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C-H Acetoxylation Based Chemical Synthesis of 17-
Hydroxymethyl-17a-methyl-18-norandrost-13-ene Steroids

Alaksiej L. Hurski,*® Maryia V. Barysevich,® Tatsiana S. Dalidovich,’® Marharyta V. Iskryk,®
Nastassia U. Kolasava,® Vladimir N. Zhabinskii,™ and Vladimir A. Khripach®®

Abstract: Palladium-catalyzed C-H acetoxylation has been
proposed as a key transformation in the first chemical synthesis of
steroids bearing a unique 17B-hydroxymethyl-17a-methyl-18-nor-13-
ene D-fragment. This C-H functionalization step was crucial for
inverting the configuration at the quaternary stereocenter of a readily
available synthetic intermediate. The developed approach was
applied to prepare metandienone metabolite needed as a reference
substance in anti-doping analysis to control the abuse of this
androgenic anabolic steroid.

17B-Hydroxymethyl-17a-methyl-18-norandrost-13-enes  200H-
NorMD (3) and 4® are human metabolites of the 17-
methylated androgenic anabolic steroids (AAS) metandienone
(1) and oxandrolone (2) banned in sports (Scheme 1). The use
of 3 and 4 as reference substances in anti-doping analysis
resulted in an enormous increase of adverse analytical findings
of the parent drugs due to the considerable extension of the
detection window.®! The metabolite 3 is detectable for up to 19
days after metandienone (1) abuse whereas the detection period
of its other metabolites is only 4-6 days.'¥ It is expected that
long-term  metabolites of dehydrochloromethyltestosterone
(DHCMT)2* 4 (including 5a® and 5b “®), oxymetholone 6% and
metabolites of other frequently abused 17-methylated AASE
also bear analogous D-fragment. But their full structural
elucidation still remains an unresolved issue. These metabolites
cannot be isolated in quantities sufficient for NMR analysis, and
the only way to prove their structures is preparation of synthetic
samples for comparison purposes.®

Structure of the D-ring in steroids 3-6 is unique due to the
configuration of its quaternary C17 stereocenter which in
combination with an endocyclic C13-C14 double bond makes
this fragment a challenging target for chemical synthesis. This
fact is particularly impressive, since epimeic at C17 D-fragment
70¢ 7 as well as other 18-nor-13-ene steroids 8-121* 22 8
bearing a non-hydroxylated 17B-methyl group are readily
available via a stereospecific Wagner-Meerwein shift of 18-
methyl group in the cationic intermediates 13 (Scheme 1). The
only known routes to steroids 16 have been based on a
biotechnological oxidation of the rearranged intermediates 8
(Scheme 2).* 2 Application of these methods allowed to
prepare metabolites 3™ and 4" in quantities sufficient for their
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structural elucidation. Inspired by challenging structure of the
compounds 3-6 and analogous metabolites?® “ along with their
importance for anti-doping analysis, we have undertaken studies
on the fully chemical synthesis of the 173-hydroxymethyl-17a-
methyl-18-norandrost-13-ene steroids.
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Scheme 1. Androgenic anabolic steroids, their metabolites and 17f-methyl-
18-nor-13-ene steroids.
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Scheme 2. Approaches to the construction of the steroidal fragment 16.

While searching for a suitable starting material, our attention
was focused on availability of steroids with D-fragment 15.
Synthesis of the target steroids 16 in living organisms is based
on steroselective C-H oxidation of 17@-methyl group in 17,17-
dimethyl intermediate 8 (Scheme 2).% we speculated that
chemical C-H activation methods!® could be applied for oxidation
of 17B-methyl substituent as well. To perform this
functionalization selectively, the appropriate directing group is
necessary. In this respect, steroids with epimeric D-fragment 7
are suitable intermediates for our synthesis as their hydroxyl
group could be transformed to any directing ligand. Finally, our
synthetic plan included two stages (Scheme 2). At first stage,
carbon backbone of the target fragment was thought to be built
through a Lewis acid catalyzed Wagner-Meerwein
rearrangement of a readily available epoxide 17 to alcohol 7.1
At the second stage of the synthesis we planned to perform C-H
acetoxylation™ of 17B-methyl group and a complete reduction
of functionalities at 17a-substituent. The result of the latter set of
transformations is inversion of configuration at the quaternary
C17 stereocenter of intermediate 7.

The synthesis started from androstenolone (18), which reacted
with dimethyloxosulfonium methylide™™ to give, after acetylation,
a 2:3 mixture of isomeric spirooxiranes 19 (Scheme 3). The
Wagner-Meerwein rearrangement of the intermediate 19 was
promoted by a catalytic amount of Zn(OTf), at room temperature
to afford alcohol 20 that bears the necessary carbon backbone
with a C13-C14 double bond. To carry out the implied Pd-
catalyzed C—-H oxidation, the 17a-hydroxymethyl group of
compound 20 had to be converted into an appropriate directing
ligand.

Existing directing groups can be simply introduced into the
molecules but their reduction to alkane could be problematic as
only amides, oxime derivatives and heterocycles can direct
palladium catalyzed acetoxylation of C%*-H bonds."® oOur
attention was drawn to the oxazoline group™? which can be
smoothly prepared from aldehydes or acids and after the
acetoxylation could be easily converted into aldehydes or
alcohols suitable for further deoxygenation.*® The oxidation of
20 with Jones reagent yielded the acid 21 that was amidated
with 2-amino-2-methylpropanol. Reaction of the resulting amide
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with PhsP and CCl, led to oxazoline ring closure.™ However,
heating of the oxazoline 22 with iodobenzene diacetate™* in the

presence of a catalytic amount of palladium diacetate led to the
destruction of the starting material. We assumed that the
decomposition of 22 could be caused by the reactions of
intermediate palladium-oxazoline complex with a proximate C13-
C14 alkenyl fragment. Another C5-C6 double bond in the

substrate was expected to be stable under the reaction
[15]

conditions.
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Scheme 3. Initial efforts to oxidize the 173-methyl group.

To test this hypothesis, synthesis of steroidal oxazoline 28
bearing a C13-C14 epoxide as the protecting group for double
bond was undertaken staring from 14a-hydoxyandrostenolone
acetate (23).% The acetyl group in 23 was replaced by a tert-
butyldimethylsilyl protecting group and the resulting compound
24 was treated with dimethyloxosulfonium methylide to afford
the spirooxirane 25 as a single isomer (Scheme 4). Its Wagner-
Meervein rearrangement is expected to proceed via the
formation of a carbocation similar to 14 which undergoes the
nucleophilic attack of the adjacent hydroxyl group to form
oxirane ring.™" This transformation was effected in a yield of
81% using zinc triflate as the catalyst under ambient conditions.
Alternatively, it is possible to synthesize the compound 26 from
commercial androstenolone (18) in four steps and in 44% overall
yield (see SI). Conversion of the hydroxymethyl group of
intermediate 26 to the required directing oxazoline group was
achieved in two efficient synthetic steps. Oxidation of 26 by
Dess-Martin periodinane gave aldehyde 27 that was subjected
to one-pot reaction sequence involving formation of intermediate
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oxazolidine and its oxidation with NBS™ to afford oxazoline 28.
It should be noted that application of the latter transformation in
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Scheme 4. Chemical synthesis of the metabolite 3.

Having in hands steroid 28 with oxazoline directing group and a
protected double bond, we moved on to explore the Pd-
catalyzed C—H acetoxylation. The reaction of 28 with Phl(OAc),
in the presence of catalytic amounts of Pd(OAc), at 100°C
proceeded smoothly over 45 min, providing product 29 in a good
82% yield. The next task to be performed was the conversion of
the oxazoline heterocycle into a methyl group. It was desirable
to use the synthetic routes that are compatible with the acetyl
protecting group in 29. Quaternization of 29 with methyl triflate
followed by treatment with sodium borohydride and hydrolysis of
the resulting aminal with oxalic acid™* gave the aldehyde 30 in
56% overall yield. Deoxygenation of the aldehyde carbonyl
group was effected via the dithiane intermediate 31. Zinc triflate
catalyzed thioacetalization was accompanied by loss of the silyl
protecting group. Desulfurization of dithiane 31 under the action
of Raney nickel was unexpectedly accompanied by
deoxygenation providing a mixture of epoxide 32 and the target
13-ene steroid 33. The deprotection of A™-double bond by
Raney nickel was desirable, but neither increasing the amount of
the reagent nor lengthening the reaction time could drive the
transformation to completion. Ultimately, epoxide 32 was
successfully transformed into 33 with WClg and n-BuLi in the
presence of Lil.™!

o
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the synthesis of compound 22 was not possible as the C13-C14
alkenyl fragment reacted with NBS.
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Compound 33 possesses the required features of ring D and 3p-
hydroxy-A°-fragment allowing functionalization of this part of the
molecule by conventional steroid chemistry methods.”” The
scope of the developed approach was evaluated through the
synthesis of metandienone metabolite 3. Alcohol 33 was
oxidized by Dess-Martin reagent to yield the corresponding A®-3-
ketone, which was isomerized under acidic conditions®®" to give
conjugated A*-3-ketone 34 in 78% yield. The application of the
Oppenauer method to the oxidation of 33 proved to be less
efficient, resulting in the desired product in only moderate yield
(58%). Transformation of A*-3-ketone to A'“*-3-ketone was
performed in 81% yield using benzeneseleninic anhydride as an
oxidant.’? Employment of a more common oxidant DDQ?* %3
led to the dienone in a yield of only 10%. Removal of the acetate
protecting group at the last step of the synthesis furnished
metabolite 3 whose 1D and 2D NMR spectra were consistent
with the assigned structure. &> c124!

In conclusion, we have developed the first fully chemical route to
the construction of a key fragment of long-term metabolites of
AAS. These 17B-hydroxymethyl-17a-methyl-18-norandrost-13-
ene steroids are needed as synthetic reference substances for
effective  anti-doping programs to ensure fair sport
competitions.® Palladium catalyzed C-H acetoxylation of 17pB-
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methyl group was successfully used for the inversion of
configuration at a quaternary stereocenter of the readily
available epimeric synthetic intermediate. Although this
transformation required 2 additional steps for the formation of
the directing oxazoline group and 4 steps were necessary to
reduce the directing group to methyl, the developed approach
allowed the preparation of the challenging compound 3 in an
acceptable 8.5% overall yield.
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