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Articles

Solid-Phase Synthesis of Hydroxysteroid Derivatives Using the
Diethylsilyloxy Linker

ReneMaltais, Martin R. Tremblay, and Donald Poirier*

Medicinal Chemistry Diision, Oncology and Molecular Endocrinology Research Center,
Laval University Medical Center (CHUL), Qurec G1V 4G2, Canada

Receied March 22, 2000

Four different types of hydroxysteroids (primary alcohol, secondary alcohols, and phenol), bearing either
an oxirane or an azide as a precursor of molecular diversity, were linked in good yields to solid support
using the butyldiethylsilane polystyrene (PS-DES) resin. These molecules were then used as scaffolds to
generate hydroxysteroid derivatives containing two levels of diversity. The proposed libraries were tested
by running steroidal alcohols through a model sequence of reactions (solid-phase coupling, aminolysis of
oxirane or reduction of azide, amidation, and final cleavage). As a result, two linked secondary alcohols
(175-hydroxy-spiro-3R)-oxirane-s-androstane and3hydroxy-spiro-17§)-oxirane-%-androstane) and a
primary alcohol (spiro-17&)-oxirane-3-(hydroxymethyl)-1,3,5(10)-estratriene) afforded good overall yields
(>45%) and high HPLC purities(90%) of hydroxysteroids derivatized as alkylamides without purification.
One limitation was noted for the fourth library: the phenolic steroid linked by the diethylsilyloxy linker
gave a poor overall yield of 8% of the desired model compound. Finally, the diethylsilyloxy linker was
used successfully for a rapid solid-phase synthesis of a model library of twenty C19-steroid derivatives
(36-amido-3xr-hydroxy-5r-androstane-17-ones), with an average yield of 53% and average HPLC purity of
97% without purification steps.

Introduction hydroxysteroid derivatives. Our targeted libraries-B

Steroids and their derivatives are potent molecules that (Figure 1) were designed to optimize the inhibitory activity
are used efficiently to treat many endocrine-related diseasesOf steroids that we previously identified as lead compounds
The rapid generation of a large number of steroidal com- On different steroidogenic enzymes; namely, type 1517
pounds containing vast molecular diversity could accelerate hydroxysteroid dehydrogenase (library AJsteroid sulfatase
the identification and optimization of new drug candidates. (libraries B and C}*® and type | 1B-hydroxysteroid
In our effort to obtain potent inhibitors of key steroidogenic dehydrogenase (library B)The oxirane and the azide groups
enzymes; s we became interested in the powerful capacity Were chosen as the key precursor functions of the linked
of combinatorial chemistry to generate steroidal libraries Steroidal scaffold to provide the diversity of the proposed
either in solutiof or on solid phasé:® The description of ~ hydroxysteroid libraries AD.
solid-phase synthetic sequence invollving .steroids is still Results and Discussion
rare 12 however, and only few combinatorial approaches
have been reportéd. '’ The hydroxyl group is certainly one
of the most frequently used and chemically accessible
functions in the steroidal chemistry. Moreover, its presence
is required for the biological activity of various steroids
including estrogens, androgens, and progestins. We were thu
interested to use the hydroxyl group (primary alcohol,
secondary alcohol, or phenol) as a point of attachment to
the solid support and to test different solid-phase synthetic
sequences of reactions to develop various libraries of

From the few known examples of hydroxysteroids linked
to a solid support?172623 we selected the PS-DES re¥in
and the Ellman’s DHP resthfor our study. We first tried
coupling experiments with@hydroxy-spiro-17§)-oxirane-

o-androstane9) and DHP resin using-TSA or PPTS in

,2-dichloroethane, but these attempts were unsuccessful due
to decomposition of the oxirane group as observed by TLC
analysis. Therefore, the diethylsilyloxy linker (PS-DES resin)
was chosen over the tetrahydropyranyl linker (DHP resin)
because of the nonacidic conditions used during the coupling
* Reprint requests should be sent to Dr. Donald Poirier, Medicinal reaction. This factor was crucial in the case of libraries@

Chemistry Divisi_on, (_)ncology and Molecular Endocrinol(_)gy Research pecause the acid sensitive oxirane functda present on
Center, Laval University Medical Center (CHUL), 2705 Laurier Boulevard, . . . .
Québec, Qc G1V 4G2, Canada. Phone: (418) 654-2296. Fax: (418) 654- the Steroid substrate during the coupling step. Using the PS-

2761. E-mail: donald.poirier@crchul.ulaval.ca. DES resin, we then investigated the compatibility of the
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Library C (Scheme 3): After demonstrating that a
secondary hindered C3 or C17 steroidal alcohol linked by a
diethylsilyloxy linker is compatible under the nucleophilic
and electrophilic conditions needed to prepare libraries A
and B, we became interested in extending our strategy to a
steroid bearing a primary alcohol. Since this type of steroid
is not commercially available, a classical solution-phase

synthesis was necessary to obtain precurs8r Com-
N/ﬁ\ﬁz mercially available estroneld) was first transformed to
intermediate estrone triflad¢ and then submitted to a
HO carbonyl insertion reactiéh to give the carboxylic acid
derivative of estrone (compourib) in good yield (81%)

. . o after recrystallization from the crude reaction mixture.
Figure 1. General structures of hydroxysteroid derivatives, mem- Protecti f the C-17 ket . thvl iveol and
bers of our targeted libraries D containing two levels of rotecion of the L-17 ketone using ethylene glycol an

molecular diversity. p-TSA provided the acetal intermediai®. This later was
transformed to compountli7 by a sequence of three steps:
diethylsilyloxy linker with a sequence of reactions for the (1) reduction of carboxylic acid to primary alcohol2)(
synthesis of a model compound for each proposed librarieshydrolysis of acetal to ketone, an8) (protection of primary
A—D (Schemes 14). alcohol as aert-butyldimethylsilyl (TBDMS) ether deriva-
1. Solid-Phase Synthesis of Model Compounds for tive. The oxirane formation and TBDMS hydrolysis com-
Libraries A —D. Library A (Scheme 1): The 1B-hydroxy- pleted the synthesis of the steroidal primary alcdi&which
spiro-3R)-oxirane-®-androstaned), previously obtained ~ Was coupled to the chlorosilyl resitb. The resin-bound
from a stereoselective reaction of dihydrotestosterajaith oxirane 19 was then submitted to the strategy established
dimethylsulfoxonium methylid& was coupled onto PS-DES ~ above for libraries A and B. Thus, the aminolysislfusing
resin in 66-70% vyield with the conditions reported by Hu butylamine followed by amidation with heptanoyl chloride
and co-workers for a less hindered hydroxysteroid, epi- 9ave the amid@1, which after the final cleavage with HF-
androsterone (7798Y.The reactive chlorosilyl resifib was pyridine afforded the desired model compouiin good
generated in situ by a treatment of PS-DES re&a) (vith yield (44%) and high HPLC purity (92%) without purifica-
1,3-dichloro-5,5-dimethylhydantof. The silyl ether bond ~ tion steps.
formation and the presence of the oxirane group were Library D (Scheme 4): Because the TBDMS group and

Cc D

confirmed by the™®*C NMR spectra of resid (Figure 2). silylated analogues have been extensively used as protecting
The aminolysis of the oxirand, using an excess of either groups of phenoi?271924ve decided to evaluate the stability
butylamine or heptylamine in ethanol (8C) for 3 days, of the diethylsilyloxy linker with a phenolic steroid. In a
gave the corresponding secondary amib@&sr 5d, respec- preliminary study, not reported herein, estrordd)(was
tively, containing the first level of diversity R The next linked to PS-DES resin using the conditions reported by Hu

level of diversity (R) was introduced by the formation of and co-worker® and subsequently recovered in good yield
amides6a—d. Four different acylation reactions were then (56%) after a fluoride-mediated cleavage. On the basis of
realized to demonstrate the interesting diversity of com- this result, the solid-phase synthesis of a library-D member
pounds that could be obtained using our synthetic route.was started by coupling the steroidal precu&®previously
These amidations with an acyl chloride, a carboxylic acid, synthesized in solutiohAfter attachment of the phen@3
an amino acid, or arm-bromo-acetic acid (as peptoid to PS-DES resin, the azide function2fwas reduced using
precursorf led to satisfactory overall yields (4%4%) and a mixture of tin chloride, thiophenol, and triethylamine to
high HPLC purities (96-99%) of amides7a—d after obtain the corresponding primary amine. This latter was then
releasing the hydroxysteroid from solid support by a treat- submitted to the conditions of amidation. Unfortunately, the
ment with HF-pyridine. phenolic silyl-ether bound was sensitive during tNe
Library B (Scheme 2) Library B was constructed in a acylation step with an acyl chloride, resulting in the partial
manner similar to library A, but the key oxirane function cleavage of the polymer-bound steroid derivative. As a result,
was located at the hindered C17-steroidal position insteadthe overall yield for the synthesis of steraz (only 8%

of the C3 position. The [Bhydroxy-17§)-oxirane-5- after flash chromatography) was unsatisfactory, and the
androstane ) was first obtained in one step from a Sequence of reactions considered to synthesize the library-D
stereoselective reaction of epiandroster(ﬁpahd dimeth- member27 was aborted. It is indeed clear that the dlethyl-
ylsulfonium methylide” After coupling the oxiran® with silyloxy linker is less appropriate for phenol than for aliphatic

chlorosilyl resinlb (previously generated in situ from PS- alcohol, with regard to this particular synthetic sequence of
DES resinla), the aminolysis ofl0 using butylamine in reactions. In fact, a photolabile-nitrobenzyl linker was
ethanol (60°C) followed by amidation with heptanoyl —found more suitable for the sequence of reactions leading to
chloride gave the corresponding amiti2 The latter was 27" and consequently no additional efforts were tried to
submitted to HF-pyridine cleavage condition to afford the Optimize the formation o26.

desired model compound3, in good yield (64%) and 2. Solid-Phase Synthesis of a Model Library AAfter
excellent HPLC purity (97%) without purification steps. we established that the diethylsilyloxy linker was suitable
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(Model compounds for Library A)

a(a) 1,3-Dichloro-5,5-dimethylhydantoin, GAI,, rt; (b) NaH, (CH)sSOI, DMSO, rt; (c) imidazolelb, CHyCl, rt; (d) butylamine or heptylamine/EtOH
(1:1), 60°C; (e) 7a heptanoyl chloride, pyridine, Gi€l,, rt; 7b: phenylacetic acid, PyBrOP, HOBt, DIPEA, DMF, ft¢: N-Fmoc-Phe, PyBrOP, HOB,
DIPEA, DMF, rt; or 7d: 1. bromoacetic acid, DIC, DMF, ri2. diethylamine in DMSO (2.5 M), rt; (f) HF-pyridine, THF, rtData between brackets
correspond to overall yield and HPLC purity, respectively. The purity@ivas estimated by TLC and NMR spectroscopy.

the same as the yield and purity previously obtained for the
model compounda. Mass determination as well as IR and
NMR analysis confirmed the formation of compour&-
47. A series of B-amido-3x-hydroxy-5n-androstane-17-
ones, representing a family of type Il A-hydroxysteroid
dehydrogenase inhibitors, was thus synthesized in a short
290 200 180 160 140 120 100 80 60 40 20 0 period of time. Taking account of the large number of
PPM commercially available building blocks (primary amines and
Figure 2. 13C NMR spectrum of resid, the 1B-hydroxy-spiro- acyl chlorides), the model library A exemplified above could

3(R)-oxirane-Gi-androstaneq) linked to butyldiethylsilane poly- e made easily extended by using an automatic synthesizer.
styrene (PS-DES) resin. The spectrum was recorded at 75.5 MHz

using 100 mg of resirt swelled in 0.6 mL of CCtCeDg (4:1)

L L B L L I B Y L

within a total experiment timefal h with the following condi- Conclusion
tions: d; = 1.0 s,p; = 30° (3.0us), ag= 430 ms, RG 800, S We have performed the solid-phase synthesis of steroid
32 K. derivatives using four different types of hydroxysteroid

to attach both secondary3 (and 9) and primary 18) scaffolds linked to PS-DES resin. The short sequences of
hydroxysteroids, a small model library of steroid derivatives reactions described above provide a model for the develop-
was generated using the sequence of reactions reported irment of steroid libraries, which are useful in optimizing or
Scheme 1 for the synthesis of amitiz Using five different identifying lead compounds for drug discovery. Among the
alkylamines to introduce the first level of diversity and four available linkers for alcohols, the diethylsilyloxy linker
different acyl chlorides for the second level, 20 members of emerged as the most compatible and versatile linker for the
library A (compound®28—47) were easily obtained by solid-  solid-phase synthesis of our model compoufdsd, 13,
phase parallel synthesis (Table 1). The average overall yieldand 22. Indeed, the neutral conditions used during the
(53%) and HPLC purity (97%) were determined with a coupling of hydroxysteroids with the chlorosilylated form
random sampling of five members and found to be about of PS-DES resin do not affect the oxirane function, the



Solid-Phase Synthesis of Hydroxysteroid Derivatives Journal of Combinatorial Chemistry, 2000, Vol. 2, No. 607

Scheme 2P
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13 [64%; 97%]

(Model compound for Library B )

a(a) NaH, (CH)sSI, DMSO, rt; (b) imidazolelb [PS-DES resin, 1,3-dichloro-5,5-dimethylhydantoin], £, rt; (c) butylamine/EtOH (1:1), 6€C; (d)
heptanoyl chloride, pyridine, Ci€l,, rt; (e) HF-pyridine, THF, rt’Data between brackets correspond to overall yield and HPLC purity, respectively.

Scheme 3

a,b 28,29 d,e,f g,h

HO TBDMSO
o}
14 (estrone) c r 15 (X=0) 17
___+ 16 (X = OCHCH20)

OH
— oS
o

21

22 [44%; 92%)]
(Model compound for Library C)

a(a) Tf0, pyridine, rt; (b) CO, AcOK, Pd(OAg) dppf, 60°C; (c) ethylene glycolp-TSA, toluene, reflux with a DeanStark trap; (d) LiAlH, THF, O
°C; (e) 6 M HCI, acetone, 0C; (f) TBDMS-CI, imidazole, DMF, rt; (g) NaH, (CEJsSI, DMSO, rt; (§ 1 M TBAF in THF, rt; (i) imidazole,1b [PS-DES
resin, 1,3-dichloro-5,5-dimethylhydantoin], QEl,, rt; (j) butylamine/EtOH (1:1), 60C; (k) heptanoyl chloride, pyridine, GEl,, rt; (I) HF-pyridine, THF,
rt. PData between brackets correspond to overall yield and HPLC purity, respectively.
precursor of molecular diversity. Furthermore, the resulting sequences. However, the phenolic steroid linked to PS-DES
silyl-ether link is stable under nucleophilic or electrophilic resin was found very sensitive under acylating conditions,
conditions. After a model sequence of reactions (four steps), resulting in a poor yield of final compound. After a recent
the overall yields (4564%) obtained with secondary investigation of other available linkers for phenols, our group
steroidal alcohols (position33or 173) and a primary steroidal  reported excellent HPLC purities and acceptable overall
benzylic alcohol were satisfactory. The HPLC purities of yields for a typical model sequence of reactioasd the
final compounds released from resin were also excellent elaboration of a library of estradiol derivatiVésising the
(90—99%) without purification steps. This study has shown photolabileo-nitrobenzyl linker31~33
that the diethylsilyloxy linker possesses many of the char- The present study with the diethylsilyloxy linker gave a
acteristics desirable in solid-phase synthesis of either primarygood idea how the series of hydroxylated steroids linked
or secondary hydroxysteroid derivatives in nonacidic reaction to a PS-DES resin would behave and offered a starting
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Scheme &P
THP THP
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25 26 [8%] 27

(Model compounds for library D )

a(a) Imidazole,1b [PS-DES resin, 1,3-dichloro-5,5-dimethylhydantoin] £, rt; (b) SnCh, EN, PhSH, THF, rt; (c) propionyl chloride, DIPEA,
CH:Cly, rt; (d) p-TSA, butanol/CHCI, (1:1), rt; (e) hexanoic acid, DIPC, DIPEA, DMAP, GEll,, rt; (f) TBAF, THF, rt. PData between brackets correspond
to overall yield after a flash chromatography.

point for the elaboration of many different libraries of released from solid support was determined by HPLC
hydroxysteroids by solid-phase synthesis. In this regard, a(Waters Associates, Milford, MA) using a NovaPak C18
model library of twenty C19-steroid derivatives (compounds reversed-phase column (150 mm 3.9 mm id) and an
28—47), represented by general formula, was successfully  ultraviolet detector (205 nM). Infrared spectra (IR) were
produced in a short time, in good average yield (53%), and recorded on a Perkin-Elmer series 1600 FT-IR spectrometer
with excellent average HPLC purity (97%) for five selected (Norwalk, CT) and the significant bands reported in"ém
compounds. This and the other solid-phase reaction se-Nuclear magnetic resonance spectra (NMR) were recorded
quences reported in this paper (libraries @) were suitable  at 300 MHz for*H and 75.5 MHz for*3C on a Bruker AC/
for use with an automatic synthesizer that allows the F300 spectrometer (Billerica, MA) and reported in ppm.
preparation of larger libraries. The preparation of such Low-resolution mass spectra (LRMS) were recorded on a
libraries, more voluminous and designed to target some keyPE Sciex API-150ex apparatus (Foster City, CA) equipped
enzymes of the steroidogenesis or steroids receptors, is nowvith a turbo ionspray source.
under progress. Library A (Scheme 1): 173-Hydroxy-spiro-3(R)-0x-
. i irane-5a-androstane (3) To a solution of trimethylsulfoxo-
Experimental Section nium iodide (15.15 g; 68.8 mmol) in dry DMSO (700 mL)
General Methods Hydroxysteroids (dihydrotestosterone, was carefully added sodium hydride 60% in oil (2.75 g; 68.8
epiandrosterone, and estrone) were purchased from Steraloidemmol) under an atmosphere of argon. The solution was
(Wilton, NH). The butyldiethylsilane polystyrene (PS-DES stirred at room temperaturerfd h before adding dihydro-
resin) with a loading of 0.83 or 1.52 mmol/g was supplied testosterone?) (10.0 g; 34.4 mmol) dissolved in dry THF.
by Argonaut Technologies (San Carlos, CA). Chemical The mixture was stirred overnight and then poured in ice/
reagents were purchased from Sigma-Aldrich Canada Ltd.water (1 L) and extracted with EtOAc. The combined organic
(Oakville, ON, Canada). The usual solvents were obtained layer was washed with brine, dried over Mg&@iltered,
from Fisher Scientific (Monfral, Qc, Canada) and were used and evaporated to dryness. Purification of the crude product
as received. Anhydrous dichloromethane ¢CH), dimeth- by flash chromatography (EtOAc:hexane, 1:1) yielded 7.34
ylformamide (DMF), dimethyl sulfoxide (DMSO), and g (70%) of oxirane3. IR (KBr): 3503 (OH, alcohol)H
pyridine were obtained from Sigma-Aldrich. The solid-phase NMR (CDCl): 0.74 (s, 3H), 0.85 (s, 3H), 0.82.20 (23H),
reactions were performed in peptide synthesis vessels with2.62 (s, 2H), 3.63 (t)J = 8.4 Hz, 1H).3C NMR (CDCk):
frit (25 mL) equipped for vacuum filtration (ChemGlass Inc.; 11.1, 11.2, 20.5, 23.3, 28.4, 29.1, 30.4, 31.3, 35.4 (2x), 35.8,
Vineland, NJ) or in polystyrene PD-10 columns (Amersham 35.9, 36.7, 42.9, 43.7, 50.9, 53.5, 54.0, 58.5, 81.7. LRMS
Pharmacia Biotech AB; Uppsala, Sweden) coupled with a for CyH3z0, + NHy [M*]: 322.6 m/z
three-way stopcock (Bio-Rad Laboratories; Hercules, CA).  Coupling of Hydroxysteroid 3 to PS-DES Resin (Syn-
The reaction vessels were shaken with a Burrell wrist-action thesis of 4) To dry PS-DES resida (500 mg; 0.42 mmol)
shaker model 75 (Pittsburgh, PA). Thin-layer chromatogra- swollen in dry CHCI, (2.5 mL) and under an atmosphere
phy (TLC) and flash-column chromatography were per- of argon was added 1,3-dichloro-5,5-dimethylhydantoin (245
formed on 0.20 mm silica gel 60 F254 plates and with-230 mg; 1.25 mmol) in dry ChCl, (2.5 mL). After 2 h, the
400 mesh ASTM silica gel 60, respectively (E. Merck; resulting chlorosilyl resirib was washed under argon with
Darmstadt, Germany). The purity of final compounds CH)Cl, (3 x 5 mL) and THF (3x 5 mL). After the
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Table 1. Twenty Members of Model Library A

Member Ri1 R> Overall Yield | HPLC Purity | LRMS [MH']

(%)? (%) (m/z)
28 O A 50 486.5
29 O B 54 488.6
30 O O 53 100 522.9
31 O | OX 55 5505
32 O~ AN 51 480.5
33 o BV 63 95 4823
34 o> X 54 516.7
35 o> | 0K 57 544.5
36 - AN 53 4945
37 O A 58 496.6
38 " o4 20 530.6
39 O | HOX 55 558.5
40 O AN 57 508.5
a1 O BN 53 95 510.9
42 O OA 54 5444
43 O O, 56 572.6
44 O AN 49 %6 494.6
45 o BN 55 496.6
46 o O~ 62 08 530.4
47 o | “OX 53 558.4

aThe overall yields were calculated for the solid-phase sequence of four steps assuming a complete coupling (theoretical loading of 1.5
mmol/g) of hydroxysteroi8 on PS-DES resiia

disappearance of SiH band at 2100 ¢érwas confirmed in mg of resind. The suspension was stirred with a magnetic
IR spectrum, the resin was immediately used for the next stirring bar for 3 days at 60C. The resin was then washed
step. To the resin swollen in dry GEI, (2.5 mL) and kept with CH.CI, (3 x 15 mL) and dried under vacuum overnight
under an atmosphere of argon was added a solution ofto give 570 mg of resila (R, = butyl) or5b (R, = heptyl).
imidazole (98 mg; 1.45 mmol) and oxiraB4631 mg; 2.08 The appearance of OH/NH band was observed in IR.
mmol). The solution was vortexed with a Burrell wrist-action ~ Synthesis of $-[N-Butyl-N-heptanoyl)aminomethyl]-
shaker fo 4 h atroom temperature. The resin was then 3q,173-dihydroxy-5a-androstane (7a).To 210 mg of resin
washed with THF (3x 5 mL), CH.Cl, (3 x 5 mL), and 5a(R; = butyl) swollen in dry CHCI, (2 mL) and pyridine
dried overnight under vacuum to give 567 mg of redin (42 uL; 0.51 mmol) was added heptanoyl chloride (48,
13C NMR (CCli:benzeneds, 80:20): 6.0, 6.9, 7.5,11.8,12.0, 0.31 mmol), and the mixture was vortexed for 90 min at
13.7,21.1, 23.5, 24.0, 29.0, 29.6, 31.6, 31.9, 36.0, 36.3, 36.5,room temperature. The resin was then washed withGTH
37.7,40.9, 43.8, 44.1,51.1, 53.0, 54.6 (Qifloxirane), 57.8 MeOH, and dried under vacuumrf8 h togive resinéa. IR
(C of oxirane), 82.1 (CH-OSI) (Figure 2). (KBr): 3062 (OH, alcohol), 1620 (€0, amide). The resin
Synthesis of Resin 5 A solution of butylamine or  was swollen in dry THF (2 mL), and a solution of
heptylamine in ethanol (1:1, v/v) (5 mL) was added to 567 HF-pyridine (60uL; 0.3 M final) was added. The resin was
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vortexed fo 2 h before it was filtered and washed with
EtOAc. The filtrate was washed with aqueous NaHCO

Maltais et al.

5H). *C NMR (CDCk): 11.1, 11.3, 13.7, 19.9, 20.5, 23.3,
28.4,30.4,31.1,31.5, 32.3, 33.4, 35.5, 35.8, 36.7, 38.6, 40.3,

(10%, w/v), evaporated, and dried under vacuum (24 h) to 42.9, 43.1, 50.2, 51.0, 53.4, 54.2, 59.1, 72.8, 81.8, 126.8,

give 36 mg (47% overall yield) of the amid&. IR (KBr):
3425 (OH, alcohols), 1618 (0, amide). 'H NMR
(CDCly): 0.71 (s, 3H), 0.76 (s, 3H), 0.87 @, = 6.5 Hz,
3H), 0.94 (t,J = 7.2 Hz, 3H), 0.86-2.10 (35H), 2.32 (tJ
= 7.6 Hz, 2H), 3.30 (m, 4H), 3.61 (§,= 8.5 Hz, 1H), 4.62
(broad, 1H)**C NMR (CDChk): 11.1,11.3,13.8, 14.0, 20.0,

128.6 (2x), 129.3 (2x), 137.6, 177.5. LRMS fogsHs53N,Os3
[MH*]: 525.5m/z.

Synthesis of 3-{[N-Heptyl-N-(2'-diethylamino-acetyl)]-
aminomethyl}-3a,173-dihydroxy-5a-androstane (7d) To
170 mg of resirbd (R; = heptyl) swollen in dry DMF (1.7
mL) was added a solution of bromoacetic acid (235 mg; 1.69

20.5,22.5,23.3, 25.5, 28.5, 29.1, 30.4, 30.8, 31.4, 31.6, 32.2,;mmol) and 1,3-diisopropylcarbodiimide (217 mg; 1.71
33.0,33.5,35.5,35.9, 36.7, 39.0, 40.3, 42.9, 50.9, 51.0, 54.1,mmol). The solution was vortexed under an atmosphere of

58.9, 72.6, 81.9, 176.1. LRMS forsEseNOs [MH 1]: 490.5
m/z. HPLC (CHCN:H,O:MeOH, 48:17:35): 99% of purity.
Synthesis of B-[N-Butyl-N-benzylcarbonyl)aminom-
ethyl]-3a,175-dihydroxy-5a-androstane (7b) To 100 mg
of resin5a (R, = butyl) swollen in DMF (0.5 mL) was added
a solution of bromo-tris-pyrolidinophosphonium hexafluo-
rophosphate (PyBrOP) (52 mg; 0.10 mm®}hydroxyben-
zotriazole (HOBt) (14 mg; 0.10 mmol), phenylacetic acid
(14 mg; 0.10 mmol), and diisopropylamine (3&; 0.20
mmol) in DMF (0.5 mL). The mixture was vortexed under

argon for 30 min, and the resin was washed with DMEx(3

5 mL), CHCI;, (3 x 5 mL), and dried under vacuum for 1

h. The acylation reaction was repeated using the same
conditions as above. Thereafter, the resin was vortexed in a
2.5 M solution of diethylamine in dry DMSO (2 mL) under
an atmosphere of argon at room temperature for 12 h. The
resin was washed with DMSO (8 5 mL), CHCI, (3 x 5

mL), and dried under vacuum for 1 h. Finally, the resin was
swollen in dry THF (2 mL), a solution of HF-pyridine (60
uL; 0.3 M final) was added, and the resin was vortexed for

an atmosphere of argon for 2 h, and the resin was washed2 h before being filtered and washed with EtOAc. The filtrate

with DMF (3 x 5 mL) and CHCI, (3 x 5 mL). The

was washed with aqueous NaHEQ@0%, w/v), evaporated,

acylation reaction was repeated using the same conditionsand dried under vacuum (24 h) to give 30 mg (45% overall
as above. Thereafter, the resin was swollen in dry THF (1 yield) of the amiderd. IR (KBr): 3392 (OH, alcohols), 1623

mL), and a solution of HF-pyridine (6@L; 0.3 M final)
was added. The resin was vortexed foh before it was
filtered and washed with EtOAc. The filtrate was washed
with aqueous NaHC©(10%, w/v), evaporated, and dried
under vacuum (24 h) to give 24 mg (64% overall yield) of
the amiderb. IR (KBr): 3396 (OH, alcohols), 1622 (€0,
amide).*H NMR (CDCl): 0.72 (s, 3H), 0.74 (s, 3H), 0.92
(t, J=7.1 Hz, 3H), 0.86-2.10 (33H), 3.32 (m, 4H), 3.63 (t,

J = 8.4 Hz, 1H), 3.74 (s, 2H), 4.44 (broad, 1H), 7.30 (m,
5H). 13C NMR (CDCk): 11.1, 11.3, 13.8, 20.0, 20.5, 23.4,

(C=0, amide)H NMR (CDCly): 0.72 (s, 3H), 0.76 (s, 3H),

0.88 (t,J = 6.5 Hz, 3H), 1.06 (tJ = 6.9 Hz, 6H), 0.86-

2.10 (26H), 2.65 (m, 4H), 3.35 (m, 6H), 3.65Jt= 8.4 Hz,

1H). 13C NMR (CDCk): 10.0, 11.1, 11.4, 11.6, 14.0, 20.5,

22.5,23.4,26.8,28.5,28.7, 29.1, 30.5, 31.5, 31.7, 32.2, 33.5,

35.6, 35.9, 36.8, 39.1, 40.3, 40.4, 43.0, 47.5, 50.5, 51.0, 54.1,

58.7,72.8,81.9, 173.3. LRMS forsis3N,03 [MH*]: 533.5

m/z. HPLC (CH;CN:H,O:MeOH, 35:35:30): 92% of purity.
Library B (Scheme 2). 3-Hydroxy-spiro-17§)-oxirane-

5a-androstane (9) To a solution of trimethylsulfonium

28.5, 30.5, 30.7, 31.5, 32.2, 33.5, 35.5, 35.9, 36.7, 39.0, 40.3,iodide (8.43 g; 41.3 mmol) in dry DMSO (350 mL) was

40.8, 43.0, 51.0 (®), 54.2, 58.7, 72.9, 81.9, 126.9, 128.7
(4x), 134.9, 173.8. LRMS for £HsogNO3 [MH*]: 496.3m/z.
HPLC (CH;CN:H,O:MeOH, 35:25:40): 90% of purity.
Synthesis of F-{[N-Butyl-N-(2'-amino-3-phenyl-pro-
pionyl)Jaminomethyl} -3, 173-dihydroxy-5a-androstane
(7c). To 100 mg of resirba (R, = butyl) swollen in DMF
(0.7 mL) was added a solution of PyBrOP (168 mg; 0.32
mmol), HOBt (44 mg; 0.32 mmol)N-a-Fmoc+t-phenyla-
lanine (126 mg; 0.32 mmol), and diisopropylamine (113
0.64 mmol) in DMF (0.7 mL). The mixture was vortexed

carefully added sodium hydride 60% in oil (1.65 g; 41.2
mmol), and the solution was stirred at room temperature
under an atmosphere of argon for 1 h. A solution of
epiandrosterones] (2.0 g; 6.89 mmol) in dry THF (60 mL)
was then added, and the resulting solution was stirred for 3
h. The solution was poured in ice-water and extracted with
EtOAc (150 mL). The combined organic layer was washed
with brine, dried over MgS@ filtered, and evaporated to
dryness. Purification of the crude product by flash chroma-
tography (EtOAc:hexane, 1:1) yielded 1.35 g (65%) of

under an atmosphere of argon for 2 h, and the resin wasoxirane 9. IR (KBr): 3503 (OH, alcohol).’'H NMR

washed with DMF (3x 5 mL) and CHCI; (3 x 5 mL).

(CDCl): 0.65 (td,J; = 3.9 Hz andJ, = 11.2 Hz, 1H), 0.82

The acylation reaction was repeated using the same condi{s, 3H), 0.87 (s, 3H), 0.962.00 (22H), 2.59 and 2.89 (2d
tions as above. Thereafter, the resin was swollen in dry THF of AB system,J = 5.1 Hz, 2x 1H), 3.58 (m, 1H)*C NMR

(2 mL), and a solution of HF-pyridine solution (6Q; 0.3

M final) was added. The resin was vortexed foh before

it was filtered and washed with EtOAc. The filtrate was
washed with aqueous NaHG(.0%, w/v), evaporated, and
dried under vacuum (24 h) to give 19 mg (57% overall yield)
of the amide7c. IR (KBr): 3363 (OH and NH), 1628 (€

O, amide).'H NMR (CDCl): 0.72 (s, 3H), 0.74 (s, 3H),
0.90 (t,J = 6.4 Hz, 3H), 0.86-2.20 (28H), 2.6-3.3 (m
broad, 6H), 3.61 (m, 3H), 3.85 d,= 6.5 Hz, 1H), 7.24 (m,

(CDCly): 12.3, 14.3, 20.6, 23.5, 28.5, 29.0, 31.4{233.9,
35.5, 35.6, 37.0, 38.1, 40.1, 44.9,52.8, 53.6, 54.4, 70.5, 71.2.
LRMS for 020H3202 + NH4 [M +]: 322.4m/z

Coupling of Hydroxysteroid 9 to PS-DES Resin (Syn-
thesis of 10) To chlorosilyl resinlb (300 mg; 0.25 mmol)
prepared as above, in dry GEl, (3 mL) and under an
atmosphere of argon, was added a solution of imidazole (59
mg; 0.87 mmol) and oxiran® (216 mg; 0.74 mmol). The
mixture was vortexed fo4 h atroom temperature. Next,
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the resin was washed with THF 85 mL) and CHCI, (3
x 5 mL) and dried overnight under vacuum to give 350 mg
of resin10. 13C NMR (CCl:benzeneds, 80:20): 5.6, 7.1,

12.3,14.4, 20.6, 23.6, 28.7, 28.9, 31.6, 32.1, 34.1, 35.6(2x),

37.2,38.8,40.1, 45.1, 52.5, 52.9 (&6f oxirane), 54.6, 69.6
(C of oxirane), 71.6, (CHQOSI).

Synthesis of Resin 11A solution of butylamine in ethanol
(2:1, v/v) (5 mL) was added to 350 mg of resli®. The
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primary alcohol To a solution of carboxylic acid6 (13.20

g; 38.5 mmol) in dry THF (1000 mL) was added LiAJH
(4.38 g; 115.4 mmol) at OC and under an atmosphere of
argon. The solution was stirredrfd h before a dropwise
addition of aqueasi 1 M Rochelle salt (1500 mL). The
resulting mixture was extracted with GEl, (3 x 500 mL),

and the organic phase was washed with brine (300 mL), dried
with Na,SQ,, filtered, and evaporated under vacuum. The

suspension was stirred with a magnetic stirring bar for 3 days crude pale yellow solid was purified by flash chromatography

at 60°C, and the resin was washed with @ (3 x 15
mL) and dried overnight under vacuum to give 365 mg of
resinll The appearance of OH/NH band was observed in
IR.

Synthesis of 1é-[N-Butyl- N-heptanoyl)aminomethyl]-
36,173-dihydroxy-5a-androstane (13) To 200 mg of resin
11 swollen in dry CHCI, (2 mL) and dry pyridine (42:L;
0.51 mmol) was added heptanoyl chloride (4B; 0.31
mmol). The mixture was vortexed for 90 min at room
temperature, and the resin was washed with@ MeOH,
and then dried under vacuumrf8 h to give resinl2. IR
(KBr): 3359 (OH, alcohol), 1620 (€0, amide). The resin
was swollen in dry THF (2 mL), and a solution of
HF-pyridine (60uL; 0.3 M final) was added. The resin was
vortexed f@ 2 h before being filtered and washed with
EtOAc. The filtrate was washed with aqueous NaHCO

using EtOAc/hexane (3:7) as eluent to give 10.71 g (85%)
of the corresponding steroidal alcohol as a white soRyl. (
Hydrolysis of acetal to ketoneTo a solution of steroidal
alcohol (2.01 g; 6.1 mmol) in acetone (50 mL) was added
at 0°C an aqueous solutiorf 6 N HCI (50 mL). The result-
ing solution was stirred fol h atroom temperature. A cold
solution of aqgueous NaHCG(.0% (w/v) was slowly added
until neutralization of the acidic solution. The solution was
extracted with EtOAc (2 25 mL), washed with brine, and
finally dried with MgSQ to give 1.70 g of the corresponding
ketone. IR (KBr): 3373 (OH, alcohol), 1716 €D, ketone).

(3) Protection of alcohol as a TBDMS dedtive: To the
crude primary alcohol (1.70 g; 6.0 mmol) dissolved in dry
DMF (100 mL) was added imidazole (2.03 g; 30 mmol) and
tert-butyldimethylsilyl chloride (1.80 g; 12.0 mmol). The
solution was then stirred fo3 h under an atmosphere of

(10%, wlv), evaporated, and dried under vacuum (24 h) to argon. The resulting solution was poured in a cold ice/water

give 43 mg (64% yield) of amid&3. IR (KBr): 3403 (OH,
alcohols), 1618 (&0, amide)*H NMR (CDCl): 0.60 (m,
1H), 0.85 (s, 3H), 0.89 (1) = 7.1 Hz, 3H), 1.00 (t) = 6.5
Hz, 3H), 1.15 (s, 3H), 0.862.00 (34H), 2.26 (tJ = 7.3
Hz, 2H), 2.99 and 3.43 (2m, 8 1H), 3.52 and 3.84 (2d of
AB system,J = 14.0 Hz, 2x 1H), 3.67 (m, 1H), 4.99 (broad,
1H). 3C NMR (CDCk): 12.6, 13.9, 14.3, 14.5, 20.4, 21.2,
23.0,23.9,25.9,29.1, 29.5, 31.1, 31.2, 32.4)832.3, 33.2,

mixture, and the aqueous phase was extracted with EtOAc.
The organic layer was washed with brine, dried with MgSO
and evaporated to give the TBDMS derivatiVé (2.04 g,
84%) after flash chromatography (EtOAc:hexane, 1:9). IR
(film): 1736 (G=0, ketone).!H NMR (CDCl): 0.11 (s,
6H), 0.92 (s, 3H), 0.96 (s, 9H), 1.42.60 (13H), 2.92 (m,
2H), 4.69 (s, 2H), 7.07 (s, 1H), 7.12 (d,= 8.1 Hz, 1H),
7.27 (d,J = 7.9 Hz, 1H).3C NMR (CDCk): 5.2 (2x), 13.8,

33.3,35.9, 36.7, 37.5, 38.9, 45.3, 46.9, 50.6, 51.1, 54.5, 54.9,18.4, 21.6, 25.7, 26.0 (3), 26.5, 29.4, 31.6, 35.8, 38.2,44.3,

71.1,84.5,175.6. LRMS for £Hs¢NO3 [MH *]: 490.4m/z
HPLC (CH,CN:H,0O:MeOH, 35:25:40): 97% of purity.
Library C (Scheme 3): 17-Dioxolane-1,3,5(10)-estratrien-
3-carboxylic Acid (16). To a solution of 17-oxo-1,3,5(10)-
estratrien-3-carboxylic acid16)?®?° (4.87 g; 16.3 mmol)

48.0, 50.5, 64.7, 123.6, 125.2, 126.7, 136.2, 138.3, 138.8,
220.8. LRMS for GsH3g0,Si + NH4 [M*]: 416.5m/z
3-(Hydroxymethyl)-spiro-17(S)-oxirane-1,3,5(10)-es-
tratriene (18). To a solution of trimethylsulfonium iodide
(2.38 g; 11.66 mmol) in dry DMSO (75 mL) was carefully

dissolved in toluene were added, at room temperature andadded sodium hydride 60% in oil (468 mg; 11.66 mmol)

under an atmosphere of argon, ethylene glycol (9.13 mL;
163 mmol), ang-toluenesulfonic acid (0.30 g; 1.60 mmol).
The solution was refluxed in a DeatStark apparatus for
90 min. The solution was then diluted with EtOAc (300 mL),
washed with water (3x 250 mL) and dried with NgO,.
The crude product (5.46 g) was purified by flash chroma-
tography with EtOAc/hexane (1:1) as eluent to give 4.46 g
(81%) of the acetal6. IR (KBr): 2200-3600 (OH, acid)
1684 (C=0, conjugated acid}:H NMR (CDCl): 0.89 (s,
3H), 1.30-2.10 (11 H), 2.42 (m, 3H), 2.92 (m, 2H), 3.92
(m, 4H), 7.39 (dJ = 8.2 Hz, 1H), 7.82 (s, 1H), 7.85 (d,

= 8.2 Hz, 1H).°C NMR (DMSO-d): 14.1, 21.9, 25.3, 26.2,

28.7, 30.3, 33.7, 38.0, 43.9, 455, 49.0, 64.1, 64.7, 118.4,

125.6, 126.5, 127.5, 130.1, 137.7, 145.3, 167.4. LRMS for
C21H2704 [MH +]: 343.1m/z
3-[(tert-Butyldimethylsilyloxy)methyl]-1,3,5(10)-es-
tratriene-17-one (17).A sequence of three steps was needed
to obtain compound?. (1) Reduction of carboxylic acid to

under an atmosphere of argon, and the solution was stirred
for 1 h atroom temperature. A solution of primary alcohol
17in dry THF (60 mL) was then added (1.42 g; 3.89 mmol),
and the resulting solution was stirred overnight. The mixture
was poured into icewater and extracted with EtOAc. The
combined organic layer was washed with brine, dried over
MgSQ,, filtered, and evaporated to dryness to give a crude
oxirane intermediate, which was used for the next step
without purification. This later compound was thus dissolved
in dry THF (60 mL) and treated with tetrabutylammonium
fluoride (5 mL of a 1.0 M solution in THF) at room
temperature for 30 min. After usual workup as above and
flash chromatography using EtOAc and hexane (3:7), 632
mg (75%, two steps) of alcohdB was obtained. IR (KBr):
3434 (OH, alcohol)H NMR (CDCl): 0.92 (s, 3H), 1.26
2.40 (14H), 2.65 and 2.97 (2d,= 5.0 Hz, 2x 1H), 2.89

(m, 2H), 4.62 (dJ = 5.9 Hz, 2H), 7.11 (s,1H), 7.13 (d,=

8.1 Hz, 1H), 7.28 (dJ = 7.9 Hz, 1H).13C NMR (CDCk):
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14.3, 23.3, 25.8, 27.1, 29.0, 29.5, 33.9, 38.7, 40.4, 44.2,51.9,for 5 h atroom temperature. The resin was then filtered,
53.6, 65.2, 70.5, 124.4, 125.6, 127.7, 137.0, 138.2, 139.7.washed with DMF (4x 5 mL) and CHCI, (4 x 5 mL), and
LRMS for CyoH2¢02 + NH4 [M*]: 316.3m/z. dried under vacuum. The IR spectrum confirmed the disap-

Coupling of Hydroxysteroid 18 to PS-DES Resin pearance of the azide bandsfnd a broadening of the NH
(Synthesis of 19) To chlorosilyl resinlb (300 mg; 0.46 signal. To the resin (600 mg) in dry 1,2-dichloroethane (4
mmol) prepared as above, in dry @&, (3 mL) and under  mL) was added diisopropylethylamine and propionyl chloride
an atmosphere of argon, was added a solution of imidazoleto give a final solution of 0.6 and 0.5 M, respectively. The
(93 mg; 1.37 mmol) and oxiran&8 (410 mg; 1.37 mmol). mixture was vortexed overnight at room temperature, filtered,
The mixture was then vortexedrfd h atroom temperature  and washed with DMF (5 5 mL) and CHCI, (5 x 5 mL)
before being washed with THF (8 5 mL) and CHCI, (3 to give resin25. IR (KBr): 1680 (C=0, amide).

x 5 mL) and dried overnight under vacuum to give 535 mg Synthesis ofN-{ 3-[3-Hydroxy-174-(tetrahydro-2H-py-
of resin19. 13C NMR (CCh:benzenaie, 8020) 55, 74, ran-2-y|_oxy)_1’3,5(10)_estratrien_lﬁ_y|]propy|}_propan_
14.8, 23.8, 26.3, 27.7, 29.4, 30.0, 34.4, 39.2, 40.7, 44.7, 52.4,3mide (26) The resir25 (535 mg) was swollen in dry THF
53.1 (CH of oxirane), 65.0 (Ckt-0Si), 70.1 (C of oxirane), (4 mL), and a 1.0 M solution of tetrabutylammonium fluoride
124.2,125.4,127.3, 127.7, 136.2, 138.8. (800 uL) was added via a syringe. The suspension was
Synthesis of Resin 21A solution of butylamine in ethanol  vortexed for 90 min at room temperature, and the resin was
(1:1, viv) (7 mL) was added to 535 mg of resl®. The filtered and washed with Ci€l, (5 x 5 mL). The filtrate
suspension was stirred with a magnetic stirring bar for 5 dayswas washed with phosphate buffer (pH 7.2) followed by
at 60°C. The resin was then washed with &, (3 x 15 aqueous HCI (10%, v/v). The organic phase was dried over
mL) and dried overnight under a vacuum to give 540 mg of \gSQ, and evaporated under reduced pressure. A purifica-
resin20. To 220 mg of resir20in dry CH,Cl; (2.0 mL) and  tjon by flash chromatography (hexane:EtOAc, 5:5 to pure
dry pyridine (42uL; 0.51 mmol) was added heptanoyl EtOAc) was necessary to give 10 mg (8% overall yield) of
chloride (48uL; 0.31 mmol). The mixture was vortexed for  amjide 26. The full characterization o26 was already
90 min at room temperature, and the resin was washed Withreported by ug.
CH,CI,, MeOH, and dried under vacuumrf@ h to give Synthesis of a Model Library (Table 1) The 20-

resin21. i ) membered model library was prepared according to the
Synthesis of 18-[(N-Butyl-N-heptanoyl)aminomethyll- - gaqence of reactions and experimental conditions reported
3-(hydroxymethyl)-175-hydroxy-1,3 5(10)-estratriene (22)  j, 5cheme 1 for the synthesis of compotai(library A).
To 220 mg of resirz1 swollen in dr.y THF (2 mL)was added A compounds were synthesized in parallel, and no purifica-
a .solutlon of HF-pyridine (6QuL; 0.3 M final), and Fhe tion step was performed after cleavage of the final com-
mixture was vortexed for 2 h. The resin was then filtered pounds 28—47) from solid support. In addition to the mass
and washed with EtOAc. The filtrate was Wa§hed with spectra analysis of all final compounds, five compourdds (
aqueous NaHCgX(10%, w/v), evaporated, and dried under 33, 41, 44, and46) obtained by a random sampling were

vacuum (24 h) to give amid22 (39 mg, 44%). IR (KBr): h : IR NMR : "
3300 (OM, alcohols), 1618 (€D, amide). 'H NMR  crcracierized by IR ar NMR spectioscopies, and purites

(CDCl): 0.80 (t,J= 7.2 Hz, 3H), 0.92 (tJ = 6.0 Hz, 3H), e clohe et aminometin
1.04 (s, 3H), 1.162.10 (26H), 2.18 (1) = 7.4 Hz, 2H), 35-[(N-BenzoylN-cyclohexylmethyl)aminomethyl]-3x.-

2.76 (m, 2H), 2.90 and 3.34 (2m, 2H), 3.43 and 3.76 (2d of 1 /F-dihydroxy-5c-androstane (30) IR (KBr): 3425 (OH,
AB SyStem,J =14.2 Hz, 2x 1H), 4.62 (S, 2H), 4.90 (broad, alCOhOlS), 1594 (%O, amlde).lH NMR (CDClg) 0.60 (m,
1H), 7.09 (s,1H), 7.17 (s, 2H}C NMR (benzenak): 14.0, ~ 1H). 0.73 (s, 3H), 0.80 (s, 3H), 0.72.10 (34H), 3.24 (d)
14.3(2¢), 20.3, 23.0, 23.6, 25.9, 26.5, 27.9, 29.6, 30.0, 31.0, - 6-8 Hz, 2H), 3.54 (s, 2H), 3.65 @, = 8.4 Hz, 1H), 7.38
31.2,32.1,33.2,33.3,39.9, 44.7,47.0,50.1, 50.6, 54.5, 65.0,(S: 5H). LRMS for GaHs:NOs [MH™]: 522.9 m/z. HPLC
84.6, 124.7, 125.7, 127.9 (under solvent peak), 136.7, 139.4,80% of MeOH:HO (9:1) and 20% of D, both containing
139.5, 175.7. LRMS for GHsNOs [MH™]: 484.6 vz 20 mM of NH,OAc): 100% of purity.
HPLC (CH,CN:H,0:MeOH, 35:25:40): 92% of purity. 36-[(N-Benzyl-N-i-propylcarbonyl)aminomethyl]-3a,-
Library D (Scheme 4). Coupling of Hydroxysteroid 23 ~ 17p-dihydroxy-5o-androstane (33) IR (KBr): 3448 (OH,
to PS-DES Resin (Synthesis of 24)To chlorosilyl resin  alcohols), 1624 (€0, amide).'H NMR (CDCly): 0.72 (s,
1b (500 mg; 0.42 mmol) prepared as above was added a3H), 0.73 (s, 3H), 1.12 and 1.13 (2b= 6.6 Hz, 6H), 0.75
solution of phenoR3 (550 mg; 1.25 mmol) and imidazole 2.10 (26H), 2.74 (sept] = 6.7 Hz, 1H), 3.38 (g of AB
(99 mg; 1.45 mmol) in dry DMF (5 mL). The mixture was System, 2H), 3.63 (] = 8.4 Hz, 1H), 4.17 (s, 1H), 4.71 (s,
vortexed fo 6 h atroom temperature, and the resin was 2H), 7.11(dJ= 7.3 Hz, 2H). LRMS for GiHNOs [MH]:

washed with CHCl, (3 x 5 mL), DMF:H,0O (1:1) (3% 5 482.3m/z. HPLC (CHCN:H,O:MeOH, 35:30:35): 95%
mL), and THF (4x 5 mL), and dried overnight under Of purity.

vacuum to give 612 mg of resid. IR (KBr): 2100 (Ns) 33-[(N-Phenylpropyl-N-i-propylcarbonyl)aminomethyl]-
and no OH band was observed. 3a,178-dihydroxy-5a-androstane (41) IR (KBr): 3422

Synthesis of Resin 25The resir24 (612 mg) was swollen ~ (OH, alcohols), 1624 (€0, amide)*H NMR (CDCly): 0.72
in dry THF (1 mL), and 5 mL of a freshly prepared solution (s, 3H), 0.74 (s, 3H), 1.09 (d, = 6.6 Hz, 6H), 0.75-2.10
of SNCL:HSPh:EfN (0.2 M:0.8 M:1.0 M) was added. The (26H), 2.62 (t and sept (under t), 3H), 3.284f2H), 3.34
resulting mixture was vortexed under an atmosphere of argon(tas, 2H), 3.63 (t,J = 8.5 Hz, 1H), 7.18 (dJ = 7.0 Hz,



Solid-Phase Synthesis of Hydroxysteroid Derivatives

2H), 7.30 (m, 3H). LRMS for gHs,NO3 [MH *]: 510.9m/z
HPLC (CH,CN:H,O:MeOH, 35:30:35): 95% of purity.
36-[(N-Cyclopropylcarbonyl-N-phenylethyl)aminome-
thyl]-3a,176-dihydroxy-5o-androstane (44) IR (KBr):
3405 (OH, alcohols), 1618 (0O, amide). 'H NMR
(CDCly): 0.72 (s, 3H), 0.75 (s, 3H), 0.73.10 (29H), 2.94
(t, J = 7.6 Hz, 2H), 3.30 (g of AB system, 2H), 3.63 {t,
J = 8.4 Hz, 1H), 3.75 (m, 2H), 7.17 (d, = 7.0 Hz, 2H),
7.31 (m, 3H). LRMS for GH4gNO3 [MH*]: 494.6 m/z
HPLC (CHCN: H,O: MeOH, 35: 30: 35): 96% of purity.
36-[(N-Benzoyl-N-phenylethyl)aminomethyl]-3c,175-
dihydroxy-5a-androstane (46) IR (KBr): 3422 (OH,
alcohols), 1618 (&0, amide).*H NMR (CDCls): 0.73 (s,
3H), 0.80 (s, 3H), 0.862.10 (24H), 2.73 (tJ = 7.5 Hz,
2H), 3.57 (m, 5H), 6.86 (dJ = 5.0 Hz, 2H), 7.21 (m, 5H),
7.37 (m, 3H). LRMS for GsH4sNO3; [MH*]: 530.4 m/z
HPLC (80% of MeOH:HO (9:1) and 20% of KD, both
containing 20 mM of NHOAc): 98% of purity.
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