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A simple method to distinguish the 5a- from the 5p-isomers of 3-oxosteroids based on low-
frequency *H NMR spectra was proposed. Additional *H and **C NMR characteristics were
derived from the comparison of completely assigned spectra of the 5a- and 5B-isomers. The
effect of substitution at different positions of steroid skeleton was evaluated on a series of
isomeric 3-oxosteroids, prepared for this purpose.
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A simple and reliable discrimination between 5a- and 5B-isomers in the
synthesis, isolation and testing of biologically active 3-oxosteroids (mainly
neurosteroids and brassinosteroids) is very important. This has been usually
accomplished by means of circular dichroism (CD) spectra®. The Cotton ef-
fect of 5a-isomer is positive, while that of 53-isomer is negative. During our
syntheses of steroid derivatives, we found that 'H NMR spectra of 3-oxo-
steroids with the 5B-configuration differ from those with 5a-configuration
by the presence of a one-proton signal that appears as a triplet around
2.7 ppm. Therefore, we have decided to check this empirical rule, and to
estimate its validity and limitations over a broad series of substituted
3-oxosteroids.

Some of the compounds were synthesized in connection with other pro-
jects?, the other were taken from the collection of steroids in our Institute
and/or from the literature. The last group of compounds was synthesized

+ Part CDXII in the series On Steroids. Part CDXI see ref.t
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directly for this study and their preparation is described in this paper. All
the 3-oxosteroids used are summarized in Fig. 1 (the letters a and b denote
5a- and 5B-configuration, respectively). In some cases, only one of the iso-
mers was available.

The largest group, consisting of compounds with various lengths of the
acyloxy groups in position 17, was synthesized for the study of the effect of
the side chain length on the hydrogenation of the double bond in
A*-3-oxosteroids? (3a-27b).

From the Institute collection of steroid derivatives, we used 5a-cholest-
an-3-one (1a) and 5B-cholestan-3-one®* (1b), 2B-bromocholestan-3-one® (43a),
cholestane-3,7-dione® (50a), methyl-3,7-dioxocholanate’ (52b) and 3,7-di-
oxopregnane derivative® 51a.

Cholestane derivatives substituted in position 7 (53a, 53b) were synthe-
sized from cholest-5ene-33,7B3-diol, 3-acetate (54), in which the free
7B-hydroxy group was converted to the methoxymethyl ether 55 by the re-
action with methoxymethyl chloride. Following the hydrolysis of the ace-
tate group in position 3, alcohol 56 was oxidized to ketone 57 under an
argon atmosphere. Ketone 57 was then hydrogenated in ethyl acetate-
ethanol on Pd/CaCOg, yielding a compound with a trans-annellation of
A/B rings identified as 7B-methoxy-5a-cholestan-3-one® (53a). The double
bond in ketone 57 was shifted to position 4 with KOH in methanol, affording
a more stable conjugated A*-3-oxo-derivative 58, which was hydrogenated
on the same catalyst in pyridine—ethanol (1 : 1) to give 7B-(methoxymethyl)-
5B-cholestan-3-one (53b) (Scheme 1).

/C&bz U > (i) >
AcO' OH AcO' OMOM HO OMOM

54 55 56

'
%

/

(i) methoxymethyl chloride, (@) OMOM o OMOM
N,N-diisopropylethylamine 57 58

(ii) KOH, MeOH : CgHg (L:1)

(iii) pyridinium chlorochromate J(iV) l(‘/)

(iv) Ho/Pd/CaCO3, ACOEt - CgHg
(V) Hy/Pd/CaCOg, pyridine - EtOH

/
/

o f OMOM o OMOM
H H

53a 53b
SCHEME 1
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5a/5B Configuration of 3-Oxosteroids 1533

6B-Hydroxycholestan-3-one derivatives 48a and 48b were prepared by
catalytic hydrogenation of 6B-hydroxycholest-4-en-3-one (59) on a Pd cata-
lyst in a mixture of ethyl acetate and ethanol. The main reaction product
with the 5a-configuration and a minor one with the 5B3-configuration were
obtained by chromatographic separation. Oxidation of alcohols 48a and
48b with the Jones reagent in acetone afforded isomeric 3,6-diones 49a and
49b (Scheme 2).

Diketone 51a was obtained as a side-product during the inversion of con-
figuration of 3B-tosylate 60 in position 3 (Scheme 3).

Procedures!® described earlier were used for the preparation of 2a-acet-
oxy-5a-cholestan-3-one (44a) and 2[B-acetoxy-5a-cholestan-3-one (45a).
Estrane derivatives 35a and 35b were prepared from the A*-3-oxo-derivative
61 by the hydrogenation on a Pd catalyst and the isomers were separated
by chromatography (Scheme 4).

NMR DISCUSSION

The 'H NMR spectra of the 5B-isomers of 3-oxosteroids (without any other
substitutents in rings A and B) display a characteristic signal of the axial 4a
hydrogen near 6 2.70 as a “pseudo-triplet”, with splitting 13-15 Hz. Our
study of the series of 3-oxosteroids showed that substitution in rings D and
C has a negligible effect on the chemical shift of H-4a (Table I). The signal
of this proton is shifted out of the “steroid envelope” and is easily observ-
able even in low-frequency NMR spectra (e.g. at 200 MHz; see compound
1b, Fig. 2a).

On the other hand, in the 5a-isomers of 3-oxosteroids, the axial proton
in position 4 (H-4B) gives a similar “triplet” but it appears at higher fields
(0 < 2.40; see Table I). Its identification in low-frequency NMR spectra is
usually difficult due to the overlap with other signals (H-2a, H-2[3, H-4a) in
this region, and requires measurement at higher frequencies and detailed
analysis (e.g. by 2D-COSY experiment). Nevertheless, the absence of the
triplet of the axial proton H-4a around 2.70 ppm indicates the 5a-configu-
ration in the corresponding 3-oxosteroid (see compound 1a, Fig. 2b).

A typical situation is illustrated in the *H NMR spectra of 5a- and
5B-cholestan-3-one (1a, 1b) measured at 200 and 500 MHz (Fig. 2). Figure 2
shows only the low-field part of the spectra (d > 2.00), which also contains
the equatorial protons in positions 1 and 12, in addition to the signals of
the four protons adjacent to 3-oxo group. The chemical shifts and coupling
constants of the protons in ring A are shown in partial structural formulas.
With a good resolution, it is possible to observe long-range couplings

Collect. Czech. Chem. Commun. (Vol. 66) (2001)



1534 Chodounska et al.:

through the 3-oxo group between two equatorial (*J(H-2eq,H-4eq) = 2.3 Hz)
and a smaller one between the axial protons (*J(H-2ax,4ax) = 0.8 Hz) that
may lead to an additional fine splitting or broadening of the lines of the
H-4 axial pseudo-triplet.

Our results suggest (see Table I) that this simple rule for distinguishing
the 5a- from the 5B-isomers can be safely used for 3-oxosteroids with sub-
stituents in rings D and C (including 19-nor-3-oxosteroids). Complications
arise in 3-oxosteroids substituted in ring B, if the substituent comes closer
to H-4ax, at least in the case of the 5B-isomer. While the rule still works for
7B-OR derivatives 53a and 53b, it fails for the isomeric pairs with 7-oxo or
6B-OR substitution (49, 48) (see Table I). Substitution in ring A leads, as
may be expected, to much larger effects on the H-4ax chemical shift and
the above simple rule cannot be applied.

Additional NMR characteristics of the 5a- and 5B-isomers of 3-oxoste-
roids could be derived from the comparison of completely assigned *H and
13C NMR spectra (*H at 500 MHz; 3C at 125.7 MHz) of the 1a, 1b isomeric
pair and others. Significant chemical shift differences of protons H-4(,
H-7a, H-9a and carbon atoms C-7, C-9, C-19 (Table Il) can be explained by
a different number of y-gauche interactions operating in trans- and
cis-annellated A/B rings of the 5a- and 5B-isomers. It is noteworthy that the
proton signals of Me-19 have nearly the same chemical shifts for the 5a-
and 5B-isomers (e.g. & 1.01 and 1.02 in la and 1b, respectively), while the
positions of their carbon signals differ dramatically (5 11.46 and 22.67 in la
and 1b, respectively). At a very good resolution, a long-range coupling
between Me-19 and the axial H-1a can be observed in the 5a-isomer (e.g.
0.6 Hz in 1a) while it is absent in the 5B-isomer. Under a proper distribu-
tion of the signals in TH NMR spectra, the 5a- and 5B-isomers of 3-oxo-
steroids can be distinguished on the basis of interproton NOEs specific for
individual isomers (Fig. 3).

The characteristics based on the 13C chemical shifts of Me-19, C-7 and
C-9 must be used with care when the C ring is substituted (the complete
13C NMR data for the compounds measured in this study are given in
Table 111). Also, the typical values of the proton chemical shifts of H-7a and
H-9 can be influenced significantly by the substitution in positions 11 and
12 of ring C. Substituents in ring B or A may change the chemical shifts of
the above discussed protons and carbons dramatically and the characteris-
tic values given in Table Il cannot be used for the analysis of similar 3-oxo-
steroids.

Collect. Czech. Chem. Commun. (Vol. 66) (2001)



5a/5B Configuration of 3-Oxosteroids 1535

EXPERIMENTAL

Melting points were determined on a Kofler block and are uncorrected. Analytical samples
were dried over phosphorus pentoxide at 50 °C/100 Pa. Optical rotations were measured at
25 °C on a Perkin-Elmer 141 MC polarimeter and are given in 10 deg cm? g~ . Infrared
spectra (wavenumbers in cm‘l) were recorded on a Bruker IFS 88 spectrometer in chloro-
form. 'H NMR spectra were measured on a Varian UNITY-200 (1H at 200 MHz) or
UNITY-500 (*H at 500 MHz) spectrometer and 3C NMR spectra (APT sequence) on a Varian

WL > e
O L (@) R (e} R
59

OH O
48a, R = a-H 49a, R = a-H
48b, R = B-H 49b, R = B-H

(i) Ho/Pd/CaCOg3, AcOEL - EtOH (8 : 3); (ii) Jones reagent

SCHEME 2

UNITY-500 (at 125.7 MHz) in CDCI; at 20 °C. Chemical shifts (&-scale) were referenced to
internal tetramethylsilane (*H) or CDCI, (*3C; 8(CDCl;) 77.0). Coupling constants (J) and

BzO  H
CHs ™
NaNO,
DMF
o | (o}
TsO i ) H
H
60 5la

SCHEME 3

width of multiplets (W) are given in Hz. COSY spectra were used for the assignment of the
proton coupling patterns and HMQC spectra for the correlation of the directly bonded hy-
drogen and carbon atoms. Thin layer chromatography (ICN Silica G, TLC-60 A) was used to
check the purity of the compounds synthesized. Column chromatography was carried out
on silica gel for thin layer chromatography (Silpearl, Kavalier, Czech Republic), using a
slight overpressure. Whenever aqueous solutions of hydrochloric acid, potassium hydrogen-

OH ™
H
41:::[:E3:j\v/j Pd/CaCO;
CeHs o]
o R
61

35a, R=0a-H
35b, R =B-H

SCHEME 4
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1536 Chodounska et al.:

carbonate and potassium carbonate are used, their concentration is always 5%. Room tem-
perature was in the range 20-22 °C.

7B3-(Methoxymethoxy)cholest-5-en-33-yl Acetate (55)

To a solution of 7B-hydroxycholest-5-en-3p-yl acetate (54; 1 g, 2.25 mmol) in dichloro-
methane (10 ml), N,N-diisopropylethylamine (1.5 ml, 8.6 mmol) and methoxymethyl chlo-
ride® (0.5 ml, 8.6 mmol) were added and the mixture was stirred under argon at room
temperature. After 4 h, ether (50 ml) and water (50 ml) were added. After layer separation,
the water layer was extracted with ether and the combined organic layers were washed with
aqueous citric acid (5%) and a solution of sodium hydrogencarbonate, and dried over anhy-

FiG. 2
Low-field part of the IH NMR spectra of 5a- and 5B-cholestan-3-ones (1a, 1b) at 200 and
500 MHz frequencies. Chemical shifts and coupling constants of protons in ring A (indi-
cated with arrows) are shown in formulas a (compound 1b) and b (compound 1a)

Collect. Czech. Chem. Commun. (Vol. 66) (2001)
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TABLE |

Chemical shifts of axial H-4 in 5a- and 5B-isomers of 3-oxosteroids

Iso- Chemical shift
mers
Substitution in ring D
1a 2a 3a 4a,b 5a,b 6a,b 7a,b 8a ga,b 1oa,b
5a- 226 <240 @ 2.27 2.27 232 228 228 228 227 230
5p- 270 270  2.70 2.70 272 272 272 275 272 270
1120 10%b 162¢ 17%b  133b g0 q5d  ggac  1gab  ppab
5a- <2.40 <2.40  2.30 <2.40 <2.40 <240 <240 227 226 227
5p- 272 272 268 2.68 272 270 274 269 269 2.69
213b  ppab  5zab 2420 p5ab  pgab  p7ab  Hge 29° 30°
5a0- [2.30 226  2.30 <2.40 <2.40 <2.40 <2.40
5p- 271 269 270 2.70 270 270 270 2.68 267 2.67
31° 32¢ 33° 34f 352 36° 379 389 39"
5q- 2.24 <2.40 210 2.27
5p- 2.69 2.70 2.68 259 2582 257 259  2.69
Substitution in ring C Substitution in ring B
4020 413b  gp3b 47¢ 48 498 50% 512 528 532
5a- <250 <2.40  2.28 2.22 281 [R259 237 2.36 2.27
5p- 264 261  2.67 232 265 .23 251
Substitution in ring A
432 4421 453 46'
5a- 243 242  2.39
5p- 2.1-2.9 2129 2129

2 This paper; ° ref.?; ¢ ref.2%; 9 ref.12; ¢ ref.23; T ref.2%; 9 ref. 15 N ref.28; ¥ ref. 17
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drous magnesium sulfate. The solvents were evaporated and the product crystallized from
ether to afford compound 55 (130 mg, 72%), m.p. 102-104 °C (light petroleum-ether), [a],
-57 (c 0.2). IR: 1 706 (C=0); 1 144, 1041, 1 097, 912 (C-O-C-O-C). *H NMR (200 MHz):
5.47 s, 1 H (H-6); 4.69 d and 4.61 d, 2 H, Jj,, = 6.7 (C(7)-OCH,0); 4.60 m, 1 H (H-3);
3.66td, 1 H,J1=8.2,]=2(H-7); 3.38 s, 3 H (OCHjy); 2.04 s, 3 H (3 x H CH,;COO); 1.07 s,
3 H (3 xH-19); 0.92d, 3H,J=6.4 (3 x H-21); 0.84 d, 6 H, J = 6.7 (3 x H-26 + H-27); 0.68 s,
3 H (3 x H-18). For C4;H5,0, (488.8) calculated: 78.18% C, 10.72% H; found: 78.47% C,
10.98% H.

7B3-(Methoxymethoxy)cholest-5-en-3(3-ol (56)

A solution of 73-(methoxymethoxy)cholest-5-en-33-yl acetate (55; 800 mg, 1.64 mmol) and
potassium hydroxide (800 mg, 14.3 mmol) in a mixture of benzene (40 ml) and methanol
(40 ml) was stirred for 2 h at room temperature. The reaction mixture was then diluted with
water, extracted with ethyl acetate and the extract was washed with a solution of potassium
carbonate, citric acid, water, and dried over anhydrous magnesium sulfate. Crystallization
from ether afforded 640 mg (87%) of alcohol 56, m.p. 170-171 °C. [a], -12 (¢ 0.2). IR: 1 695
(C=C); 1 144, 1 041, 1 097, 912 (C-O-C-O-C). *H NMR (200 MHz): 5.47 s, 1 H (H-6); 4.69 d
and 4.61 d, 2 H, Jjo, = 6.7 (C(7)-OCH,0); 3.66 td, 1 H, J = 8.2, J = 2 (H-7); 3.52 m, 1 H
(H-3); 3.38 s, 3 H (OCH,); 1.07s, 3 H (3 x H-19); 0.92d, 3H,J]=6.4 (3 x H-21); 0.84d, 6 H,
J=6.7 (3 x H-26 + H-27); 0.68 s, 3 H (3 x H-18). For C,4H5,05 (446.7) calculated: 77.97% C,
11.28% H; found: 78.16% C, 11.36% H.

7B3-(Methoxymethyl)cholest-5-en-3-one (57)

A solution of alcohol 56 (200 mg, 0.45 mmol) in benzene (5 ml) was stirred with
pyridinium chlorochromate on aluminium oxide® (200 mg, 0.2 mmol) under argon at room
temperature. After 48 h, inorganic solids were filtered off and the filtrate was evaporated.
Crystallization from ether afforded 57 mg (95%) of compound 57, m.p. 69-72 °C (ether-
light petroleum), [a]y +5 (¢ 0.3). IR: 1 699 (C=0); 1 144, 1 095, 1 043, 912 (C-O-C-O-C).
'H NMR (200 MHz): 5.43 t, 1 H (H-6); 4.70 d and 4.62 d, 2 H, Jj,, = 6.7 (C(7)-OCH,0);
3.66 td, 1 H,J=18.2,) =2 (H-7); 3.385, 3 H (CH;0); 1.22 5, 3 H (3 x H-19); 0.92d, 3 H, J =
6.4 (3 x H-21); 0.86 d, 6 H, J = 6.7 (3 x H-26 + H-27); 0.72 s, 3 H (3 x H-18). For C,4H,404
(444.7) calculated: 78.33% C, 10.88% H; found: 78.54% C, 10.92% H.

7B3-(Methoxymethoxy)-5a-cholestan-3-one (53a)

A solution of ketone 57 (50 mg, 0.11 mmol) in ethanol (8 ml) and ethyl acetate (3 ml) was
stirred in the presence of palladium on calcium carbonate (5%, 20 mg) under hydrogen at
room temperature. After 7 h, the catalyst was filtered off and the filtrate was evaporated to
dryness. The residue was dissolved in acetone (2 ml) and the Jones reagent was added
dropwise until the yellowish colour persisted for 5 min. Methanol was then added, followed
by water after 15 min. The solvents were partially evaporated in vacuo (to 1/3 of the vol-
ume). Another portion of water was added and the product was extracted with ethyl acetate.
The extract was washed with a solution of citric acid, sodium hydrogencarbonate, water and
dried over anhydrous magnesium sulfate. Preparative TLC of the residue (46 mg, 92%) on
silica gel (light petroleum—-ether, 4 : 1) yielded ketone 53a (34 mg, 68%), m.p. 114-118 °C
(benzene—ether), [a], —60 (c 1.8). IR: 1 718 (C=0); 1 144, 1 095, 1 043, 912 (C-O-C-O-C).

Collect. Czech. Chem. Commun. (Vol. 66) (2001)



5a/5B Configuration of 3-Oxosteroids 1539

TasLE 1l
NMR characteristics of 5a- and 5p-isomers of 3-oxosteroids

Parameter Spectrum
"H NMR
5a- 5pB-
H-4 (axial) <2.40 ppm (H-4pB) =2.70 ppm (H-4a)
J(4ax,4eq) = J(4ax,5) 13-15 Hz 13-15 Hz
J(19,1a) =0.5 Hz =0
H-7a =0.92 ppm =1.11 ppm
H-9a =0.75 ppm =1.51 ppm
Specific NOEs Me-19/H-2(3 Me-19/H-1a
Me-19/H-433 Me-19/H-5
H-5/H-7a H-20/H-9
H-4a/H-7
B¢ NMR
5a- 5p-
Me-19 =11.4 ppm =22.6 ppm
Cc-7 =31.2 ppm =26.4 ppm
C-9 =53.7 ppm =40.8 ppm

Fic. 3
Conformations of rings A and B in the 5a- and 5p-isomers of 3-oxosteroids. Specific NOEs
for both isomers are indicated with arrows

Collect. Czech. Chem. Commun. (Vol. 66) (2001)



1540 Chodounska et al.:

IH NMR (200 MHz): 4.63 s, 2 H (C(7)-OCH,0); 3.38 5, 3 H (CH30); 3.34 m, 1 H (H-7);
1.05s, 3 H (3 x H-19); 1.02d, 3H,J=6.4 (3 x H-21); 0.94 d, 6 H, ) = 6.7 (3 x H-26 + H-27);
0.66 s, 3 H (3 x H-18). For C,gH;,05 (446.7) calculated: 77.97% C, 11.28% H, found:
77.96% C, 11.29% H.

7B3-(Methoxymethoxy)cholest-4-en-3-one (58)

Compound 57 (200 mg) and potassium hydroxide (100 mg, 3.6 mmol) were dissolved in
methanol (10 ml) and the solution was stirred at the room temperature for 2 h. The reaction
mixture was diluted with water and extracted with ethyl acetate. The extract was washed

TasLE I
Carbon-13 NMR data of 3-oxosteroids in CDCl,

Car- a

bon la 1b 3a 3b 43 ap° 6a° 6b¢ 7a° 7b° 9af 9b?
1 3856 37.23* 3858 37.11* 3856 37.16 3859 37.20 38.60 37.21 3859 37.13
2 3820 37.03* 3813 37.06* 3813 37.03 3816 37.02 3817 37.02 3816 36.98
3 21220 21348 21210  213.35 211.89 213.07 212.04 21319 2 21324 211.97 213.16
4 4474 42.38 44.65 4233 44.64 4229 44.68 4233 4468 42.33 44.68 42.26
5 4670 44.36 46.60 4430  46.61 4422 46.68 4422 46.68 4422 46.68 44.17
6 2897 25.80 28.89 26.04  28.83 24.63 28.88 24.65 2 24.66 28.88  24.60
7 3172 26.64 31.36 26.46  31.80 2649 31.76 2654 31.78 2654 3177 26.49
8 3539 35.54 35.61 35.65 3556 3570 35.60 3574 3560 3574 3560 35.70
9  53.80 40.76 53.58 4051 5348 4056 5353 40.60 5353 40.61 53.54 40.57
10 3564 34.90 35.70 34.89  37.03 34.96 37.03 34.98 2 3498 3574 34.93
11 2145 21.21 20.93 20.65  20.82 20.60 20.85 20.60 20.85 20.61 20.85 20.56
12 39.90 40.10 32.34* 3235  31.96 32.00 31.98 31.94 3198 3196 3198 31.93
13 4259 42.73 45.28 4532 4471 44.83 4477 44.85 ? 4481 4472 4477
14 56.26*  56.48 48.53 48.66  49.82 50.03 49.92 50.12 4995 50.15 49.94 50.10
15 2423 24.19 24.59 2447 2457 2607 24.67 2610 2467 2611 24.66 26.06
16 28.23 28.28 32.01* 3150  30.01 30.06 30.05 30.14 30.12 3021 30.09 30.13
17 56.28¢  56.33 79.88 79074  81.83 81.87 81.56 81.59 8152 8155 8152 8152
18 12.06 12.06 17.03 1696 1658 1658 16.69 16.69 16.69 16.69 16.68 16.64
19 11.46 22.67 11.46 2256 11.47 22.63 11.48 22.64 11.48 22.64 11.48 22.59
20 3578 35.77 - - - - - - - - - -

21 18.66 18.68 - - - - - - - - - -

22 3614 36.14 - - - - - - - - - -

23 23.82 23.82 - - - - - - - - - -

24 3950 39.50 - - - - - - - - - -

25  28.00 28.00 - - - - - - - - - -

26 2281 22.81 - - - - - - - - - -

27 2256 22.56 - - - - - - - - - -

Collect. Czech. Chem. Commun. (Vol. 66) (2001)



50/5B Configuration of 3-Oxosteroids 1541

with aqueous citric acid, water, and sodium hydrogencarbonate solution and dried over
magnesium sulfate. Chromatography on silica gel afforded 30 mg (22%) of compound 58,
m.p. 86-89 °C (ether-light petroleum), [a]; +5 (¢ 0.3). IR: 1 660, 1 630 (C=C-C=0); 1 144,
1 095, 1 043, 912 (C-O-C-O-C). 'H NMR (200 MHz): 4.70 d and 4.62 d, 2 H, Jgem = 6.7
(C(7)-OCH,0); 3.61s, 1 H (H-7); 3.38 5, 3 H (CH;0); 3.22 m, 1 H (H-3); 1.21s, 3 H (3 x
H-19); 0.93d, 3 H,J=6.4 (3 x H-21); 0.89d, 6 H, ) = 6.7 (3 x H-26 + H-27); 0.72's, 3 H (3 x
H-18). For C,gH,505 (444.7) calculated: 78.33% C, 10.88% H; found: 78.54% C, 10.92% H.

7B-(Methoxymethoxy)-5p-cholestan-3-one (53b)

A solution of ketone 58 (40 mg, 0.09 mmol) in ethanol (2 ml) and pyridine (2 ml) was
stirred under hydrogen in the presence of palladium on calcium carbonate (10 mg, 5%) at
room temperature. After 17 h, the catalyst was filtered off and the filtrate was evaporated
in vacuo. Preparative chromatography on a thin layer of silica gel (light petroleum-ether,
3 : 20) afforded 15 mg (38%) of oily compound 53b, [a]; +5 (¢ 0.3). IR: 1 719 (C=0); 1 144,
1 095, 1 043, 912 (C-O-C-O-C). 'H NMR (200 MHz): 4.70 d and 4.62 d, 2 H, ] =6.7

gem

(C(7)-OCH,0); 3.36 m, 1 H (H-7); 3.35 s, 3 H (CH;0); 1.05 5, 3 H (3 x H-19); 0.93 d, J = 6.5,

TasLE 11
(Continued)

Car- h

o 17b 18a' 18b) 19a¢ 19b' 20a™ 20b" 222° 22bP 35a 35b
1 37.16* 3845 37.10* 3849  37.14 3849  37.17 3850  37.17 3055  27.71
2 37.02¢ 3806 36.97* 3810  37.02 3811  37.04 3811  37.05 4131  36.40
3 212.97  211.92 21303 211.87 213.02 211.89 213.06 211.88 21312 211.90 212.95
4 42.30 4460 4225 4465 4228  44.65 4232  44.65 4232  48.65  42.90
5 44.23 4657 4421 46.61 4426 4661 4429  46.61 4430 4368  38.32
6 25.36 2871  25.30 2877 2535 2878 2538  28.78 2539  33.85 3052
7 26.45 3117 26.40 3123 2644 3123 2647 3123 2648 3019  25.02
8 35.35 3513 35.29 3519 3534 3519 3537 3519 3538  41.05 4152
9 40.82 53.69  40.75 53.73 4080  53.74  40.83  53.74  40.84  47.82  38.45

10 34.98 3567 34.91 3572 3495 3572 3498 3572 3499 4579  39.77

11 20.65 20.86  20.60 2091 2065 2092  20.68  20.92  20.69 2573  25.49

12 36.94* 3679 36.95*  36.88  37.02  36.87  37.04  36.87  37.05 3659  36.67

13 42.85 4257 4268 4277 4278  42.68 4281  42.68 4281  43.08  43.20

14 50.72 50.53  50.69 50.62 5074 5059  50.77 5059  50.77  49.97  50.02

15 23.52 2347 23.42 2355 2348 2355 2352 2355 2353 2319  23.18

16 27.59 27.48 2751 2757 2760 2757 2762 2756  27.62  30.48  30.52

17 82.60 82.70  82.64 82.10 8241 8241 8237 8241 8239 8193 8193

18 12.14 12.06  12.03 1216 1208 1215 1214 1215 1215  11.03  11.07

19 22.63 1140 22,57 1146 2261 1147 2264 1147 2264 - -
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TasLE I
(Continued)

gs; 42b% 420" 43a  44a° 453"  48a  48b  49a  49b  50a  51a' 520  53a%  53b*
1 38.26* 38.33* 43.95 4359 4222 39.80*+ 37.32* 36.99 36.50 37.56 37.55 3544 38.22* 37.05*
2 38.19* 37.82* 5459 74.47 7443 3820 36.49* 38.11 3580 36.89 38.03 °? 38.01* 36.35*
3 210.86 212.16 201.22 204.22 207.01 212.65 211.99 211.26 210.92 210.61 210.26 211.12* 211.42 211.99
4 4491 4252 5173 44.86 4350 42.67 4274 4125 4221 4414 4412 4500 4418 43.11
5  46.84 4434 4750 47.87 41.79 48.87 49.96 57.52 59.77 47.80 47.73 49.55° 51.99 44.28
6 29.04 2459 2842 2842 2834 70.85 71.80 209.11 208.68 4571 4562 42.92 36.29 34.39
7 30.34 2646 31.47 3159 31.30 39.83 34.18 46.62 39.55 209.75 209.54 210.21* 82.94 79.60
8 3432 3437 3490 3472 3525 30.20 3046 38.04 36.74 49.70 4955 47.75 41.23 39.61
9 5624 4533 53.62 53.84 5479 56.26° 41.67 53.49 40.98 54.14 5420 42.85 43.73 41.39
10 37.32 36.03 38.99 37.22 36.09 3562 3463 37.38 3832 3601 36.00 36.74 3491 34.26
11 7048 70.77 2152 21.63 21.52 21.25 2095 21.67 21.34 2218 2217 2211 21.85 21.81
12 38.93* 39.29+ 39.69 39.75 39.83 39.85* 39.96 39.39 39.92 38.60 38.03 38.85 39.82 40.03
13 4745 4759 4257 42.60 42.62 42.06 42.03 43.01 43.06 4245 4238 4266 4361 43.77
14 49.78 50.02 56.06 56.10 56.12 53.74" 56.30 56.61 56.87 48.76 48.28 48.84" 5571 5592°
15  21.76 21.74 2419 2419 2413 2427 2419 2400 23.96* 24.93 2501 2476 2650 26.43
16 3570 3570 28.19 2821 28.19 2820 2823 28.02 2807 2834 2566 2823 2861 2861
17 21852 218.38 56.17 56.22 56.20 5595 5624 5612 56.16 54.97 5420 5479 55.80" 55.83"
18 1429 1436 12.06* 12.06 12.01 1210 12.07 12.01 11.99 1203 1264 1207 1221 1221
19 11.94 2299 12.12* 12.76 14.35 14.96 24.60 1256 22.48 10.97 10.97 2242 1153 22.65
20 - - 3576 3576 3574 3577 3575 35.68 35.68 35.61 73.23 3520 35.63 35.64
21 - - 1865 1866 18.66 18.67 18.68 18.63 18.66 18.74 20.02 18.36 18.79 18.82
22 - - 3611 36.13 36.12 36.13 36.12 36.06 36.07 36.09 - 3103 3614 36.16
23 - - 2380 2381 2380 2382 2381 23.80 23.89* 23.73 - 3095 2377 23.80
24 - - 3949 3950 39.48 39.49 39.47 39.45 39.45 39.43 - 174.60 39.48 39.49
25 - - 2800 2801 27.99 2800 27.98 27.99 28.00 27.95 - - 2799 2801
26 - - 2281 2280 2279 22.81 22.80 2279 2279 2276 - - 2279 2280
27 - - 2255 2255 2254 2255 2254 2254 2254 2251 - - 2254 2255

Additional signals:  CHO: 160.73; ® CHO: 160.71; © COC,Hy: 174.05, 27.91, 9.31; ¢ COC,Hs:
174.06, 27.88, 9.03; * COC,H,: 173.27, 36.56, 18.58, 13.72; f COCgH; 5 173.42, 34.65, 31.46,
28.84, 25.04, 22.51, 14.03; 9 COC4H 4 173.39, 34.58, 31.43, 28.79, 25.00, 22.47, 13.98;
" CHO: 161.16; ' COCH,: 171.20, 21.11; } COCHy: 171.13, 21.09; X COC,H,: 176.10, 27.80,
9.20; ! COC,Hg: 174.48, 27.78, 9.23; m COC3H;: 173.74, 36.50, 18.58, 13.68; n COC;H:
173.72, 36.48, 18.58, 13.67; ° COC4H 50 173.92, 34.60, 31.46, 28.80, 25.08, 22.49, 14.02;
P COCgH,5: 173.93, 34.60, 31.46, 28.80, 25.08, 22.49, 14.02; 4 OCOCHj4: 170.01, 21.77,
" OCOCH,: 169.78, 21.39; * COCH,: 170.13, 20.78; ' COCH,: 169.97, 20.85; " COCgH;:
165.66, 130.70, 128.63, 129.61, 132.78; Y OCH;: 51.49; " OCH,OCH;: 97.32, 55.26;
X OCH,0OCH,: 97.37, 55.33. ** The assignment of the signals with the same symbols may be
interchanged; ? the positions of the signals were not determined.
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3H(3xH-21); 086d, 6 H,J]=6.4(3xH-26 + H-27); 0.71 s, 3 H (3 x H-18). For C,qHg,04
(446.7) calculated: 77.97% C, 11.28% H; found: 78.14% C, 11.22% H.

6B-Hydroxy-5a-cholestan-3-one (48a)

Palladium on calcium carbonate (60 mg, 5%) was added to a solution of 6B-hydroxy-
cholest-4-en-3-one (59; 140 mg, 0.35 mmol) in ethyl acetate (4 ml) and ethanol (1.5 ml)
and the mixture was stirred under slight overpressure of hydrogen at room temperature
for 4 h. The catalyst was filtered off and washed with ethanol. Preparative TLC of the resi-
due afforded 6B-hydroxy-5a-cholestan-3-one (48a; 10 mg, 7%), m.p. 189-191 °C (ref.?%: m.p.
189-191 °C).

6B-Hydroxy-5p-cholestan-3-one (48b)

A preparative TLC of the products from the above experiment afforded lipophilic 6B-hydr-
oxy-5@-cholestan-3-one (48b; 112 mg, 80%), m.p. 116-119 °C (ref.2%: m.p. 116-117 °C).

5a-Cholestane-3,6-dione (49a)

The Jones reagent was added dropwise to a solution of hydroxyketone 48a (55 mag,
0.14 mmol) until the yellowish colour persisted for at least 5 min. Methanol (0.5 ml) was
then added, and, after another 15 min, the reaction mixture was diluted with water, the
solid isolated by filtration and dried in the air. The yield of diketone 49a was 52 mg (90%),
m.p. 169-172 °C, [a]p +4 (c 0.3) (ref.**: m.p. 168-170 °C, [a], +10 (c 0.9)).

5B-Cholestane-3,6-dione (49b)

The same procedure as described in the previous experiment was used for the oxidation of
hydroxyketone 48b (20 mg, 0.05 mmol). The yield of product 49b was 18 mg (89%), m.p.
184-185 °C (ref.??: m.p. 175-179 °C, [a], —79 (c 0.3)).

(20R)-3,7-Dioxo-5a-pregnan-20-yl Benzoate (51a)

Compound 51a was obtained as a by-product from the reaction® of 3p-tosylate 60 with
sodium nitrite in DMF. The yield 9%, m.p. 236-239 °C, [a], =57 (c 0.8). IR: 1 707 (C=0);
1 284 (C-0O). For C,gH350, (436.6) calculated: 77.03% C, 8.31% H; found: 76.82% C,
8.22% H.

3-Oxo-5a-cholestan-2a-yl Acetate (44a) and 3-Oxo-5a-cholestan-2B-yl Acetate (45a)

Compounds 44a and 45a were synthesized according to the procedure described in ref.3,
The melting points and optical rotations were in agreement with literature values.
3-Oxo-5a-cholestan-2a-yl acetate (44a): m.p. 144-146 °C, [a], +92 (c 0.5); 3-oxo0-50-
cholestan-2B-yl acetate (45a): m.p 124-125 °C, [a]y +57 (c 0.4).

17B-Hydroxy-5a-estran-3-one (35a) and 173-Hydroxy-5a-estran-3-one (35b)

A solution of ketone 61 (320 mg, 1.17 mmol) in benzene (25 ml) was stirred in the presence
of palladium on calcium carbonate (5%, 40 mg) under hydrogen at room temperature. After
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6 h, the catalyst was filtered off and the filtrate was evaporated in vacuo. Chromatography of
the residue (320 mg) on silica gel (light petroleum-ether, 9 : 1) yielded ketone 35a (74%),
m.p. 109-111 °C, [a], +33 (c 0.8) (ref.>*: m.p. 111 °C, [a], +31), and ketone 35b (7%), m.p.
132-134 °C, [a]y +53 (c 0.8) (ref.?*: m.p. 133-133.5 °C, [a], +52.8).

This work was supported by the Grant Agency of the Czech Republic (grants No. 203/01/0083
and No. 203/01/0084) and the Grant Agency of the Academy of Sciences of the Czech Republic
(No. 40 55803) and Ministry of Education, Youth and Sports (No. 153100008) and was carried out
under research project Z4 055 905.
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