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New approach to
3-oxo-4-aza-5�-androst-1-ene-17�-(N-tert-butylcarboxamide)

Zhong-Xing Jiang∗, Jing-Quan Ye, Li Jiang, Ying-Sheng Zhao
College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072, Hubei, PR China

Received 13 December 2004; received in revised form 14 March 2005; accepted 17 March 2005
Available online 17 May 2005

Abstract

We describe the synthesis of 3-oxo-4-aza-5�-androst-1-ene-17�-(N-tert-butylcarboxamide) (finasteride) from 4-androstene-3,17-dione
(AD) in seven steps in an overall yield of 18.6% via oxidation, ammoniumation, dehydration, and dehydrogenation.
© 2005 Elsevier Inc. All rights reserved.
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. Introduction

3-Oxo-4-aza-5�-androst-1-ene-17�-(N-tert-butylcarbox-
mide), Finasteride (1) is an azasteroidal compound that is
sed in the treatment of benign prostatic hyperplasia (BPH)

1–3], which affects adult males. In addition, finasteride
s also used in the treatment of hair loss[4,5] and in the
revention of prostate cancer[6].

The previously reported syntheses of finasteride, which
ere mostly from 3�-hydroxy-5-pregen-20-one (preg-
enolone), usually involved many steps[7], and often used
xpensive or toxic reagents, such as 2,2-dipyridiyldisulphide
nd benzeneseleninic anhydride. The highest overall yield
as been less than 16%[1,8,9].

Here, we describe (Fig. 1) a convenient and higher yielding
pproach using the Ritter reaction to introduce 17�-(N-tert-
utylcarboxamide)[10,11] for the synthesis of finasteride
rom 4-androste-ene-3,17-dione in seven steps in 18.6% over-
ll yield.

. Experimental

were determined on a Varian Mercury VX-300 spectro
ter with TMS as the internal reference. The IR spectra w
obtained in potassium bromide discs on a NICOLET-17
spectrophotometer, and the data are reported in wavenu
(cm−1). Specific rotations were measured on a Perkin-E
POLARIMETER-341 instrument.

Analytical thin layer chromatography (TLC) was p
formed using Merck Silica gel 60 F254 plates and visualize
with UV light.

2.1. 5,17-Dioxo-A-nor-3,5-secoandrostan-3-oic acid (3)

A solution of 2 (4.0 g, 14 mmol) in a mixture of 80 m
tert-BuOH and 12 mL of 40% aqueous Na2CO3 was treate
with a solution of 16.9 g of sodium metaperiodate
0.54 g of potassium permanganate in 60 mL of wate
60◦C. After addition of the reagents, the mixture was
cubated at 60◦C for another 3 h. Then, the reaction m
ture was cooled to 30◦C, and after 15 min, the solids we
removed by filtration. The solid was washed with wa
and the combined filtrates were concentrated under red
pressure to remove most of thetert-BuOH. The aque
Melting points were determined on a X-4 Micro Melt-
ng Point apparatus and are uncorrected.1H NMR spectra

∗ 27.

ous residue was cooled and acidified (pH 2) with 6 mol/L
HCl solution. After extraction with CH2Cl2, the product
was washed with water and dried over Na2SO4. Removal
o nd
t out

d.
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f solvent gave3 (3.7 g, 88.8%) as a colorless oil, a
he product was directly used for the next step with
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Fig. 1. Synthesis of finasteride (1) from 4-androstene-3,17-dione. (a) NaIO4, KMnO4, K2CO3; (b) CH3COONH4, CH3COOH; (c) NaCN, CH2Cl2, CH3OH,
CH3COOH; (d) POCl3, pyridine; (e) (CH3)3COH, CH3COOH, H2SO4; (f) Pd/C, C2H5OH, H2; (g) DDQ, BSTFA, dioxane.

further purification. IR (KBr) (cm−1): 3050–3500, 1736,
1703.

2.2. 4-Aza-5-androstene-3,17-dione (4)

A mixture of3 (3.7 g, 12.1 mmol) and ammonium acetate
(2.8 g, 36.7 mmol) in glacial acetic acid (40 mL) was stirred
and heated at reflux for 4 h. After removal of the glacial acetic
acid under reduced pressure, the residue was poured into wa-
ter. The precipitate was filtered and washed with water to
give 4 (2.7 g, 77.7%) as white crystal needles: mp > 300◦C,
Ref. [12] mp = 346–348◦C. IR (KBr) (cm−1): 3187, 3064,
1740, 1676, 1662.1H MNR (CDCl3), δ (ppm): 7.10 (brs, 1H,
NH), 4.82 (m, 1H, H-6), 1.13 (s, 3H, 19-CH3), 0.92 (s, 3H,
18-CH3).

2.3. 4-Aza-5-androstene-17α-hydroxy-17β-cyano-3-one
(5)

Acetic acid (1 mL) was added to a stirred suspension of
4 (2.0 g, 6.97 mmol) and KCN (1.5 g) in MeOH (12 mL)
at room temperature. Stirring was continued for 24 h, after
which acetic acid (2 mL) and water (80 mL) were added. The
precipitate was filtered, washed with water, and dried to give
5 (2.0 g, 91.4%) as white powder, and the product was di-
rectly used for the next step without further purification. IR
(

2

l
( ter
c ed
w L)
a r an-
o ater

and dried, yielding crude6 (1.4 g, 74.3%) as a brown powder.
This product was directly used for the next step without fur-
ther purification. IR (KBr) (cm−1): 3412, 3204, 2212, 1693,
1659.

2.5. 3-Oxo-4-azaandrosta-5,16-diene-17-(N-tert-
butylcarboxamide) (7)

A solution of6(1.4 g, 4.73 mmol), acetic acid (15 mL), and
tert-BuOH (5 mL) cooled in an ice-bath was treated with con-
centrated sulfuric acid (3 mL) while stirring in order to keep
the temperature below 40◦C during the addition and subse-
quent reaction for 3 h. The reaction mixture was poured onto
200 g of ice, and the product was filtered and dried. Recrystal-
lization from acetone afforded7 (1.4 g, 79.9%) as white crys-
tal needles: mp = 265–269◦C, Ref.[13] mp = 266–269◦C. IR
(KBr) (cm−1): 3425, 3211, 1695, 1675, 1655, 1593, 1506,
1391, 1364, 1217.1H MNR (CDCl3) δ (ppm): 1.04 (s, 3H,
18-CH3), 1.14 (s, 3H, 19-CH3), 1.38 (s, 9H, C(CH3)3), 2.52
(m, 2H, H-2), 4.92 (s, 1H, H-6), 5.47 (brs, 1H, 4-NH), 6.19
(s, 1H, H-16), 7.79 (brs, 1H, 17-CONH).

2.6. 3-Oxo-4-aza-5α-androstane-17β-(N-tert-
butylcarboxamide) (8)

d
i
8 con-
c te af-
f e-
d
+ ,
1 ,
4 ,
9

KBr) (cm−1): 3270, 2227, 1680, 1650.

.4. 4-Aza-androst-5,16-diene-17-cyano-3-one (6)

A suspension of5(2.0 g, 6.36 mmol) in a mixture of POC3
4 mL) and pyridine (20 mL) was refluxed for 15 min. Af
ooling to about 60–70◦C, the reaction mixture was dropp
ith vigorous stirring into a mixture of ice-water (350 m
nd 37% aqueous HCl (20 mL), stirring was continued fo
ther 40 min. The precipitate was filtered, washed with w
7(1.0 g, 2.7 mmol) in C2H5OH (50 mL) was hydrogenate
n the presence of 0.5 g of 10% Pd/C at 10 kPa at 50◦C for
h. The catalyst was removed, and the solution was
entrated to dryness. Recrystallization from ethyl aceta
orded 8 (0.71 g, 70.3%,�: � < 2%) as white crystal ne
les: mp = 276–277◦C, Ref. [14] mp = 277–278◦C. [�]D14

59.02 (c= 2.425, CH3OH). IR (KBr) (cm−1): 3425, 1698
670, 1502, 1367.1H MNR (CDCl3) δ (ppm): 5.39 (s, 1H
-NH), 5.07 (s, 1H, 17-CONH), 3.04 (m, 1H, 5�-H), 1.35 (s
H, C(CH3)3), 0.91 (s, 3H, 18-CH3), 0.69 (s, 3H, 19-CH3).
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2.7. 3-Oxo-4-aza-5α-androst-1-ene-17β-(N-tert-
butylcarboxamide) (1)

A 50 mL three neck round bottom flask equipped with
a nitrogen inlet, reflux condenser, magnetic stirrer, and a
septum inlet was charged with8 (1.0 g, 2.67 mmol), DDQ
(1.0 g) and dioxane (7 mL). BSTFA (3 mL) was added to
this suspension with a syringe while stirring. Heating the
mixture at reflux for 10 min yielded a clear solution. The
solution was refluxed for 18 h at the end of which com-
plete disappearance of starting material was observed by
TLC. The suspension was cooled to room temperature and
added to a mixture of 30 mL CH2Cl2 and 6 mL of 1% aque-
ous sodium bisulfite solution, precipitating the hydroquinone,
which was separated by filtration. The CH2Cl2 layer of the
filtrate was separated, extracted twice with 25 mL of 5%
NaHSO3, concentrated to thick oil, and triturated with di-
ethyl ether (50 mL). The solid was isolated and dried, yielding
white analytical sample1 (0.70 g, 70.5%): mp = 253–255◦C,
Ref. [1] mp = 252–254◦C. IR (KBr) (cm−1): 3429, 3240,
3114, 2967, 2936, 1687, 1668, 1599, 1450, 1383, 1364, 1255,
1219, 1127, 814.1H MNR (CDCl3) δ (ppm): 6.78 (d, 2H,
2-H), 5.80 (dd, 2H, 1-H), 5.37 (brs, 1H, 4-NH), 5.07 (brs,
1H, 17-CONH), 3.32 (m, 1H, 5�-H), 2.14 (dd, 1H, H-17),
1.35 (s, 9H, C(CH3)3), 0.97 (s, 3H, 19-CH3), 0.69 (s, 3H,
18-CH ).
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and the precipitate was stirred until it hydrolyzed to jelly,
the yield was 74.3%. Subsequently, this product was reacted
with tert-BuOH in concentrated sulfuric and acetic acids, and
6 was converted to 3-oxo-4-azaandrosta-5,16-diene-17-(N-
tert-butylcarboxamide)7 in 79.9% yield. The introduction
of 17�-(N-tert-butyl-carboxamide) was convenient and gave
a higher yield.

Subsequently, the reduction of7 was carried out over
Pd/C in C2H5OH in the presence of hydrogen to give 3-
oxo-4-aza-5�-androstane-17�-(N-tert-butylcarboxamide)8.
Under these conditions, with the steric hindrance of the 19-
CH3 group, the 16-ene-17-(N-tert-butylcarboxamide) was
nearly reduced to 17�-(N-tert-butylcarboxamide), and the
reduction of the 5-ene had high selectivity for the 5�-H
(5�-H: 5�-H < 2%). Finally, dehydrogenation of8 was
carried out by treatment with a suitable dehydrogenat-
ing agent, such as chloranil, benzeneseleninic anhydride,
or dichlorodicyanobenzoquinone (DDQ), in an anhydrous
solvent, such as chlorobenzene, dioxane, xylene, toluene,
or benzene, and optionally, in the presence of BTSFA
[bis(trimethylsilyl)trifluoro acetamide]. To optimize the
yield, we chose DDQ and BSTFA in dioxane to dehydro-
genate8 in order to give finasteride1 in 70.5% yield[21].
Using this sequence, finasteride was synthesized from 4-
androstene-3,17-dione in 18.6% overall yield.
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. Results and discussion

4-Androstene-3,17-dione2 is an important intermedia
or the synthesis of steroid since it is commercially av
ble in high purity. Oxidation of 4-androsten-3,17-dione
een reported to yield 5,17-dioxo-A-nor-3,5-secoandro
-oic acid3 via two methods: (1) oxidation with Von Rudlo
olution in 81.5% yield[15] and (2) ozonolysis with ozon
n 93.0% yield[16]. For large-scale manufacture, we ch

ethod (1) to oxidize2 for the synthesis of3. The ring closur
f 3 was carried out with ammonium acetate in acetic
t high temperature to give 4-azaandrost-5-ene-3,17-
, which was simpler than the previously reported meth
1,12].

In order to introduce 17�-(N-tert-butylcarboxamide), w
hose the Ritter reaction by using�,�-unsaturated carbon
rile to react withtert-BuOH in concentrated sulfuric an
cetic acids[10,11]. Since Gasc and Nedelec reported the
essful introduction of the 17�-cyano-17�-hydroxyl group

n 3,3-ethylene-dioxy-19-norandtosta-5(10),9(11)-dien
ne[17], the cyanohydrin reaction has been thoroughly in

igated[18,19]. In our approach,4 was selectively converte
o 4-aza-5-androstene-17�-hydroxy-17�-cyano-3-one5 in
1.4% yield. Dehydration of5 with POCl3 in pyridine at
20◦C gave 4-aza-androst-5,16-diene-17-cyano-3-one6, a
mall difference as described in Ref.[20]. The warm mixture
as cooled to about 60–70◦C, then dropped with vigorou
tirring into a mixture of ice-water and 37% aqueous H
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