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Abstract: A new clomiphene metabolite, extremely useful for dop-
ing analysis, was synthesized in 19% overall yield. The approach
involved a Grignard reaction via a N-acylbenzotriazole intermediate
to afford a key aromatic ketone and a HWE reaction. Both stereo-
isomers were separated and identified.
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The nonsteroidal anti-estrogens tamoxifen (1) and clomi-
phene (2, Figure 1) are synthetic triphenylethylene deriv-
atives and have been widely used in the treatment of
estrogen-dependent cancers.! Moreover, they have been
found to act like as estrogen mimetic in prevention of
bone loss in postmenopausal women.?

tamoxifen (1) R' = H, R? = Me, X = Et

clomiphene (2) R' =H, R?=Et, X=Cl

4-hydroxy-3-methoxytamoxifen (3) R' = 4-OH, 3-OMe, R = Me, X = E
4-hydroxy-clomiphene (4) R' = 4-OH, R2 = Et, X = Cl
4-hydroxy-3-methoxyclomiphene (5) R' = 4-OH, 3-OMe, R>=Et, X=C

Figure 1 Structures of tamoxifen (1), clomiphene (2) and its meta-
bolites

Tamoxifen (1) is an important estrogen for the treatment,’
and more recently, prevention of breast cancer.* Clomi-
phene citrate (CC), structurally related to diethylstil-
bestrol, is since the early 1960s, used in the treatment of
women with absent or irregular ovulation by inducting
ovulation.’ In 1961 were reported the first results of CC on
ovulation induction.® Clomiphene citrate is administrated
as a mixture of two geometric isomers, enclomiphene (E)
and zuclomiphene (Z) (Figure 2) in the ratio 62:38.”
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Due to the anti-estrogenic activity, tamoxifen (1) and re-
lated anti-estrogens induce a decrease in side effects after
abusive consumption of anabolic androgenic agents.
Thus, since 2000, these compounds have been banned in
male athletes by the International Olympic Committee
and by the World Anti-Doping Agency. The presence of
tamoxifen (1) and clomiphene (2) metabolites in urines is
a proof of doping. Indeed, some metabolites have been de-
tected and identified, such as 3 (Figure 1).3
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Figure 2 The two geometric isomers of clomiphene (2)

In order to study the molecular action of synthetic nonste-
roidal anti-estrogens protocols have been developed to
address the synthesis of clomiphene (2)° and its metabo-
lites.”*!% Concerning the preparation of clomiphene me-
tabolites, some general synthetic approaches to establish
the carbon skeleton have been reported, such as: the use of
organometallic reagents, in particular Grignard reagents;
and the McMurry coupling, also applied to tamoxifen (1)
synthesis,!" which has the disadvantage of generating a
mixture of the hetero-ketone coupling and the undesired
homo-ketone coupling.

Recently, analysis of human urine, taken after clomiphene
(1) administration, revealed the presence of a metabolite
with m/z = 424, compatible with the structure of 6a/6b.'?
However, no authentic sample was available and structur-
al confirmation could not be achieved.

The therapeutic application of the anti-estrogens as well
as the interest in the identification of novel metabolites for
detection in doping analysis has stimulated us to synthe-
size novel clomiphene metabolites. Thus, we now report a
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Scheme 1 Retrosynthetic analysis of clomiphene metabolite 6

modified and alternative synthetic approach toward the
triphenylethylene moiety.

Our strategy for the synthesis of the novel clomiphene
metabolite 6 is outlined in Scheme 1. The preparation of
tetrasubstituted olefins'® from ketones has been addressed
by the Horner—-Wadsworth-Emmons (HWE) approach,'
however, due to ketone lower reactivity and steric bulki-
ness this route has been barely applied. According to
Kumara Swamy et al.'> cyclic phosphonates show en-
hanced reactivity when compared to acyclic ones,'® and
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the authors have used this phosphonates to prepare trisub-
stituted vinyl chlorides, via a HWE reaction.

A similar strategy was followed to prepare the vinyl chlo-
ride 6. The use of easily accessible and stable N-acylben-
zotriazoles, as acylating agents,!” has been successfully
applied for the preparation of aromatic ketones via orga-
nometallic reactions, such as the Grignard reaction.'® In
order to avoid the difficulties associated with the use of a
carboxylic acid or acid chloride, we applied a Grignard
approach reacting a N-acylbenzotriazole derivative 9 with

(0]
MeO,C 1. BnBr, KoCOg, acetone, HOC 3. EtaN, THF, r.t. overnight N
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Scheme 2 Preparation of the ketone 15 via a Grignard reaction with a N-acylbenzotriazole intermediate
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the known Grignard reagent 8 to obtain the ketone 7 via
a mild, simple, and effective procedure. Thus, our ap-
proach started with protection of the commercial methyl
vanillate 10 with the benzyl group, followed by hydrolysis
to afford the acid 11?° in 57% yield (2 steps, Scheme 2).

First attempts to obtain ketone 15 via Grignard reaction
using the corresponding acid chloride of 11 failed. In or-
der to overcome the problems associated with the use of
the acid chloride, the N-acylbenzotriazole derivative 13
was prepared in 90% yield, by treatment of the carboxylic
acid 11 with the N-(1-methanesulfonyl)benzotriazole (12,
readily prepared from benzotriazole and methanesulfonyl
chloride).?! The next step consisted on the Grignard reac-
tion of N-acylbenzotriazole 13 with the known magne-
sium reagent 8 [readily prepared from 4-bromophenol
(14) in 2 steps].' The reaction proceeded under very mild
conditions and ketone 15 was isolated in 75% yield, after
chromatographic purification, and the benzotriazole could
be recovered.

In order to avoid a stepwise installation of the trisubstitut-
ed vinyl chloride moiety (formation of the double bond
followed by chlorination), the use of a proper a-chloro-
phosphonate was required, allowing formation of the dou-
ble bond and insertion of a chlorine atom simultaneously.
Thus, having in hand useful quantities of ketone 15, the
assembly of the olefinic system was next undertaken via a
HWE reaction using the chlorophosphonate 16 (prepared
in 2 steps from the commercially available 5,5-dimethyl-
1,3,2-dioxaphosphorinan-2-one)'>?? (Scheme 3). Com-
pound 17 was obtained as a mixture of two isomers 17a
and 17b (E/Z, 60:40 by 'H NMR) in 70% yield. Other pro-
tocols previously described for clomiphene (2) synthesis,
involving the use of acyclic chlorophosphonates,”® were
also tested. However, these conditions proved to be insuf-
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Scheme 3

ficient when applied to the ketone 15. Subsequent mono-
N-dealkylation of isomers 17a/17b using the procedure
described by Olofson et al.** afforded the corresponding
secondary amines 18a/18b as a mixture of both E/Z iso-
mers that were next separated by preparative thin-layer
chromatography.

The assignment of the mixture 17a/17b as isomers E and
Z was done by NMR. This assignment was confirmed by
NMR analysis (COSY, NOESY, HMQC, HMBC) of the
compounds 18a and 18b, after chromatographic separa-
tion. The '"H NMR spectrum of the major isomer (E)-18a
shows the H1 and H2 resonances shifted to upfield (6 =
6.44 and 6.41 ppm, respectively), while in the minor iso-
mer (Z)-18b H1 and H2 proton resonances appear at § =
6.93 and 6.61 ppm, respectively. This observation sug-
gests that the ring current effect of ring A moves H1 and
H2 proton resonances to higher frequency in the E-isomer
(Figure 3).

Moreover, the NOE experiment of 18a shows a correla-
tion between H1 and H2 from ring B with the aromatic
protons from ring A. This correlation is not observed in
the NOE spectra of 18b (Figure 3).

Finally, removal of the benzyl group by hydrogenation
(H,, 10% Pd/C, AcOH)'* afforded the desired metabolite
6 in 70% yield.

The LC-MS analysis of 6 gave a peak at m/z = 424 with
retention time of 7.50 min. Subsequently a urine sample
of clomiphene administration was analyzed under the
same chromatographic conditions. Using multiple reac-
tion monitoring, a peak was observed at retention time of
7.50 min with ion transitions (m/z = 424 — 71 and m/z =
424 — 317), consistent with the data of the authentic sam-

OBn

1. CICOCHCIMe, toluene,
reflux, 16 h (quant.)
2. chromatographic separation

Synthesis of the metabolites 6a/6b via a HWE reaction using the chlorophosphonate 16
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Figure 3 The two geometric isomers of the isolated metabolites
18a/18b

ple 6, suggesting that the observed metabolite'” has the
same structure.

In summary, we have prepared new clomiphene metabo-
lites using a mild, simple, and straightforward route. Me-
tabolites 6a and 6b were synthesized in 19% overall yield
from commercially available starting materials.

The key steps consisted on the preparation of the ketone
15 using a N-acylbenzotriazole derivative as acylating
agent and the HWE approach, using a cyclic a-chloro-
phosphonate, to establish the chloro vinyl skeleton. Both
stereoisomers could be separated by chromatography and
their structures assigned by NMR. Furthermore the syn-
thesized compound 6 was used as control for analysis of
the biological sample. This approach represents a simple
and effective strategy to prepare novel and more substitut-
ed clomiphene metabolites useful for doping analysis.

Supporting Information for this article is available online at
http://www .thieme-connect.com/ejournals/toc/synlett.
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