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A convenient Synthesis of 18-Hydroxycorticosterone and 18-Hydroxy-11-
desoxycorticosterone via Stereospecific Hypoiodination of 20-Hydroxysteroids
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Abstract: 18-Hydroxycorticosterone and 18-hydroxy-11-desoxycorticosterone, were obtained via
hypoiodination of 20-hydroxy derivatives. The absolute configurations of the C-20 were
established by X-ray. only the 20S alcohols reacted under the hypoiodination conditions. © 1999 Elsevier
Science Ltd. All rights reserved.
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18-Hydroxycorticosterone (18-OH-B) and i8-hydroxy- I 1-desoxycorticosterone (18-OH-DOC) are precursors
of aldosterone, their measurements in plasma are useful in several pathological circumstances. In particular, the
measurement of 18-OH-B, corticosterone and aldosterone are used in the diagnosis of corticosterone
methyloxydase deficiencies (CMO-1, CMO-II).1*4 Deoxycorticosterone, 18-OH-DOC and aldosterone represent
the hormonal markers which are useful for the differencial diagnosis between malignant and benign adrenal
tumors and could also contribute to the diagnosis of adrenal metastasis and other forms of cancer.>.6

The reported synthesis of these compounds involve the preparation of 18-hydroxyprogesterone derivatives
followed b

ed bv the introduction of the 21-hvdroxvl eroun in 2 stens.7-8
a Dy 1ne 1mro nono 1€ £1-ydroxylt group in < Steps
cimnle nranaratinn nf (IR OH DO Ta and of (1IR.OH_RY Te hacad an the diract hunaindinatiaon of 20).
A 5impae préparadn Of (& U= ANL ) 7a& alil O (1S-Vin-5) /€ 0aseG On Ul difeCy NypOiGGinauon O L

hydroxysteroids protected as acetates in position 21 is depicted in the scheme. In the first step, the acetates 1a-b
were reduced by sodium borohydride into a mixture of diols which were not isolated and directly converied by
MnO7 into the diastereoisomeric monoaicohols 2a-3a and Zb-3b. The hypoiodination reaction was first
achieved on these mixtures. We then observed that only one iodo derivative was formed from each mixture of the
diastereoisomers. This led us to separate the diastereoisomers 2-3. This could be done either by recrystallizing,
compounds 3a-b being less soluble, or by column chromatography 3a-b migrating faster than 2a-b. When
products 2 and 3 were reacted separately under hypoiodination conditions,®. we observed that only 3a-b led to

the halogenated derivatives 5a-b.
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Figure 1: CAMERON9 piot of the molecular structure of 3a showing 50% probability displacement ellipsoids.
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The crystal structure of alcohol 3a, derived from 11-desoxycorticosterone was determined and the
con f'g uration of C20 appeared to be S. The structure of comnound 3a is illustrated in

could be established by IH-NMR: chemical shifts and coupling constants of H-20, H-21a and H-21b were
fi
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or Za and 2b on one hand and for 3a and 3b on the other hand. In the nexi step, iodides 5 were
oxidized, into the 20-keto derivatives 6, prior to nucleophilic substitution of the halogen.

Finally, the acetates were removed by saponification. As it can be anticipated, the hydrolysis of the 21-acetate
was faster than the 11B-acetate and the mono-acetate 7b could be isolated. Several saponification conditions
were examined and the use of LiOH in methanol proved to be the most effective. From a practical point of view,
we found it more convenient to perform the whole sequence from 1 to 5§ without purification between steps.

Compounds & were then easily separated from 1 which resulted from the oxidation of unreacted 2a-b by

column chromatography. Compared to previously reported methods, the presented synthesis is shorter, only one
chromatographic separation is required and unreacted 1 formed before removal of the acetates could be recycled
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Experimental
Meltino nointg are uncorrected MR cnectra were recorded on a Rruker 270 MH7z cnectrometer,
viciling points are uncorrected. INViis spectra were recorged on a bruxer 270 MRz speciromete
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118,21-Dihydroxy-4-pregnen-3,20-dione 11p,21-diacetate (1b). To a solution of corticosterone 21-
a0, <~ ¢ d )

)

L -G ~
as added 15 mL O

4-dimethylaminopyridine. The mixture was stirred at room temperature overnight. The solution was washed
with H20. The organic layer was dried with Na2SO4 and the solvent was removed under reduced pressure. The
crude product was purified by chromatography on silica gel with CH2Cl2/MeOH 99:1 to yield 80% of 1b: M.p.
(AcOEY) 112-115°C. [a], =+ 130 °(c 0.1, CHCI3). IH NMR (CDCI3 ): 0.80 (3H, s, 18-H), 1.2 (3H, s,
19-H), 2.0 (s, 3H, s, 11-CH3CO-), 2.1 (3H, s, 21-CH3CO-), 445 and 4.55 (2H, d, J = 16 Hz, 21-H), 5.4
(1H, broad s, 11a-H); 5.6 (1H, s, 4-H). 13C NMR (CDCI3): 13.5 (C-18), 18.5, (C-19), 67.2 (C-11), 67.8

197.0 (C.3), 201.5 (C-20). An alvgi
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20-R)-20,21-Dihydroxy-4-pregnen-3-one 2l-acetate (2a), (20-R)-11p,20,21-trihydroxy-4-
pregnen-3-one 11§,21-diacetate (2b), (20-S)-20,21-dihydroxy-4-pregnen-3-one 21-acetate
(3a) and (20-S)-11§,20,21-trihydroxy-4-pregnen-3-one 11§,21-diacetate (3b). Compounds 1
(23.2 mmol) were dissolved in 50 mL of CH2Cl2 and 100 mL of MeOH. To this solution was added NaBH4
(4.4 g, 116 mmol) and the mixture was stirred at 0°C for 30 min. Acetic acid was then added to scavenge the
excess reagent. The solution was diluted with H20 and then extracted with ethyl acetate (3x50 mL). The extract

was washed with H20, dried with Na2SO4 and the solvent removed under reduced pressure. The crude
in 150 mL of CH2Cl2, then MnO?2 (80 g, 920 mmol) added and the mixture
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acetate or by column chromatography using CH2CI2/MeOH 99:1 (v/v) as eluent. Compound la yielded 68% of
2a-3a and compour d1lb vielded 65% of 2h-3b (lcnlntgd_y ields of 2-3 are shown in scheme), 2a: M. p(AcOE:)
= 137-142 °C. |a], = + 91°(c 0.02, CHCl,) 1H NMR (CDCI3): 0.71 (3H, s, 18-H), 1.2 3H, s, 19-H), 2.1
(IH ¢ 21 CHACNY Y AK&K(IH AAd T ..  — 17H>7 hinrni_1tinn—AH>2 27T HH Y QR (1 A 7T - 197 > 21_
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Hp), 491 (10, m, 2U-r1), 5.72 (1IN, 8§, 4-r1). *>C NMR {(CDUI3): 10.2 (C-18), 15.4 (L-19), 0.7 (C-21),
70.6 (C-20), i21.9 (C4), 168.9 (C-5), i69.i (OCO), i97.3 (C-3). Anaiysis caicuiated for: C23H3404: C,

73.79; H, 9.09. Found: C, 73.65; H, 9.15. 2b: M.p(AcOE) = 161-162 °C. [a], = + 108 °(c 0.01, CHCL,).
IH NMR (CDC13): 0.78 (3H, s, 18-H), 1.24 (3H, s, 19-H), 2.0 (3H, s, 11-CH3CO-), 2.05 (3H, s, 21-
CH3CO-), 3.45 (1H, dd, Jeem = 12 Hz, JH21a-H20 = 4 Hz, 21-Hp), 3.7 (1H, d, J = 12 Hz, 21-Hp), 4.8
(1H, m, 20-H), 5.28 (1H, broad s, 11a-H), 5.61 (1H, s, 4-H). 13C NMR (CDCI3): 12.9 (C-18), 18.7 (C-
19), 66.6 (C-11), 67.9 (C- 21), 70.3 (C-20), 1209 (C-4), 167.9 (C-5), 169.2 and 169.3 (20C0), 197.2 (C-

3). Analysis calculated for C25H3606: C, 69.44; H, 8.33. Found: 9.17; H,
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-CH3CO-), 3.8 (1H, m, 20-H), 39(1H dd, Jgem = 12 Hz, JH21a-H20 = 8 Hz, 21-Ha), 4.19(IH.

~ Ty ~ s e 4 TE\ ATL AT s Pey 7al = -\. ~

d, J = 12 Hz, 21-Hp), 5.74 (1H, s, 4-H). 13C NMR (CDCI3): 12.0 (C-18), 17.1, (C-19), 68.5 (C-21),
(C-20), 123.6 (C4), 170.8 (C-5), 170.9 (OCO), 199.1 (C-3). Analysis calculated for C23H3404: C, 73.
H. 9.09. Found: C, 73.56 ; H, 9.13. 3b: M.p(AcOEt) = 147-151°C. [a], = + 93° (¢ 0.02, CHCl,). !H NMR
(CDCl13): 0.87 (3H, s, 18 H), 1.24 (3H, s, 19-H), 2.0 (3H, s, 11-CH3CO-), 2.05 (3H, s, 21-CH3CO-), 3.7
(1H, m, 20-H), 3.8 (I1H, dd, Jgem = 12 Hz, JH21a-H20 = 8 Hz, 21-Ha), 4.08 (IH, d, J = 12 Hz, 21-Hp),
535 (1H, broad s, 11a-H), 5.61 (1H, s, 4-H). 13c NMR (CDCI3): 14.8 (C-18), 21.0, (C-19), 69.0 (C-11),

23.0 (C-4), 170.0 (C-5), 171.0 (20C0), 199.0 (C-3). Analysis calculated for

1 77N

18-Iodo-20,21-dihydroxy-4-pregnen-3-one 21-acetate (4a) and 18-iodo-11§4,20,21-
trihydroxy-4-pregnen-3-one 1 1f,21-diacetate (4b). Into a | L two-neck round-bottom flask, with a
150 W lamp (Heraus TQ 150, cooled by the circulation of water within the jacked system) immersed inside the

reactor, was dissolved compounds 3 (16.2 mmol) in 350 mL of benzene/cyclohexane 1/1 v/v, iodine (3.9 g,
15.4 mmol), Pb(AcO)4 (4.8 g, 11 mmol) and CaCO3 (6.4 g, 64.8 mmol). The reaction was carried out by

irradiation at rt for 3 h. The mixture was filtred through celite, the residue was washed with AcOEt and the
organic layer washed once with 5% aqueous Na2$203 and water, then dried with anhydrous Na2S04. After the

(=}

removal of the solvents under reduced pressure, the crude products were chromatographed on silica gel with

CHC!’)I o(MH AN Atn afford da in TN vieldardh in Rq% vield da- M nllm”\ —_ 1nq_|ng o lnl - 3
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(¢ U .U15, Chaltn). n INVIR \ULACIS ) 1.5 (5, 8, 15-11), 2.U2 (311, 8, «1-Un3Luy-), S.UY anag 5.5
(2H, d, /=11 Hz, 18-H); 3.88 (IH, dd Jgem= 12 Hz, JH21a-H20 = 8 Hz, 21-Hy), 4.1 (1H, d, J = 12, 21-
= 12 PR e e a ems oo mw u a Puyn—
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H), 4.15 (1H, broad s, 20-H), 5.68 (1H, s, 4-H). 12C NMR (CDCi3): 9.37 (C-18), 17.5, (C-19), 67.8 (C-
21), 60.5 (C-20), 124.4 (C-4), 170.3 (C-5), 171.3 (OCO), 199.4 (C-3). Analysis calculated for C23H3304l:
C. 55.20; H, 6.62. Found: C, 54.92; H, 6.84. 4b: M.p(iPrOH) = 121-123°C. [a], = + 115°(c 0 .01, CHCl,).
IH NMR (CDCI3): 1.2 3H, s, 19-H), 2.0 (3H, s, 11-CH3CO-), 2.1 (3H, s, 21-CH3CO-), 3.18 and 3.55
(2H, d, J= 11 Hz, 18-H); 3,71 (1H, dd, Jgem_ 12 Hz, JH21a-H20 = 8 Hz, 21-Hy), 4.08 (1H, d, J = 12, 21-
H), 4.2 (1H, broad s, 20-H), 5.41 (1H, broad s, 11a-H), 5.6 (1H, s, 4-H). 13C NMR (CDCI3): 9.34 (C-18).
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18-lodo-21-hydroxy-4-pregnen-3,20-dione 21-acetate (5a) and 18-iodo-118,21-dihydroxy-4-
pregnen-3,20-dione 11p,21-diacetate (5b). The iodides 4 (3.6 mmol) were dissolved in 20 mL of
acetone and 13.5 mL of CH2Cl2. To this solution was added 3.5 mL of Jones reagent (3.5 g CrO3 in 10 mL

H?0 and 2.9 mL concentred sulphuric acid) and the mixture stirred at 0° C for 30 min. After this time, the

excess reagent was neutralized with 4 ml, of MeOH. The solution was diluted with H2O then extracted with
A~NCtin offoard Boa o OL viald and Eh 10 ON0Z. En 1Ll NMMD (OTY I2Y. 1 18 (2 e 1Q.LIY 219 /12 o 21
MALLLALU AlIVIU & v ]ICIU anG S il >V/o. Sa L TNVEIIRC\ LRl e 12D 2 Dy 17711}y &l \L1l, O, L1~

A§3

@ H, \
CH3CQO-),3.15and 3 (2H, d, J=11 Hz, 18-H), 4.13 and 4.8 (d, 2H, J = 16 Hz, 21-H), 5.7 (1H, s, 4-H).
13C NMR (CDCi3): 8.8 (C i8), 17.4 (C-19), 70.3 (C-21), i24.5 (C-4), 169.9 (C-5), 170.4 (OCO), i99.3 (C-
3), 203.5 (C-20). Calculated for C23H3104I, 55.42; H, 6.22. Found: C, 55.25; H, 6.46. §b iH NMR
(CDC13): 1.2 (3H, s, 19-H), 2.1 (3H, s, 11-CH3CO-), 2.11 (3H, s, 21-CH3CO-),3.2and 3.5 (2H, d, J = 11
Hz, 18-H), 4.58 and 4.78 (d, 2H, J = 16 Hz, 21-H), 5.46 (1H, broad s, 1la-H), 5.64 (1H, s, 4-H). 13C
NMR (CDCI3): 9.1 (C-18), 18.9 (C-19), 66.1 (C-11), 68.1 (C-21), 121.3 (C4), 167.6 (C-5), 168.3 (20C0O),

196.6 (C-3), 200.8 (C-20). Calculated for C25H330¢l: C, 53.96; H, 5.97. Found: C, 53.75; H, 6.09.

1€ 71 MNthudeneos A srsenmemaes 2 MM Ainman 71 _Aicanantatn 'Y 9 iy | 118 1Q 71 dibhhwdmnewe A
lo,bx'ulnj wuil Ul"'“p Vgllcn‘a,ﬁv-ulullc A A"UIGLTIAlLT \va) <A u 1 lp,lo,ﬁl'll lll:ul U)l]"'-
pregnen-3,20-dione 1 1p,21-diacetate ( 5 ( i i 4 T

6b). Compounds 5 (1.8 mmol) were dissolved in 4 mL o
dioxane then 0.7 mL of H2O, siiver acetate (0.547 g, 3.28 mmoi) added and the mixture was refiuxed for 4 h.
The mixture was filtered through celite and the solid residue was washed with EtOAc. The filtrate was washed
with H20 then dried. The crude product was purified by chromatography on silica gel with CH2Cl2/MeOH 99:1
to yield 75% 6a or 72% of 6b. 6a: |a], = + 89° (¢ 0 .01, CHCL,). 1H NMR (CDCI3): 1.09 (3H, s, 19-H),
2.08 (3H, s, 21-CH3CO-), 3.71 and 3.78 (2H, d, J= 10 Hz, 18-H), 4.11 and 4.25 (2H, d, J = 12 Hz, 21-H),
569 (1H, s, 4-H). 13C NMR (CDCI3): 17.6 (C-19), 67.2 (C-21), 73.8 (C-18), 106.0 (C-20), 124.2 (C-4),
170 (C-5), 171 (OCO), 199.5 (C-3). Calculated for C23H3204: C, 71.13; H, 8.30. Found: C, 71.05; H, 8.32.

it P 4R LR FA

6b: [a], =+ 137°(c 0.01, CHCL). !'H NMR (CDCI3): 1.2 (3H s, 19-H), 2.1 3H, s, 11-CH3CO-), 2.12

(2L @ DI_CLIAMNY )Y 27798 0nd 2 @8 A 4 11011 1IQIEN A nand A2 (7T 4 FT_ 1D > 21_ £ A%
\ori, 8, 21 SUTI3LU~), 3./0 i 3.65 (2, G, v T 1V nZ, 1611y, 4.1 and 4.45 (e, G, J = 14 NZ, &£1-11), D95
ra ik 8 4 | B L 8 AN EI ra s 83 A T EN lqh ARTR AFY 777V Ws v __\ o~ e R W a2y Pl =g /‘-'I\ ol % Y ~ e =
(i, broad S, ia- H), > (IH, S, 4-n1 MU NMIK (CLALIZ) 18,7 (U-1Y), 65.0 !\L ll), A -41), /1.0
(C-18), 103.0 (C-20), 120.8 (C-4), 167.8 (C-5), 168.4 (20C0O), 196.9 (C-3). Calculated for C25H3407: C,

67.24; H, 7.62. Found: C, 67.09; H, 7.64.

18,21-Dihydroxy-4-pregnen-3,20-dione (7a) and 11p5,18,21-trihydroxy-4-pregnen-3,20-
dione 11p-acetate (7b). Compounds 6 (0.45 mmol) were dissolved in 10 mL of MeOH, 5 mL of IN NaOH

!
»

C
1.08 (3H. s, 19- H) .58 and 3.61 (2H, d, J = 10 Hz, 21-H), 3.75 and 3.78 (2H. d,
(1H, s, 4-H). 13C NMR (CDCi3): 17.6 (C-19), 72.2 (C-21), 73.1 (C-18), 105.7 (C-] (C

(C-5), 199.6 (C-3). Analysis calculated for C2)H3004: C, 72.83; H, 8.67. Found: C, 72.65; H, 8.81. 7b:
la], =+ 111°(¢ 0.01, CHCL,). IH NMR (CDCI3): 1.2 (3H, s, 19-H), 2.0 (3H. s, 11-CH3CO-). 3.65 and
3.75(2H, d, J = 10 Hz, 21-H), 3.78 ( 2H, s, 18-H). 5.4 (1H, broad, 110-H), 5.65 (1H, s, 4-H). 13C NMR
(CDCI3): 19.1 (C-19), 63.8 (C-11), 68.0 (C-21), 71.5 (C-18), 104.0 (C-20), 121.0 (C-4), 168.0 (C-5), 169.0
(OCO), 197.0 (C-3). Analysis calculated for C23H3206: C, 68.32; H, 7.97. Found: C, 68.15; H, 8.11.

(9]
N

~

W



5176 A. Boudi et al. / Tetrahedron 55 (1999) 5171-5176

118,18,21-Trihydroxy-4-pregnen-3,20-dione (7c¢). Compound 7b (0.100 g, 0.3 mmol) in 5 mL
MeOH was treated with LiOH (0.072 g, 3 mmol) at rt overnight. The product was extracted with EtOAc,

washed with H20 and purified by column chromatography with CH2Cl2-MeOH 95:5 in 70% yield. 7¢: M.p.
(AcOEt)= 150-155°C. la), = + 122°(¢ 0 .01, CHCL,).1H NMR (CDCl3): 1.36 (3H, s, 19-H), 3.6 and 3.76

LONS B 3 W VIVIIL R 3/ Sy, 277227,

.u

(2H, d, J = 10 Hz, 21-H),3.74 and 42 (2H, d, J= 9 Hz, 18-H), 435 (1H. broad s, 11a-H), 561 (1H. s, 4
H). 13C NMR (CDCi3): 18.5 (C-19), 65.0 (C-11), 60.0 (C-21), 71.0 (C-18), 105.0 (C-20), 120.8 (C-4),
167.5 (C-5), 197.1 (C-3). Analysis calculated for C21H3005: C, 69.58; H, 8.34. Found: C, 69.48; H, 8.63

Crystal structure of (20-S)-20,21-dihydroxy-4-pregnen-3-one 2l-acetate (3a). A suitable crystal
of 3a, measuring 0.400 mm x 0.350 mm x 0.450 mm, was investigated on a Philips PW1100 diffractometer
(Cu Ko radiation, A = 1.5418 A, graphite monochromator). Crystal data: Cp3H3404, M = 374.5, monoclinic,
space group P21, Z = 2 with two independent molecules (A and B) in the asymmetric unit,

a= 93AQ(5)A‘b: 18597 (M A.c=12865(9 A b

reflections up to 20 = 55° of which 2405 with F > 40(F) were kept in refinement calculations. The structure was

o — "N0Q -
D37 i\ZJ A, C= 12.0053 7)) N, 0= 110.18 (5) , V =2099 (2) A3, Dcale= 1.19

]

[P PN

solved by direct methods using SHELXS86!12 and refined with SHELLX1.93. 11b Convergence was reached at

R = 0.105. The residual electron density in the final difference Fourier map shows no features up to 0.41 e.A-3.
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