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ABSTRACT: Acetylenic tertiary alcohols are well-known to
be compounds that are biologically more stable than their
corresponding secondary alcohols. The linkage of an acetylenic
compound to a polymer support and further introduction of
molecular diversity was found to be an interesting way to
generate libraries of hydroxy acetylenic derivatives and thus
potentially improve their biological properties. For the first
time, we describe the loading of an ethynyl steroid to a
polystyrene-diethylsilane resin and its uses for the solid-phase synthesis of a model library of 21 steroid derivatives. Two levels of
molecular diversity were introduced by successive addition of amino acids and carboxylic acids, and hydroxy acetylenic steroids
were then released by an acidic treatment in high yield and purity without further purification step.

KEYWORDS: linker, solid-phase synthesis, library, hydroxy acetylenic compounds, steroids

It is well-known that 17β-hydroxy-steroids that possess an
ethynyl group at position 17α are much more stable drugs

than analogues without the ethynyl group.1 Indeed, the
transformation of alcohol is reduced since the presence of
ethynyl group hinders the oxidation of 17β-hydroxy1−3 or the
glucuronidation and its elimination in urine.4,5 With this in
mind, some pharmaceutical compounds were synthesized
having the hydroxy acetylenic group to increase their in vivo
stability and consequently their biological potency.6,7 One of
the best known is the synthetic ethinylestradiol, which is the
main estrogen used in oral contraceptives8,9 and the most
prescribed drug worldwide.9 Steroidal compounds like
levonorgestrel, norethisterone, norethynodrel, desogestrel,
etonogestrel, lynestrenol, and gestodene are all hydroxy
acetylenic steroid derivatives used as progestin drugs while
quinestrol and mestranol are used as estrogenic drugs.2 More
recently, some hydroxy acetylenic compounds, steroidal or
nonsteroidal, were synthesized and reported to possess
numerous interesting biological properties. In fact, steroidal
compounds could be used for treating autoimmune conditions
and related diseases like sclerosis, ulcerative colitis or arthritis,10

metabolic and pulmonary disorders11 and a variety of cancers12

while nonsteroidal compounds possess inhibitory activities
against rennin,13 act like androgen receptor ligands14 and are
used for treatment of different cancers.15−17 Another
interesting hydroxy acetylenic compound is tibolone, a
synthetic 19-norpregnane with estrogenic, progestogenic and
androgenic activities that is able to treat multiple psychological
and physiological menopausal symptoms as well as to confer
beneficial preventive health benefits.18

In general, the ethynyl group was introduced by an addition
to a carbonyl group at the end of the chemical synthesis. This

strategy is however greatly limited by the incompatibility of the
other chemical functionalities on the molecule. It would
therefore be advantageous to develop new methodologies to
introduce the ethynyl group or to use new approaches that
would better exploit this chemical functionality. The linkage of
an acetylenic compound to a polymer support and further
introduction of molecular diversity seemed to us an interesting
alternative that has not yet been used, to generate libraries of
hydroxy acetylenic derivatives and thus potentially accelerate
the discovery of new biologically more stable or active
compounds (Figure 1). Focusing on this new approach, we
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Figure 1. Diethylsilylacetylene as a new linker for solid-phase organic
synthesis of diversified compounds.
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described for the first time the loading of a 17α-ethynyl-steroid
to a polystyrene-diethylsilane resin and its uses for the solid-
phase synthesis of a model library of steroid derivatives.
Trimethylsilylacetylene is a useful reagent for introducing an

ethynyl group on a ketone.19 After removal of the silyl group by
hydrolysis, the generated acetylenic compound is obtained in
very good yield. Based on this, we hypothesized that the
polystyrene-diethylsilane (PS-DES) resin could be a suitable
solid support to link and release an acetylenic compound after
introducing molecular diversity. To optimize the reaction
conditions for the loading and cleavage steps, we first used
steroid 1 as a model compound (Scheme 1). For coupling

assays, the ethynyl steroid 120 was first activated by formation
of the organolithium 2 and then reacted with PS-DES-Cl resin
4, which was generated in situ by a treatment of PS-DES resin 3
with 1,3-dichloro-5,5-dimethylhydantoin. For this loading step,
different reaction times and steroid concentrations (equiv-
alents) were tested (Figure 2). With two equivalents of 1,
versus one equivalent of PS-DES resin 3, the loading yield of 5
as calculated by the increase of the resin weight was of 22%,
40%, and 61% for reaction times of 4, 8, and 16 h, respectively.
The coupling yield of 5 increased to 72% and 71% when three
and four equivalents of 1 were used, respectively.

After these loading tests, we decided to use a 16 h reaction
time and two equivalents of acetylenic compound for our next
coupling experiments. However, before doing that, it was
necessary to determine the conditions to release the hydroxy
acetylenic compound. We first placed resin 5 in the presence of
20% piperidine in DCM and K2CO3 5% in MeOH to verify the
linker’s stability under basic conditions. Fortunately, the
diethylsilyl acetylenic linker was stable under these conditions
and thus opened the door to perform Fmoc chemistry. After
this verification, the cleavage of 1 or 6 from resin 5 was tested
using five different conditions. When cleavage was performed
using a solution of 10% TBAF in DCM, a solution of 6% HF-
pyridine in DCM or a solution of 50% TFA in DCM, both
compounds 1 and 6 were obtained indicating an incomplete
deprotection of acetal group. However, in the assay with a
solution of HCl/MeOH/DCM (2:9:9) or (1:9:30), steroid 6
was the only compound obtained. Thus, to obtain a single
product and promote the swelling and the cleavage of the
desired product, the condition containing HCl and the highest
ratio in DCM (HCl/MeOH/DCM (1:9:30), rt, 18 h) was
chosen for our next cleavage experiments. A loading test under
optimized conditions followed by a cleavage under the optimal
acid conditions confirmed the recovery of the hydroxy
acetylenic compound 6 in good yield (55%), thus suggesting
the usefulness of the new linker for generating libraries.
After we established that a hydroxy acetylenic compound can

be loaded to a solid support and released in acid conditions, we
were interested in using this linker to synthesize a library of
diversified compounds. This library was designed based on our
previous structure−activity relationship (SAR) results that
identified a series of 2β-piperazino derivatives of 5α-
androstane-3α,17β-diol showing interesting antiproliferative
activity on HL-60 cancer cells.21,22 The presence of an
acetylenic group at position 17α was also found to improve
both in vitro antiproliferative activity and in vivo bioavailability
in some cases.12 Twenty one aminosteroids with two levels of
diversity (3 × 7) were then targeted as potentially interesting
inhibitors of human cancer cell growth (Table 1). Thus, one
amino acid (pyridylalanine), not easily workable in solution
chemistry, and two amino acids (proline and phenylalanine),
producing the best cytotoxic effect, were selected for
introducing the first level of molecular diversity. From previous
SAR results,21,22 we also selected seven carboxylic acids as

Scheme 1. Loading of Protected Ethisterone (1) on PS-DES
Resin 3 and Its Release As Compounds 1 and 6 or
Compound 1 Onlya

aReagents and conditions: (a) MeLi, THF, 0 °C to rt, 75 min; (b) 1,3-
Dichloro-5,5-dimethylhydantoin, DCM, rt, 1 h; (c) THF, rt, 4−16 h;
(d) 10% TBAF in DCM (v/v), rt; (e) 6% HF-pyridine in DCM (v/v),
rt; (f) 50% TFA in DCM (v/v), rt; (g) HCl/MeOH/DCM 2:9:9 (v/
v), rt; (h) HCl/MeOH/DCM 1:9:30 (v/v), rt.

Figure 2. Loading yield (weight increase) for the coupling of 1 to PS-
DES resin 3 in function of reaction time and steroid equivalent
number. To acetylenic compound 1 in dry THF was added MeLi and
the mixture was added at room temperature to PS-DES-Cl resin 4
generated from 3 and swollen in THF. After the reaction time, the
resin 5 was filtered, washed, dried during 16 h, and weighed.
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second level of molecular diversity. Before the start of the
library synthesis, the aminosteroid 13 (corresponding to A1
library member) was first synthesized to investigate the
compatibility of the linker with the sequence of reactions
reported in Scheme 2. The preparation of this model library
member was performed in two parts: steroid 7 was initially
synthesized in solution using the method we previously
reported12 and then used for the solid-phase synthesis. In
order to optimize the coupling of steroid 8 with the activated
resin 4, we tested the influence of MeLi stoichiometry on
loading efficacy (Figure 3). We have found that dry resin
weights increased by 5%, 54%, and 53% when 1.05, 2.05, and
3.05 equivalents of MeLi were used respectively to the steroid 7
(1 equivalent). The condition involving 2.05 equivalents of
MeLi was chosen for the synthesis of the model and library
members. Thus, MeLi was added to acetylenic compound 7
and the mixture reacted at room temperature with chlorosilyl
resin 4, swollen in THF and previously generated in situ from
PS-DES resin 3, to provide resin 9 in 54% yield by weight
increase. The IR spectra of resin 9 showed the presence of the
characteristic OH and NH bands attributed to the 2β-
piperazine-3α-OH-androstane steroid backbone. In the next

step, a N-Fmoc-proline was added to resin 9 giving 10 as
confirmed by the IR spectra of resin 10 clearly showing the
characteristic carbamate and amide bands. The Fmoc
protecting group was then removed with a solution of 20%
piperidine in DCM to give resin 11, which showed in IR the
disappearance of the carbamate band. The 2-naphthoic acid was
introduced by an amidation step to obtain the resin 12. Finally,
the amino steroid 13 was released from resin 12 in very good
purity and yield with a solution of HCl/MeOH/DCM
(1:9:30). The IR, 1H NMR, 13C NMR, and MS analyses
confirmed the introduction of diversity elements and the
presence of the hydroxy acetylenic functional group.
The model library of 21 aminosteroids (Table 1) was carried

out using the same strategy (Scheme 3) as for the synthesis of
model compound 13. Resin 9 was split in three portions and
the first level of diversity was introduced by acylation of resin 9
with three selected Fmoc-protected amino acids (AA) to give
the resins 14. The Fmoc-protecting group was then removed
and each batch of resins 15 was split in seven parts. The second
level of molecular diversity was then introduced by an
amidation step using seven carboxylic acids. At the end of
this second step of diversification, the cleavage of the steroid

Table 1. Molecular Formula, Experimental Mass (M + H), Quantity, and HPLC Purity of the 21 Library Members Generated
with the New Diethylsilylacetylenic Linker

aThis library member corresponds to compound 13. bBecause of an unidentified impurity which absorbs strongly in UV detection, the purity of
compounds B1-B7 was assessed using mass detection [data in square brackets].
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derivatives 17 was performed from resins 16 as described
before for the resin 12. All library members showed a major
one spot by thin-layer chromatography (TLC) and NMR
spectra as well as the mass spectra confirmed the appropriate
structures. By HPLC, the average purity of the final compounds
was 87−97% for the A1−A7 compounds, 80−83% for the B1−
B7 compounds and 85−92% for the C1−C7 compounds. The
lower purity for the compounds A6, B1−B7, and C3 was
caused by the formation of a byproduct (9−15%) correspond-
ing to the elimination of the ethynyl group thus providing the
C17-ketone derivative. Experimental mass, quantity and HPLC
purity of 21 library members generated with the new
diethylsilylacetylenic linker were given in Table 1. In addition
to these data, 1H NMR spectra of the 21 library members also
confirmed the expected structures. Interestingly, the bioavail-
ability expressed as plasmatic concentration of library member
A1 in rats (AUC0−12h = 1338 ng·mL/h) was found superior to

that obtained with the corresponding unacetylated compound
(AUC0−12h = 429 ng·mL/h).12 This result clearly demonstrates
the usefulness of this linker strategy to rapidly give access to
compounds with improved metabolic stabilities.
In summary, we developed a new diethylsilylacetylenic linker

to accelerate and facilitate the development of compounds
possessing an ethynyl group. The preparation of a model
compound using this new linker was successfully achieved by
solid-phase synthesis. Following this first result, a library with
two levels of molecular diversity was generated providing 21
aminosteroids of very good purity and suitable for screening of

Scheme 2. Synthesis of the Aminosteroid 13 Using the New
Diethylsilylacetylenic Linkera

aReagents and conditions: (a) MeLi, THF, 0 °C to rt, 75 min; (b) 1,3-
Dichloro-5,5-dimethylhydantoin, DCM, rt, 1 h; (c) THF, rt, 16 h; (d)
Fmoc-Pro-OH, PyBOP, HOBt, DIPEA, DMF, rt, 3 h; (e) 20%
Piperidine in DCM (v/v), rt, 1 h; (f) 2-Naphthoic acid, PyBOP,
HOBt, DIPEA, DMF, rt, 3 h; (g) HCl/MeOH/DCM 1:9:30 (v/v), rt,
18 h.

Figure 3. Loading yield (weight increase) for the coupling of steroid 7
to PS-DES resin 3 as a function of MeLi equivalents. To acetylenic
compound 7 in dry THF was added MeLi and the mixture added at
room temperature to PS-DES-Cl resin 4 generated from 3 and swollen
in THF. After the reaction time, the resin 9 was filtered, washed with
DCM, dried during 16 h and weighed.

Scheme 3. Strategy for the Synthesis of Aminosteroid
Library Membersa

aReagents and conditions: (a) Fmoc-amino acid, PyBOP, HOBt,
DIPEA, DMF, rt, 2 × 3 h; (b) 20% Piperidine in DCM (v/v), rt, 1 h;
(c) Carboxylic acid, PyBOP, 6-Cl-HOBt, DIPEA, DMF, rt, 5 h; (d)
HCl/MeOH/DCM 1:9:30 (v/v), rt, 22 h. See Table 1 for all amino
acids and carboxylic acids used as building blocks.
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biological activity. The new diethylsilylacetylenic linker proved
to be an efficient tool for the solid-phase synthesis of libraries of
hydroxy acetylenic compounds.
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