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Heptafluoro-p-tolyl as a Selective Protecting Group for the Enone Function of 
Androst-4-ene-3,17-dione: Application to the Preparation of Deuterium-labelled 
Testosterone 
Michael Jarman and Raymond McCague* 
Drug Development Section, Cancer Research Campaign Laboratory, Institute of Cancer Research, Clifton Avenue, 
Sutton, Surrey SM2 5PX, U. K. 
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Octafluorotoluene reacts with the enone function of andro~t-4-ene-3~17-dione in the presence of caesium fluoride to 
give specifically a 3,5-dienol ether which has been used to prepare deuterium-labelled testosterone. 

We have recently demonstrated the use of heptafluoro-p-tolyl 
for the selective protection of phenolic and alcoholic func- 
tionsl and applications in the synthesis of analogues of the 
anti-cancer drug tamoxifen.2.3 The phase transfer conditions 
used for the protection of alcohols and phenols caused the 
derivatisation of the enol function of 4-hydroxyandrost-4-ene- 
3,17-dione' but ketone functions did not react. We now report 
that under conditions which promote enolisation of ketones, 
the enone function in androst-4-ene-3,17-dione (1) can be 
protected selectively. Thus with octafluorotoluene (3.4 
equiv.) and anhydrous caesium fluoride (3.2. equiv.) in 
dimethylformamide at reflux for 6 h, androstenedione (1) 
gives as the sole product the dienol ether derivative (2) (86% 
yield),? m.p. 98-99 "C. The 3,5-diene structure was deduced 
from the proton n.m.r. spectrum, aH 0.92 (3H, s, 18-H), 1.02 
(3H, s, 19-H), 1.0-2.7 (17H, methylene envelope), 5.18 ( lH,  
s, 4-H), 5.29 ( lH ,  m, 6-H), in which pre-irradiation of either 
olefinic proton gave a nuclear Overhauser enhancement of the 
other, and the U.V.  spectrum, h,,,, (EtOH) 232 ( E  19 950 dm3 
mol-1 cm-l), 266sh nm (4500), was typical for a trans-diene. 
Since arylation was exclusively on oxygen, octafluorotoluene 
is a 'hard' electrophile in hard-soft acid-base (HSAB) 
theory.4 This result is paralleled by observations that per- 
fluorotolyl ethers resist attack by 'soft' nucleophiles.1.3 

t Compound (2) gave satisfactory analytical data. 
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Scheme 1. Reagents: i ,  C7Fs, CsF, Me,NCHO, 150°C; ii, H2S0, 
(as.), tetrahydrofuran, 60 "C; iii, D 2 0 ,  (C7HIs)4N+CI-, NaOD, 
PhMe, 60 "C; iv, NaBD4, EtOD,  20 "C; v, H20.  
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Sodium methoxide in dimethylformamide, which cleaved 
the perfluorotolyl ethers of alcohols and phenols,l did not 
regenerate androstenedione from the derivative (2) owing to 
the instability of the enone function under these conditions. 
However (2) behaves as a typical enol ether in that acidic 
hydrolysis (1 : 1 5 M sulphuric acid-tetrahydrofuran, 60 "C, 12 
h) did regenerate the enone (80% yield). 

An application of the perfluorotolyl group for the protec- 
tion of the enone function in synthesis is the preparation of the 
deuterium-labelled testosterone (4) useful as an internal 
standard in assays of the natural steroid using gas chromato- 
graphy-mass spectrometry.5 Thus, base catalysed incorpora- 
tion of deuterium into the derivative (2) under phase transfer 
conditions6 followed by reduction of the 17-keto function with 
sodium borodeuteride gave the testosterone derivative (3) 
(Scheme 1) (58% yield), m.p. 143--144"C, m/z 507 ( M + ,  
loo./,), from which the labelled steroid (4), m.p. 154-155 "C, 
mlz 291 ( M + ,  96%), was released by acidic hydrolysis (93% 
yield). The isotopic composition, determined by mass spec- 
trometry, was 95.0% [2H3], 4.7 [2H2], 0.3 [2Hl]. The labelled 
testosterone (4) has been prepared previously, but from 

androst-5-en-3P-ol-17-one by a route involving a final enzy- 
matic oxidation step to generate the required 4-ene-3-one.' 

This investigation was funded by grants from the Cancer 
Research Campaign and Medical Research Council. We 
thank Professor A. B. Foster for his interest and Mr. M. H. 
Baker for technical assistance. 

Received, 22nd January 1986; Com. 099 

Refer e n ces 
1 M. Jarman and R. McCague, J. Chem. Res., 1985, ( S ) ,  114; ( M ) ,  

2 M. Jarman and R. McCague, J. Chem. Res., 1985, ( S ) ,  116; ( M ) ,  

3 R.  McCague, J. Chem. Res., 1986, ( S ) ,  58;  ( M ) ,  771. 
4 R. G. Pearson and J .  Songstad, J. Am. Chem. SOC. ,  1967,89,1827. 
5 E. M. H. Finlay and S.  J .  Gaskell, Clin. Chern. (Winston-Salem, 

6 E. V. Dehmlow and S.  Barahona-Naranjo, J. Chem. Res., 1982 ( S ) ,  

7 S.  J .  Gaskell and E. M. H. Finlay, J. Labelled Comp. Radiopharm., 

1301. 

1342. 

N.C.) ,  1981, 27, 1165. 

186. 

1980, 17, 861. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
86

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Pr
in

ce
 E

dw
ar

d 
Is

la
nd

 o
n 

23
/1

0/
20

14
 1

7:
07

:4
6.

 
View Article Online

http://dx.doi.org/10.1039/c39860000635



