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An Improved Synthesis of the Corticoid Side Chain
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The synthesis of the corticoid side chain has been a subject of
interest since androstan derivatives became easily accessible'.
This problem seemed to be resolved in 1979 but not long ago
several new methods were published®.

We have recently reported* a new method for the synthesis of
the corticoid side chain using a Reformatsky-type reaction’.
The first step of the sequence was the reaction of an andros-
tan-17-one derivative with ethyl trichloroacetate and zinc in
the presence of chlorodiethylalane in order to obtain chlo-
roester A. The key step of the synthesis was the substitution of
the vinylic chloride by the methoxide group to give compound
B.
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Compound B appeared to be a very versatile intermediate for
further transformations leading to valuable compounds.

We describe here the one-step syntheses of compounds 2a
and 2b as well as their conversion inio the pregnane deriva-
tives 3-7. The reaction of the O-protected androstane-17-one
1 with methyl dichloro-(methoxy)-acetate or ethyl dichloro-
(ethoxy)-acetate and zinc in the presence of chlorodiethyl-
alane gave compounds 2a and 2b in 80 and 75% yields, respec-
tively. The stereochemistry of A, B, 2a, and 2b could be es-
tablished by their U.V. spectra.
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Compound 2a, obtained directly from Reformatsky-type
reaction has an U.V. extinction of £=7800, but its isomer B,
obtained by methanolysis of chloroester A, has §=11000.
These data indicate® that compounds A, 2a, and 2b exist in
the (E)-geometry, and compound B in the (Z)-geometry,
which should be more stable. The acidic hydrolysis of a-al-
koxyesters 2a or 2b at room temperature gave the free alco-
hols 3a and 3b, respectively, with enol ether and ester groups
left intact. The reduction of esters 2a and 2b with diisobutyl-
aluminum hydride gave the intermediate alcohols 4a and 4b,
respectively, in quantitative yields. Hydrolysis of 4a or 4b af-
forded the known diol § in 98% yield. Oxidation of 4a or 4b
with 3-chloroperbenzoic acid in methanol, followed by re-
moval of the tetrahydropyranyl group, gave the known triol 7
in 98% yield.
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Melting points were measured on micro-hot stage, and are not cor-
rected. Microanalyses were performed by our Microanalytical Labora-
tory. Mass spectra were measured with an LKB 9000 S instrument.
LR. spectra were recorded on a Unicam SP-200 spectrometer, U.V.
spectra on a Unicam SP-700 spectrometer. 'H-N.M.R. spectra were re-
corded on a Jeol 100 MHz instrument.
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Methyl (E)-20-Methoxy-3f-(2-tetrahydropyranyloxy)-5,17(20)-pregaa-
dien-21-oate (2a):

To a stirred suspension of zinc dust (1.3 g, 20 mmol) and diethylalu-
minum chloride (6.3 mol of an 18% hexane solution) in tetrahydrofu-
ran (20 ml), a solution of methyl dichloro-(methoxy)-acetate’ (1.73 g,
10 mmol) and compound 1 (1.86 g, 5 mmol) in tetrahydrofuran (20 mf)
is added at —10°C over a period of 1 h. The mixture is stirred at 0°C
for an additional 2 h and then left for 2 h at room temperature. A mix-
ture of water and pyridine (4/1, 10 ml) is added at 0°C and the prod-
uct is extracted with ether(5 x 50 ml).The extract is dried with sodium-
sulfate, the solvent evaporated, and the residue chromatographed on
silica gel using hexane/ethyl acetate (95/5) as eluent; yield of 2a:
1.83 g (80%); m.p. 130-140°C (methanol).

CH4205 calc. C7332 H9.23

(458.6) found 73.75 9.38

M.S.: m/e=374 (M* —Thp).

L.R. (Nujol): v=1715cm .

U.V. (C;H;OH): 4,,.. =237 nm (¢=7800).

'H-N.M.R. (CDCl;/TMS;,,): 6=1.0]s, 6 H, 2 CH; (C-18, C-19)]; 3.5 (s,
3H, OCH;): 3.8 (s, 3H, OCH,); 3.3-4.0 (m, 3H, 3-H and Thp); 4.85
(br. s, 1H, Thp); 5.4 ppm (br. s, 1 H, 6-H).

Ethyl (E)-20-Ethoxy-3f-(2-tetrahydropyranyloxy)-5,17(20)-pregnadien-
21-o0ate (2b):

This ester is prepared from 1 (1.86 g, 5 mmol) and ethy! dichloro-
(ethoxy)-acetate” (2.01 g, 10 mmol) as described for the preparation of
2a, the reaction temperature being maintained at 40°C for 6 h; yield
of 2b: 1.82 g (75%); m.p. 96-98.5°C (methanol).

C3pHyOs calc. C7405 H9.53

(486.7) found 72.95 9.59

MS.:m/e=486 (M *).

LR. (Nujol): v=1720 cm ",

U.V. (C;H;OH): A, =237 nm (g =7600).

'H-N.M.R. (CDCL/TMS;,): 6=1.05[s, 6 H, 2CH; (C-18, C-19)]; 1.35
(t, 6H, O—CH,—CHs, J=7.5 Hz); 3.4-4.0 (m, 5H, 3-H, Thp,
O—CH;—CH,); 4.32 (q, 2H, O—CH,—~CH,, J=7.5 Hz); 4.8 (br. s,
I H, Thp); 5.45 ppm (br. s, 1 H, 6-H).

Methyl (E)-20-Methoxy-3p-hydroxy-5,17(20)-pregnadien-21-oate (3a):
The deprotection of 38-OH group in compound 2a is carried out by
stirring 2a (0.458 g, 1 mmol) in methanol/water (95/5; 50 ml) contain-
ing perchloric acid (a few drops). After 15 min, the mixture is neutral-
ized with saturated aqueous sodium hydrogen carbonate solution and
the alcohol 3a is isolated by evaporation of methanol, filtration, wash-
ing with water, and crystallization from ether; yield: 0.367 g (98%);
m.p. 143-145.5°C (ether).

C3Hy04 calc. C7376 HO9.15

(374.5) found 73.79 9.18

M.S.:m/e=374 (M *).

L.R. (Nujol): v 3460, 1725, 1630 cm .

UV, (C;H;0H): 4,,,, =237 nm (&= 10500).

"H-N.M.R. (CDCL/TMS,,,): §=1.05 [s, 6H, 2CH; (C-18, C-19)]; 3.6
(s, 3H, OCH3;); 3.9 (s, 3H, OCH,); 5.5 ppm {br. s, 1H, 6-H).

Ethyl (E)-20-Etl|0xy-3[3-hydroxy-S,l7(20)-pregnadien-21-oate (3b):
Deprotection of the 38-OH group in compound 2b is carried out as
described for 2a; yield of 3b: 98%; m.p. 140-142.5°C (ether/metha-
nol).

CasHyOy calc. C7459 H9.52

(402.55) found 74.28 9.26

M.S.:m/e=402 (M™).

LR. (Nujol): v=3350, 1725, 1650 cm "'.

U.V. {C,H;0H): 4,,,, =237 nm (¢=7300).

'"H-N.M.R. (CDCl;/ TMS;,,): 6=1.05 [s, 6 H, 2CH, (C-18, C-19)}; 1.32
t, 6H, 20—CH,—CH,, J=7.5 Hz): 3.5-40 (m, 3H, 3.H,

O—CH,—OCH;); 4.45 (q, 2 H, O—CH,—CH,, J=7.5 Hz); 5.45 ppm
(br. s, 1H, 6-H).
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(E)-20-Alkoxy-21-hydroxy-3f-(2-tetrahydropyranyloxy)-5,17(20)-preg-
nadienes (4a, b):

Diisobutylaluminum hydride (0.5 ml) is added to a stirred and
cooled solution of compound 2a or 2b (1.0 mmol) in dry toluene un-
der argon. After 5 min, water (1 ml) is added and stirring is continued
for 2 h. The precipitated aluminum salt is filtered off and the solvent is
evaporated to leave the crude, unstable intermediate 4a or 4b.
Alcohol 4a; yield: 95%; m.p. 79-80.5°C.

LR. (Nujol): v=23280, 1690 cm ™",

"H-N.M.R. (CDCl3/TMS;,): §=0.97 [s, 3H, CH; (C-18)]; 1.1 [s, 3H,
CH; (C-19)]; 3.5-3.8 (m, 2H, Thp); 3.7 (s, 3H, OCH3); 3.8-4.1 (s, 1 H,
3-H): 4.35 (g, 2H, 21,21-H,, J=14 Hz); 4.85 (br. s, 1H, Thp); 5.4 ppm
(br. s, 1H, 6-H).

Alcohol 4b; yield: 95%; amorphous.

LR. (Nujol): v=3280, 1690 cm ™.

'H-N.M.R. (CDCl3/TMS;n): 6=0.92 [s, 3H, CH; (C-18)]; 1.05[s, 3H,
CH; (C-19)]; 1.3 (t, 3H, 0—CH,—CH,, J=7.5 Hz); 3.3-4.0 (m, 5H,
0—-CH,—CHj, 3-H, Thp): 43 (q, 2H, 21,21-H,, J=14 Hz); 4.8 (br. 5,
1H, Thp); 5.45 ppm (br. s, 1 H, 6-H). :

3$-21-Dihydroxy-5-pregnen-20-one (5):

The acidic hydrolysis of compound 4a or 4b is carried out as de-
scribed for 2a; yield of 5: 98%: m.p. 174-177°C (chloroform/ether)
(Ref.%, m.p. 173-176°C, 155-160°C, 156-162°C).

LR. (CHCL,): v=3600 (free OH); 3480 (H-bonded OH); 1710 cm™".
'H-N.M.R. (CDCL3/TMS;,,): 6=0.7 [s, 3H, CH3 (C-18)]; 1.05 [s, 3H,
CH; (C-19)]; 3.55 (m, 1H, 3-H); 4.25 {s, 2H, 21,21-H,); 5.45 ppm (br.
s, TH, 6-H).

17a,21-Dihydroxy-3p-(2-tetrahydropyranyloxy)-5-pregnen-20-one (6):

A solution of compound 4a or 4b (1.0 mmol) and 3-chloroperbenzoic
acid (182.2 mg, 1.1 mmol) in methanol (20 ml) is allowed to stand at
room temperature for 15 min. Then, saturated sodium hydrogen sulfite
solution (1 drop) is added and methanol is evaporated under reduced
pressure. The residue is dissolved in dichloromethane (500 ml),
washed with saturated aqueous sodium hydrogen carbonate solution,
and dried with sodium sulfate Filtration and evaporation of solvent
gives crude 6; yield of 6: 0.424 g (98%); m.p. 165--180°C (crude).
C26Ha0Os5 (432.6)

M.S.: m/e=432 (M).

LR. (Nujol): v=3300-3400, 1710 cm ~".

'H-N.M.R. (CDCl3/TMSin): 6=0.7 [s, 3H, CH; (C-18)]; 1.02 [s, 3H,
CH, (C-19)}; 3.6 (m, 2H, Thp); 4.0 (m, 1H, 3-H); 4.56 (q, 2H, 21,21~
H,, J=20 Hz); 4.8 (br. s, 1 H, Thp); 5.45 ppm (br. s, 1 H, 6-H).

3p,17a,21-Trihydroxy-5-pregnen-20-one (7):

The acidic hydrolysis of compound 6 is carried out as described for
2a; yield of 7: 98%; m.p. 219-222°C (methanol/ether) (Ref.?, m.p.
224-226°C).

CyH;,04 (348.5)

M.S.: m7e=348 (M™*).

LR. (Nujoi): v=23380, 1705 cm~".

'H-N.M.R. (pyridine-ds/TMS;,,): §=0.75 [s, 3H, CH; (C-18)}; 1.0 [s,
3H, CH, (C-19)]; 3.85 (m, H, 3-H); 5.0 (g, 2H, 21,21-H,, J=175
Hz); 5.4 ppm (br. s, I H, 6-H).

This work was supported by the Polish Academy of Sciences, grant num-
ber MR 1 12.

Received: April 6, 1983
(Revised form: June 20, 1983)

1 M. G. Wowcha et al., Biophys. Acta 531, 308 (1978).
2 V. Van Reenen, K. P. Shephard, J. Org. Chem. 44, 1582 (1979).

SYNTHESIS

3 G. Neef, U. Eder, A. Seeger, R. Wiechert, Chem. Ber. 113, 1184
(1980).
M. Gumulka, A. Kurek, J. Wicha, Pol. J. Chem., in press.
D. H. R. Barton, W. B. Motherwell, S. Z. Zard, J. Chem. Soc. Chem.
Commun. 1981, 774.
L. Nédélec, V. Torelli, M. Hardy, J. Chem. Soc. Chem. Commun.
1981, 775.
D. H. R. Barton, W. B. Motherwell, S. Z. Zard, J. Chem. Soc. Chem.
Commun. 1982, 551; Nouv. J. Chim. 6, 295 (1982).
J. A. Walker, E. J. Hessler, U. S. Patent 4357279 (1982), Upjohn
Co.; C. A. 98, 72566 (1983).
*+ A. R. Daniewski, W. Wojciechowska, J. Org. Chem. 47, 2993
(1982).
K. Takai, Y. Hotta, K. Oshima, H. Nozaki, Bull. Chem. Soc. Jpn. 53,
1698 (1980).
J. Wicha, K. Bal, S. Piekut, Synth. Commun. 7, 215 (1977).
R. Scholl, W. Egerer, Liebigs Ann. Chem. 397, 326 (1913).
Steraloids Catalog 1980, 217.
T. Reichstein, U. S. Patent 2296572 (1943), Roche-Organon Inc.;
C. A. 37, 1230 (1943).
Dutch Patent 89575 (1958), N. V. Organon; C. 4. 54, 5751 (1960).
J. Heer, K. Miescher, Helv. Chim. Acta 34, 359 (1951).

[

EN

w o~

©

Downloaded by: National University of Singapore. Copyrighted material.



