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Reduction with diimide was employed in the synthesis of potential antiandrogerfshydrbxy-B-
nor-50-androstan-3-one26) and its 1@-methyl derivative 25). Other methods of reduction (hydro
boration, catalytic hydrogenation) were less effective.
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In the formation of hydrindanes from unsaturated derivatives (e.g., by hydrogene
cis-hydrindanes are knowri*to be the preferred products; e.g., on additidif;un-
saturated steroids (tyd® as well as\>-unsaturated B-norsteroids (tygeand 3) yield
mainly C/D cis (type 4) or A/B cis (type 5 and 6) products, respectively. This prefe
rence affected the total synthesis of steroids even 40 yeats ago

trans-Hydrindanes could, however, be obtained by indirect réutegobromous
acid and their derivatives were found to approach the double bond from the les
dereda-side’~° yielding bromohydrine derivatives (e.d.and8) which were converted
into B-epoxides (e.g9). These were either hydrogenated fHydroxy-B-nor-5i-ste-
roids 10 or isomerized by Lewis acids to 6-oxo-B-nar-Steroids11l. Alternatively?,
complex hydride reduction ofo§6a-epoxides (e.g.12 and 13) afforded 5-hydroxy-B-
nor-5a-steroid (e.g.14). Conversion of these intermediates into deoxy productslbke
would pose some problems. A straightforward approach is described here.

The major hindrance to the3&pproach of a reagent was recehthf attributed to
the presence of an angular methyl group. If relative yieldsoefehd PB-epoxides
indicate the relative steric hindrance of the double bonds involved®ttieuble bond

* Part CCCLXXXV in the series On Steroids; Part CCCLXXXIV: see'ref.
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12, R=Ac 15,R=H
13, R=H 16, R=Ac

Y = CH(CH3)(CH2)3CH(CH3)2, (20R)-cholestane side chain

ScHEME 1
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in B-norsteroids is much more accessible than the same double bond in normal s
to an electrophilic attack of reagents from thside leading to substitutedans-hy-
drindanes (see Table | and Scheme 1) .

This steric factor was not manifest in reversible reactions, however, stereosy
addition reactions proceeding in a four-centre mechanism (e.g., hydroboration, r
tion with diimide'®), which does not allow for internal rotation or inversion of int
mediates, should produce even better yieldsoed8ducts (i.e., A/Bransproducts) in
the B-nor series than in corresponding classical steroids with six-membered rings A
Recent results of this more direct approach to such B-aratéroids are presented here

Hydroboration, followed by oxidation, d@4-olefins wa$*5successfully utilized in
the synthesis of Ibhydroxy steroids. Now we used a similar sequence in the tran:
mation of B-norcholesteroB3j. Its hydroboration and treatment of borane formed w
propionic acid® yielded B-nor-Bi-cholestan-B-ol (15, yield 9%).'H NMR spectrum
of the product confirms an axial character of thep8oton (multiplet,>J = 32 Hz, see
Table 11). No B-isomer6 was found in the mixture either by NMR spectroscopy of
crude reaction product, or by TLC analysis. The authentic samplef@f comparison,
was prepared by catalytic hydrogenation of B-norcholestrias *H NMR spectrum
indicated the equatorial nature of the-Broton (a narrow multiplegJ = 16 Hz).

Low yields of the hydroboration sequence were not due to partial addition of
rane: TLC showed the complete conversion of the starting material into a borane
mediate, however, its acidolysis proceeded mainly with the formation of the ste
olefin 3 (identified after epoxidation to compouig).

The best reagent for the desired reductioA%B-norsteroids to A/Brans products
was found to be diimidé. Treatment of olefins (e.g2 and3) with 4-toluenesulfon-
hydrazide in boiling diglyme yieldea=dihydro derivativesis and16) in fair yields (ca 60%).
Unreacted starting material (15-20%) was removed by epoxidation with 3-chlor
oxybenzoic acid: the epoxides formed (el and13) could easily be separated fror
the expected products.

In an attempt to increase the yields, the diimide reduction was carried out wi
solvent, by heating olefins to 14C in an excess of 4-toluenesulfonhydrazide. T
method worked well with less sensitive compounds. However, compounds with ¢

TaBLE |
Yields of epoxides formed from®-unsaturated steroids

Starting olefin &,60-Epoxide, % B,6B-Epoxide, %
A®-steroid 62 38
A®-B-steroid >95 <5
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secondary hydroxy group suffered partial dehydration when heated either withot
vent or in boiling diglyme or dioxane; the structure of the side product was not stu
the elimination mentioned is supported by the presence of olefinic protérs.éd in
its TH NMR spectrum.

The best conditions for the reduction with diimide were found in the heating of |
tants in 2,4,6-collidine to 150C. Under these conditions olefidsand3 were hydroge-
nated without decomposition to yield compourids and 15 (yield 89 and 95%,
respectively).

These results have opened the way to the synthesisi-dfh§dro derivatives of
B-nortestosterone (see Scheme 2): while testosterone is an androgen hormone i

TasLE Il
Characteristic parameters of the NMR spectra of B-norsteroidal derivatives

Compound H-18 H-19 H-3 H-17 Other signals
2 0.67 0.89 4.62 - 2.04, 262 5.38
K 0.68 0.88 3.57 - 5.36
5 0.64 0.85 5.01 - 2.03
6 0.64 0.86 4.0% - -

12 0.63 0.90 4.99 - 2.03 3.2¢
13 0.63 0.89 3.96 - 3.28'

15° 0.64 0.72 3.61 - -

16° 0.65 0.74 471 - 2.03

17 0.92 1.10 - - 1.755.80
18 0.87 0.96 - - 1.23

19 0.91 0.98 3.69 4.8% 2.6%, 5.40, 7.48" 8.08'
20 0.85 0.87 3.52 - 1.2G, 2.56, 5.34
21 0.75 0.94 3.65 4.8F 2.30, 7.48" 8.08'
22 0.74 0.86 3.63 - 1.22

23 0.84 0.91 3.95 - 1.23 3.28
24 0.92 0.96 - 4.89 7.48" 8.08"
25 0.88 0.92 - - 1.2

26 0.76 0.91 - 3.68 -

2singlet, 3 H” Signal of cholestane side chain: 0.90 d, 3#,6.5 (3% H-21) and 0.86 s, 6 H (8 H-26
and 3x H-27).°tt, 1 H @ = 11.0 and 8.9fs, 3 H (Ac).6ddd, 1 H § = 13.7 and 4.9 and 1.8p. "bs,
1H,6H9m 1HW=26)."s, 1H,6-H/'m 1HW=42).'s, 1 H, H4;dd 0 = 85 and 7.5)' m,
1 HEJ=44), H18. "m, 3 H (H-3, H-4 and H-5 of £i:C00)." m, 2 H (H-2 and H-6 of
CeHsCOO).
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only and in many tissues has to be reduced to a hormone properdihiirotesto-
sterone” (1B-hydroxy-5u-androstan-3-onéj, B-nortestosterone and its derivative
(e.g.,17) act as antiandroget¥® However, the biological activity of theiiddihydro

derivatives has not been thoroughly studied yet because of the difficult appt
to these compounds (both catalytic hydrogenation and Birch reduction affor
5B-isomer18).

The 2,4,6-collidine modification of the reduction of compoubh8i&ind 20, followed
by evaporation of the solvent and chromatography on silica gel yielded less polal
tions (products of decomposition accompanied with 4-methylbenzenesulfinid)a
and major (i.e., polar) components of the mixture, i.e., compoRhdsd 22, respec-
tively. When a smaller excess of the reducing reagent was employed, the startir
terial had to be removed from the product by epoxidation (leading, e.g., to cong8)un

On oxidation, compound®1 and 22 afforded ketone®4 and 25. The latter repre-
sents the sought-foraddihydro derivative of 17-methyl-B-nortestosterone, the forn
was hydrolyzed to thedbdihydro derivative of B-nortestosteroé.

OH OH
“““ CHs -mCHg
E—
— —
o~ o~
H
17 18
or? or?
I I R2
E—
1 L
HO HO :
H
19,R1=Bz;R?=H 21,R'=Bz;R%=H
20, R =H; R? = CHy 22, R =H; R? = CHy

N\

i
24,R1=Bz;RZ=H
25, Rl =H; R = CH3
SCHEME 2 26,R1=R2=H

23

Collect. Czech. Chem. Commun. (Vol. 61) (1996)



On Steroids 1391

The best method of identifying the A/B ring junction of steroids is circular dichro
Joska, Fajkos and Soffnstudied ORD curves of 3-oxo-B-noot5and 3-oxo-B-nor-
5B-steroids and found a positive Cotton effect for the former isomer and a negativ
for the latter within then — 17 absorption band of the chromophore. In a latter work
CD of ketones, Kirk® reportedAs +2.5 and —1.3 for B-noreb and B-nor-B-choles-
tan-3-ones, respectively. We found a strong Cotton effect(.88 and +1.63, respec
tively) in 24 and 25 and a negative effecn¢ —1.50) in18. Significant differences
between & and B isomers25 and 18 were also found in thef®C NMR spectra (see
Table 111): as in parent compounds with the classical steroid skéfetGrl9 of the
5B-isomer is shifted to a lower field than the same signal of thes@mer.

The biological properties of compounds and26 will be reported elsewhere.

EXPERIMENTAL

Melting points were determined on a micro melting point apparatus Boetius (Germany) and &
corrected. Analytical samples were dried over phosphorus pentoxide °&1/B00 Pa. Optical rota-
tions were measured in chloroform, IR spectra of chloroform solutions were recorded on a |
IFS 88 spectrometer, wavenumbers are given int.ctdl NMR spectra were measured on a Vari
UNITY-200 (200 MHz, FT mode) an#C NMR spectra on a Varian UNITY-500 (125.7 MHz, F
mode) spectrometer at Z& in deuteriochloroform with tetramethylsilane as internal stande
Chemical shifts are given in ppm-§cale), coupling constantg) (and width of multipletsW) in Hz.

The data were interpreted as the first-order spectra. Thin-layer chromatography (TLC) was per
on silica gel (ICN Biochemicals), preparative TLC was carried out onx2200 mm plates coated
with an 0.5 mm thick layer of the same material. For column chromatography silica gel §0wn1Z

TasLE Il
13C NMR spectral parameters ofi and B isomers25 and 18. Measured in CDG) for other condi-
tions see Experimental

Carbon 25 18 Carbon 25 18

1 34.91 35.20 12 31.86 31.66
2 37.49 37.93 13 47.67 46.78
3 212.42 214.81 14 50.59 50.37
4 42.83 44.19 15 23.61 23.56
5 48.18 44.12 16 39.13 39.12
6 28.65 32.21 17 81.34 81.34
8 41.04 4.70 18 14.31 14.02
9 58.87 55.04 19 12.15 24.93
10 40.84 39.46 17a 26.06 25.88
11 20.98 20.90

Collect. Czech. Chem. Commun. (Vol. 61) (1996)



1392 Kasal, Chodounska, Szczepel

was used. When aqueous solutions of hydrochloric acid, potassium hydrogen carbonate anc
sium carbonate are used, their concentration is always 5%.

3B-Acetoxy-B-nor-$-cholestaneX)

A solution of P-acetoxy-B-norcholest-5-efe2 (100 mg, 0.24 mmol) in tetrahydrofuran (4 ml) an
acetic acid (2 ml) was stirred under hydrogen in the presence of Adams catalyst (20 mg). Aft
at ambient temperature the catalyst was filtered off and the solution evapdkathiliR spectrum
was consistent with the spectra of compoubdsd 16 in the proportion 82 : 18. The mixture couls
be separated by TLC (benzene—ether, 5 : 1) only after hydrolysis (1% sodium methoxide in methe
3B-hydroxy derivatives6 (69.7 mg, 77%) and5 (16.2 mg, 18%). Re-acetylation 6f (69.7 mg,
acetic anhydride—pyridine, 18 h) afforded p&r&70 mg, 91%). ¢]p +17° (c 0.9). Daubef? could not
crystallize the compound either.

B-Nor-5a-cholestan-$-ol (15)

a) A solution of sodium borohydride (200 mg, 5.29 mmol) in tetrahydrofuran (6 ml) was a
into a solution of boron trifluoride etherate (0.7 ml, 5.61 mmol) in the same solvent (2 ml).
diborane generated was passed into the solution of ®efire5 mg, 0.30 mmol) in tetrahydrofurai
(4 ml). After 30 min, the solution was concentrated in a vacuum, the residue was dissolved i
pionic acid (5 ml) and refluxed for 2 h. The solution was evaporated in a vacuum, dissolved in
roform and washed with an aqueous potassium hydrogen carbonate solution and water. The
was concentrated in a vacuum to 2 ml and 3-chloroperoxybenzoic acid (60%, 100 mg, 0.35
was added. After 18 h, the solution was washed with the potassium hydrogen carbonate s
concentrated in a vacuum and hydrolyzed by standing in a solution of sodium methoxide in me
(3 ml, ¢ = 0.86 mol/l). After 18 h the solution was concentrated in a vacuum, the product wa:s
cipitated with brine and extracted with chloroform. The extract was applied on 2 TLC plates
polar fraction was identified as epoxid8 (20 mg, 15%): its IR spectrum was identical with that
the sample prepared directly from ole8nThe lipophilic fraction consisted of compoufhl (10 mg,
8%), m.p. 130-132C (methanol). Literaturé records 130-131C.

b) A suspension of compourg(122 mg, 0.33 mmol) and 4-toluenesulfonhydrazide (386 mg, 3.22 mi
in 2,4,6-collidine (3 ml) was heated to 150 for 3 h. The solvent was evaporated in a vaccum,
residue was dissolved in chloroform and washed with aqueous hydrochloric acid (5%), water,
sium carbonate and water, and dried. Preparative TLC of the product afforded corbpd@aé mg,
95%), m.p. 130-132C (92 mg, methanol).

3B-Acetoxy-B-nor-®i-cholestane 16)

a) Reduction in diglyme: compourti(69 mg, 0.17 mmol) and 4-toluenesulfonhydrazide (300 n
1.61 mmol) in diglyme (2 ml) were heated under reflux. After 3 h the mixture was diluted with |
(15 ml), the precipitate was extracted with ether and the extract was washed with the potassi
drogen carbonate solution, water and evaporated. The residue was purified by preparative TLC
gel, benzene), the major product (49 mg) was identified by its NMR spectrum as an 88 : 12 n
of 16 and2. 3-Chloroperoxybenzoic acid (60%, 50 mg, 0.17 mmol) was added to the solution «
mixture in chloroform (1 ml). After 18 h the mixture was worked up as above. Preparative
yielded 6 mg (8%) ofL2 (identical with an authentic sample) and 41 mg (59%)6&fm.p. 67-6FC
(methanol). Literatur® records 68-69C.

b) Reduction without solvent: compoud25 mg, 0.06 mmol) and 4-toluenesulfonhydrazide (85 n
0.46 mmol) were thoroughly mixed in a tube which was heated in a bath t&Cl4&fter 2 h the
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mixture was dissolved in ether, washed with a potassium carbonate solution (10%) and applie
thin layer of silica gel. The plate was developed with benzene and the major product was elute
ether. Yield 18 mg (72%) of6.

¢) Reduction in 2,4,6-collidine: compourl(125 mg, 0.30 mmol) and 4-toluenesulfonhydrazi
(400 mg, 2.15 mmol) in 2,4,6-collidine (2 ml) were heated at TG0After 3 h, volatile components
were distilled off in a vacuum, the residue was dissolved in toluene and washed with aqueous
chloric acid, water and the potassium carbonate solution and water. The dried solution was eve
in a vacuum and the residue was oxidized with 3-chloroperoxybenzoic acid (60%, 50 mg, 0.17 mi
chloroform (1 ml). After 18 h the solution was washed with the potassium carbonate solutio
water, concentrated in a vacuum and applied on 3 preparative TLC plates which were develop
benzene. The major component of the mixture, compdh@ 12 mg, 89%) was identical with the
above sample.

173-Hydroxy-17-methyl-B-nor-B-androstan-3-onelg)

17B-Hydroxy-1#-methyl-B-norandrost-5-en-3-offg(17, 160 mg, 0.52 mmol) in tetrahydrofuran (20 m
was added dropwise into a stirred solution prepared by dissolving lithium (200 mg, 28.8 mm
liqguid ammonia (150 ml) and 2-methylpropan-2-ol (10 ml). After an additional 30 min, the rec
was decomposed with a saturated aqueous solution of ammonium chloride (30 ml). Ammon
distilled off, the aqueous layer was extracted with ethyl acetate 2@ ml) and combined organic
extracts were washed successively with the aqueous hydrochloric acid solution, water, the sz
potassium hydrogen carbonate solution and water. The dried extract was concentrated in a
and applied on a column of silica gel. A mixture of toluene and ether (9 : 1) afforded 63 mg (3
of compound18, m.p. 127-13C°C (ether), f]p —23 (c 0.4). IR spectrum: 931 (OH); 1 70°
(C=0); 3611 (OH). CD:Agygg —1.50 (methanol). For gH;,0, (290.4) calculated: 70.57% C
10.41% H; found: 70.36% C, 10.42% H.

17B3-Benzoyloxy-B-nor-si-androstan8-ol (21)

A suspension of I¥benzoyloxy-B-nor-&-androstan{3-01?6 (19, 200 mg, 0.53 mmol) and 4-toluene
sulfonhydrazide (600 mg, 3.22 mmol) in 2,4,6-collidine (3 ml) was heated t¢@50r 3 h. The
solvent was evaporated in a vaccum. The residue was dissolved in chloroform and washed ¢
ively with aqueous hydrochloric acid, water, the potassium carbonate solution and water, and
Crystallization of the residue from acetone afforded 126 mg (63%) of com@dyma.p. 190-19TFC,
[a]lp +21°(c 1.2), literaturé®records m.p. 189-19T, [a]p +23.5). Mother liquors were purified by
preparative TLC yielding an additional crop of the prod2c{the total yield 178 mg; 88%). IR spec
trum (chloroform): 3 608 (OH); 1 709 (C=0); 1 603, 1 589 (arom); 1 281, 1 033 (C-0). Lipop
admixture consisted of products of steroid decomposition (12.0 #dg)IMR spectrum (after hydro-
lysis of this mixture): 0. 67 s, 3 H H-18); 0.75 s, 3 H (& H-19); 3.63t, 1 HJ = 8.0 (H-1P); 5.82 m,
2 H, W= 42 (H-2 and H-3).

17a-Methyl-B-nor-5a-androstane{3, 173-diol (22)

a) Attempted reduction with diimide without solvent: dtvhethyl-B-nor-®x-androstane{3,173-
diol®® (20, 100 mg, 0.34 mmol) was treated with 4-toluenesulfonhydrazide (300 mg, 1.61 n
without solvent at 150C for 2 h. TLC separation (8 plates) of the mixture afforded 4-toluenesulf
acid (207 mg, m.p. 67-7C) and a mixture of dehydrated steroids (40 Md)NMR spectrum: 3.62 m, 1 H,
W = 42 (H-3); 2.52 t,J = 5.6 and 2.75 mW = 42 (possibly allylic protons of 17,17-dimethyl
18-norsteroids). No compourZ® could be isolated from the mixture.
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b) Reduction in 2,4,6-collidine: 200 mg of olef2D (0.69 mmol) was treated according to th
preparation of compoun@dl. After usual work-up, 186 mg (92%) of compou® was obtained.
M.p. 159-160°C (acetone),d]p —33 (c 0.9, methanol). For LH3,0, (292.5) calculated: 78.03% C
11.03% H; found: 78.09% C, 11.06% H.

5,60-Oxido-17-methyl-B-nor-Sx-androstane{3 173-diol (23)

When a lower excess of 4-toluenesulfonhydrazide (twofold to threefold molar excess) was us
the preparation of compour®, the starting olefin had to be removed by epoxidation with 3-chlo
peroxybenzoic acid. A polar reaction prod@&was obtained in 5 to 10% vyields, m.p. 160-2€1
(acetone); (] —51° (c 1.1). For GgH3oO3 (306.5) calculated: 74.47% C, 9.87% H; found: 74.32%
9.92% H.

17B-Benzoyloxy-B-nor-i-androstan-3-one2f)

3B-Hydroxy derivative21 (199 mg, 0.52 mmol) was oxidized in acetone (8 ml) with Jones reage
0 °C. After 10 min the excess reagent was destroyed by methanol, the acids present were nel
by the potassium hydrogen carbonate solution (6%, 1.0 ml) and the reaction mixture was c
trated in a vacuum. The product was precipitated by another lot of the potassium hydrogen ca
solution and extracted with chloroform. Crystallization of the product from acetone—heptane, aff
compound24 (158 mg, 80%), m.p. 185.5-18€, [a]p +72 (c 1.1), Ag,g9 +1.80 (methanol). Lite-
raturé? gives m.p. 185-186C and p]p +80°).

17B-Hydroxy-17a-methyl-B-nor-®x-androstan-3-one2f)

3B-Alcohol 22 (220 mg, 0.75 mmol) was oxidized according to the preparation of compunc
Crystallization of the product from acetone afforded 156 mg (72%) of com@&,map. 168-168.5C,
[a]lp +5° (c 1.4). For GgH300, (290.4) calculated: 78.03% C, 11.03% H; found: 77.89% C, 11.17%

17B-Hydroxy-B-nor-%x-androstan-3-one26)

A solution of benzoat@4 (196 mg, 0.52 mmol) in methanol (18 ml) containing sodium methox
(280 mg, 5.2 mmol) was refluxed under nitrogen for 2 h. Most of the solvent was removec
vacuum, the product was precipitated with brine, filtered and washed with water. Crystallizati
the residue from acetone-heptane afforded comp@6én(@ 04 mg, 73.0%), m.p. 176.5-17T, [a]p
+29 (c 1.3),Agyg; +1.63 (methanol). Literature records m.p. 173-1C4and fx], +38°.

Thanks are due to Mrs M. Sedlackova for technical help, Mrs M. Snopkova for measurement:
IH NMR spectra and Dr M. Budesinsky for measurement and interpretation'SEthMR spectra. The
authors are indebted to Dr L. Bednarova for taking and interpreting IR spectra, and to Dr S. Vasi
for measurements of CD.
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