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A Short and Efficient Synthetic Method for the Corticosteroid Side-Chain from 17-Keto Steroids
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21-Acyloxy-16(17)-ene-20-keto steroids were synthesized from 17-keto steroids in
4 steps using palladium(I)-catalyzed oxidative rearrangement of propargyl esters as a key

reaction.

Since the development of the microbial degradation of abundant sterols to 17-keto steroids, a number of
synthetic methods for the corticosteroid side-chain from 17-keto steroids have been reported.l) Among several
synthetic targets for the corticosteroid side-chain, 21-hydroxy 16(17)-ene-20-keto steroids have also been
important, because they are immediate precursors of the clinically important 16-substituted glucocorticoids.2)
However, only a few methods were reported for the synthesis of 21-hydroxy 16(17)-ene-20-keto steroids from
17-keto steroids.3) We describe here a short and efficient synthetic method for 21-acyloxy-16(17)-ene-20-keto
steroids from 17-keto steroids using a palladium(II)-catalyzed oxidative rearrangement of propargyl ester.

We have recently reported that propargyl esters were converted to o-acyloxy-c,B-unsaturated aldehydes
catalyzed by palladium (II) under oxygen atmosphere.#) Applying this reaction, 17-ethynyl-17B-acyloxy
androst-4-en-3-ones 1 were oxidized to 20-acyloxy pregna-4,17(20)-dien-3-on-21-als 2 which were easily
converted to 21-acyloxy pregna-4,16(17)-diene-3,20-diones 3 using base (Scheme 1).
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Scheme 1.

The ethynyl ester 1a was easily obtained from androst-4-en-3-one (4) via the ethynyl alcohol 5 under the
usual conditions (Scheme 2). Protection of the 3-keto group in the starting material was not neccesary, and the
overall yield for the conversion was very high. The isobutyrate 1a was chosen for the ester moiety from our
previous studies on the next oxidation reaction.#) Other ethynyl esters 1 b-d were also synthesized by this
method in high overall yields.
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Oxidation of the ethynyl ester 1a to the aldehyde 2a was performed using Pd(II) catalyst according to our
previous study,® and the aldehyde 2a was afforded in 85% yield using PdBr) catalyst in THF. After several
examinations of the reaction conditions, we found that the use of K2PdBr4 catalyst in DME-H20 gave better
result for the oxidation. As shown in Table 1, several 17a-ethynyl-17-isobutyryloxy-steroids 1 were converted
to the corresponding aldehydes 2 in high yields using KoPdBr4 catalyst in DME-H,0.

Table 1. Oxidation of 17a-ethynyl-17B-isobutyryloxy steroid 1 to 20-isobutyryloxy-17(20)-en-21-al steroid 2
using KpPdBry catalyst in DME-H;0 under O, atmosphere 2)
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a) All reactions were carried out with 5 mol% of KoPdBr4 in DME-H0 (3 equiv.) at 65 °C under
07 (1 atm). b) All the products gave satisfactory NMR, IR, and mass spectra. ¢) Z:E ratios were determined
by 1H NMR (500 MHz).
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The base-catalyzed rearrangement of the aldehydes 2 to 21-acyloxy-16(17)-ene-20-keto steroids 3 was
already reported.5) However the yield of the conversion by the known procedure was not satisfactory for the
practical use (about 60% yield; KOAc, DMF, 60 ©C). After screening the reaction conditions, we found that the
use of DBU in EtOAc gave better results for the rearrangement. As shown in Table 2, several aldehydes 2 were
converted to the corresponding 21-acyloxy-16(17)-ene-20-keto steroids 3 in high yields using DBU in EtOAc.

Table 2. Rearrangement of 20-isobutyryloxy-pregna-4,17(20)-dien-3-on-21-al 2 to 21-isobutyryloxy-pregna-
4,16(17)-dien-20-one 3 using DBU in EtOAc 2
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a) All reactions were carried out at 50 °C in dry EtOAc under N2 using 0.5 mmol of the starting
material and 0.5 equiv. of DBU unless otherwise noted. b) All the products gave satisfactory NMR, IR, and
mass spectra. ¢) A mixture of EtOAc and DMF (10 : 1) was used as the solvent.

Using the above mentioned procedure, 21-acyloxy 16(17)-ene-20-keto steroids were afforded in 4 steps
from cheaply available 17-keto androstan steroids in high over all yields.
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