
This article was downloaded by: [Michigan State University]
On: 13 January 2015, At: 03:56
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

An Improved Preparation
of Aromatase Inhibitor 4-
Hydroxyandrost-4-ene-3,17-
dione
Pier Giuseppe Ciattini a , Enrico Morera a & Giorgio
Ortar a
a Dipartimento di Studi Farmaceutici e Centro di
Studio per la Chimica del Farmaco del C.N.R. ,
Università ‘La Sapienza’ , 00185, Roma, Italy
Published online: 23 Sep 2006.

To cite this article: Pier Giuseppe Ciattini , Enrico Morera & Giorgio Ortar (1992) An
Improved Preparation of Aromatase Inhibitor 4-Hydroxyandrost-4-ene-3,17-dione,
Synthetic Communications: An International Journal for Rapid Communication of
Synthetic Organic Chemistry, 22:13, 1949-1952

To link to this article:  http://dx.doi.org/10.1080/00397919208021325

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and

http://www.tandfonline.com/loi/lsyc20
http://dx.doi.org/10.1080/00397919208021325


are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 0

3:
56

 1
3 

Ja
nu

ar
y 

20
15

 

http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 22(13), 1949-1952 (1992) 

AN IMPROVED PREPARATION OF AROMATASE INHIBITOR 
4-HYDROXY ANDROST-4-ENE-3917-DIONE 

Pier Giuseppe Ciattini, Enrico Morera, and Giorgio Ortar* 

Dipartimento di Studi Farmaceutici 
e Centro di Studio per la Chimica del Farmaco del C.N.R., 

Universid 'La Sapienza', 00185 Roma, Italy 

Abstract: The title compound has been prepared in 47% overall yield 
from androst-4-ene-3,17-dione (1) by a two-step sequence comprising 
hydrox-ylation of 1 with 0 5 0 4  / H202, followed by dehydration of the 
resultant diols 3 in alkaline medium. 

4-Hydroxyandrost-4-ene-3,17-dione (4-OHA, 4) and its analogues 
have been the subject of extensive investigation as steroidal inhibitors of 
aromatase.1 In particular, 4 was first reported in 1984 to cause regression 
of breast cancer metastases2 and, later, to produce breast cancer remission 
when used at different drug schedules.la As such, 4-OHA is currently used 
in the clinical treatment of oestrogen-sensitive breast cancer. 

Previous syntheses of 4 have been most commonly achieved by ei- 
ther acid- or base-catalyzed opening of the 4,S-epoxides 2, in turn obtain- 
ed by treatment of 1 with alkaline H2O2.3 Overall yields are, however, 

* To whom correspondence should be addressed. 
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1950 CIATTINI, MORERA, AND ORTAR 

generally low and, in addition, the epoxidation step appears to work rather 
erratically.3b 

Recently, Bednarsky and Nelson4 reported the rearrangement of a 
mixture of a- and P-epoxyandrost-4-ene-3,17-diones 2 with boron tri- 
fluoride etherate in benzene to yield 4 in a 48% yield. In our hands, how- 
ever, their procedure afforded 4 contaminated, presumably with the keto- 
aldehydes 6.5Turning to petroleum ether-ethyl ether (3:2) as eluent of the 
flash chromatography, an average yield of 34% of appreciably pure 4 
could be recorded by us over five runs. 

Eventually, the methoxylation of 1 with o-iodosylbenzoic acid in 
methanolic potassium hydroxide has been described to afford a 25% yield 
of 5, an obvious precursor of 4.6 

In this communication we wish to report that the method used by 
Camerino et al. in 1963 to prepare A-nor analogues of corticosteroids7 
can be adapted to a convenient and reproducible preparation of 4 from 1. 

The preparation proceeds via the 4,5-diols 3, formed from 1 using 
hydrogen peroxide in the presence of a catalytic amount of osmium te- 
troxide, and brief reaction of these with hot methanolic potassium hydrox- 
ide to produce 4 in fair overall yield (47%). 

0’ dP .& .qP H 

1 2 3 

4 , R = H  
5, R = CH3 

6 
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4-HYDROXYANDROST-4-ENE-3,17-DIONE 1951 

The two diols need not be isolated and the second step of the 
sequence can be performed directly on the residue of the hydroxylation 
reaction. 

The present procedure competes favourably with existing methods 
in terms of yield and reproducibility. 

Experimental 

Melting point was determined on a Kofler hot-stage apparatus and 
is uncorrected. Optical rotation was measured at 20°C with a Schmidt- 
Haensch Polartronic D polarimeter (1 dm-cell) in 2% CHCl3 solution. IR 
spectrum was recorded on a Perkin-Elmer 983 spectrophotometer as 2% 
solution in CHC13.1H and 13C NMR spectra were obtained on a Varian 
XL-300 spectrometer using CDC13 as solvent and Me4Si as internal stan- 
dard. 

4-Hydroxyandrost-4-ene-3,17-dione (4). A solution of 
androst-4-ene-3,17-dione (1, 1.432 g, 5 mmol) in tert-butanol (50 mL) 
was treated at room temperature with 38 mg (0.15 mmol) of osmium 
tetroxide pre-dissolved in 2 mL of tert-butanol and then with 5 mL of 
35% H202. The resulting solution was stirred at room temperature for 3 
days, diluted with brine (100 mL), and extracted with CH2C12 (2 x 100 
mL). The organic phases were washed with brine (100 mL), aqueous 10% 
sodium bisulfite (50 mL), aqueous 10% Na2C03 (50 mL), brine (100 
mL), combined, dried (Na2S04), and evaporated. The residue (1.824 g) 
was dissolved in MeOH (10 mL), treated with a solution of KOH (393 
mg, 7 mmol) in MeOH (3 mL), and stirred at 55°C for 10 min. Acetic 
acid (0.3 mL) was then added, the solution was diluted with brine (100 
mL), and extracted with CH2Cl2 (2 x 100 mL). The organic phases were 
washed with brine (100 mL), combined, dried (Na2SO4), and evaporated. 
Chromatography of the residue (1.727 g) on silica gel (52 g) using 
hexane-ethyl acetate (7:3) as eluent gave 715 mg (47%) of 4: mp 200- 
2 0 2 " ~  (from acetone); [a]D +170° (lit? mp 202-203°C; [ a ] ~  +181"); IR 
3452 (OH), 1730 (C-17 C=O), 1666 (C-3 C=O), 1633 (conjugated C=C) 
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cm-1; 1H NMR 6 0.92 (3H, s, 13-Me), 1.21 (3H, s, 10-Me), 6.24 (IH, s, 4- 
OH); 13C NMR 6 
(C-17). 

139.078 (C-5), 141.291 (C-4), 193.403 (C-3), 220.490 
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