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a b s t r a c t

We have devised an efficient procedure for the synthesis of 5a-dihydrotestosterone (DHT) (1) starting
from 3b-hydroxy-5a-androstan-17-one, providing the product in unprecedented 82% yield. A reported
method of using toxic Jones reagent is replaced by milder oxidizing agent (NMO/TPAP) in the synthesis
of a key intermediate 17b-[(tert-butyldimethylsilyl)oxy]-5a-androstan-3-one (18). This new procedure is
simple, does not require special apparatus/precautions or chromatographic purification in most of the
steps.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

17b-Hydroxy-5a-androstane-3-one or 5a-dihydrotestosterone
(5a-DHT, hereafter referred to as DHT) (1) and 17b-hydroxy-5b-
androstane-3-one (5b-DHT) (2) are the prominent metabolites of
testosterone (T) (Chart 1) [1,2]. DHT is important for in utero differ-
entiation and growth of the prostate gland, male sex organ and
pubertal growth of facial and body hair. It also plays an important
role in several human diseases, including acne, hirsutism, male
pattern baldness, benign prostate hyperplasia (BHP), and prostate
cancer (PC) [3]. DHT has 2–5 times higher binding affinity for the
androgen receptor (AR) and 10-fold higher potency of inducing
AR signaling than T [4]. Because of its potent androgenic property
it was misused in sports by athletes to benefit from its anabolic and
psychotropic effects before it was banned by the International
Olympic Committee and National and International Sports Federa-
tions [5]. DHT and its derivatives are also used in analytical chem-
istry as authentic standards for its detection, its metabolites and
other related androgenic compounds in blood and urine samples
to control its abuse [5,6]. The compound is also an important start-
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ing material in the synthesis of various pharmaceutical agents of
biological interest such as anticancer [7–11], androgenic [12,13],
cardiovascular [14], antifungal [15] and antimicrobial [15] agents.
Due to its potent AR-binding property, it is also preferred over T in
Luciferase assay (AR competitive binding assay) to determine AR
binding affinity of new chemical entities in drug discovery and
development research [16–18]. Thus, any ready access of this com-
pound would be of great interest and highly desirable for the wide
medicinal chemistry and steroid audience. Because of our contin-
ued interest in the discovery and development of novel steroidal
and non-steroidal anti-PC agents (AR down regulating agents)
[16,18,19], we required large amounts of DHT, that provided the
impetus to our discovery of a facile, expeditious, and high-yield
synthesis of DHT that is the subject of this report.
2. Experimental

2.1. General procedures

Melting points (mp) were determined with a Fischer-Johns melt-
ing point apparatus and are uncorrected. IR spectra were recorded
neat on a Perkin Elmer spectrum65 FT IR spectrometer. 1H NMR
spectra were recorded on a Varian Inova 500 MHz spectrometer
using CDCl3 as solvent. Chemical shifts are given in parts per million
(ppm), and TMS was used as an internal standard. 13C NMR spectra
were recorded in CDCl3 using Bruker 500 MHz spectrometer. High-
resolution mass spectra (HRMS) were determined on a Bruker 12Te-
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Chart 1. Structures of testosterone, 5a-dihydrotestosterone and 5b-dihydrotestosterone.
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sla APEX-Qe FTICR-MS by positive ion ESI mode by Susan A. Hatcher,
Facility Director, College of Sciences Major Instrumentation Cluster,
Old Dominion University, Norfolk, VA. Values of [a]D

T were deter-
mined with Rudholph Res Analytical: Autopol III automatic polarim-
eter. Flash Column chromatography (FCC) was performed using
silica gel (230–400 mesh, 60 Å), and progress of reactions were mon-
itored by TLC analysis on silica gel plates (Merck F254) (detection by
charring reagent of conc. H2SO4 in ethanol 5% w/v). The starting
material 3b-hydroxy-5a-androstan-17-one and other reagents
were purchased from Sigma Aldrich.

2.2. 5a-Androstan-3b-acetoxy-17-one (14)

To an ice cold solution of commercially available 3b-hydroxy-
5a-androstan-17-one (2.5 g, 8.6 mmol) in pyridine (15 ml) was
added acetic anhydride (2.64 g, 25.8 mmol) followed by stirring
for 12 h at rt. The reaction mixture was then poured to a mixture
of ice-water (200 mL) and the resulting white precipitate was fil-
tered, washed with water and dried under suction to afford pure
compound (2.78 g, 97%) of 14: mp 114–115 �C (lit. [20] 111–
113 �C); Rf = 0.6 (3.8% EtOH in MDC); IR (neat) 1729, 1240, and
1028; 1H NMR (500 MHz, CDCl3) d 0.851 (s, 3H, 18-CH3), 0.857
(s, 3H, 19-CH3), 2.02 (s, 3H, 3b-OAc), 4.68 (m, 1H, 3a-H); 13C
NMR (500 MHz, CDCl3) d 221.34 (C-17), 170.81 (COCH3), 73.66
(C-3), 54.49 (C-9), 51.53 (C-14), 47.94 (C-13), 44.82 (C-5), 36.88
(C-1), 36.01 (C-8), 35.81 (C-16), 35.20 (C-10), 34.12 (C-4), 31.70
(C-12), 30.97 (C-7), 28.44 (C-2), 27.58 (C-6), 21.94 (C-15), 21.61
(COCH3), 20.63 (C-11), 13.99 (C-18), 12.38 (C-19); [a]D

29 + 66.8
[1% in CHCl3].

2.3. 3b-Acetoxy-5a-androstan-17b-ol (15)

To an ice cold solution of 5a-androstan-3b-acetoxy-17-one (14)
(2.5 g, 7.53 mmol) in methanol (25 mL) was added sodium borohy-
dride (0.23 g, 6.07 mmol) over a period of 30 min in three portions.
The reaction mixture was stirred for another hour, neutralized
with dil. HCl and concentrated under reduced pressure. The resi-
due was stirred with water, filtered, washed with water, dried un-
der suction and recrystallized from methanol to afford white
powder (2.48 g, 98.7%) of 15: mp 103–104 �C (lit.[20] 106–
107 �C); Rf = 0.51 (4% EtOH in MDC); IR (neat) 3316, 1730, 1237,
and 1021; 1H NMR (500 MHz, CDCl3) d 0.730 (s, 3H, 18-CH3),
0.833 (s, 3H, 19-CH3), 2.01 (s, 3H, 3b-OAc), 3.63 (m, 1H, 17a-H),
4.68 (m, 1H, 3a-H); 13C NMR (500 MHz, CDCl3) d 170.97 (CO),
82.03 (C-17), 73.99 (C-3), 54.55 (C-9), 51.14 (C-14), 44.90 (C-13),
43.17 (C-5), 36.97 (C-12), 36.90 (C-1), 35.70 (2�, C-8 and C10),
34.18 (C-4), 31.71 (C-7), 30.61 (C-16), 28.63 (C-6), 27.63 (C-2),
23.56 (C-15), 21.64 (COCH3), 20.97 (C-11), 12.42 (C-19), 11.34 (C-
18); [a]D

29 + 2.4 [1% in CHCl3].

2.4. 3b-Acetoxy-5a-androstan-17b-yl dimethyl-tert-butylsilyl ether
(16)

To a dry solution of dry DMF (15 mL) containing 3b-acetoxy-5a-
androstan-17b-ol (15) (4.5 g, 13.5 mmol) and imidazole (1.37 g,
20.25 mmol) was added tert-butyldimethylsilyl chloride (2.03 g,
13.5 mmol) and stirred at rt. under argon. Within 20 min, a dense
white precipitate observed. The reaction continued for one more
hour, followed by dilution with water (150 mL) and then extracted
with diethyl ether. The organic phase washed with water, brine
and dried with CaCl2. Upon removal of solvent under reduced pres-
sure and air drying resulted in a white solid of 16 (2.9 g, 96%): mp
119–121 �C; Rf = 0.77 (2% EtOH in MDC); IR (neat) 1736, 1240,
1195, and 1026; 1H NMR (500 MHz, CDCl3) d 0.010 and 0.016 (s,
6H, Si(CH3)2), 0.699 (s, 3H, 18-CH3), 0.838 (s, 3H, 19-CH3), 0.886
(s, 9H, tert-C4H9), 2.03 (s, 3H, 3b-OAc), 3.55(m, 1H, 17a-H), 4.68
(m, 1H, 3a-H); 13C NMR (500 MHz, CDCl3) d 170.89 (CO), 82.01
(C-17), 73.91 (C-3), 54.73 (C-9), 50.82 (C-14), 44.95 (C-13), 43.50
(C-5), 37.35 (C-12), 37.00 (C-1), 35.76 (2�, C-8 and C10), 34.23
(C-4), 31.80 (C-7), 31.12 (C-16), 28.69 (C-6), 27.61 (C-2), 26.06
(3�, CH3)3), 23.72 (C-15), 21.66 (COCH3), 21.04 (C-11), 18.30
(C(CH3)3), 12.44 (C-19), 11.59 (C-18), �4.29 and �4.6 (SiCH3);
[a]D

29 + 4.2 [1% in CHCl3].

2.5. 3b-Hydroxy-5a-androstan-17b-yl dimethyl-tert-butylsilyl ether
(17)

To a solution of 3b-acetoxy-5a-androstan-17b-yl dimethyl-tert-
butylsilyl ether (16) (2.5 g, 5.58 mmol) in methanol (15 mL) was
added 10% methanolic-KOH solution (10 mL) and refluxed for
2 h. The reaction mixture was concentrated under reduced pres-
sure and the residue treated with water (150 mL). The resulting
precipitate was filtered and washed with water (until the washing
was neutral). Solids dried under suction to afford white product of
17 (2.23 g, 98%): mp 163–164 �C (lit.[21] 161–163 �C); Rf = 0.3 (2%
EtOH in MDC); IR (neat) 3353, 1471, 1248, 1094, 832 and 773; 1H
NMR (500 MHz, CDCl3) d 0.010 and 0.016 (s, 6H, Si(CH3)2), 0.701 (s,
3H, 18-CH3), 0.824 (s, 3H, 19-CH3), 0.887 (s, 9H, tert-C4H9), 3.54(m,
1H, 17a-H), 3.59 (m, 1H, 3a-H); 13C NMR (500 MHz, CDCl3) d 82.04
(C-17), 71.51 (C-3), 54.87 (C-9), 50.90 (C-14), 45.16 (C-13), 43.52
(C-5), 38.42 (C-4), 37.41 (C-12), 37.26 (C-1), 35.80 (2�, C-8 and
C10), 31.90 (C-7), 31.73 (C-16), 31.13 (C-2), 28.83 (C-6), 26.06
(3�, CH3)3), 23.74 (C-15), 21.10 (C-11), 18.31 (C(CH3)3), 12.56 (C-
19), 11.60 (C-18), �4.29 and �4.60 (SiCH3); [a]D

28 + 92 [1% in
CHCl3].

2.6. 17b-[(tert-Butyldimethylsilyl)oxy]-5a-androstan-3-one (18)

Tetrapropylammonium perruthenate (0.16 g, 0.458 mmol) was
added to a solution of 3b-hydroxy-5a-androstan-17b-yl di-
methyl-tert-butylsilyl ether (17) (2 g, 4.93 mmol), 4-methylmor-
pholine N-oxide (1.07 g, 9.16 mmol) and molecular sieves (0.3 g)
in MDC (40 mL). After stirring at rt. for 2 h, the reaction mixture
was concentrated under reduced pressure. Flash column chroma-
tography (FCC) over short silica column eluting with 1% ethanol
in MDC afford off white solid of 18 (1.86 g, 93.4%): mp 131–
133 �C; Rf = 0.65 (2% EtOH in MDC); IR (neat) 1717, 1250, 1092,
833 and 771; 1H NMR (500 MHz, CDCl3) d 0.015 and 0.021 (2s,
6H, Si(CH3)2), 0.731 (s, 3H, 18-CH3), 0.891 (s, 9H, tert-C4H9), 1.02
(s, 3H, 19-CH3), 3.54 (m, 1H, 17a-H); 13C NMR (500 MHz, CDCl3)
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Scheme 1. Reported methods for the synthesis of 5a-DHT [22,26,28,29,31,32]. Reagents: (a) Table 1 entry 1–3 [22,28,29]; (b) Table 1 entry 4 [26]; (c) LiAlH4 activated
template polymer [30]; (d) Pd/C, IPA, autoclave[31,32].

Table 1
Reported catalysts and reagents used in the synthesis of 5a-DHT from testosterone.

Entry Reagent Catalyst % Conversion Products % Refs.

1 2 3 4

1 (EtO)3SiH Rh/DIOP 14 36 64 – – [27]
2 Na2H2PO2 10% Pd/C 60 24 – – [23]
3 Sodium octacarbonyl hydridodiferrate 10 NR NR – – [26]
4 H2 Cu/Al2O3 60 17% (14:86) 43% (23:77) [24]
5 Lithium–NH3 complex 73% Saturated 3,17-diol [25]

T – testosterone, NR- not reported.
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d 212.29 (C-3), 81.95 (C-17), 54.30 (C-9), 50.70 (C-14), 47.01 (C-5),
44.92 (C-4), 43.52 (C-13), 38.81 (C-1), 38.39 (C-2), 37.29 (C-12),
35.96 (C-8), 35.70 (C-10), 31.53 (C-7), 31.12 (C-16), 29.06 (C-6),
26.05 (3�, CH3)3), 23.74 (C-15), 21.30 (C-11), 18.30 (C(CH3)3),
11.70 (C-19), 11.60 (C-18), �4.29 and �4.61 (SiCH3);
[a]D

28 + 31.48 [1% in CHCl3].

2.7. 17b-Hydroxy-5a-androstan-3-one (1, DHT)

To a stirred solution of 17b-[(tert-butyldimethylsilyl)oxy]-5a-
androstan-3-one (18) (175 g, 4.33 mmol) and ethanol (15 mL)
was added 20% ethanolic-HCl (5 ml) and stirred at rt. for 3 h. The
reaction mixture was concentrated to �5 mL, diluted with water
and neutralized with 10% Na2CO3 solution. The resulting off white
solid was filtered, washed with water and dried under suction. The
crude product was recrystallized by dissolving in minimum quan-
tity of acetone under heat, concentrated to a paste at rt. and finally
stirred while slowly adding excess petroleum ether to afford white
solid. Finally, filtration and drying under suction yielded pure 1
(1.23 g, 97.5%): mp 181–182 �C (lit.[22] 181–183 �C); Rf = 0.32
(2% EtOH in MDC); IR (neat) 3416, 1704, 1450, and 1028; 1H
NMR (500 MHz, CDCl3) d 0.762 (s, 3H, 18-CH3), 1.02 (s, 3H, 19-
CH3), 3.65 (m, 1H, 17a-H); 13C NMR (500 MHz, CDCl3) d 212.35
(C-3), 82.00 (C-17), 54.12 (C-9), 51.03 (C-14), 46.94 (C-5), 44.87
(C-4), 43.18 (C-13), 38.77 (C-1), 38.34 (C-2), 36.85 (C-12), 35.94
(C-10), 35.64 (C-8), 31.45 (C-7), 30.67 (C-16), 28.99 (C-6), 23.58
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(C-15), 21.23 (C-11), 11.69 (C-19), 11.35 (C-18); [a]D
29 + 32 [1% in

CHCl3](lit. [12] +31–33[1% in CHCl3]); HRMS calcd 603.4383 (C19-

H30O2)2�Na+, found 603.4392. The overall yield from the starting
material was 82%.
3. Results and discussion

We reviewed numerous synthetic strategies, including a few
enzymatic biotransformation reactions [23–25] and several that
involve the catalytic hydrogenation of steroidal D4-ketone moiety
[22,26–29]. We found that none of these procedures yielded de-
sired pure 5a-hydrogenated product, but instead gave low yields
of mixed 5a and 5b hydrogenated products as summarized in
Scheme 1A and Table 1: entries 1–4. A procedure that involved
reduction of the double bond in an a,b-unsaturated ketone mole-
cule (e.g., T) with lithium-ammonia complex gave the desired
5a-H compound (73%) but was also accompanied by reduction of
the 3-ketone groups to form considerable quantity of saturated
diol (Table 1, entry 5) [27]. Reduction of diketo-steroid (DHA) using
LiAlH4 Activated Template Polymers (molecular imprinting tech-
nique) was found to selectively reduce the C17-keto group albeit
with low stereo-specificity (Scheme 1B) [30]. The procedure
involving the catalytic hydrogenation of D5-alcohol compound 7
(Scheme 1C) was also not stereospecific [31,32]. Thus, when and-
rost-5-ene-3b,17b-diol 17-benzoate (7) was hydrogenated in iso-
propyl alcohol over Pd/C in an autoclave, reduction of the double
bond was accompanied by hydrogenolysis/oxidation of the 3-hy-
droxy group (Scheme 1C), resulting in at least six products [12].

We wanted to develop a more efficient procedure for the syn-
thesis of 5a-DHT by minimizing the number of steps, minimizing
the chromatographic purification steps, and employing mild re-
agents/reaction conditions. Indeed, we have successfully devised
a simple high yield synthetic route (Scheme 2) for the 5a-DHT,
starting from commercially available 3b-hydroxy-5a-androstan-
17-one. The selection of this starting material avoids the difficul-
ties of formation of 5a-H steroidal scaffold which is usually ob-
tained from either D4 or D5 steroids as discussed above.
Men’shova et al. previously reported the synthesis of 5a-DHT using
this material with 73% overall yield [12]. This reported synthetic
route begins with 17-O-benzoylation followed by deprotection of
3-acetoxy group in alkaline condition which results in contamina-
tion with debenzoylated and unreacted materials. The method also
requires the use of corrosive and carcinogenic chromate containing
oxidizing agent (Jones reagent) for the introduction of 3-keto
group. Our synthetic route addresses these two issues by modify-
ing the 17-hydroxy protecting group and using a mild oxidizing
agent. Synthesis began with protection of the hydroxyl group of
3b-hydroxy-5a-androstan-17-one using acetic anhydride in pyri-
dine with excellent yield (14). Reduction of 17-keto (14) with
reported NaBH4 in methanol method, lead to the preferential for-
mation of the thermodynamically more stable equatorial alcohol
(17b-hydroxyl) 15 [12,20]. Formation of 17b-hydroxyl was
confirmed by the appearance of C-18 peak at d 11.34 (absence of
C-18 peak at d 17.05 for 17a-hydroxyl derivative) in 13C NMR
and appearance of 17a-H peak at d 3.63 (absence proton peak at
d 3.74 for 17b-H) in 1HNMR spectroscopic data [24]. The 17b-hy-
droxyl group of 15 was protected as silyl ether (16) by reacting
with TBDMSCl, in DMF using imidazole as proton abstractor.
Unlike reported 17-benzoyl derivative [12], silyl ether function is
stable under alkaline reaction conditions during deprotection of
3-acetoxy group. This obviates the observed difficulties of control-
ling 17-debenzoylation which is sensitive to amount of alkali,
purity of substrate, and the temperature of the reaction which is
reported to produce 5a-androstane-diol (0.5%) and unreacted sub-
strate [12]. We observed that in the presence of 17b-silyl ether, the
acetyl group of 16 was smoothly hydrolyzed (10% ethanolic-KOH
solution) to obtain the corresponding 3b-OH product 17. We have
replaced harsh Jones reagent with NMO/TPAP method for oxida-
tion of 3-hydroxy of 17 to 3-keto (18) which is environment
friendly, non-hazardous and provided higher yield of the desired
product than previously reported. Finally, compound 18 was desi-
lylated using 20% ethanolic-HCl to accomplish synthesis of DHT
(1). Final product and intermediates were fully characterized by
physical, spectral methods and are in agreement with literature
data. The overall yield from the readily available 3b-hydroxy-
5a-androstan-17-one through six highly efficient steps was 82%
and was reproducible (repeated two times with standard deviation
of �2%). The advantage of our process is its mild reaction
conditions, easy workup, no hazardous waste, does not require
chromatographic purification in most of steps and it gives high
yield than any previously reported procedures.
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