
Bioorganic & Medicinal Chemistry Letters 19 (2009) 2176–2178
Contents lists available at ScienceDirect

Bioorganic & Medicinal Chemistry Letters

journal homepage: www.elsevier .com/ locate/bmcl
Diphenyl ethers as androgen receptor antagonists for the topical
suppression of sebum production

Lorna H. Mitchell a,*, Lain-Yen Hu b, Maria Nguyen b, Stephen Fakhoury c, Yvonne Smith d, Donna Iula e,
Catherine Kostlan f, Matthew Carroll b, Danielle Dettling g, Daniel Du b, David Pocalyko h,
Kimberly Wade i, Bruce Lefker b

a Pfizer Global Research and Development, Sandwich Laboratories, Ramsgate Road, Sandwich, CT13 9NJ, UK
b Pfizer Global Research and Development, Groton Laboratories, CT 06340, USA
c Pfizer Global Research and Development, Michigan Laboratories, MI 48105, USA
d Decision Informatics, Ltd, Ann Arbor, MI 48104, USA
e Cayman Chemical, Ann Arbor, MI 48108, USA
f IDSC, LLC, Chelsea MI 48118, USA
g Pfizer Global Research and Development, Research Technology Center, MA 02139, USA
h Pfizer Global Research and Development, La Jolla Laboratories, CA 92121, USA
i Pfizer Global Research and Development, St Louis Laboratories, MO 63141, USA

a r t i c l e i n f o a b s t r a c t
Article history:
Received 1 February 2009
Revised 25 February 2009
Accepted 26 February 2009
Available online 3 March 2009

Keywords:
Androgen receptor
Antagonist
Sebum
Topical
Diphenyl ether
AR
0960-894X/$ - see front matter � 2009 Elsevier Ltd.
doi:10.1016/j.bmcl.2009.02.104

* Corresponding author. Tel.: +44 1304 649599.
E-mail address: lorna.mitchell@pfizer.com (L.H. M
A series of diphenyl ethers was prepared and evaluated for androgen receptor antagonist activity in
human androgen receptor binding and cellular functional assays. Analogs with potent in vitro activities
were evaluated for topical in vivo efficacy in the Golden Syrian Hamster ear model. Several compounds
showed reduction in wax esters in this validated animal model.

� 2009 Elsevier Ltd. All rights reserved.
NC

O

The androgen receptor (AR) is responsible for the activation of
genes involved in the pathogenesis of acne and alopecia.1 The onset
of acne vulgaris infections in the pilosebaceous unit is associated
with excess sebum production. The production of sebum is regu-
lated by the androgens testosterone and 5a-dihydrotestosterone
(5a-DHT). Androgen receptor antagonists, such as cyproterone
acetate2,3 and RU-588414 have been shown to suppress sebum pro-
duction when applied topically.

Mining of data from our AR agonist program identified a number
of compounds that bound to the androgen receptor but did not pos-
sess agonist activity. A reevaluation showed that some of these were
full antagonists, for example diphenyl ethers such as 1, and we have
used them as starting points for our program to identify AR antago-
nists (Fig. 1) for the topical suppression of sebum production.5

The chlorine of hit 1 could be relocated from the 2-position to
the 3-position (2) with retention of AR binding (ARB)6 and full
All rights reserved.
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antagonist activity in a cellular assay (ARCELL)7 (Table 1). Unfortu-
nately, the chlorobenzonitriles exhibited photoinstability which is
not desirable in a topical agent. We therefore examined the 3-trif-
luoromethylbenzonitrile template based on precedence of known
AR binders.8 Gratifyingly the initial tolyl analog, 3a, retained AR
binding activity, a full antagonist profile, and was photostable
but, unfortunately, it lost appreciable cellular activity.

The compounds were synthesized by phenol displacement of
the desired para-fluorobenzonitrile template under basic condi-
tions (Scheme 1).9
MeCl
1

Figure 1. Initial AR antagonist lead compound.
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Scheme 1. Reagents and conditions: (a) ArOH, K2CO3, DMF, 60 �C.

Table 1
Initial SAR explorationa

Compound R1 R2 ARB (nM) ARCELL (nM) cLogP

1 2-Cl 30-Me 64 46 4.66
2 3-Cl 20-Me 30 57 4.76
3a 3-CF3 20-Me 92 743 5.06
3b 3-CF3 30-Me 770 — 5.06
3c 3-CF3 40-Me 4000 — 5.06
4a 3-CF3 20-Cl 123 — 5.04
4b 3-CF3 30-Cl 2720 — 5.27
4c 3-CF3 40-Cl 6650 — 5.27
5a 3-CF3 20-OMe 83 72 3.64
5b 3-CF3 30-OMe >10,000 — 3.89
5c 3-CF3 40-OMe >10,000 — 3.89

a Values (IC50) are given as an average of P2 experiments; —, not tested.

Table 3
In vivo efficacy in Golden Syrian hamster modela

4NC

OR1 R2
3

2 2'

3'

4'

Compound R1 R2 WE reduction (%) CE reduction (%)

1 2-Cl 20-Me 90 76
2 3-Cl 20-Me 87 71
6i 3-CF3 20-OEt 82 67
6r 3-CF3 20-OMe, 60-F 41 37
6hb 3-CF3 20-SMe 36 32

a All compounds were tested at dose of 3% in a polyethylene glycol/transcutol/
ethanol 20/20/60 v/v/v% formulation unless otherwise stated.

b Polyethylene glycol/ethanol 30/70 v/v% formulation.
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Within the trifluoromethylbenzonitrile series, we explored sub-
stitution of the second phenyl ring. We found that when the R2

substituent was held constant and stepped around the ring AR
binding followed the trend ortho > meta > para (Table 1).

Having determined that ortho-placement of R2 was preferred
we looked at a variety of substitution in this position (Table 2).
Increasing the size of the ortho R2 substituent from methyl to ethyl
(6a) was tolerated while a decrease in AR binding was seen with
the propyl (6b), phenyl (6c), and isopropyl (6d) analogs.

Introducing a second ortho-methyl (6e) was tolerated. However,
further substitution, as in the mesityl analog 6f, was detrimental to
AR binding.

Replacement of the ortho-methyl with hydroxy (6g), methoxy
(5a), and methylthio (6j) was tolerated in terms of AR binding
and in all cases gave good cellular activity (ARCELL < 100 nM).
These analogs have lower cLogP than compounds 6a–f which
may account for the observed cellular activity. Cellular activity
was retained in the change from methoxy (5a) to ethoxy (6i). How-
ever, the ethylthio analog (6j) lost cellular activity compared to the
methylthio analog (6h).
Table 2
SAR of trifluoromethylbenzonitrilesa

Compound R2 ARB (nM) ARCELL (nM) cLogP

6a 20-Et 20 356 5.58
6b 20-Pr 202 303 6.11
6c 20-Ph 430 — 5.88
6d 20-iPr 2280 — 5.58
6e 20 , 60-di-Me 10 681 5.55
6f 20 , 40 , 60-tri-Me 198 812 6.05
6g 20-OH 34 97 3.64
5a 20-OMe 83 72 4.13
6h 20-SMe 74 22 4.72
6i 20-OEt 120 47 5.15
6j 20-SEt 229 545 5.24
6k 20 ,60-di-OMe 157 >1000 3.86
6l 20-OMe, 40-Me 69 299 4.62
6m 20-OMe, 50-Me 103 482 4.62
6n 20-OMe, 50-CH2OH 216 >1000 3.09
6o 20-OEt, 4-Me 257 — 5.15
6p 20-OH, 4-Me 354 — 4.14
6q 20-OH, 5-Me 127 811 4.14
6r 20-OMe, 60-F 158 42 4.21

a Values (IC50) are given as an average of P2 experiments; —, not tested.
A variety of disubstituted analogs possessing either an ortho-
hydroxy, methoxy, or ethoxy substituent (6k–q) lost AR binding
and/or cellular activity when compared to the compounds with
only one ortho-substituent. Analogs 6k and 6n were not cellularly
active despite their lower cLogP values. The only disubstituted
analog which retained good cellular activity was 6r.

Selected compounds with good in vitro profiles were tested
in vivo in Golden Syrian Hamsters for their ability to reduce wax
and cholesterol esters (Table 3). Wax and cholesterol esters consti-
tute 28% of total human sebum10 and it has been shown that there
is a direct correlation between reduction in wax esters and reduc-
tion in total sebum production in a clinical trial with oral cyproter-
one acetate.11 The Hamster Ear model is a widely used animal
model to test drug effects on sebaceous glands.12

Compounds 1, 2, and 6i exhibited the best in vivo profiles with
>80% reduction of wax esters when applied topically as a 3% for-
mulation. By comparison a 1% formulation of the positive control,
RU-58841, reduced wax esters by 95%. Disappointingly, the
methylthio analog 6h showed only marginal reduction of wax es-
ters in vivo despite possessing one of the best in vitro profiles:
we had considered that it may have been able to act as a soft-
drug13 by being metabolized prior to systemic exposure, though
this result suggests metabolism may have been too rapid.

In summary, we have prepared a series of diphenylethers as
androgen receptor antagonists and demonstrated that compounds
from this series exhibit reduction in sebum when applied topically
in a validated animal model.
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