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Letters
Recent developments in the synthesis of 11b-aryl-estrone derivatives
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Abstract—An industrial synthesis of 11b-aryl-estrone derivatives is described, based on the 1,4-addition of the aryl side-chain, as a
cuprate, on to a mixture of allylic 5(10) alpha and beta epoxides, followed by hydrolysis and subsequent aromatization.
� 2003 Elsevier Ltd. All rights reserved.
1. Introduction

Substitution of estradiol derivatives with 11b-aryl
groups is a way of modulating their affinity for estrogen
receptors.1 Recently, we described the synthesis of a
17a-methyl-11b-aryl estradiol derivative.2

These drug substances are generally prepared from 11b-
aryl-estrone intermediates, the synthesis of which is
based on the very efficient 1,4-addition3 of the aryl side-
chain, as a catalytically generated cuprate, on an allylic
5a,10a-epoxide such as 2a or 3a (Scheme 1). When a 17-
keto group was present, this arylation was best per-
formed on the silyl enol ether,4 resulting in higher yield,
and use of lower amounts of copper(I) chloride and
Grignard reagent.2

Though this strategy was satisfactory for the prepara-
tion of batches of drug substances devoted to phase 1
and 2 clinical trial studies, the low diastereoselectivity of
the initial epoxidation5 of the 5,10-olefinic double bond
of the dienone 1 was an issue to address in further scale-
up studies. Using our best conditions (1.7 equiv of 50%
hydrogen peroxide, 0.1 equiv of hexafluoroacetone,
dichloromethane, 18 h, 20–25 �C), the a-epoxide 2a was
isolated in 49% yield after crystallization from ethyl
acetate. Using hexachloroacetone as the catalyst, the
yield was 43%.2
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2. Observations during the pilot-scale synthesis

Apart from this initial moderate selectivity, the strategy
of this synthesis is sound. Ethylene deltenone 1, which is
an industrial intermediate for norsteroids, particularly
trimegestone,6 is an appropriate starting material for the
synthesis. Epoxide 2a is crystalline, in contrast to parent
epoxides bearing other functions at C-17. The intro-
duction of the pre-formed aryl side-chain results in a
convergent route.

Silylation was carried out using LDA as the base
(1.2 equiv) and TMSCl (1.4 equiv) as the silylating agent,
at 0 �C in THF. To the toluene solution of 3a was added
0.1 equiv of copper chloride and 1.3 equiv of the Grig-
nard reagent 4,7 at 0 �C. Aqueous work-up of the aryl-
ation mixture (aq NH4Cl, dichloromethane) gave the
11b-aryl,5a-alcohol 5b, the acidic hydrolysis of which
afforded a mixture of 11b-aryl-dienone 6b with minor
amounts (5–10%) of the deconjugated dienone 6c,8

which was oily and easily removed by crystallizing 6b
from diisopropyl ether (yield: ca. 74%, lab and pilot
scale).9

The b-epoxide 3b reacted more slowly than the a-iso-
mer, thus requiring more copper(I) chloride (0.2 equiv),
higher temperatures (20 �C), and more Grignard reagent
(2 equiv). An 11a-aryl,5b-alcohol 5a was obtained, the
hydrolysis of which gave a ca. 9/1 mixture (estimated by
NMR) of the deconjugated dienone 6c and the expected
11a-aryl-dienone 6a (Scheme 2). The dienone 6c is
unstable and mainly decomposed during chromatogra-
phy (isolated yield: 6%).10 The 11a-aryl-dienone 6a was
isolated in 3% yield after chromatography.11 These
results were at first glance of little synthetic interest.
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Scheme 1. Preparative synthesis of 11b-aryl-estrones (X¼Et2NCH2CH2O).
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Aromatization of 6b was carried out using a mixture of
acetyl bromide (2.5 equiv) and acetic anhydride
(1 equiv), in dichloromethane at 20–25 �C.12 An estrone
acetate 7b was formed, which required saponification
(1.5 equiv of KOH, MeOH, 0–5 �C). Aryl-estrone
hydrochloride 8b was crystallized from methyl ethyl
ketone in good yield (ca. 79% from 6b), in the lab and in
the pilot plant.13

The study of the aromatization reaction also gave
unexpected results. During its optimization,2 we
observed that the starting 11b-dienone 6b rapidly
disappeared from the reaction mixture, giving an inter-
mediate, which slowly rearranged into 11b-aryl-estrone
acetate 7b. According to LC–MS it had the same
molecular mass as the aryl-estrone acetate, and we
proposed the structure 7d for this intermediate (Scheme
3). Later we succeeded in isolating it, and to our sur-
prise, it was not 7d but the isomeric trienol acetate 7c.
Compound 7d probably formed as a transient interme-
diate. It was interesting to note that the 11-aryl group
was no longer b in 7c, but it recovered the b configu-
ration after isomerization, thus giving 7b as the pre-
dominant product: only ca. 0.5% of the 11a-aryl isomer
was detected by HPLC in the crude mixture after aro-
matization and saponification.
3. Design of the industrial synthesis

These observations paved the way to the synthetic
exploitation of the hitherto �undesired� b-epoxide 2b.
The deconjugated dienone 6c was the main product of
arylation of 3b, and we expected 7c to be the kinetic
product in the aromatization of 6c, and that 7c would
then transform into the b-aryl product 7b in the same
way. It would be tempting to submit the crude mixture
of epoxides (a=b � 65=35) to the sequence arylation,
aromatization, and saponification, as the final product
should be 8b. Moreover, this should permit the use of
the small amount of dienone 6c, which was formed from
3a (Scheme 1), and which was previously lost during the
purification of 6b. Of course, to transform a preliminary
experiment into an industrial process took some time.
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Scheme 3. Proposed mechanism of A-ring aromatization (conditions: AcBr, Ac2O, CH2Cl2, rt).

D. Prat et al. / Tetrahedron Letters 45 (2004) 765–768 767
The crude mixture of isomers (a=b � 2=1) was crystal-
lized from diisopropyl ether, leaving minor impurities in
the mother liquors. The yield was higher using hexa-
chloroacetone (85%) than hexafluoroacetone (80%).
Although the latter catalyst was slightly more stereo-
selective, it gave more side products.

Arylation was carried out using 1.8 equiv of Grignard
reagent 4 and 0.15 equiv of copper(I) chloride, at 20 �C.
Work-up (aqueous ammonium chloride) and acidic
hydrolysis gave a mixture of aryl-dienones 6b, 6c, and 6a
(Scheme 4; the ratio of enones was estimated by NMR
spectroscopy). As mentioned above, 6c is not stable;
therefore, this mixture was rapidly submitted to aro-
matization (2.5 equiv of acetyl bromide, 1 equiv of acetic
anhydride, dichloromethane, rt), giving after 4–5 h 11b-
aryl-estrone acetate 7b as the main product. Again, it
was not isolated,14 but saponified to give the 11b-aryl-
estrone, which was crystallized as the hydrochloride 8b.
The yield from the mixture of epoxides was ca. 68%.
Only ca. 1% of the 11a-aryl isomer was detected in the
crude reaction mixture after saponification, and 0.15%
in the crystallized aryl-estrone hydrochloride. The purity
of 8b thus obtained (95%) was only slightly lower than
the purity (98%) of the previous batches starting from
95% pure a-epoxide. To keep the same profile of
impurities in this key intermediate was very important,
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Scheme 4. Industrial synthesis of 11b-aryl-estrones.
as the batches of Drug Substances derived from it were
used in clinical trials.

These results were confirmed, using different mixtures of
epoxides containing from 50% to 75% of the b-isomer:
the overall yield (2a/b to 8b) was always in the range 55–
65%.

Thus, as expected, the deconjugated aryl-dienone 6c was
mainly transformed into 11b-aryl-estrone acetate 7b. On
the other hand, the fate of the small amount of 11a-
dienone 6a is less clear. As the amount of 8a in the crude
reaction mixture (1%) was lower than the initial pro-
portion of 6a in the mixture of dienones (2–3%), we
suggest that aromatization of the a-isomer also involved
the trienol acetate 7c as the kinetic product.

In conclusion, observation, and careful analysis of
secondary reactions permitted a breakthrough in a
classical sequence of reactions. Though we were unable
to achieve good stereoselectivity in the initial epoxida-
tion, we found a way to transform both epoxides at the
same time, thus doubling the overall yield. The com-
plete synthesis of the drug substance will be published
elsewhere.15 Again, despite all the knowledge accumu-
lated on norsteroids, they still reveal surprises to the
chemist.
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