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Abstract

High-yield coupling of steroidal hindered ketones onto polymer-bound glycerol by an efficient acetal exchange
reaction is reported under mild conditions. A solid-phase model sequence of five steps is thereafter achieved to
synthesize a steroidal ketone derivative having two levels of diversity in good yield and purity. © 2000 Elsevier
Science Ltd. All rights reserved.
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During continuing efforts to develop potent inhibitors of key steroidogenic enzymes and antagonists
of steroid receptor;® we became interested in attaching a steroidal hindered ketone to a solid support
as this linked steroid could be used as a precursor for the solid-phase synthesis of combinatorial libraries
of steroid derivatives. The pioneering work of Leznoff has shown that the formation of an acid labile
acetal linker between a carbonyl group and polymer-bound 1,2- or 1,3-diols was feasible. However,
although this reaction worked well with aldehydes, the same was not true for k&t8rise classic
acetalization reaction performed with a variety of diketones and diol rgsimth p-toluenesulfonic
acid (p-TSA) as catalyst in refluxing benzene (azeotropic removal of water), produced only moderate
coupling—decoupling yields (19-72%) (Scheme 1), even after a long reaction time (48 h) with an excess
of diketone. Under the same acetalization conditions and replacing ethet veigirthe thioether resig,

Hodge and Waterhou$eeported the low coupling—decoupling yields of 5 and 30%, for steroidal ketones
3 -acetoxy-5 -androstane-17-one and &holestan-3-one, respectively.

Another approach using a ketimine linker to link ketones with good coupling—decoupling yield has also
been describet11 However, the ketimine function is known to react with many reagents which often
precludes its use in combinatorial chemistry. To date, there are no simple methods for using a chemically
stable linker, under mild conditions, in the direct and efficient coupling of steroidal ketones to the solid
phase. In our view, Leznoff’s linker still showed promise for implementation in various combinatorial
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Scheme 1. Coupling and decoupling reactions of aldehydes and ketones onto diblme2in

routes, especially when considering the chemical versatility of the acetal function and the stability of
the ether (X = O) link. In this report, novel acetalization conditions were investigated using diol resin
1 to optimize the coupling—decoupling yields of hindered steroidal ket@n@sFurthermore, a model
sequence of reactions with steroid precuBaras described to show the usefulness of the acetal linker
for the further elaboration of steroidal ketone libraries.
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The coupling assays were first performed with an azeotropic method (A) by varying the solvent, the
reaction time, and concentration of the catalyst. In the best case, the yields obtained for the coupling of
methyl-O-estrone §) with diol resinl did not exceed 25% (Table 1, entry 1) and the decoupled product
showed signs of high-heat resin decomposition (15%). The azeotropic coupling method was therefore
not considered suitable for this type of assay, due to the high ketone concentration and long reaction time

R

3(R=0CHj4
4 (R = CH,Nj)

Table 1
Comparative results for acetalization of diol redinand steroidal ketone8-6 using method A
(azeotropic) or method B (acetal exchange)

Entry| Ketone | eq* |Coupling| Catalyst | Time | Yield

Method’ | [% mol] | (h) | (%)
1 3 5.0 A p-TSA[50] | 48 25
2 3 1.2 B p-TSA[10] 4 25
3 3 1.2 B p-TSATIO] [ 16 72
4 3 3.0 B p-TSATIO] | 4 59
5 3 5.0 B p-TSATIOl | 4 51
6 3 1.2 B Sc(OThH, [51| 4 77
7 3 1.2 B Sc(OTh, (51| 16 79
8 3 3.0 B Sc(OT),I5]| 16 88
9 3 5.0 B Sc(OTH, [51| 4 99
10 4 3.0 B Sc(OTN, 51| 16 84
11 5 3.0 B Sc(OTh, [S1| 16 89
12 6 3.0 B Sc(OTH, 51| 16 83

a) Equivalent of ketone according to the loading (1.0 mmol/g) of polymer-bound
glycerol (1); b) Azeotropic removal of water in refluxing toluene (A) or acetal exchange
reaction using TMOF in toluene at rt (B); ¢) For coupling-decoupling reactions
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required at high temperature (110°C). We then turned our attention to an alternative method (B), which
was based on an in-solution acetal exchange reaction previously reported to give excellent yields at room
temperature. The ketone, in the presence of trimethylorthoformate (TMOF) and acid catalyst, yielded a
dimethoxy acetal intermediate that participated, in situ, in an acetal exchange reaction with the diol to
give the desired cyclic acetal and methatfol® A variant of this reaction using triethylorthoformate and
p-TSA with sodium sulfate in refluxing benzene (48 h) was used by Leznoff, but the coupling yields
(45-65%) were not better than method A for various diketones. We investigated the acetal exchange
reaction on solid phase (entries 2—9) based on the reaction conditions developed in solution bytshihara.
Because the desired ketone often required many synthetic steps before its coupling to a solid support, we
became concerned by the large quantity of ketone substrate used in the coupling step. We first tried
coupling with only 1.2 equiv. of ketone and optimized the conditions by using scandium triflate (entries 6
and 7) instead gb-TSA (entries 2 and 3) as a catalyst. Alternatively, an excess of ketone (3.0 equiv. or 5.0
equiv.) gave almost quantitative yields (88 and 99%) for coupling—decoupling reactions with Sc(OTf)
(entries 8 and 9), but lower yields (59 and 51%) were observed witBA (entries 4 and 5). In both
cases, the excess of ketone was easily recovered from the resin by simple filtration followed by flash
chromatography. Similar to solution-phase experiments, in the solid phase, the use of Se(@s)

more effective thap-TSA, which required more catalyst and a longer reaction time. Using the selected
conditions of method B (entry 8), the three key steroid precuréeBsvere successfully linked to diol

resinl (entries 10-12).
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Scheme 2. (a) Steroidal keto6€0.75 mmol), diol resiri (0.25 mmol)!®* TMOF (0.75 mmol), Sc(OT#), toluene, rt; (b) SnGl
(0.2 M), PhSH (0.8 M), BN (1.0 M), THF, rt; (c)L-Phe-Fmoc (0.5 mmol), PyBOP (0.5 mmol), HOBt (0.5 mmol), DIPEA
(1.0 mmol), DMF, rt; (d) piperidine:CkCl; (2:8), rt; (e) heptanoic acid (0.75 mmol), PyBOP (0.75 mmol), HOBt (0.75 mmol),
DIPEA (1.5 mmol), DMF, rt; (f) 2.0 N HCl in dioxane (containing 0.03% of®), rt

After optimizing the coupling reaction of hindered steroidal ketones, we performed a model solid-
phase synthesis using the steroidal keténas precursor to generate future combinatorial libraries
(Scheme 2). The ketorg(259 mg) was then coupled onto the polymer-bound glycerol (diol <250
mg) under the same conditions as the entry 8. The presence of the acetal linkage (119.4 ppm) and the
azide function (2098 cm') was confirmed by>C gel phase NM& and IR spectrum, respectively. The
azide group of steroid-bound resirwas reduced for 4 h under argon, with a solution of tin(Il) chloride,
thiophenol, and triethylamine in dry THE, to give the corresponding amine as seen by the complete
disappearance of the azide band. To introduce the first level of diversity, the free amino group was treated
with Fmoc-protected -phenylalanine using PyBOP, HOBt and diisopropylethylamine (DIPEA) in dry
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DMF and under argon for 1 h. The Fmoc protective group was then removed with a solution of piperidine
(20%) in dichloromethane to provide the amino acid steroid-bound B:siihe treatment of the resin

8 with the mixed anhydride resulting from heptanoic acid, PyBOP, HOBt and DIPEA gave the resin
9, which held a second level of diversity. The final release of steroidal keit®fimm the resind was
performed using a solution of 2.0 N HCI in dioxane for 2 h at room temperature. After a basic work-up
(10% NaHCQ@), and extraction with dichloromethane, the desired stet@idas obtained in good overall

yield (70%) from6 and high HPLC purity (94%). The androsterone derivali@avas characterized by

1H NMR, 3C NMR, IR and MS analysi&?
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