Szabó, M. Szécsi, R. Minorics, I. Zupkó, É. Frank, 

Efficient access to novel androsteno-17-(1',3',4')-oxadiazoles and 17β-(1',3',4')- 

thiadiazoles via N-substituted hydrazone and N,N'-disubstituted hydrazine 

intermediates, and their pharmacological evaluation in vitro, Eur. J. Med. Chem. 98 

(2015) 13-29. 

[4] N. Szabó, Z. Iványi, M. Szécsi, J. Julesz, E. Mernyák, J. Huber, J. Wölfling, R. 

Minorics, I. Zupkó, G. Schneider, Synthesis of methoxycarbonylpyrazolylandrostene 

derivatives, and their potential inhibitory effects on androgen biosynthesis and cell 

proliferation, Steroids 98 (2015) 143-152. 

100



[5] S.-Y. Jeon, K.-A. Hwang, K.-C. Choi, Effect of steroid hormones, estrogen and 

progesterone, on epithelial mesenchymal transition in ovarian cancer development, J. 

Steroid Biochem. Mol. Biol. 158 (2016) 1-8. 

[6] W. Cheng, J. Ren, Q. Huang, H. Long, H. Jin, L. Zhang, H. Liu, L. Van Ofwegen, 

W. Lin, Pregnane steroids from a gorgonian coral Subergorgia suberosa with anti- flu 

virus effects, Steroids 108 (2016) 99-104. 

[7] A. Talbot, R. Maltais, L.C. Kenmogne, J. Roy, D. Poirier,  Solid-phase synthesis of 

libraries of ethynylated aminosteroid derivatives as potential antileukemic agents,  

Steroids 107 (2016) 55-64. 

[8] S. Aggarwal, M.K. Mahapatra, R. Kumar, T.R. Bhardwaj, R.W. Hartmann, J. 

Haupenthal, M. Kumar, Synthesis and biological evaluation of 3-tetrazolo steroidal 

analogs: novel class of 5α-reductase inhibitors, Bioorg. Med. Chem. 24 (2016) 

779-788. 

[9] Y. Wang, H. Li, H. Yu, Q. Yang, Synthesis of 3β,5α-dihydroxy-16-pregnene-6,20- 

dione-3-furoate, Chin. J. Synth. Chem. 22 (2014) 60-62. 

[10] H. Li, J. Fang, J. Li, Y. Wang, X. Tian, Y. Xiang, Synthesis and characterization 

of new phenyl esters derived from 16-dehydropregnenolone acetate (16-DPA), Res. 

Chem. Intermed. 39 (2013) 3887-3893. 

[11] J. Li, H. Li, Y. Li, Synthesis and characterization of new aromatic esters based on 

4,16-pregnadiene-6,20-dione skeleton, Chem. Cent. J. 4 (2010) 18-27. 

[12] H. Li, Y. Song, X. Peng, Improved synthesis of mestranol and ethinyl estradiol 

(EE) related degradation products as authentic references, Steroids 73 (2008) 488- 

494. 

[13] H. Guo, H. Wu, J. Yang, Y. Xiao, H.-J. Altenbach, G. Qiu, H. Hu, Z. Wu, X.He, 

D. Zhou, X. Hu, Synthesis, characterization and biological evaluation of some 16E- 

arylidene androstane derivatives as potential anticancer agents, Steroids 76 (2011) 

709-723. 

 

101




