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Pharmaceutically useful steroids may be obtained by total Q/s : s ketone
synthesis or by modification of readily available natural 4
steroidst The total synthesis route allows for enantiomer Scheme 2

selectiod as well as access to derivatives that may not be readily
available by degradation or functional group conversions. We o
report a general strategy for the enantiospecific synthesis of the WAW
steroid skeleton. The approach is demonstrated by the synthesis
of (+)-adrenosterone, an adrenalcorticostefoid.

From a retrosynthetic perspective, an ascending strategy that (@) Br, hv, CHCE, 1 h; (b) ag NaOH, room temperature, 12 h,
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appends the C-ring to an A, B fragment (ABABC — ABCD)

utilizing a Diels—Alder construction represents a particularly
efficient approach to this important class of natural products.

The challenge entails control of regio-, stereo-, anthcial

selectivity in the C-ring-forming step. Often, the requirements
for formation of the natural product countermand the intrinsic
bias of the cycloaddition reaction. Despite earlier efforts, this
strategy has not as yet been exploned in adrenalcorticoid (sther and reduction of t
synthesig. Recent developments in controlling the stereo-

selectivity of the Diels-Alder reaction utilizing type 2 intra-
molecularity offered possible solutions to these probléms.
The strategy for the synthesis of \-adrenosterone is outlined

in Scheme 1. A key step in the synthesis utilizes a temporarily

union of diene and dienophile in a type 2 intramolecular Biels
Alder (T2IMDA) reaction to form the C-ring of the steroid.

The cycloaddition was designed to establish the four stereo-

centers in the BCD ring junctures §0Co, C13, and Gg).
addition, the strategy has the potential for exploiting the C

methyl group to establish the correct absolute configuration at

the new centers.
Dienophile3 installs the Gg methyl and the D-ring carbons.
To circumvent the low reactivity of thet,a,S-trisubstituted

dienophile, conjugation was extended through the carbomethoxy,
group B, Scheme 1). Although this ploy introduced ambiguity
in the chemoselectivity of the cycloaddition step (addition of

the diene to ther,- vs y,0-double bond), we relied upon the
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87% (two steps); (c) methyl acrylate, cat. Pd(OAdPPh, NEt,
CHsCN, reflux, 24 h, 60%; (d) oxalyl chloride, DMF, GBI, reflux,

1 h; (e) ethylene glycol, NEtCH,Cl,, 0 °C, 1 h, 97% (two steps); (f)
(—)-hydrobenzoin, N&f THF, room temperature, overnight, 70% (two
steps).

entropically more favorable,-cycloaddition mode to deliver
the steroidal skeleton. Following removal of the temporary
he,S—unsaturated ester, completion
of the steroid relies upon Dieckmann cyclization/decarboxylation
to form the D-ring.

The diene precurso# for the Diels-Alder reaction was
prepared from-£)-Wieland—Miescher ketone by the procedure
of Swaminatharet al® Dienophile6 was synthesized using a
Heck coupling protocol, Scheme 2. Methacrylic acid was
brominated in the presence of light followed by dehydrohalo-
genation with NaOH to give bromoacié in 87% yield.
Palladium-mediated coupling &fwith methyl acrylate afforded
diene acid3 in 60% yield? Conversion to the acid chloride
with oxalyl chloride followed by quenching with excess ethylene
glycol afforded glycol este6 in 97% yield?®

The diene and dienophile fragments were then joined by a
temporary silyl acetal union, Scheme®%. Enone 4 was
kinetically deprotonated with KHMDS, trapped as the diphen-
ylchlorosilyl dienol ether, and quenched with glycol eidp
give silyl acetal2. The silyl acetal was taken directly into the
T2IMDA step without purification. The DielsAlder reaction
was carried out in toluene at 20C for 35 h to afford a 1:10
mixture of diastereomers8:0 respectively) in 90% yield from
4. The tether was removed with,RO; in MeOH to give the
corresponding ketones in a 1:10 ratitO(L1 respectively) in
84% yield. The diastereomers were separated, and their absolute
configurations were determined by X-ray crystallographyhe
cycloadducts arose from exclusive tetterdo attack of the
dienophile with complete regiochemical control (253L,4 tether
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a(a) (i) KHMDS, THF, —78 °C, 2 h; (i) PhSiCl,, NEt, 0 °C, 30 Cs
min; (iii) 6, 0 °C — room temperature, overnight; (b) toluene, 2@ ) - .
35 h, 90% based on 50% conversion (two steps; 1:10 ratB)f (c) 2(a) (i) KHMDS, THF, =78 °C, 2 h; (ii) PhSiCl, NEt, 0 °C, 30
K,COs, MeOH, room temperature, 14 h, 87% (1:10 ratiol6f11). min; (iii) 7, DMAP, 0°C — room temperature, overnight; (b) toluene,

200°C, 18 h, 90% based on 45% conversion (two steps; 3:2 ratio of
13:14); (c) K.COs, MeOH, room temperature, 14 h, 84% (3:2 ratio of

linkage). This regio- and stereochemical outcome is charac- 1011)

teristic of the T2IMDA cycloaddition mod&2 The reaction
established the correct relative configuration gt@Gs, and Ga. Scheme B
However, the anticipated-directing effect of the & methyl o

group was not realizetl. The major produc® was derived from o _ﬂcowe o ‘
p-attack of the dienophile, a result that gives the nonnatural 10 _a_ bed -
stereochemical relationship betweer, @nd the G, Co, Ci3, CS come o ‘0

and Q_4 stereocenters. 15 (+)-adrenosterone
Control of thes-facial selectivity in the cycloaddition step a(a) (i) Mg°, MeOH, reflux, 2.5 h, 76% yield based on 70%
was the remaining hurdle in the synthé<isFollowing inspec- conversion; (bJBUOK, benzene, reflux, 5 h; (c) (i) AcOH, HCI, 8,

tion of molecular models, it was found that interactions between reflux, 1 h; (ii) 5% NaOH, MeOH, reflux, 1 h; (d) Hg(Cl, THF,

the phenyl groups on the silicon and an asymmetric center onH,O room temperature, 1 h, 45% (three steps).

the ethylene glycol fragment could possibly differentiate the overreduction of the desired product. Dieckmann cyclization
n-faces of the T2IMDA cycloaddition step. To exploit this was induced upon heating witBuOK in benzené® Saponi-
opportunity, ¢-)-hydrobenzoin was chosen as the source of fication with acid and decarboxylation with NaOH provided the
asymmetry on the £chain.  Chiral hydrobenzoin dienophife  protected steroid. Deprotection of the dithiane with Hg ({463

was prepared by quenching the acid chloride3okith (—)- yielded (+)-adrenosterone in 45% yield frofib.

hydrobenzoif? in 70% yield, Scheme 2. (+)-Adrenosterone was prepared in seven steps from enone
Diels—Alder precursorl2 was prepared analogously &) 4. Atype 2 intramolecular DielsAlder reaction was employed

using dienophil&’, Scheme 4. The triene, upon heating to 200 to control the regio- and stereochemistry of the cycloaddition.

°C in toluene for 18 h, gave a 3:2 mixture 8814 in 90% Temporary union of diene and dienophile by a chiral 1,2-diol

yield (based on 45% conversion) frofn Subsequent treatment  provided control of ther-facial selectivity.

with KoCOs in MeOH gave a 3:2 ratio 0£0:11 in 80% yield. This strategy provides a general method for the construction

Gratifyingly, the (-)-hydrobenzoin auxiliary was found to  of steroids. Since the stereocenters are set by the single
reverse ther-facial selectivity of the ring closure. The major  stereocenter in the starting material, either enantiomer of the
cycloadduc® arose fromo-approach of the dienophile to give  steroid can be prepared depending on the choice of enantiomer
the correct stereochemical relationship betwegp &d the of Wieland—Miescher ketone.
stereocenters at the BCD ring junctufés. . )
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