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Four sterane hydrocarbons were prepared for comparison
with fossil organic biomarkers in geological samples from
Oman. 17β-Methylestrane was prepared in six steps (36%
overall yield) from estrone methyl ether. Key steps of this se-
quence were a Wittig olefination and Birch reduction of the
A-ring. 17β-Methylandrostane was obtained in four steps
(85% overall yield) from trans-androsterone by four func-
tional group interconverting reactions, including a Wittig ole-

Introduction

Molecular fossils (fossil biomarkers) are an important
tool in modern organic geochemistry for unraveling geolo-
gical and oceanographic developments and processes. Their
structures, distribution patterns, and reaction pathways re-
veal deep insight into geological history. In the course of a
recent project, mass spectra provided evidence that Early
Paleozoic crude oils and sedimentary rocks from the Oman
Salt Basin contained three clearly separated isomers (gas
chromatography) of putative C19 and C20 steranes with
modified carbon skeletons and unknown constitutions in
addition to the known suite of regular steranes and re-
arranged diasteranes;[1] probably the widest and best
studied class of fossil biomarkers.[2] Since there is empirical
evidence that the occurrence and isomer distribution of the
unknown biomarkers correlate with the salinity of the
waters during sediment formation, there is considerable
interest in revealing the precise structures of the unknown
compounds to be able to trace them back to potential bio-
genic ancestors in specific precursor organisms.

The concentrations of the unknown biomarkers in the
Oman samples are too low for them to be readily isolated
as pure compounds for rigorous spectroscopic structural
identification. Thus, based on the mass spectrometry data,
a strategy was developed to synthesize several possible C19

reference standards (androstane derivatives 1, 3, and 4; Fig-
ure 1) for identification based on mass spectra and gas
chromatographic retention times by GC–MS coinjection on
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fination. 17β-Methyl- and 2α-methyl-A-nor-5α-androstanes
(14 and 15% overall yields, respectively) were also prepared
from trans-androsterone. Key steps were the thallium trinitr-
ate mediated ring contractions of A-ring ketones to A-nor-2-
carboxylic acids. Defunctionalization in the four syntheses
was achieved by catalytic hydrogenation, Huang-Minlon re-
duction, Barton decarboxylation, and Bu3SnH-mediated re-
duction of a chloromethyl group, respectively.

columns of different lengths. Compound 2 (Figure 1) was
synthesized for a systematic study of the effects of changes
in the carbon skeleton of androstane on mass spectral frag-
mentation patterns. The results of this mass spectrometric
study will be reported in a separate communication. Herein,
we wish to disclose our synthetic efforts towards com-
pounds 1–4.

Figure 1. Target compounds of this synthetic study: 17β-methyl-
estrane (1), 17β-methyl-5α-androstane (2), 17β-methyl-A-nor-5α-
androstane (3), and 2α-methyl-A-nor-5α-androstane (4).

Results and Discussion

Synthesis of 17β-methylestrane (1) started with estrone
methyl ether 5, which was prepared according to literature
protocols from estrone.[3] A Wittig reaction[4] gave 17-meth-
ylene derivative 6[5] in 77% yield (Scheme 1). Subsequent
catalytic hydrogenation gave product 8[6] (98% yield) as a
single diastereomer [by gas-liquid chromatography (GLC)].
We assumed that the 17-methyl group was in the β-configu-
ration, as described in the literature for similar hydrogena-
tions.[7] Birch reduction of the A-ring[8] afforded diene 7
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(69% yield), which was subsequently hydrolyzed and iso-
merized with Brønsted acid to give enone 9 (95 % yield)
as a single diastereomer with 10-H in the β-configuration.
Catalytic hydrogenation of enone 9 yielded ketone 10 as a
mixture of 5α- and 5β-diastereomers in a 1.8:1 ratio (by
GLC). This mixture was submitted to the Huang-Minlon
version[9] of the Wolff–Kishner reduction in diethylene
glycol (DEG). Chromatographic separation of this reaction
mixture gave the sterane hydrocarbon 1, again as a mixture
of 5α- and 5β-epimers in a 1.8:1 ratio (by GLC). Overall
yield of the six-step sequence from starting material 5 to
hydrocarbon 1 was 36%.

Scheme 1. Synthesis of 17β-methylestrane (1). Reagents and condi-
tions: (a) [Ph3PMe]Br, nBuLi, THF, 66 °C, 12 h; (b) H2 (1 bar), cat.
Pd/C, EtOAc, 23 °C, 3 d; (c) Li, NH3(l), –60 °C, 3 h, then iPrOH,
–60 °C, 3 h; (d) HCl, H2O, MeOH, 23 °C, 1 h; (e) H2 (1 bar), cat.
Pd/C, EtOAc, 23 °C, 4 d; (f) H2NNH2·H2O, KOH, diethylene
glycol (DEG), 200 °C, 2 h.

Synthesis of 17β-methylandrostane 2 was accomplished
in four steps with 70% overall yield from commercially
available trans-androsterone 11 as follows (Scheme 2): Wit-
tig olefination gave 17-methylene compound 12[10] (91%
yield). Subsequent hydrogenation afforded 17β-methyl com-
pound 14[11] in 97% yield as a single diastereomer (by
GLC), which was submitted to PCC oxidation[12] (94 %
yield) to give ketone 13.[11] Huang-Minlon reduction gave
hydrocarbon 2[13] in 85% yield.
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Scheme 2. Synthesis of 17β-methyl-5α-androstane (2). Reagents
and conditions: (a) [Ph3PMe]Br, NaH, THF, 70 °C, 16 h; (b) H2

(3 bar), cat. Pd/C, iPrOH, 65 °C, 16 h; (c) pyridinium chlorochro-
mate (PCC), CH2Cl2, 23 °C, 2 h; (d) H2NNH2·H2O, KOH, DEG,
200–220 °C, 16 h.

A-ring-contracted steroids, specifically A-nor-steranes,
were reported to be constituents of sedimentary hydro-
carbon mixtures.[14] The preparation of A-nor-steranes was
achieved from steran-3-ones by either oxidative cleavage of
the A-ring with CrO3 followed by Dieckmann condensa-
tion[15] or Favorskii rearrangement.[16] We investigated both
strategies on ketone 13, but failed to isolate a respective A-
nor-androstane derivative. For this reason, we decided to
apply a rather unusual, although very effective, ring-con-
traction method using thallium trinitate trihydrate
(TTN).[17] Reaction of ketone 13 with an excess of TTN in
CH2Cl2 at ambient temperature resulted in full conversion
of starting material 13 after a few hours (Scheme 3). Fil-
tration of the reaction mixture through SiO2 gave a material
that contained carboxylic acid 15 together with other un-
specified components. This material was esterified with 1-
hydroxy-2-thiopyridone by using DCC and then submitted
to Barton decarboxylation.[18] After chromatography, A-
nor-sterane 3 was isolated in low yield (17% from com-
pound 13, 14% from compound 11) but high purity as a
single diastereomer (by GLC).

Preparation of A-nor-androstane derivative 4, with a 2α-
methyl group instead of a 17β-methyl group (as in com-
pound 3), started with Huang-Minlon reduction of andro-
sterone 11 to yield alcohol 16 (82 %),[19] which was then
oxidized with PCC (80% yield) to give ketone 18.[20] Appli-
cation of TTN-mediated ring contraction gave a material
containing carboxylic acid 17, which was not purified, but
directly submitted to LiAlH4 reduction. Alcohol 19 was ob-
tained in 57% yield (from ketone 18) and unexpectedly as
a single diastereomer (by 13C NMR spectroscopy and
GLC). The constitution of compound 19, that is, the hy-



Androstanes with Modified Carbon Skeletons

Scheme 3. Synthesis of 17β-methyl-A-nor-5α-androstane (3). Rea-
gents and conditions: (a) Tl(NO3)3·3H2O, CH2Cl2, 23 °C, 16 h; (b)
1. dicyclohexylcarbodiimide (DCC), cat. 4-(dimethylamino)pyr-
idine (DMAP), CH2Cl2, 23 °C, 5 min; 2. 1-hydroxy-2-thiopyridone,
23 °C, 2.5 h (exclusion of light); 3. Bu3SnH, cat. 2,2�-azobis(isobut-
yronitrile) (AIBN), C6H6, 85 °C, 16 h; 4. KOH, H2O, 23 °C, 0.5 h;
5. HCl, H2O, 23 °C, 2 h.

droxymethyl group at position 2 of the A-nor-ring, was es-
tablished by 2D NMR spectroscopy: In the HMBC spec-
trum, the 2-CH2 protons showed a 3J(1H,13C) correlation
to C-1 and C-3, which were both identified to be methylene
groups by a DEPT135 experiment. Our synthetic plan was
then to eliminate the hydroxy group after activation and
then hydrogenate the corresponding exocyclic olefin. How-
ever, treatment of alcohol 19 with MeSO2Cl and pyridine
gave neither the mesylate nor the olefin, but SN2 reaction
occurred and led to the chloro compound 20 as a single
isomer (48 % yield). The relative configuration at C-2 was
established by 1D-NOE experiments: Irradiation of 2β-H (δ
=2.45 ppm) showed strong NOEs at δ = 3.5 (s, 2α-CH2Cl),
1.81 (d, 2J = 12 Hz, 1β-H), 1.61 (t, J = 12.8 Hz, 3β-H) ppm
and most importantly at δ = 0.76 ppm [H3C-19β, which was
assigned by 3J(1H,13C) to C-5 at δ = 35.80 ppm in the
HMBC spectrum, see below]. The last signal certainly
proved that 2-CH2Cl was on the α-side. Weak NOEs were
observed at δ = 1.50 (m, 3α-H) and 0.96 (d, 2J = 12 Hz, 1α-
H) ppm. Irradiation of the 2α-CH2Cl group (δ =3.5 ppm)
showed strong NOEs at δ = 2.45 (m, 2β-H), 1.50 (ddd, 2J
= 12.8 Hz, 3J = 7.5 Hz, 3J = 3.0 Hz, 3α-H), and 0.96 (dd,
2J = 12 Hz, 3J = 8.9 Hz, 1α-H) ppm. Weak NOEs were
observed with δ = 1.81 (dd, 2J = 12 Hz, 3J = 7.7 Hz, 1β-
H), 1.61 (dd, 2J = 12.8 Hz, 3J = 10.4 Hz, 3β-H), and 1.32
(m, 5α-H) ppm. In the HMQC spectrum, the signal at δ =
1.32 ppm (m, 5α-H) showed 1J(1H,13C) with the carbon sig-
nal at δ = 35.80 (C-5) ppm, which was identified as a CH
signal by a DEPT135 experiment. Finally, compound 4 was
obtained by reductive dehalogenation with Bu3SnH
(83 %).[21] The crude material contained Bu3Sn–SnBu3,
which was identified by comparing its NMR spectroscopic
data with that reported in the literature.[22] This impurity
was almost completely removed (residual amount 2% by
GLC integral) by stirring the product mixture with hydro-
chloric acid overnight. Overall yield (six steps) from 11 to
4 was 15%. (Scheme 4).
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Scheme 4. Synthesis of 2α-methyl-A-nor-5α-androstane (4). Rea-
gents and conditions: (a) H2NNH2·H2O, KOH, DEG, 200–220 °C,
16 h; (b) PCC, CH2Cl2, 23 °C, 16 h; (c) Tl(NO3)3·3H2O, CH2Cl2,
23 °C, 16 h; (d) LiAlH4, THF, 50 °C, 16 h; (e) MeSO2Cl, pyridine,
90 °C, 2 h; (f) Bu3SnH, cat. AIBN, C6H6, 85 °C, 16 h.

Conclusions

The mass spectra and gas chromatographic retention
times of the synthetic androstane derivatives 1, 2, and 4
were compared with those of the putative unknown C19

steranes in sediments and crude oils from the Oman Salt
Basin. Neither the spectral nor GC data matched closely
enough to infer the structural identity of the natural hydro-
carbons from any of the synthetic standards. Further inves-
tigation will focus on both the conceptualization of alterna-
tive target compounds for synthesis and the preparation of
all-isomer mixtures of the synthesis products to account for
eventual geochemical epimerization reactions during dia-
genesis or catagenesis in the course of geological history.

Experimental Section

General Methods: Preparative column chromatography was carried
out by using Merck SiO2 (0.035–0.070 mm, type 60 A) with hexane,
ethyl acetate, or tert-butyl methyl ether (MTBE) as eluents. TLC
was performed on Merck SiO2 F254 plates on aluminum sheets. 1H
and 13C NMR spectra were recorded with a Bruker Avance
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DRX 500 spectrometer. Multiplicities of 13C signals were deter-
mined with DEPT experiments. Mass spectra and HR mass spectra
were obtained with a Finnigan MAT 95 (EI) and a Waters Q-TOF
Premier (ESI, negative mode) spectrometer. IR spectra were re-
corded with a Bruker Tensor 27 spectrometer equipped with a
“GoldenGate” diamond ATR unit. Optical rotations were mea-
sured with a Perkin–Elmer polarimeter 343 instrument. All starting
materials were commercially available.

3-Methoxy-17-methyleneestra-1,3,5(10)-triene (6): A solution of
nBuLi (26.4 mmol, 16.5 mL, 1.6 mol/L in hexane) was slowly added
to a suspension of [Ph3PMe]Br (9.43 g, 26.4 mmol) in abs. THF
(90 mL) under N2 at –5 °C. The reaction mixture was stirred for
30 min. Then, a solution of 5 (1.50 g, 5.27 mmol) in abs. THF
(100 mL) was added slowly at –5 °C. After heating of the mixture
to 66 °C for 12 h, water was added (100 mL). The layers were sepa-
rated and extracted with CH2Cl2 (3�50 mL). The combined or-
ganic layers were dried (MgSO4), filtered, and the solvent was evap-
orated. The crude product was purified by column chromatography
(SiO2, hexane/MTBE = 4:1, Rf = 0.62) to yield 6 (1.14 g,
4.04 mmol, 77%) as colorless crystals. M.p. 81 °C. [α]D21 = +58.3 (c
= 15.2 g/L, in CH2Cl2). 1H NMR (CDCl3, 500 MHz): δ = 0.74 (s,
3 H), 1.11–1.23 (m, 2 H), 1.26–1.41 (m, 3 H), 1.46 (qd, J = 12.8, J

= 3.5 Hz, 1 H), 1.70–1.76 (m, 1 H), 1.87 (tt, J = 11.8, J = 3.1 Hz,
2 H), 2.14 (dt, J = 10.8, J = 4.1 Hz, 1 H), 2.20 (pt, J = 8.6, J =
1.7 Hz, 1 H), 2.28 (dq, J = 12.5, J = 3.2 Hz, 1 H), 2.43–2.49 (m, 1
H), 2.74–2.85 (m, 2 H), 3.70 (s, 3 H), 4.60 (s, 2 H), 6.56 (d, J =
2.6 Hz, 1 H), 6.64 (dd, J = 2.7, J = 8.6 Hz, 1 H), 7.15 (d, J =
8.9 Hz, 1 H) ppm. 13C{1H} NMR (CDCl3, 125 MHz): δ = 18.56
(CH3), 23.92 (CH2), 26.65 (CH2), 27.63 (CH2), 29.47 (CH2), 29.89
(CH2), 35.77 (CH2), 38.83 (CH), 44.05 (CH), 44.38 (C), 53.52
(CH), 55.21 (CH3), 100.81 (CH2), 111.47 (CH), 113.84 (CH),
126.30 (CH), 132.86 (C), 138.03 (C), 157.48 (C), 161.78 (CO) ppm.
IR (ATR): ν̃ = 3062 (w), 3010 (w), 2954 (m), 2924 (m), 2905 (m),
2871 (m), 2847 (m), 2814 (w), 1650 (m), 1607 (m), 1582 (w), 1499
(s), 1460 (m), 1443 (m), 1368 (m), 1355 (w), 1311 (m), 1233 (s),
1189 (w), 1160 (m), 1047 (m), 904 (m), 863 (s), 846 (m), 816 (m),
786 (m) cm–1. MS (EI, 70 eV): m/z (%) = 282 (100) [M]+, 254 (3),
225 (15), 211 (4), 186 (15), 173 (21), 147 (51), 107 (8). HRMS (EI):
calcd. for C20H26O [M]+ 282.1984; found 282.1980.

3-Methoxy-17β-methylestra-1,3,5(10)-triene (8): A degassed suspen-
sion of olefin 6 (1.00 g, 3.54 mmol) and Pd/C (188 mg, 10% w/w
Pd) in EtOAc (30 mL) was stirred under H2 (1 atm) at 23 °C for
3 d. After filtration through a short pad of SiO2, the crude product
was purified by column chromatography (SiO2, hexane/MTBE =
10:1, Rf = 0.54) to obtain 8 (994 mg, 3.49 mmol, 98%) as colorless
crystals. M.p. 87 °C. [α]D21 = +73.6 (c = 14.3 g/L, in CH2Cl2). 1H
NMR (CDCl3, 500 MHz): δ = 0.51 (s, 3 H), 0.80 (d, J = 6.8 Hz, 3
H), 1.07–1.45 (m, 11 H), 1.74–1.83 (m, 1 H), 2.12 (td, J = 10.8, J

= 3.9 Hz, 1 H), 2.19 (dq, J = 13.2, J = 3.7 Hz, 1 H), 2.72–2.83 (m,
2 H), 3.69 (s, 3 H), 6.65 (d, J = 2.4 Hz, 1 H), 6.62 (dd, J = 8.5, J

= 2.4 Hz, 1 H), 7.13 (d, J = 8.5 Hz, 1 H) ppm. 13C{1H} NMR
(CDCl3, 125 MHz): δ = 11.99 (CH3), 13.89 (CH3), 24.46 (CH2),
26.53 (CH2), 27.93 (CH2), 29.96 (CH2), 30.25 (CH2), 37.56 (CH2),
39.07 (CH), 42.37 (C), 44.17 (CH), 45.21 (CH), 54.86 (CH), 55.18
(CH3), 111.39 (CH), 113.82 (CH), 126.27 (CH), 133.15 (C), 138.12
(C), 157.41 (C) ppm. IR (ATR): ν̃ = 2961 (m), 2921 (s), 2866 (m),
2846 (m), 1739 (w), 1608 (m), 1501 (s), 1453 (s), 1453 (m), 1315
(m), 1282 (w), 1250 (m), 1236 (s), 1178 (w), 1161 (m), 1100 (w),
1038 (s), 901 (m), 862 (m), 818 (m), 786 (m) cm–1. MS (EI, 70 eV):
m/z (%) = 284 (100) [M+], 256 (3), 228 (2), 199 (27), 173 (22), 160
(13), 147 (11), 109 (9), 84 (8). HRMS (EI): calcd. for C20H28O
[M]+ 284.2140; found 284.2137.
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3-Methoxy-17β-methylestra-2,5(10)-diene (7): A solution of aro-
matic compound 8 (500 mg, 1.76 mmol) in abs. THF (20 mL) was
added to a solution of lithium (364 mg, 52.8 mmol) in liquid am-
monia (25 mL) at –60 °C. The mixture was stirred at –60 °C for
3 h. Then, abs. iPrOH (1 mL) was added, and the mixture was
stirred again at –60 °C for 3 h. By warming the mixture to 23 °C,
the ammonia was evaporated. Addition of iPrOH (10 mL) removed
traces of lithium. After NH4OAc (150 mg), a saturated solution of
NaCl (25 mL), and MTBE (20 mL) were added, the layers were
separated, and the aqueous layer was extracted with MTBE
(3�20 mL). The combined organic layers were dried (MgSO4), fil-
tered, and the solvents were evaporated. After column chromatog-
raphy (SiO2, hexane/toluene/NEt3 = 20:1:2, Rf = 0.14), compound
7 (350 mg, 1.22 mmol, 69%) was obtained as colorless crystals.
M.p. 93 °C. [α]D21 = +102 (c = 11.1 g/L, in CH2Cl2). 1H NMR
(CDCl3, 500 MHz): δ = 0.58 (s, 3 H), 0.85 (d, J = 6.8 Hz, 3 H),
1.04 (td, J = 12.8, J = 3.9 Hz, 1 H), 1.08–1.29 (m, 5 H), 1.31–1.47
(m, 2 H), 1.62–1.67 (m, 2 H), 1.72 (dt, J = 12.5, J = 3.2 Hz, 2 H),
1.78–1.90 (m, 3 H), 2.05–2.10 (m, 1 H), 2.49–2.70 (m, 3 H), 2.85–
2.93 (m, 1 H), 3.55 (s, 3 H), 4.65 (t, J = 3.4 Hz, 1 H) ppm. 13C{1H}
NMR (CDCl3, 125 MHz): δ = 12.18 (CH3), 13.93 (CH3), 24.32
(CH2), 25.62 (CH2), 27.44 (CH2), 28.40 (CH2), 30.32 (CH2), 30.72
(CH2), 34.21 (CH2), 37.90 (CH2), 39.22 (CH), 42.47 (C), 45.19
(CH), 45.78 (CH), 53.80 (CH), 54.77 (CH3), 90.72 (CH), 124.85
(C), 128.23 (C), 152.74 (C) ppm. IR (ATR): ν̃ = 3011 (w), 2924
(m), 2870 (m), 2826 (m), 1697 (m), 1667 (m), 1465 (m), 1451 (m),
1437 (m), 1222 (s), 1206 (m), 1174 (m), 1152 (m), 1125 (m), 1099
(m), 1019 (m), 792 (s), 765 (m) cm–1. MS (EI, 70 eV): m/z (%) =
286 (81) [M+], 201 (3), 175 (2), 147 (4), 134 (18), 122 (100), 109 (18).
HRMS (EI): calcd. for C20H30O [M]+ 286.2297; found 286.2293.

17β-Methylestr-4-ene-3-one (9): Concentrated hydrochloric acid
(317 mg, 3.14 mmol) and H2O (5 mL) were added to a solution of
enol ether 7 (200 mg, 0.70 mmol) in MeOH (20 mL). The mixture
was stirred under reflux for 1 h and then cooled to 23 °C. After
addition of a saturated aqueous solution of NaHCO3 (5 mL), the
mixture was extracted with CH2Cl2 (3� 20 mL). The combined or-
ganic layers were dried (MgSO4), filtered, and the solvents evapo-
rated. The crude product was purified by chromatography (SiO2,
hexane/MTBE = 4:1, Rf = 0.28) to give 9 (180 mg, 0.66 mmol,
95%) as colorless crystals. M.p. 111 °C. [α]D21 = +48.0 (c = 12.5 g/
L, in CH2Cl2). 1H NMR (CDCl3, 500 MHz): δ = 0.61 (s, 3 H), 0.85
(d, J = 6.8 Hz, 3 H), 0.98–1.38 (m, 8 H), 1.41 (ddd, J = 16.5, J =
6.9, J = 1.9 Hz, 1 H), 1.54–1.65 (m, 2 H), 1.73 (dt, J = 12.7, J =
3.3 Hz, 1 H), 1.78–1.87 (m, 3 H), 2.10 (td, J = 10.0, J = 4.4 Hz, 1
H), 2.22–2.29 (m, 3 H), 2.38–2.43 (m, 1 H), 2.47 (dt, J = 14.6, J =
2.9 Hz, 1 H), 5.82 (s, 1 H) ppm. 13C{1H} NMR (CDCl3, 125 MHz):
δ = 11.96 (CH3), 13.81 (CH3), 24.51 (CH2), 26.35 (CH2), 26.62
(CH2), 30.07 (CH2), 31.34 (CH2), 35.67 (CH2), 36.54 (CH2), 37.22
(CH2), 40.76 (CH), 42.11 (C), 42.75 (CH), 45.07 (CH), 49.85 (CH),
54.46 (CH), 124.46 (CH), 167.04 (C), 199.92 (CO) ppm. IR (ATR):
ν̃ = 2943 (m), 2912 (s), 2866 (w), 2846 (m), 2362 (w), 1664 (s), 1612
(m), 1448 (w), 1419 (w), 1382 (w), 1360 (w), 1330 (w), 1257 (m),
1204 (m), 1179 (w), 1106 (w), 965 (m), 881 (m), 854 (w), 758 (w)
cm–1. MS (EI, 70 eV): m/z (%) = 272 (100) [M+], 257 (17), 244 (13),
215 (28), 163 (51), 149 (29), 147 (27), 110 (83). HRMS (EI): calcd.
for C19H28O [M]+ 272.2140; found 272.2143.

17β-Methylestr-3-one (10): A degassed suspension of enone 9
(80 mg, 0.29 mmol) and Pd/C (16 mg, 10% w/w Pd) in EtOAc
(4 mL) was stirred under H2 (1 atm) at 23 °C for 4 d. After fil-
tration through a short pad of SiO2, the crude product was purified
by column chromatography (SiO2, hexane/MTBE = 4:1, Rf = 0.32)
to give a mixture of two epimers (ratio 5α/5β = 1.8:1 by GLC) of
10 (84 mg, 0.31 mmol, 93%) as colorless crystals. M.p. 105 °C.
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[α]D21 = +41 (c = 8.3 g/L, in CH2Cl2). 1H NMR (CDCl3, 500 MHz):
both epimers: δ = 0.58 (s, 3 H), 0.59 (s, 3 H), 0.84 (d, J = 6.6 Hz,
3 H), 0.86 (d, J = 6.6 Hz, 3 H), 0.94–1.26 (m, 17 H), 1.31–1.34 (m,
7 H), 1.59–1.81 (m, 13 H), 2.06–2.40 (m, 10 H), 2.61 (t, J = 14.1 Hz,
1 H) ppm. 13C{1H} NMR (CDCl3, 125 MHz): 5β-epimer: δ = 12.01
(CH3), 13.81 (CH3), 24.56 (CH2), 26.02 (CH2), 30.21 (CH2), 30.68
(CH2), 30.89 (CH2), 34.14 (CH2), 37.48 (CH2), 41.39 (CH), 41.41
(CH2), 42.22 (C), 43.86 (CH), 45.24 (CH), 46.01 (CH), 48.14 (CH),
48.78 (CH2), 54.80 (CH), 211.83 (CO); 5α-epimer: δ = 12.06 (CH3),
13.81 (CH3), 24.56 (CH2), 25.70 (CH2), 25.76 (CH2), 27.85 (CH2),
30.21 (CH2), 30.76 (CH2), 36.50 (CH2), 37.56 (CH2), 38.51 (CH),
38.72 (CH), 39.95 (CH), 41.84 (CH), 42.36 (C), 43.03 (CH2), 45.30
(CH), 54.86 (CH), 212.95 (CO) ppm. IR (ATR): both epimers: ν̃
= 2936 (m), 2909 (m), 2867 (m), 2845 (m), 1707 (s), 1468 (w), 1451
(w), 1373 (w), 1314 (w), 1266 (w), 1244 (w), 1232 (w), 1176 (w),
1102 (w), 1065 (w), 976 (w), 960 (w), 859 (w), 750 (w) cm–1. GC–
MS (EI, 70 eV): 5β-epimer: m/z (%) = 274 (22) [M+], 232 (18), 218
(100), 217 (94), 203 (27), 199 (19), 175 (30), 162 (64), 147 (26), 135
(19), 107(38); 5α-epimer: m/z (%) = 274 (33) [M+], 232 (17), 218
(100), 217 (84), 203 (35), 199 (57), 175 (27), 162 (47), 147 (49), 120
(30), 107 (55). HRMS (EI): calcd. for C19H30O [M]+ 274.2297;
found 274.2290.

17β-Methylestrane (1): A suspension of ketone 10 (80 mg,
0.29 mmol, 5α/5β = 1.8:1), H2NNH2·H2O (43.5 mg, 0.87 mmol)
and KOH (31 mg, 0.87 mmol) in DEG (3 mL) and toluene
(0.5 mL) was heated under reflux for 1 h. Toluene and H2O were
removed by distillation, and the residue was subsequently heated
to 200 °C for 2 h. After cooling to 23 °C, the solution was neutral-
ized with hydrochloric acid (1 mL, 1 mol/ L), diluted with H2O
(5 mL) and extracted with MTBE (3�20 mL). The combined or-
ganic layers were dried (MgSO4), filtered and the solvents evapo-
rated. The crude product was purified by column chromatography
(SiO2, hexane/MTBE = 2:1, Rf = 0.73) to give two epimers (ratio
5α/5β = 1.8:1 by GLC) of the title compound 1 (60 mg, 0.23 mmol,
79%) as a colorless oil. [α]D21 = +20 (c = 8.2 g/L, in CH2Cl2). 1H
NMR (500 MHz, CDCl3): both epimers: δ = 0.48 (s, 6 H), 0.76 (d,
J = 6.9 Hz, 3 H), 0.77 (d, J = 6.9 Hz, 3 H), 0.81–1.74 (m, 50 H),
1.81–1.84 (m, 2 H) ppm. 13C{1H} NMR (125 MHz, CDCl3): 5β-
epimer: δ = 13.84 (CH3), 12.03 (CH3), 24.57 (CH2), 25.55 (CH2),
26.51 (CH2), 26.93 (CH2), 30.23 (CH2), 30.39 (CH2), 31.32 (CH2),
34.18 (CH2), 34.63 (CH2), 37.67 (CH2), 41.71 (CH), 42.19 (C),
43.39 (CH), 45.27 (CH), 47.59 (CH), 48.87 (CH), 55.16 (CH); 5α-
epimer: δ = 13.84 (CH3), 12.39 (CH3), 20.39 (CH2), 24.65 (CH2),
25.62 (CH2), 26.61 (CH2), 26.97 (CH2), 27.01 (CH2), 28.64 (CH2),
30.29 (CH2), 32.52 (CH2), 37.45 (CH), 37.75 (CH2), 38.96 (CH),
41.50 (CH), 42.32 (C), 42.36 (CH), 45.35 (CH), 55.03 (CH) ppm.
IR (ATR): both epimers: ν̃ = 2912 (s), 2864 (m), 1446 (m), 1378
(m), 1334 (w), 1257 (w), 1098 (w), 1057 (w), 970 (w) cm–1. GC–MS
(EI, 70 eV): 5β-epimer: m/z (%) = 260 (21), 245 (6), 218 (19), 204
(83), 203 (100), 189 (26), 148 (24), 135 (20), 121 (14), 67 (17); 5α-
epimer: m/z (%) = 260 (20), 245 (5), 218 (16), 204 (83), 203 (100),
189 (24), 148 (22), 135 (218), 121 (16), 67 (17). HRMS (EI): calcd.
for C19H32 [M]+ 260.2504; found 260.2499.

3β-Hydroxy-17-methylene-5α-androstane (12): A suspension of
[Ph3PMe]Br (939 mg, 2.63 mmol) and NaH (350 mg of a 60% dis-
persion in mineral oil, 8.76 mmol) in abs. THF (20 mL) under an
inert gas was stirred at 70 °C for 15 min. A solution of 11 (509 mg,
1.75 mmol) in abs. THF (10 mL) was added dropwise, and the re-
sulting mixture was further stirred at 70 °C for 16 h. After cooling
to ambient temperature, some water was added dropwise, and then
the mixture was diluted with water (75 mL) and MTBE (75 mL).
The layers were separated, and the aqueous layer was extracted
with MTBE (2 �50 mL). The combined organic layers were dried
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(Na2SO4), and, after filtration, the solvent was evaporated and the
residue submitted to column chromatography (SiO2, hexane/
MTBE = 1:1 � 1:5) to yield 12 (458 mg, 1.58 mmol, 91%) in the
main fraction [Rf(hexane/MTBE = 1:2) = 0.35] as a colorless solid.
M.p. 131 °C. [α]D20 = +11.6 (c = 8.35 g/L, CHCl3). 1H NMR
(CDCl3, 500 MHz): δ = 0.66–0.72 (m, 1 H), 0.81 (s, 3 H), 0.86 (s,
3 H), 0.91–0.94 (m, 3 H), 1.11–1.17 (m, 1 H), 1.19–1.49 (m, 8 H),
1.58–1.68 (m, 3 H), 1.70–1.78 (m, 3 H), 1.81–1.85 (m, 2 H), 2.25
(dt, J = 17.3, J = 8.7 Hz, 1 H, 16-H), 2.51 (ddd, J = 17.3, J = 10.1,
J = 1.7 Hz, 1 H, 16-H), 3.62 (tt, J = 11.1, J = 4.8 Hz, 1 H, 3-H),
4.64 (s, 1 H, 20-H), 4.65 (s, 1 H, 20-H) ppm. 13C{1H} NMR
(CDCl3, 125 MHz): δ = 12.25 (CH3), 18.44 (CH3), 21.07 (CH2),
24.05 (CH2), 28.59 (CH2), 29.30 (CH2), 31.36 (CH2), 31.84 (CH2),
35.39 (CH), 35.51 (C), 35.65 (CH2), 36.98 (CH2), 38.06 (CH2),
44.01 (C), 44.86 (CH), 54.37 (CH), 54.53 (CH), 71.01 (CH), 100.57
(C), 161.72 (CH2) ppm. IR (ATR): ν̃ = 3327 (s, br), 3062 (w), 2925
(vs), 2846 (s), 1653 (m), 1467 (m), 1447 (m), 1368 (m), 1141 (m),
1077 (m), 1036 (vs), 873 (vs) cm–1. MS (EI, 70 eV): m/z (%) = 288
(12) [M+], 273 (49), 255 (48), 232 (18), 231 (13), 214 (5), 199 (7),
189 (7), 188 (13), 176 (5), 173 (5), 163 (48), 162 (68), 149 (14), 147
(38), 135 (16), 133 (27), 121 (27), 120 (26), 119 (30), 108 (74), 107
(100), 105 (59), 95 (44), 93 (88), 91 (93). HRMS (EI): calcd. for
C20H32O [M]+ 288.2453; found 288.2445.

3β-Hydroxy-17β-methyl-5α-androstane (14): A suspension of olefin
12 (458 mg, 1.58 mmol) and Pd/C (50 mg, 10% w/w Pd) in iPrOH
(11 mL) was hydrogenated with H2 (3 bar) at 65 °C for 16 h. The
mixture was filtered through SiO2 (5 cm, hexane/MTBE = 1:2, Rf

= 0.41), and the solvent was evaporated to yield 14 (446 mg,
1.53 mmol, 97%) as a colorless solid. M.p. 127 °C. [α]D20 = +6.5 (c
= 10.4 g/L, CHCl3). 1H NMR (CDCl3, 500 MHz): δ = 0.56 (s, 3
H), 0.64–0.69 (m, 1 H), 0.84 (s, 3 H), 0.85 (d, J = 6.8 Hz, 3 H, 17-
CH3), 0.88–1.03 (m, 4 H), 1.02–1.84 (m, 19 H), 3.61 (tt, J = 11.1,
J = 4.8 Hz, 1 H, 3-H) ppm. 13C{1H} NMR (CDCl3, 125 MHz): δ
= 11.97 (CH3), 12.29 (CH3), 13.75 (CH3), 20.97 (CH2), 24.65
(CH2), 28.71 (CH2), 30.11 (CH2), 31.41 (CH2), 32.17 (CH2), 35.51
(C), 35.67 (CH), 37.06 (CH2), 37.53 (CH2), 38.13 (CH2), 42.00 (C),
44.96 (CH), 45.03 (CH), 54.73 (CH), 55.76 (CH), 71.10 (CH) ppm.
IR (ATR): ν̃ = 3299 (br. s), 2931 (vs), 2865 (s), 2846 (s), 1469 (m),
1447 (m), 1369 (m), 1343 (m), 1133 (m), 1083 (m), 1039 (vs), 731
(s) cm–1. MS (EI, 70 eV): m/z (%) = 290 (29) [M+], 275 (34), 257
(32), 248 (14), 234 (78), 233 (65), 215 (29), 216 (42), 215 (84), 165
(57). HRMS (EI): calcd. for C20H34O for C20H34O [M]+ 290.2610;
found 290.2604.

17β-Methyl-5α-androstan-3-one (13): PCC (851 mg, 3.95 mmol) was
added to a solution of alcohol 14 (446 mg, 1.53 mmol) in CH2Cl2
(40 mL). The resulting mixture was stirred at 23 °C for 2 h and
then diluted with MTBE (40 mL). Filtration through SiO2 (5 cm,
hexane/MTBE = 1:2, Rf = 0.57) and evaporation of the solvent
yielded 13 (415 mg, 1.44 mmol, 94 %) as a colorless solid. M.p.
137 °C. [α]D20 = +29 (c = 9.4 g/L, CHCl3). 1H NMR (CDCl3,
500 MHz): δ = 0.47 (s, 3 H), 0.64–0.71 (m, 1 H), 0.74 (d, J = 6.8 Hz,
3 H, 17-CH3), 0.79–0.90 (m, 3 H), 0.93 (s, 3 H), 0.99–1.72 (m, 14
H), 2.01 (dt, J = 15.0, J = 2.9 Hz, 1 H), 1.95 (ddd, J = 13.1, J =
6.5, J = 2.0 Hz, 1 H), 2.18 (d, J = 14.3 Hz, 1 H), 2.20–2.24 (m, 1 H),
2.31 (dt, J = 6.6, J = 14.3 Hz, 1 H) ppm. 13C{1H} NMR (CDCl3,
125 MHz): δ = 11.20 (CH3), 11.78 (CH3), 13.56 (CH3), 20.98
(CH2), 24.46 (CH2), 28.75 (CH2), 29.89 (CH2), 31.61 (CH2), 35.35
(CH), 35.49 (C), 37.22 (CH2), 37.83 (CH2), 38.39 (CH2), 41.80 (C),
44.40 (CH2), 44.80 (CH), 46.55 (CH), 53.97 (CH), 55.34 (CH),
211.07 (C) ppm. IR (ATR): ν̃ = 2930 (s), 2865 (s), 2843 (m), 1712
(vs), 1442 (m), 1431 (m), 1367 (m), 1228 (m), 965 (m), 879 (m), 683
(m) cm–1. MS (EI, 70 eV): m/z (%) = 288 (84) [M+], 273 (24), 255
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(5), 246 (22), 232 (95), 231 (100), 217 (35), 163 (38). HRMS (EI):
calcd. for C20H32O [M]+ 288.2453; found 288.2445.

17β-Methyl-5α-androstane (2): A suspension of ketone 13 (338 mg,
1.17 mmol), KOH (164 mg, 2.93 mmol), H2NNH2·H2O (585 mg,
11.7 mmol) in DEG (8 mL) was heated to 200–220 °C for 16 h.
After cooling to ambient temperature, the mixture was diluted with
brine (30 mL) and extracted with hexane (3�30 mL). The com-
bined hexane layers were dried (Na2SO4) and concentrated after
filtration. The residue was purified by chromatography (SiO2, hex-
ane, Rf = 0.70) to yield 2 (270 mg, 0.99 mmol, 85%) as a colorless
wax. M.p. 86.9–90.5 °C. [α]D20 = +6.5 (c = 9.9 g/L, CHCl3). 1H
NMR (CDCl3, 500 MHz): δ = 0.51 (s, 3 H), 0.62–0.67 (m, 1 H),
0.76 (s, 3 H), 0.79 (d, J = 6.8 Hz, 3 H), 0.83–1.65 (m, 23 H), 1.69–
1.77 (m, 1 H) ppm. 13C{1H} NMR (CDCl3, 125 MHz): δ = 12.09
(CH3), 12.31 (CH3), 13.88 (CH3), 20.68 (CH2), 22.31 (CH2), 24.77
(CH2), 26.94 (CH2), 29.20 (CH2), 29.22 (CH2), 30.27 (CH2), 32.42
(CH2), 35.85 (CH), 36.43 (C), 37.75 (CH2), 38.88 (CH2), 42.14 (C),
45.20 (CH2), 47.29 (CH2), 55.29 (CH2), 56.05 (CH2) ppm. IR
(ATR): ν̃ = 2921 (vs), 2863 (s), 1468 (m), 1446 (m), 1376 (m), 1334
(w), 1103 (w), 966 (w), 831 (w) cm–1. MS (EI, 70 eV): m/z (%) =
274 (29) [M+], 259 (59), 232 (12), 218 (83), 217 (100), 203 (24), 149
(53). HRMS (EI): calcd. for C20H34 [M]+ 274.2661; found
274.2655.

17β-Methyl-A-nor-androstane (3): Tl(NO3)3·3H2O (1.35 g,
3.04 mmol) was added to a solution of ketone 13 (399 mg,
1.38 mmol) in CH2Cl2 (23 mL). The resulting heterogeneous mix-
ture was vigorously stirred at 23 °C for 16 h. The solvent was evap-
orated, and the residue was suspended in MTBE (4 mL). Filtration
through SiO2 (5 cm, hexane/MTBE = 1:2, Rf = 0.89–0.44) yielded
a crude mixture of carboxylic acids 15 (453 mg) as a colorless solid.
1H NMR (CDCl3, 300 MHz): δ = 0.46 (s, 3 H), 0.64 (s, 3 H), 0.74
(d, J = 6.9 Hz, 3 H), 0.63–1.73 (m, 21 H), 2.77–2.88 (m, 1 H), 7.10
(br. s, 1 H) ppm. MS (ESI, neg. mode): m/z 303 [M – H+]. The
material was redissolved in C6H6 (25 mL). DCC (432 mg,
2.09 mmol) and DMAP (5 mg) were added, and the mixture was
stirred at 23 °C for 5 min. Subsequently, 1-hydroxy-2-thiopyridone
(320 mg, 2.52 mmol) was added, and the mixture was further
stirred under exclusion of light at 23 °C for 2.5 h. Bu3SnH (2.5 mL,
2.7 g, 9.4 mmol) and AIBN (10 mg) were then added, and the mix-
ture was heated to reflux for 16 h. After cooling to ambient tem-
perature, a solution of KOH (26 g) in water (60 mL) was added,
and the resulting mixture was stirred at 23 °C for 0.5 h and then
extracted with hexane (3�50 mL). The combined organic extracts
were dried (Na2SO4), filtered, and the solvents were evaporated.
The residue was purified by chromatography (SiO2, hexane, Rf =
0.70–0.65) to yield a nonpolar fraction. After evaporation of the
solvent (1.42 g, colorless liquid), it was treated with concentrated
hydrochloric acid (10 mL). The resulting mixture was stirred at
23 °C for 2 h and then extracted three times with hexane
(3�50 mL). The combined organic extracts were dried (Na2SO4),
filtered, and the solvents were evaporated. The residue was purified
by chromatography (SiO2, hexane, Rf = 0.69) to yield 3 (60 mg,
0.23 mmol, 17%) as a colorless solid. M.p. 47.3–47.5 °C. [α]D20 =
+1.6 (c = 8.6 g/L, CHCl3). 1H NMR (CDCl3, 500 MHz): δ = 0.48
(s, 3 H), 0.59 (s, 3 H), 0.75 (d, J = 6.9 Hz, 3 H, 17-CH3), 0.63–1.73
(m, 23 H) ppm. 13C{1H} NMR (CDCl3, 125 MHz): δ = 12.19
(CH3), 13.00 (CH3), 13.84 (CH3), 20.50 (CH2), 23.32 (CH2), 25.01
(CH2), 25.57 (CH2), 27.69 (CH2), 30.20 (CH2), 32.50 (CH2), 35.93
(CH), 37.62 (CH2), 38.82 (CH2), 42.48 (C), 43.60 (C), 45.13 (CH),
50.76 (CH), 55.37 (CH), 55.67 (CH) ppm. IR (ATR): ν̃ = 2922 (vs),
2866 (s), 1468 (m), 1448 (m), 1376 (m), 1332 (w), 1107 (w), 937
(w), 888 (w) cm–1. MS (EI, 70 eV): m/z (%) = 260 (9) [M+], 245
(42), 218 (17), 217 (11), 204 (66), 203 (100), 189 (41), 175 (16), 164
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(19), 161 (20), 149 (28), 136 (32), 135 (85), 121 (31),109 (43), 107
(39), 95 (63), 93 (38), 91 (28). HRMS (EI): calcd. for C19H32 [M]+

260.2504; found 260.2499.

3β-Hydroxy-5α-androstane (16): A suspension of ketone 11 (1.05 g,
3.63 mmol), KOH (508 mg, 9.05 mmol), and H2NNH2·H2O (1.8 g,
36 mmol) in DEG (24 mL) was heated to 200–220 °C for 16 h. Af-
ter cooling to ambient temperature, the mixture was diluted with
brine (250 mL) and extracted with MTBE (3�150 mL). The com-
bined organic layers were dried (MgSO4) and concentrated after
filtration. The residue was purified by chromatography (SiO2, hex-
ane/MTBE = 1:2, Rf = 0.32) to yield 16 (817 mg, 2.96 mmol, 82%)
as a colorless solid. M.p. 134 °C. [α]D20 = +2.2 (c = 9.0 g/L, CHCl3).
1H NMR (CDCl3, 500 MHz): δ = 0.60–0.64 (m, 1 H), 0.66 (s, 3
H), 0.78 (s, 3 H), 0.81–1.78 (m, 24 H), 3.55 (tt, J = 11.1, J = 4.7 Hz,
1 H) ppm. 13C{1H} NMR (CDCl3, 125 MHz): δ = 12.29 (CH3),
17.47 (CH3), 20.43 (CH2), 21.20 (CH2), 25.45 (CH2), 28.69 (CH2),
31.38 (CH2), 32.38 (CH2), 35.51 (C), 35.79 (CH), 37.02 (CH2),
38.07 (CH2), 38.84 (CH2), 40.36 (CH2), 40.75 (C), 44.80 (CH),
54.46 (CH), 54.56 (CH), 71.20 (CH) ppm. IR (ATR): ν̃ = 3339 (m),
2929 (vs), 2843 (s), 1447 (m), 1376 (m), 1132 (m), 1080 (m), 1044
(s), 754 (m) cm–1. MS (EI, 70 eV): m/z (%) = 276 (93) [M+], 261
(22), 258 (28), 243 (100), 218 (18), 215 (24), 203 (44), 190 (22), 161
(19), 149 (24), 147 (25), 135 (33), 107 (47), 95 (64), 81 (53). HRMS
(EI): calcd. for C19H32O [M]+ 276.2453; found 276.2461.

5α-Androstan-3-one (18): PCC (1.60 g, 7.40 mmol) was added to a
solution of alcohol 16 (817 mg, 2.96 mmol) in CH2Cl2 (80 mL).
The resulting mixture was stirred at 23 °C for 16 h and then diluted
with MTBE (80 mL). Filtration through SiO2 (10 cm, hexane/
MTBE = 1:2, Rf = 0.66) and evaporation of the solvent yielded 18
(647 mg, 2.34 mmol, 80 %) as a colorless solid. M.p. 87–88 °C. [α]
D
20 = +20 (c = 9.1 g/L, CHCl3). 1H NMR (CDCl3, 500 MHz): δ =
0.69 (s, 3 H), 0.70–0.75 (m, 1 H), 0.86–0.93 (m, 2 H), 0.98 (s, 3 H),
1.09–1.16 (m, 3 H), 1.23–1.43 (m, 6 H), 1.47–1.72 (m, 7 H), 1.99
(dd, J = 13.1, J = 6.4 Hz, 1 H), 2.05 (dt, J = 14.9, J = 1.8 Hz, 1
H), 2.21 (d, J = 14.4 Hz, 1 H), 2.23–2.28 (m, 1 H), 2.35 (td, J =
14.6, J = 6.6 Hz, 1 H) ppm. 13C{1H} NMR (CDCl3, 125 MHz): δ
= 11.43 (CH3), 17.47 (CH3), 20.46 (CH2), 21.44 (CH2), 25.48
(CH2), 28.97 (CH2), 32.05 (CH2), 35.74 (CH and C), 38.12 (CH2),
38.62 (CH2), 38.76 (CH2), 40.35 (CH2), 40.79 (C), 44.67 (CH2),
46.71 (C), 54.09 (CH), 54.34 (CH), 211.89 (C) ppm. IR (ATR): ν̃
= 2931 (s), 2894 (m), 2868 (m) 2843 (m), 1711 (vs), 1444 (m), 1376
(m), 1240 (m), 944 (m), 730 (m), 685 (m) cm–1. MS (EI, 70 eV):
m/z (%) = 274 (30) [M+], 259 (12), 241 (14), 231 (19), 217 (10), 207
(11), 204 (75), 203 (100), 189 (13), 187 (37). HRMS (EI): calcd. for
C19H30O [M]+ 274.2297; found 274.2290.

2α-(Hydroxymethyl)-A-nor-androstane (19): Tl(NO3)3·3H2O
(2.59 g, 5.85 mmol) was added to a solution of ketone 18 (647 mg,
2.34 mmol) in CH2Cl2 (40 mL). The resulting heterogeneous mix-
ture was vigorously stirred at 23 °C for 16 h. The solvent was evap-
orated, and the residue was suspended in MTBE (4 mL). Filtration
through SiO2 (5 cm, hexane/MTBE = 1:2, Rf = 0.70–0.35) yielded
a crude mixture of carboxylic acids 17 (761 mg) as a colorless solid.
1H NMR (CDCl3, 300 MHz): δ = 0.72 (s, 3 H), 0.73 (s, 3 H), 0.83–
0.97 (m, 3 H), 1.11–1.32 (m, 5 H), 1.38–1.52 (m, 5 H), 1.56–1.76
(m, 7 H), 1.91–2.02 (m, 2 H), 2.89–2.99 (m, 1 H) ppm; the signal
of the carboxylate proton was not observed. The material was re-
dissolved in abs. THF (20 mL), then LiAlH4 (994 mg, 26.2 mmol)
was added, and the resulting mixture was stirred under an inert gas
at 50 °C for 16 h. The mixture was diluted with a saturated aqueous
solution of NH4Cl (200 mL) and concentrated hydrochloric acid
(4 mL) and then extracted with CH2Cl2 (3�100 mL). The organic
extract was dried (MgSO4), the solvent was evaporated, and the
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residue was purified by chromatography (SiO2, hexane/MTBE, 1:2,
Rf = 0.44) to give 19 (441 mg, 1.48 mmol, 57%) as a colorless oil,
which slowly solidified upon storage at –5 °C. M.p. 69 °C. [α]D20 =
+11 (c = 3.0 g/L, CH2Cl2). 1H NMR (CDCl3, 500 MHz): δ = 0.67
(s, 3 H), 0.69 (s, 3 H), 0.71–0.93 (m, 5 H), 1.08–1.26 (m, 5 H), 1.34–
1.70 (m, 13 H), 2.20–2.25 (m, 1 H), 3.44–3.49 (m, 2 H) ppm.
13C{1H} NMR (CDCl3, 125 MHz): δ = 13.71 (CH3), 17.68 (CH3),
20.44 (CH2), 23.46 (CH2), 25.36 (CH2), 25.74 (CH2), 31.36 (CH2),
32.58 (CH2), 35.89 (CH), 37.92 (CH), 38.90 (CH2), 40.48 (CH2),
41.20 (C), 43.06 (CH2), 44.14 (C), 49.33 (CH), 54.32 (CH), 55.29
(CH), 68.23 (CH2) ppm. IR (ATR): ν̃ = 3299 (m), 2920 (vs), 2860
(s), 2847 (s), 1454 (m), 1378 (m), 1334 (w), 1170 (w), 1066 (m),
1041 (s), 1023 (m), 986 (m), 896 (w) cm–1. MS (EI, 70 eV): m/z (%)
= 276 (36) [M+], 261 (64), 258 (24), 243 (100), 233 (16), 218 (21),
203 (76), 189 (20), 176 (18), 175 (20), 165 (20), 161 (21), 149 (33),
147 (31), 135 (32), 133 (17), 121 (23), 119 (13), 109 (23), 108 (25),
107 (44), 105 (20), 95 (73), 93 (42), 91 (24), 81 (55), 79 (38), 67 (42).
HRMS (EI): calcd. for C19H32O [M]+ 276.2453; found 276.2450.

2α-(Chloromethyl)-A-nor-androstane (20): A mixture of alcohol 19
(335 mg, 1.21 mmol), pyridine (2.0 mL, 24 mmol), and methane-
sulfonyl chloride (0.9 mL, 12 mmol) was stirred at 90 °C for 1.5 h.
The mixture was diluted with hexane (20 mL), water (20 mL), and
concentrated hydrochloric acid (2 mL) and then extracted with
MTBE (3 �30 mL). The combined organic layers were dried
(MgSO4), filtered, and the solvents were evaporated. The residue
was purified by chromatography (SiO2, hexane, Rf = 0.41) to yield
20 (172 mg, 0.583 mmol, 48%) as a colorless oil. [α]D20 = +12 (c =
5.7 g/L, CH2Cl2). 1H NMR (CDCl3, 500 MHz): δ = 0.74 (s, 3 H,
C-18), 0.76 (s, 3 H, C-19), 0.83 (ddd, J = 12.3, J = 10.6, J = 4.3 Hz,
1 H), 0.88–0.99 (m, 3 H), 1.15–1.77 (m, 17 H), 1.81 (dd, J = 12.0,
J = 7.8 Hz, 1 H, 1β-H), 2.44–2.53 (m, 1 H, 2β-H), 3.50 (d, J =
6.9 Hz, 2 H, 2α-CH2Cl) ppm. 13C{1H} NMR (CDCl3, 125 MHz):
δ = 13.65 (CH3; C-19), 17.67 (CH3; C-18), 20.43 (CH2), 23.44
(CH2), 25.22 (CH2), 25.71 (CH2), 32.49 (CH2), 32.74 (CH2), 35.80
(CH; C-5), 38.06 (CH; C-2), 38.83 (CH2), 40.45 (CH2), 41.16 (C),
44.58 (C), 44.72 (CH2; C-1), 49.31 (CH), 51.02 (CH2; 2-CH2Cl),
54.25 (CH), 55.12 (CH) ppm. IR (ATR): ν̃ = 2922 (vs), 2858 (s),
2845 (s), 1451 (m), 1377 (m), 1297 (w), 1284 (w), 1254 (w), 722 (s)
cm–1. MS (EI, 70 eV): m/z (%) = 294 (2) [M+], 279 (25), 251 (19),
204 (18), 203 (23), 189 (16), 183 (23). HRMS (EI): calcd. for
C19H31Cl [M]+ 294.2114; found 294.2121.

2α-Methyl-A-nor-androstane (4): A solution of 20 (134 mg,
0.454 mmol), nBu3SnH (720 mg, 2.47 mmol), and AIBN (24 mg,
0.15 mmol) in C6H6 (10 mL) was degassed and heated to reflux
under N2 for 16 h. Subsequently, all volatile materials were re-
moved in vacuo, and the residue was purified by chromatography
(SiO2, hexane, Rf = 0.70–0.65) to yield a mixture of Bu3SnH, com-
pound 4 and Bu3SnSnBu3 (531 mg; 6:3:1 according to GLC). This
mixture was stirred with concentrated hydrochloric acid (5 mL) at
23 °C for 16 h. The mixture was extracted with hexane (3�25 mL),
the combined organic layers were dried (MgSO4), filtered, and the
solvents were evaporated. The residue was purified by chromatog-
raphy (SiO2, hexane, Rf = 0.68) to give 4 (98 mg, 0.376 mmol, 83%)
as a colorless oil. According to GLC integration, the material con-
tained about 2% Bu3SnSnBu3. [α]D20 = +3.3 (c = 2.0 g/L, CH2Cl2).
1H NMR (500 MHz, CDCl3): δ = 0.69 (s, 3 H), 0.70 (s, 3 H), 0.72–
0.80 (m, 1 H), 0.97 (d, J = 6.9 Hz, 3 H), 1.11–1.76 (m, 21 H), 2.08–
2.15 (m, 1 H) ppm. 13C{1H} NMR (CDCl3, 125 MHz): δ = 13.67
(CH3), 17.69 (CH3), 20.45 (CH2), 23.34 (CH3), 23.48 (CH2), 25.44
(CH2), 25.75 (CH2), 29.16 (CH), 32.72 (CH2), 35.88 (CH), 36.65
(CH2), 38.96 (CH2), 40.50 (CH2), 41.21 (C), 45.04 (C), 49.11 (CH),
49.14 (CH2), 54.37 (CH), 55.42 (CH) ppm. IR (ATR): ν̃ = 2946
(s), 2923 (vs), 2859 (s), 1452 (m), 1376 (m), 941 (w), 891 (w) cm–1.
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MS (EI, 70 eV): m/z (%) = 260 (25) [M+], 245 (100), 218 (17), 217
(32), 204 (60), 203 (90), 189 (79), 176 (22), 175 (34), 163 (27), 161
(33), 149 (90), 135 (69), 133 (24), 121 (44), 109 (54), 107 (62), 95
(99), 93 (56), 91 (33). HRMS (EI): calcd. for C19H32 [M]+ 260.2504;
found 260.2500.
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