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A Convenient Method for the Preparation of 16,16-
Bis[hydroxymethyl]-17-hydroxy-steroids and 16,16-
Bis[ hydroxymethyl]-17-oxo-steroids

Gyula SCHNEIDER*, lanos WOLFLING, Laszl6 HACKLER, Eszter
MiskO, Gyorgy [romsi

Department of Organic Chemistry, Jozsef Attila University, Dom
ter &, 6720 Szeged, Hungary

Bis-hydroxymethylation of steroids at the C-16 position
greatly affects their chemical and biological properties and
enhances their hydrophilic character. Furthermore, it pro-
vides a possibility for the preparation of steroids containing
the 16-spiro heterocycle’.

We describe here three different methods for annexing bis-
hydroxymethyl groups at C-16 starting from 16-
hydroxymethylene-17-oxosteroids (1), 16-methylens-17-
oxosteroids (4). and 17-oxosteroids (7).
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In an earlier paper?, the conversion of 16-hydroxyme-
thylene-17-oxosteroids (1) into 16a-hydroxymethyl-16§-
formyl-17-oxosteroids (2) using aqueous formaldehyde in
different solvents at room temperature was already de-
scribed; the products then decomposed into 16-methylene-
I7-oxosteroids in alkaline media. When the conversion of 1
into 16a-hydroxymethyl-16f-formyl-17-oxosteroid (2) is
carried out in ethanol, and the product is reduced with
sodium borohydride without isolation, the corresponding
16,16-bis[ hydroxymethyl]-17-hydroxysteroid (3) is ob-
tained (Method A).

The 16-methylene-17-oxosteroids can be well used in
Michael-type nucleophilic reactions. For example, 16-
methyleneandrost-5-ene-3f-0l-17-one was converted to the
corresponding 16-monosubstituted androst-5-cne-3f-0l-17-
one®, and also to 16a-hydroxymethyl-16f-ethoxymethyl-
androst-5-ene-3f-174-diol®.

The 16-methylene-17-oxosteroids (4) were transformed into
the corresponding 16,16-bis[hydroxymethyl]-17-oxoste-
roids (3) by reaction with aqueous formaldehyde in the pre-
sence of sodium carbonate at room temperature. In the
course of the reaction, the intermediate 5 formed from the
16-methylene-17-oxosteroids (4) and formaldehyde is stabi-
lized as the 16,16-bis[hydroxymethyl]-17-oxosteroid (6) in
aqueous media. The conversion is completed by the form-
ation of 16,16-bis[hydroxymethyl]-17-hydroxy-steroid (3),
owing to a mixed Cannizzaro reaction of the excess formal-
dehyde present in the reaction mixture (Method B).

Direct conversion of 17-oxosteroids (7) into 16,16-
bis[hydroxymethyl]-17-oxosteroids was achieved by a
modification of a suggested method®. Reaction of the 17-

Communications 195

oxosteroid with formalin in the presence of sodium carbo-
nate gave a 2:1 mixture of 16,16-bis[hydroxymethyl]}-17-
oxo- and -hydroxy-steroids (Method C}). The formation of
the 17-hydroxy derivative is again due to a mixed Cannizaro
reaction caused by the excess formaldehyde present in the
reaction mixture.

A disadvantage of this method is that the reduction of the
starting 17-oxo-steroid (7) into the 17-hydroxy-steroid (8)
also occurs. The products formed can be well separated by
the chromatographic technique.

The above preparative methods for 16,16-bis[hydroxyme-
thyl}-17-hydroxy-steroids  (3) and 16.16-bis[hydroxy-
methyl]-17-oxosteroids (6) can generally be employed and
yield the desired compounds in satisfactory yields (Table).

Melting points were measured on a Kofler block and are uncor-
rected. Specific rotation was measured with a POLAMAT-A polari-
meter. T.L.C. were performed on Kieselgel-G (Merck) plates. The
spots were detected by spraying with 50 % aqueous phosphoric acid
and subsequent heating at 100-120°C for 15 min. The R, values
were measured on the basis of the spots observed on illumination
with UV light of a wavenumber of 365 nm. Neutral alumina with
activity -1V were used for column chromatography (50 g,
25 x 2cem). Low pressure chromatography (0.2 atm) was done on
Kieselgel-G (Merck) columns (30 g, 20 x 2.5 cm). The 'H-N.M.R.
spectra were recorded on a Jeol C-60 HL spectrometer (60 MHz).

Preparation of 16,16-Bis[ hydroxymethyl}-17g-hydroxy-sicroids
(3a—e) from 16-Hydroxymethylene-17-oxosteroids (1 a~e¢); General
Procedure:

Method A: To a solution of the 16-hydroxymethylene-17-0x0-
steroid 1 (0.03 mol) in ethanol (100 ml) is added formalin (10 mi,
0.12 mo! formaldehyde). The mixture is allowed to stand at room
temperature for 2 h, during which time a clear solution is formed.
The mixture is cooled to 0°C and treated with sodium borohydride

HC O HC O (3.7 g, 0.1 mol). After 2 h the mixture s diluted with water (500 mj),
acidified with 0.5 normal dilute sulfuric acid (100 ml) and the precipi-
CH—0H CH, tate formed is filtered. The product is crystallized from a mixture of
1 4 acetone and water.
Preparation of 16,16-Bis[hydroxymethyl]-17-oxosteroids (6a—-¢) and
Method A Method B 16,16-Bis[hydroxymethyl]-17 -hydroxy-steroids (3a—e) from 16-
H,C=0 H,t=0/ OH® Methylene-17-oxosteroids (4a—e); General Procedure:
Mecthod B: To a solution of the 16-methylenc-17-oxosteroid 4
He 0 HC O (0.05 mol)in dioxan (40 ml) is added formalin (10 ml, 0.12 mol form-
3 CH=0 3 CH,—OH aldehyde) followed by sodium carbonate (1 g, 0.01 mol). The mix-
[jif “CH,~OH {jj(/ “CH,—0°®
2 5 H3S O
! 0l
HC O HyC OH
NaBH Method C
o [
“CH,~OH
e 6 8
=0
HsC OH A0/ HiC O
jj/CHTOH pyridine CH2—0Ac ture is allowed to stand at room temperature for 48 h. and diluted
"CHy—OH ¢ Hy—OAc with water (500 ml). Thu crysla]‘line produc} separited is jiltcred off
3 and the filtrate containing the oily product is extracted with chloro-
3 6 form (3 x 150 ml) and the solvent is removed. The product mixture
oA thus obtained is subjected to chromatographic separation on a silica
Aca0/ H3C EH _ gel column, using acetone/benzene (10 : 90) and (20 : 80) for 6¢ and
pyridine > 2~ 0Ac 3¢, acetone/benzene (20 : 80) for 6a and 3a, and acctonc for 6 b and
\CHZ—O Ac 3b. The product mixtures 6d/3d and 6e¢/3e are separated on a neu-
3 tral alumina column using chloroform/benzene (1: 1) and (3: 1),

respectively.

Downloaded by: Chinese University of Hong Kong. Copyrighted material.



196 Communications SYNTHESIS

Table. 16,16-Bis[hydroxymethyl]-steroids 3 and 6 (R = H) and their Acetates 3’ and 6’ (R = Ac) prepared

Product Meth- Yield R m.p. [alp Molecular 'H-N.M.R. (CDCl,/TMS)
od [%] rC] (c1, CHCLy) Formula o [ppm}
or Lit. Data
HiC OR R N » . .
e CH~OR  3a A 83 0.10° 282-287" ~71°° 25625874
"CHy—OR B 12
RO C 15
3a” - 96 0807 170-172° —61° CagHayOg  0.90 (s, 3H); 1.05 (s, 3H); 2.03 (s,
(518.7) 12H); 4.00 (s, 2H); 3.9, 4.2 (dd
eech 2H, J=12Hz, J=3Hz,
6.5 Hz); 4.5 (m, 1H); 4.7 (s, 1H);
5.35 (m, 1H)
b A 92 0.15° 285-290° —10°° Cy H360, ~
B 10 (352.5)
¢ 12
3p . 9 0.70° 113-116° 22" CpollaOy  0.85 (s, 3H); 0.86 (s, 3H); 2.05,
(520.7) 2.07 (28, 6H each); 4.00 (s, 2H),
3.9, 4.2 (dd each, 2H, J = 12 Hz,
J =3 Hz, 6 Hz); 4.68 (s, 1H)
CHz oR 3c & 78T 0.25° 222-226" + 9° ('33,]{34(‘)4
B 10° (350.5)
“CHy—
c 14¢
3¢ - 96 0.50% 151-155° - 2° ,7H 4004 0.90 (s, 3H); 1.04 (s, 3H); 2.01,
{476.6) 2.03, 2.05 (3s, 3H cach); 4.00 (s,
2H); 3.90, 4.25 (dd each, 2H, J
= 12Hz, J=25Hz THz), 47
(s, 1H)
He ORCHZ 3d A 65°  0.I5° 192198 +54° CpHp0, -
B 16° (348.5)
CHy ¢ 10¢
34 - 90 0.40" 132-135°  +41° ,,H350, 0.91 (s, 3H); 1.18 (s, 3H); 2.00,
{474.6) 2.02. 2.05 (3s, 3H cach); 4.70 (s,
1H); 5.70 (s, 1H); 4.00 (s, 2H);
3.90, 420 (dd each, 2H, J
= 12 Hz, J =2 Hz, 6.5 Hz)
H3C OR R 5 . . 06
CH,—OR 3€ A 95 0.30° 164-167° 456 :06--106.5
"CH,—OR B 14
¢ 18
3C0 3e" - 95 0.90% 76 82° +26° (4 H360, 0.90 (s, 3H); 2.01, 2.06 (2s, 3H
(472.6) each); 3.66 (s, 3H); 4.75 (s, 1 H);

4.05 (s, 2H); 3.95, 4.20 (dd each,
24, J=12Hz, J = 2Hz, 6 Hz),
4.75 (s. 1H)

CHZ_OR 6a B 60 020° 202-205° +14° CyHyn0,
“CHp— ¢ R (348.5)

6a 92 0.85% 130-134° + 3° 257H 350, 0.98 (s, 3H); 1.06 (s, 3H); 2.05,
i474.0) 2.07 (2s, 3H each); 4.04 (s, 2H);
4.12 (s, 2H); 4.50 (m, 1H); 5.35
(m, 1H)
6b E 65 (0.25° 223-225° +83° U H3404
R
Ljigjfﬁ’c“z ° ¢ 30 {350.5)
CH,-0R
6b - 96 0.75% 148-151°  +49° Cy7H 4005 0.85 (s, 3H); 0.95 (s, 3H); 2.00,
476.6) 2.02, 2.04 (3s, 3H each); 4.02 (s,

2H); 4.11 (s, 2H)

HsC e o 20 < SR _
8c & 64 0.40° 204 208° +53 Cy 15504
{:Egjiyc'”"“ ¢ o (48.9)
CH,—OR
( ) 1.00 (s, 3H); 1.07 (s, 3H); 2.06 (s,

6¢c - 92 0.55¢ 116-120° +74 ('25‘"{36()6 >
(432.6) 6H); 4.05 (s, 2H)
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Table. {continued)
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Product Meth- Yield Ry m.p. Laly Molecular 'H-N.M.R. (CDCl;/TMS)
od [%] [rC] (¢1, CHCly) Formula & [ppm]
or Lit. Data
» S0 cH,—or  6d B B 04 2005 469 (;MH,}OO“ -
S c 25 (346.5)
o
° 6d” — 90  045% 94 97° +o64 CysHyuO 100 (s, 3H): 121 (s, 3H); 2.04 (s,
(430.6) 6H); 4.03 (s, 2H); 4.12 (s, 2H);
5.70 (s, 1H)
4 cn—or Be 52 0.40° 179-182° 41367 148-151°°
c 34
(.HZ_OR
HiCO Ge” — 92 095 84 87" +116° CysHyy00  1.00 (s, 3H); 2.05 (s, 6H); 3.72 (5.
3H); 4.06 (5. 2H); 4.15 (s, 2H)

(428.5)

* Satisfactory microanalyses obtained: C 1:0.25, H +0.28.
" Measured in pyridine.

¢ Eluent: acetone/benzene/petroleum ether (30 :35: 35).

4 Bluent: methanol/benzene (2: 98).

¢ The corresponding 3-ethyl enol ether was used as starting material (see Ref. 7).

Preparation of 16,16-Bis[ hydroxymethyl]-17-oxosteroids (6 a—e¢) and
16,16-Bis[hydroxymethyl]-178-hydroxy-steroids (3a—e) from 17-
oxosteroids (7a—e); General Procedure:

Method C: To a solution of the 17-oxosteroid 7 (0.05 mol) in
dioxan (40 ml) is added formalin (25 ml, 0.3 mol formaldehyde) fol-
lowed by sodium carbonate (1 g, 0.01 mol). The mixture is allowed
to stand at 45°C for 6 h, then diluted with water (500 ml) and the
product mixture obtained is worked-up and separated as given in
Method B.

The acetates 3a’~e’ and 6a’—e’ are prepared by treating 3a-—e and
6a~e¢ (1 mmol) with acetic anhydride (2 ml) and pyridine (2 ml) for
24 hatroom temperature. The mixture is then diluted with water, the
crystals separated are filtered off, washed with water, and recrystal-
lized from a mixture of methanol and water (Table).
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