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Cholesterol metabolism has been recently linked to cancer, highlighting the importance of the character-
ization of new metabolic pathways in the sterol series. One of these pathways is centered on cholesterol-
5,6-epoxides (5,6-ECs). 5,6-ECs can either generate dendrogenin A, a tumor suppressor present in healthy
mammalian tissues, or the carcinogenic cholestane-38,50,6B-triol (CT) and its putative metabolite
6-oxo-cholestan-3p,5a-diol (OCDO) in tumor cells. We are currently investigating the identification of
the enzyme involved in OCDO biosynthesis, which would be highly facilitated by the use of commercially
unavailable ['“C]-cholestane-3p,50,6p-triol and [!4C]-6-oxo-cholestan-3p,50-diol. In the present study
we report the one-step synthesis of ['“C]-cholestane-38,5a,6p-triol and ['“C]-6-0xo-cholestan-3,50-diol

by oxidation of [*4C]-cholesterol with iodide metaperiodate (HIO,).

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Sterols are unique lipids comprised of a rigid tetracyclic core
linked to a flexible hydrocarbon side chain and are facile templates
for oxygenation to oxysterols, through both enzymatic and non-
enzymatic routes. Oxysterols, like steroid hormones, have specific
physiological properties and deregulation of their metabolism is
associated with several pathologies including cancer [1-6]. Some
oxysterol metabolic pathways represent novel targets for the
development of anticancer agents [2,5,7]. Working on cholesterol
(1) metabolism and cancer, our team has recently established
the molecular identification of the cholesterol-5,6-epoxide
hydrolase (ChEH) [8]. ChEH hydrolyzes 5,6a-epoxy-cholesterol
(5,60-EC (2a)) and 5,6B-epoxy-cholesterol (5,6B-EC (2b)) into
cholestane-38,50,6B-triol (CT (3)) [9]. We found that 5,6a0-EC was
enzymatically metabolized into dendrogenin A (5c-hydroxy-68-
[2-(1H-imidazol-4-yl)-ethylamino]-cholestan-3B-ol) in the pres-
ence of histamine [4], and dendrogenin A was found to be
produced by several mammalian tissues, to display tumor suppres-
sor properties [4,10] and to stimulate neural stem cell differentia-
tion [11]. We showed that important drugs with anticancer and
chemopreventive properties like the antiestrogen tamoxifen and
natural products such as docosahexaenoic acid inhibit ChEH which
led to the accumulation of 5,6-ECs in tumor cells [4,8,9,12-15]. We
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subsequently reported that the accumulation of 5,6-ECs was
responsible for the re-differentiation of cancer cells and the cyto-
toxic properties of ChEH inhibitors [12,13,15]. On the other hand,
these drugs inhibit the production of CT (3) and its product of oxi-
dation, 6-oxo-cholestan-3B,5a-diol (OCDO) (4) (Fig. 1). 3 was re-
ported to be genotoxic [16], while 4 was reported to display
tumor promoting properties [17], to inhibit natural killer cell med-
iated cytotoxicity [18], to inhibit the formation of E-rosette [19]
and the cytotoxic activity of T lymphocytes [20]. It is thus impor-
tant to study the metabolism of compounds 3 and 4 and to deter-
mine whether they are produced through an enzymatic process.
This prompted us to develop a simple method for the synthesis
of 3 and 4 in their unlabeled and '#C-labeled forms to study and
identify the enzyme that catalyzed the transformation of 3 into 4.

2. Materials and methods

5,60-EC, 5,6B-EC were synthesized as reported before [8,10]. CT
and OCDO were synthesized as reported in the present study.
['“C]-cholesterol was supplied by Perkin-Elmer and all other
reagents were purchased from Sigma-Aldrich (St. Louis, MO). All
commercially available chemicals were used without further
purification. The progress of the reactions was monitored by TLC
using silica gel aluminum sheets and detection with 50% methano-
lic H,SO4. Atmospheric pressure column chromatography was
performed on Merck-grade 7734 70-230 mesh silica and re-
versed-phase HPLC on a Perkin-Elmer LC200 series with Ultrasep
ES 100 RP 18, 6.0 um; Bischoff, Leonberg, Germany. Melting points
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Fig. 1. Oxidation of cholesterol by H,0; can give 5,6-EC (2a and 2b) in mammalian cells. 2a and 2b are subsequently metabolized into CT (3) by ChEH. 3 is oxidized into OCDO

(4) by a yet unknown enzyme.

were determined with a Kofler apparatus and are uncorrected. 'H
and '>C NMR spectra were recorded on a Bruker spectrometer
AC300. Solutions were prepared in deuterated methanol (CD;0D),
with tetramethylsilane (TMS) as internal standard. EI-MS and
CI-MS spectra were obtained with a quadrupolar NERMAG
R10-10 spectrometer. Infrared (IR) spectra were recorded on a
Perkin-Elmer IR-881 spectrometer. Optical rotations were
measured with a PerkinElmer 241 polarimeter. Elemental analyses
were carried out at the Institut des Sciences Analytiques, Villeurb-
anne (France) with the MA-E2-01 method for carbon and hydro-
gen composition and the MA-E2-13 for oxygen.

2.1. General procedure for the oxidation of cholesterol and oxysterols

Pure THF (15mlL) in aqueous iodide metaperiodate (5.5 mL,
10 mmol, 488 mM, 10 equivalents) was added with stirring to a
solution of 1, 2a, 2b or 3 (1 mmol, 48.8 mM). The mixture was stir-
red at room temperature and turned yellow, orange and brown in a
day. The completion of the reaction was shown by TLC. The mix-
ture was washed with excess 10% aqueous sodium thiosulfate
and a white precipitate appeared in a colorless solution. The result-
ing mixture was extracted with ethyl acetate (40 mL). The extract
was washed with water, 5% aqueous sodium bicarbonate and
brine. The organic layer was then dried over MgSO,4, and the
solvent removed under reduced pressure. The crude product was
purified by column chromatography (0-100% hexane in diethyl-
ether and 0-100% diethylether in ethyl acetate) to obtain the
product of interest as a white solid.

2.2. Synthesis of 3p-cholestane-5a,6p-triol (3) from cholesterol (1)

The reaction was completed in 26 h with an 85% yield. Rf
[EtOAc] = 0.26; mp 240°C  (lit. 239-241 °C [22])
[]2 =+2.4°dm ' g~ mL (EtOH) [ref. [o)3’ =+2.4°dm g ' mL];
IR (cm™'): 3500-3100, 2939, 2867, 1467, 1375 and 1063; 1H
NMR (CD30D) 1: 4.03 (m, 1H, H-3),3.47 (t, 1H, H-6), 1.17 (s, 3H,
CH3-19), 0.95 (d, 3H, CH3-21), 0.90 (d-d, 6H, CH3-26 & CH3-27),
0.73 (s, 3H, CH3-18); 13C NMR (CD;0D) 212.08, 80.87, 67.30,
56.37, 56.12, 44.56, 43.12, 42.44, 41.79, 39.59, 39.47, 37.29,
36.46, 36.10, 35.72, 30.38, 29.77, 28.06, 28.00, 23.92, 23.84,
22.81, 22.55, 21.44, 18.63, 14.08, 12.02; (MS (DCI/NHs) m/z: 420
(MH"), 438 MNHj; Anal. Calcd for C7H4503: C, 77.09; H, 11.50;
0, 11.41; Found: C, 77.22; H, 11.77; 0O, 11.00.

2.3. Synthesis of 6-oxo-cholestan-3p,5x-diol (4) from cholesterol (1)

The reaction was completed in 24 days with a 30% yield.
Rf [EtOAc]=0.67; mp 232°C (lit. 231-232°C [23]);

[0’ =—35°dm™~" g~' mL (EtOH) [ref. [0)3’ = —35°dm~' g~ mL];
IR (cm~'):3500-3100, 2951, 2867, 1701, 1466, and 1375; 1H
NMR (CD30D) 1: 3.92 (m, 1H, H-3), 0.96 (d, 3H, CH3-21), 0.90 (d-
d, 6H, CHs3-26 & CH3-27), 0.8 (s, 3H, CHs3-19), 0.71 (s, 3H, CHs-
18); NMR &C (75 MHz, DMSO-d6) 73.94, 65.77, 62.93, 56.16,
56.10, 55.90, 52.03, 50.43, 44.62, 42.94, 40.09, 38.01, 36.13,
35.73, 32.57, 31.24, 29.67, 28.32, 27.89, 27.33, 23.92, 23.73,
23.16, 22.89, 21.11, 19.92, 18.90, 16.34, 12.62; MS (DCI/NH3) m/z:
418 (MH"), 436 MNH,; Anal. Calcd for Cp7H4603: C, 77.46; H,
11.07; O, 11.46; Found: C, 77.24; H, 10.90; O, 11.86.

2.4. Synthesis of ['*C]-3p-cholestane-5a,6p-triol (5) and ['*C]-6-oxo-
cholestan-3p,5x-diol (6) from [**C]-cholesterol

5 and 6 were synthesized as described above. Briefly, ['*C]-cho-
lesterol (20 pci, 0.4 pmol) was dissolved in THF (150 pL), and a
solution of aqueous iodide metaperiodate was added (55 pL,
4 pmol). The mixture was stirred at room temperature for 26 h
for the production 5 (conditions A) and 24 days to produce 6
(conditions B). At the end of the reaction, the mixture was washed
with excess10% aqueous sodium thiosulfate and extracted with
ethyl acetate. The extract was washed with water, 5% aqueous
sodium bicarbonate and water. The solvent was removed under
reduced pressure. Under conditions A, 5 (18 nuCi) was obtained
with a radiochemical purity >95%. Under conditions B, the extract
was purified isocratically by reversed-phase HPLC (Ultrasep ES 100
RP 18, 6.0 um; Bischoff, Leonberg, Germany) with MeOH/H,0
(95:5) as eluant at a flow rate of 0.7 ml/min. We obtained 6
(7 pnCi), with a >98% radiochemical purity.

2.5. Metabolism of [C]-3-cholestane-50,6p-triol (5) by
MCF-7 cells

MCE-7 cells were from the American Type Culture Collection
(ATCC) and cultured until passage 30. MCF-7 were grown in RPMI
1640 medium supplemented with 5% fetal bovine serum (FBS),
penicillin and streptomycin (50 U/ml) in a humidified atmosphere
with 5% CO, at 37 °C. MCF-7 cells were seeded in 100 mm plates at
1 x 105, then incubated with ['*C]-5 (final concentration 0.6 pM;
20 puCi/umol) in the presence of solvent vehicle (EtOH 0.1%) for
8 h. The cells were scraped and pelleted by centrifugation for
10 min at 1500 rpm, and then extracted as described above. Sam-
ples were spotted onto Fluka 20 x 20 silica gel plates previously
heated for 1 h at 100 °C and developed using EtOAc. The radioac-
tive metabolites were identified on TLC plates by co-migration
with authentic standards by autoradiography using Kodak Biomax
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MS film (Sigma-Aldrich). The Rf for CT (3 and 5) and OCDO (4 and
6) were 0.26 and 0.67 respectively.

3. Results and discussion

In the search for a simple and direct method to produce 3
and 4, we chose to study the oxidation of cholesterol by HIO4
(Table 1). 1 is oxidized into 3 at room temperature using 3
equivalents of HIO4, while no 4 was found even after up to
20 days incubation, consistent with the Graber et al’s report
[21]. They found that the reaction could occur only for 3B-acet-
yl-cholesterol which adds waste generation acetylation/deacety-
lation steps that should be avoided in the context of '*C-
labelled compounds. Increasing the HIO, concentration to 10
equivalents improved the yield to 85% at 1day and gave 4 at
32% yield after 20 days. The monitoring of the progress of the
reaction by TLC showed the appearance of 5,6-ECs which are
consumed during the reaction. Under the same conditions, 10
equivalents of HIO4 in the presence of 2a and 2b gave both 3
at an 88% yield at 1day and 4 at a 27% yield at day 20. Finally
the oxidation of 3 by 10 equivalents of HIO, gave 4 at a 45%
yield. Increasing the temperature decreased the yield of the reac-
tion, changing the concentration of HIO, does not improve the
yield of the reaction, replacing HIO4 by HCIO4 gave no reaction,
establishing a specific action of HIO,4 as a catalyst to the produc-
tion of 3 an 4 from 1 (Table 1). These data established that the
synthesis of 3 and 4 is possible from 1 in one step with a good
yield.

Based on these data, we have done the same experiments with
['“C]-cholesterol using 10 equivalents of HIO,. 1 day of incubation
of [1*C]-cholesterol with HIO, gave [4C]-CT (5) with a 80% yield
with a radio-purity greater than 98% after HPLC purification. The
iodide metaperiodate oxidation of ['*C]-cholesterol for 20 days
gave ['*C]-OCDO (6) at a 30% yield with a radio-purity greater than
98% after HPLC purification. These data established that we suc-
ceeded in the synthesis of 5 and 6 in one step with a good yield.

As anillustration of the use of 5 and 6, in Fig. 2 we show that the
incubation of breast cancer cells with 5 gave a transformation
product that co-migrated with 6 on TLC. This established that the
metabolism of 5 and 6 can be carried out with a small number of
cells using these labelled compounds. The use of 5 and 6 has
enabled us to identify the enzymes involved in the biosynthesis
of 6 from 5 and in the biosynthesis of 5 from 6 (Voisin et al., man-

14C-0CDO (6) — #

Fig. 2. Metabolism of 5 in MCF-7 cells. (A) Synthetic compound 5, (B) synthetic
compound 6, (C) extract of cells incubated in the presence of compound 5 gave
compound 6. 100,000 MCF-7 cells were incubated for 8 h in the presence of
compound 5. Cells were washed and lipids were extracted as described in Section 2.
Sterols were separated by thin layer chromatography (TLC) and the TLC was
revealed by autoradiography.

uscript in preparation). The same synthesis was used successfully
to get deuterated CT and OCDO from deuterated cholesterol (data
not shown).

In a previous study Graber et al. reported that 3B-acetylated-3
did not afford 3p-acetylated-4 using 3 equivalents of HIO4 [21].
Our data show that using 10 equivalents of HIO,, free cholesterol
(non acetylated) can give both 3 and 4 in good yields through
the intermediate of 2, establishing that a one step synthesis of 5
was possible. We found that compounds 1, 2a, 2b and 3 react with
HIO, to give 4 with the same yield. The fact that 3 can give 4 estab-
lished that 3 is the probable intermediate after compounds 2a and
2b in the oxidation of 1 into 4 following a route of chemical
transformation as shown in Fig. 3.

The iodide metaperiodate oxidation of ['“C]-cholesterol is a
simple and direct way to obtain 5 and 6 in good yield.

In conclusion, a one step synthesis of cholestane-38,50,6f-triol
2 and 6-oxo-cholestan-3B,5d-diol 3 from cholesterol is presented
and constitutes an easy synthesis of ['*C]-cholestane-3p,5a,
6p-triol (5) and ['“C]-6-oxo-cholestan-3p,50-diol (6) from ['*C]-
cholesterol.

Table 1
Synthesis of CT (3) and OCDO (4) from cholesterol (1), 5,6a-EC (2a), 5,6B-EC (2b) and CT (3) in various conditions. r.t.: room temperature.

Sterol Catalist Equivalent Temperature Product Incubation time (day) Yield %

1 HIO, 3 r.t. 3 1 12

4 20 0

Reflux 3 1 0

4 1 0

10 r.t. 3 1 85

4 20 32

Reflux 3 1 0

4 1 0

20 r.t. 3 1 6

2a 10 r.t. 3 1 88

4 20 27

2b 10 r.t. 3 1 88

4 20 27

3 10 r.t 4 20 45

4 20 0

1 HClO,4 3 r.t. 3 1 1

4 20 0

Reflux 3 1 1

4 1 0

10 r.t. 3 1 0

4 20 0
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Fig. 3. Chemical synthesis of 3 and 4 by HIO,4 from 1.

Acknowledgments

MP and SSP are supported by internal grants from the “Institut
National de la Santé et de la Recherche Medicale”, the University of
Toulouse III and an external grant from the “Fondation de France”.
SSP is in charge of research at the Centre National de la Recherche
Scientifique. MV is funded by the “Ministere de la Recherche”.

References

[1] L. Raccosta, R. Fontana, D. Maggioni, C. Lanterna, E.J. Villablanca, A. Paniccia,
et al., The oxysterol-CXCR2 axis plays a key role in the recruitment of tumor-
promoting neutrophils, J. Exp. Med. 210 (2013) 1711-1728.

[2] M. Poirot, S. Silvente-Poirot, Oxysterols and related sterols: implications in
pharmacology and pathophysiology, Biochem. Pharmacol. 86 (2013) 1-2.

[3] E.R. Nelson, S.E. Wardell, ].S. Jasper, S. Park, S. Suchindran, M.K. Howe, et al., 27-
Hydroxycholesterol links hypercholesterolemia and breast cancer
pathophysiology, Science 342 (2013) 1094-1098.

[4] P. de Medina, M.R. Paillasse, G. Segala, M. Voisin, L. Mhamdi, F. Dalenc, et al.,
Dendrogenin A arises from cholesterol and histamine metabolism and shows
cell differentiation and anti-tumour properties, Nat. Commun. 4 (2013) 1840.

[5] S. Silvente-Poirot, M. Poirot, Cholesterol metabolism and cancer: the good, the
bad and the ugly, Curr. Opin. Pharmacol. 12 (2012) 673-676.

[6] A. Sukhanova, A. Gorin, .G. Serebriiskii, L. Gabitova, H. Zheng, D. Restifo, et al.,
Targeting C4-demethylating genes in the cholesterol pathway sensitizes
cancer cells to EGF receptor inhibitors via increased EGF receptor
degradation, Cancer Discov. 3 (2013) 96-111.

[7] L. Gabitova, A. Gorin, 1. Astsaturov, Molecular pathways: sterols and receptor
signaling in cancer, Clin. Cancer Res. 20 (2014) 28-34.

[8] P. de Medina, M.R. Paillasse, G. Segala, M. Poirot, S. Silvente-Poirot,
Identification and pharmacological characterization of cholesterol-5,6-
epoxide hydrolase as a target for tamoxifen and AEBS ligands, Proc. Natl.
Acad. Sci. USA 107 (2010) 13520-13525.

[9] S. Silvente-Poirot, M. Poirot, Cholesterol epoxide hydrolase and cancer, Curr.
Opin. Pharmacol. 12 (2012) 696-703.

[10] P. de Medina, M.R. Paillasse, B. Payre, S. Silvente-Poirot, M. Poirot, Synthesis of
new alkylaminooxysterols with potent cell differentiating activities:

identification of leads for the treatment of cancer and neurodegenerative
diseases, ]. Med. Chem. 52 (2009) 7765-7777.

[11] S.A. Khalifa, P. de Medina, A. Erlandsson, H. Elseedi, S. Silvente-Poirot, M.
Poirot, The novel steroidal alkaloids dendrogenin A and B promote
proliferation of adult neural stem cells, Biochem. Biophys. Res. Commun.
446 (2014) 680-685, http://dx.doi.org/10.1016/j.bbrc.2013.12.134.

[12] B. Sola, M. Poirot, P. de Medina, S. Bustany, V. Marsaud, S. Sivente-Poirot, et al.,
Antiestrogen-binding site ligands induce autophagy in myeloma cells that
proceeds through alteration of cholesterol metabolism, Oncotarget 4 (2013)
911-922.

[13] G. Segala, P. de Medina, L. [uliano, C. Zerbinati, M.R. Paillasse, E. Noguer, et al.,
5,6-Epoxy-cholesterols contribute to the anticancer pharmacology of
tamoxifen in breast cancer cells, Biochem. Pharmacol. 86 (2013) 175-189.

[14] J. de Weille, C. Fabre, N. Bakalara, Oxysterols in cancer cell proliferation and
death, Biochem. Pharmacol. 86 (2013) 154-160.

[15] M. Poirot, S. Silvente-Poirot, R.R. Weichselbaum, Cholesterol metabolism and
resistance to tamoxifen, Curr. Opin. Pharmacol. 12 (2012) 683-689.

[16] Y.W. Cheng, ]J. Kang, Y.L. Shih, Y.L. Lo, C.F. Wang, Cholesterol-3-beta, 5-alpha,
6-beta-triol induced genotoxicity through reactive oxygen species formation,
Food Chem. Toxicol. 43 (2005) 617-622.

[17] P. de Medina, M. Paillasse, M. Poirot, S. Silvente-Poirot. Methods for
determining the oncogenic condition of cell, uses thereof, and methods for
treating cancer. US Patent 2012; US2012100124.

[18] O. Kucuk, J. Stoner-Picking, S. Yachnin, L.I. Gordon, R.M. Williams, L. Lis, et al.,
Inhibition of NK cell-mediated cytotoxicity by oxysterols, Cell Immunol. 139
(1992) 541-549.

[19] R.A. Streuli, ]. Chung, A.M. Scanu, S. Yachnin, Inhibition of human lymphocyte
E-rosette formation by oxygenated sterols, J. Inmunol. 123 (1979) 2897-2902.

[20] O. Kucuk, J. Stoner-Picking, S. Yachnin, L.I. Gordon, R.M. Williams, L. Lis, et al.,
Inhibition of cytolytic T lymphocyte activity by oxysterols, Lipids 29 (1994)
657-660.

[21] R.P. Graber, J.C.S. Snoddy, H.B. Arnold, N.L. Wendler, Notes - the oxidation of
cholesterol by periodic acid, J. Org. Chem. 21 (1956) 1517-1518.

[22] K. Zhao, Y. Wang, L. Han, 4,5-Epoxycholestane-3,6-diols: templates for
generating the full set of eight cholestane-3,56-triol stereoisomers in
multigram scales, but not for a cholestane-3,4,6-triol, Steroids 72 (2007) 95-
104.

[23] LF. Fieser, S. Rajagopalan, Selective oxidation with N-Bromosuccinimide. II.
Cholestane-3beta,5alpha,6beta-triol, J. Am. Chem. Soc. 71 (1949) 3938-3941.


http://refhub.elsevier.com/S0006-291X(14)00173-9/h0005
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0005
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0005
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0010
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0010
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0015
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0015
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0015
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0020
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0020
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0020
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0025
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0025
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0030
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0030
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0030
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0030
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0035
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0035
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0040
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0040
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0040
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0040
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0045
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0045
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0050
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0050
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0050
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0050
http://dx.doi.org/10.1016/j.bbrc.2013.12.134
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0060
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0060
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0060
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0060
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0065
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0065
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0065
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0070
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0070
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0075
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0075
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0080
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0080
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0080
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0090
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0090
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0090
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0095
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0095
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0100
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0100
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0100
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0105
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0105
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0110
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0110
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0110
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0110
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0115
http://refhub.elsevier.com/S0006-291X(14)00173-9/h0115

	One step synthesis of 6-oxo-cholestan-3β,5α-diol
	1 Introduction
	2 Materials and methods
	2.1 General procedure for the oxidation of cholesterol and oxysterols with HIO4
	2.2 Synthesis of 3β-cholestane-5α,6β-triol (3) f
	2.3 Synthesis of 6-oxo-cholestan-3β,5α-diol (4) 
	2.4 Synthesis of [14C]-3β-cholestane-5α,6β-triol
	2.5 Metabolism of [14C]-3β-cholestane-5α,6β-trio

	3 Results and discussion
	Acknowledgments
	References


