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Abstract

An efficient alternative route to the synthesis of the steroidal 3-hydroxy-6-oxo moiety starting
from diosgenin and cholesterol is described. The sequential tosylation, oxidative hydroboration,
and selective reduction steps provided the target 33-hydroxy-6-oxo moiety, yielding laxogenin 1
in 82% and 3B-hydroxycholestan-6-one 8 in 83% overall yield. The cleavage of the S-O bond of
3B-tosylate-6-oxo intermediates was succeeded by means of sodium naphthalenide at -80 °C;
when the reduction was explored at room temperature the cleavage of the C-O bond was favored
and the corresponding i-steroids were observed. Glucolaxogenin 15 was synthesized in 68%
from 1, and its antiproliferative activity was evaluated in cervical cancer cells HeLa, CaSki and
ViBo. The effect on peripheral blood lymphocytes was assessed founding that the cell growth
was unaffected showing therefore high selectivity.

Keywords: 3B-Hydroxy-6-oxo moiety, sodium naphthalenide, cervical cancer cells,
glucolaxogenin, lymphocytes

Introduction

The 3B-hydroxy-6-oxo moiety has been found in several naturally occurring steroids such as
laxogenin 1 and several brassinosteroids (growth phytohormones) i.e. teasterone 2, cathasterone
3 and 6-oxocampestanol (4, Figure 1).' In the general brassinosteroid biosynthetic pathway, the
3B-hydroxy-6-oxo moiety is early introduced in 6-oxocampestanol 4,” inducing enzymes to
hydroxylate the campestanic side chain to afford teasterone 2, one of the most distributed
brassinosteroids in plant kingdom.’ Laxogenin is a naturally occurring compound which was
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isolated by Okanishi et al. and by Son et al. from Smilax sieboldi (a climbing shrub of the
Liliaceae family native to Japan, Korea, and China), and later by Okuyama et al. from Allium
chinense G. Don (Liliaceae family as well)." Laxogenin became important due to its growth
promoting activity in plants,”® as an analogue of brassinosteroids, and recently because of its
cytotoxic activity.’® Several pathways for the synthesis of laxogenin have been reported, in
moderate to good yields. Iglesias-Arteaga et al. reported the synthesis of 1 by means of a
selective oxidation of 6B-hydroxytigogenin (B-chlorogenin);*® Yu et al. reported a protocol based
on the hydroboration of benzylated diosgenin’ and more recently, our group reported a route
supported on the transformation of the 5pB,6B-epoxide of the diosgenin acetate.® Since some
brassinosteroids have recently shown antiproliferative activity;’ herein we report an alternative
route for the synthesis of laxogenin glucoside and the determination of its antiproliferative
activity.

HO HO HO
H H H H
0 0 0 0

Laxogenin (1) Teasterone (2) Cathasterone (3) 6-Oxocampestanol (4)

Figure 1. Examples of naturally occurring steroids bearing the 3B-hydroxy-6-oxo-moiety.

Results and Discussion

In order to insert an electron-withdrawing protecting group at C-3 (instead of electron-donating
substituents such as ethers), cholesterol 5 was transformed into cholesteryl tosylate 5a.'° In our
experience using tosylates in the hydroboration-oxidation reaction, better yields have been
obtained. The 6-oxo functionality was inserted following the Brown’s oxidative hydroboration
procedure:''*™ the double bond of 5a was treated by diborane (prepared in situ by means of
NaBH,4 and BF3-OEt,), and the corresponding steroidal boranes were oxidized with 35% H,0O; in
the presence of methanolic KOH. Subsequent PDC oxidation of the introduced hydroxyl groups
at C-6 provided the ketone 6 in good yield. All these steps have been commonly followed by
other authors and in our case, they were achieved successfully.

To recover the hydroxyl group at C-3, we envisaged the reductive cleavage of tosylates by
means of sodium naphthalenide. The radical anion sodium naphthalenide (SN) is a one electron
donor, easy to prepare.'” The SN promotes reactions as the reductive cyclization of steroidal
acetylenic ketones," coupling of ketones'* and thiocarbonyl functionalities;'> converts vicinal
cyanohydrins and geminal dihalides into olefins,'® and removes p-toluensulfonamide, mesylate
and tosylate protecting groups among others.'” The reaction conditions in the reductive cleavage
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of tosylates by means of SN have been widely studied as aforementioned, finding that vicinal
groups have influence in the reaction pathway. In this report we determined the reaction
conditions for the reduction of steroidal tosylates located at C-3, bearing at C-6 a carbonyl
function.

The reductive cleavage of a great variety of simple tosylates using SN has been previously
reported at room temperature as described by Closson.'”® However, under similar conditions, the
reduction of 6 with SN afforded the 3a,5-cyclo-5a-steroid 7 instead of the desired 3B-hydroxy-6-
oxo-5a-steroid 8 (Scheme 1). The synthesis of the A-cyclosteroid 7 starting from 6 has been
previously reported by means of KOH/MeOH, under reflux, in 85% yield.'® The SN treatment of
6 directed to 7 instantaneously, at room temperature in a better yield (95%). When the SN
treatment was carried out at 0 °C compound 8 was disclosed, and a practically quantitative yield
of 8 was obtained working at -80 °C. In this manner, compound 8 was obtained in 83% overall
yield from 5; the 5o stereochemistry was confirmed by 'H-NMR.

TsO

Scheme 1. Reagents and conditions: a: p-TsCl, pyridine, CH,Cl,, 0 °C, quantitative. b: NaBHy,
BF3 OEt,, THF, rt; then 2% KOH/MeOH, 35% H,O,, rt; then PDC, CH,Cl,, rt, 90%. ¢: SN,
THEF, rt, 95%. d: same reagents as ¢ but at -80 °C, 92%. e: AcOH/H,SO4 aq, 72%.

The same sequence of reactions was applied to diosgenin 9 to yield the corresponding

laxogenin 1 in 82% overall yield (Scheme 2). It is important to note that the labile spiroketal side
chain of diosgenin resulted unchanged either under borane or SN reductive reaction conditions.
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Scheme 2. Reagents and conditions: a: p-TsCl, pyridine, CH,Cl,, 0 °C, quantitative. b: NaBH,,
BF5OEt,, THF, rt; then 2% KOH/MeOH, 35% H,0,, rt; then PDC, CH,Cl,, rt, 92%. ¢: SN,
THEF, rt, 91%. d: same reagents as ¢ but at -80 °C, 89%. e: AcOH/H,SO4 aq, 60%.

On the other hand, 3a,5-cyclo-5a-steroids such as 7 and 11, were transformed into the 3f3-
hydroxy-6-oxosteroids (8 and 1 respectively) by acidic hydrolysis as reported.'*"*

A plausible reaction mechanism is proposed (Scheme 3) to explain the results under the
action of SN: in Path A, one electron from SN promotes the formation of the radical anion i that
losses a sulfinate moiety through the homolytic cleavage of the S-O bond. One more electron
from SN transforms the steroidal radical ii, into the alkoxide iii which traps a proton during the
quenching to yield the 3B-hydroxy-6-oxo moiety (compounds 8 and 1). In Path B the electron
from SN is trapped by the carbonyl group obtaining the radical anion iv which through the
elimination of the hydrogen atom at C-5 generates the enolate v; the latter undergoes the

elimination of a tosylate group (C-O bond cleavage)'’ affording the A-cyclosteroid 7 or 11.

e A e )

Path
at 3B-hydroxy-6- oxo steroid 8 or 1

SN -80°C
@ Path B
ToI 0 a tosylate
eor1o° SN rt
ToI ° ToI

A- cycloster0|d 7or11

Scheme 3. Plausible mechanisms for SN reduction of steroidal 6-oxotosylates.

Laxogenin 1 showed to be poorly soluble in EtOH, EtOAc or DMSO; therefore, in order to
evaluate 1 in cell cultures, to determine its antiproliferative effect we proceeded to obtain its
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glycosylated derivative. The glucolaxogenin was prepared under the standard glycosylation
procedure (Scheme 4). The glucosyl donor was prepared from commercially available glucose
12, which was firstly peracetylated and then selectively deprotected at the anomeric center by
means of hydrazine acetate. Finally, the formation of the corresponding 2,3,4,6-tetra-O-acetyl-D-
glucopyranosyl trichloroacetimidate 13 was performed by the treatment with
trichloroacetonitrile. The glucosyl donor was obtained in 86% overall yield. Glycosylation of the
3B-OH group of 1 with trichloroacetimidate 13, promoted by TMSOTHT, provided the desired [-
glycoside 14 in 68% isolated yield. The presence of the 2-O-acetyl group on donor 13 ensured
the exclusive formation of the B-anomer. Final removal of the acetyl groups on the sugar residue
of 14 with NaOMe in MeOH furnished glucolaxogenin 15.

AcO

Scheme 4. Reagents and conditions: a: Ac,0, I, rt, quantitative. b: Hydrazine acetate, DMF, rt,
88%. ¢: CCI;CN, DBU, CH,Cly, 1t, 90%. d: TMSOTT, CH,Cl,, -20 °C, 68%. e: NaOMe, MeOH,
rt, quantitative.

The inhibitory effect of compound 15 (Table 1, Figure 2) on the proliferation of cervical
cancer cells HelLa, CaSki and ViBo was determined. Cells were cultured in 96 well-plates and
treated with 15. Antiproliferative activity (ICsp) was determined after 24 hours by staining with
crystal violet dye. It is well known that some compounds used in chemotherapy such as cisplatin
present antiproliferative activity and apoptosis in cervical cancer cells like HeLLa and Caski in a
nM range (around 40).%
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Table 1. In vitro antiproliferative activity (ICsp, mM) of glucolaxogenin.

Cell lines Glucolaxogenin (15)
HeLla 0.094
CaSki 0.120
ViBo 0.169
Gucolaxogenin (15) vs Cervical cancer cells
120
100 -
&
= 80 -
£ m Control
S 60
= = DMSO
T 40 - _— .
g Laxogenin
20 - —
O .
Cai Hela ViBo

Figure 2. Experimental data is presented as the mean = S.D. of three independent experiments
with six repetitions. *p<0.05 vs 0 pg/mL (“Student’s” t- test).

However, major compounds used currently in chemotherapy present problems for selective
activity towards malignant cells and produce undesirable secondary effects, and therefore
immune system is usually affected. For this reason, glucolaxogenin effect on the proliferation of
enriched lymphocyte population (ELP) was assessed. ELPs from normal blood donor were
labeled with 5(6)-carboxyfluorescein diacetate N-succinimidyl ester (CFSE), stimulated with
phytohemagglutinin (PHA), or treated with glucolaxogenin 15, and cultured for 72 hours. Cells
were harvested and analyzed by flow cytometry; data were processed through CellQuest
software. The effect of 15 on proliferative potential of ELPs is shown in Figure 3, expressing that
in normal conditions, proliferating cells were 49.26% (Figure 3-B). When lymphocytes were
treated with the higher concentration of 15 (0.169 mM for ViBo), proliferating cells were
55.78% (Figure 3-F). At lower concentrations (0.094 mM for HeLa and 0.120 mM for CaSki)
cells were surprisingly induced to proliferate, reaching 85.17 and 66.96% (Figures 3-D and 3-E
respectively).
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Figure 3. M1 is the proliferating cells region, and M2 is the non proliferating cells region. A)
ELPs untreated, B) ELPs in the presence of PHA stimulation, C) ELPs treated with 10 uL of
DMSO, D) ELPs treated with 0.094 mM of 15, E) ELPs treated with 0.120 mM of 15, F) ELPs
treated with 0.169 mM of 15

Conclusions

The 3B-hydroxy-6-oxo steroidal moiety was obtained starting from diosgenin and cholesterol,
using a three-step procedure in high overall yield. The reported conditions for the oxidative-
hydroboration and the subsequent oxidation of the resulting alcohols were optimized and the
reduction of tosylates was afforded by sodium naphthalenide. We achieved the selective fission
of either the S-O or C-O bond in dependence of the temperature. A likely reaction mechanism to
explain the generation of all products is proposed. When this procedure was applied to diosgenin
9, the naturally occurring laxogenin 1 was obtained in 82% overall yield. Glucolaxogenin 15 was
synthesized in order to evaluate its antiproliferative activity in cervical cancer cell lines HelLa,
CaSki and ViBo and in non tumoral cells (lymphocytes). Remarkably, while 15 affected the
proliferation of these cell cultures, normal cells were induced to proliferate at the same
concentrations. This selective action gives to glucolaxogenin a high potential for therapeutic use.
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Experimental Section

General. Melting points were obtained on a Melt-temp apparatus and were not corrected. 'H and
BC NMR spectra were recorded at 400 and 100 MHz respectively on a Varian Mercury
spectrometer. The spectra were registered in CDCl; and referenced to TMS. The chemical shift
values are reported as ppm units and coupling constants are expressed in Hertz (Hz). All
assignments were confirmed with the aid of two dimensional experiments (COSY, HSQC and
HMBC). HRMS data were taken on a JEOL The MStation spectrometer. Optical rotations were
measured in a Perkin Elmer 241 polarimeter.

Antiproliferative activity

Three different cervical cancer cell lines were used: HeLa, CaSki and ViBo. Cells were obtained
from American Type Culture Collection (ATCC Rockville, MD). The cervical cancer cell lines
were cultured in RPMI-1640 medium containing 5% NCS (Newborn Calf Serum). Assays were
performed by seeding 7500 cells in 96-well tissue culture plates in a volume of 100 uL of RPMI-
1640 medium supplemented with 5% NCS per well. The antiproliferative effect was evaluated
24 hours after the addition of compound 15 by crystal violet staining.

CSFE labeling assay

Heparinized blood samples were obtained from healthy human volunteers. Peripheral blood
mononuclear cells (PBMCs) were isolated using standard Hypaque (Sigma-aldrich USA) density
gradient centrifugation. PBMCs were washed twice with RPMI 1640 (GIBCO USA) medium
containing 10% fetal bovine serum (FBS; from GIBCO, USA), penicillin (100 U/mL) and
streptomycin (100 U/mL). The lymphocyte population was further enriched (ELP) by the
elimination of the adherent cells (cells were incubated at 37 °C, 5% CO, for 1 hour, and no
adherent cells were harvested). ELPs were re-suspended into RPMI-1640 medium at a
concentration of 1x10° cells/mL. CFSE (from Sigma-Aldrich, USA) was added to the cell
suspension at the final concentration of 12 uM and incubated for 15 min at room temperature in
the darkness. Labeling was completed by adding the same volume of FBS to quench the free
CFSE during 5 min at room temperature. Labeled cells were washed 5 times with sterile
phosphate buffer solution (PBS) containing 10% FBS, counted and re-suspended into RPMI-
1640 medium at 1x10° cells/mL. Unstimulated, PHA-stimulated or treated cells were plated at
2x10° cells/well in 96-well flat-bottomed cell culture plates, and five replicate samples for each
treated amount were prepared. The cells were incubated in a 5% CO, incubator at 37 °C for 72
hours. Cultured cells were then harvested, washed twice with PBS and fixed with 1%
formaldehyde, then analyzed using flow cytometry, acquiring a minimal of 20,000 events from
each sample; data analysis was performed using CellQuest (Becton-Dickinson) software.
Cholesteryl tosylate 5a. Pyridine (6.3 mL, 77.6 mmol) was added dropwise to a solution of 5,
(3 g, 7.8 mmol), and p-TsCl (14.8 g, 77.6 mmol) in CH,Cl, (30 mL). The reaction mixture was
maintained in the darkness under stirring for a period of 3 h. The organic phase was washed with

ISSN 1551-7012 Page 177 ©ARKAT USA, Inc.



General Papers ARKIVOC 2009 (xiii) 170-184

an ice cooled solution of 5% HCI (5x50 mL) and H,O (2x50 mL); dried over anhydrous Na,;SO4
and concentrated under vacuum to afford 4.2 g (quantitative yield) of the desired tosylate 5a.
This compound was found to quickly decompose and therefore it was immediately used in the
next step without further purification.
6-Ox0-5a-cholestan-3B-yl tosylate 6. To a solution of 5a (2 g, 3.7 mmol) in THF (30 mL)
NaBH4 was added (0.8 g, 21.2 mmol). The system was sealed under argon atmosphere, and
maintained at room temperature; then, BF5-OEt; (1.4 mL, 11.2 mmol) was added dropwise and
the reaction mixture was maintained for 2 h. The mixture was concentrated under vacuum and
then dissolved in a solution of KOH/MeOH (2%, 100 mL); then, 10 mL of 35% H,0, were
added dropwise and the reaction mixture was stirred for 1 h. The addition of water produced a
precipitate which was filtered off and dissolved in CH,Cl, (20 mL). To the intermediate alcohol,
PDC (1.1 eq) was added and the reaction was stirred at room temperature for 4 h. The crude was
filtered off through a pad of celite and eluted with 50 mL of CH,Cl,, concentrated under vacuum
and purified by column chromatography with hexanes:EtOAc (9:1) to afford 1.9 g (90%) of
compound 6; colorless solid; mp 171-172 °C (dec); [a]p = -5.2 (¢ = 1.3, CHCls). "H NMR (400
MHz, CDCl; 8): 7.76 (2H, m, H-ortho), 7.30 (2H, m, H-meta), 4.39 (1H, m, H-3), 2.43 (3H, s,
CHs-Ts), 2.28 (1H, dd, Jgem = 13.1 Hz, Jg 7¢q = 4.4 Hz, H-7€q), 2.13 (1H, dd, Jseqs = 4.0 Hz, Jsaxs
= 12.0 Hz, H-5), 2.02 (1H, ddd, Jgem = 12.0 Hz, Ji1ax,12¢q = Ji1eq,12¢¢ = 4 Hz, H-12€q), 1.89 (1H,
dd, Jgem = 13.1 Hz, Jg 7ax = 13.1 Hz, H-7ax), 0.90 (3H, d, Jx021 = 6.5 Hz, CH3-21), 0.87 (3H, d,
J2s27=1.9 Hz, CH3-27), 0.85 (3H, d, J»526 = 1.8 Hz, CH3-26), 0.72 (3H, s, CH3-19), 0.64 (3H, s,
CHs-18). °C NMR (100 MHz, CDCls, 8): 36.5 (C-1), 28.1 (C-2), 81.5 (C-3), 27.0 (C-4), 56.4
(C-5), 209.2 (C-6), 46.6 (C-7), 37.9 (C-8), 53.7 (C-9), 40.7 (C-10), 21.8 (C-11), 39.5 (C-12),
43.0 (C-13), 56.1 (C-14), 24.0 (C-15), 29.8 (C-16), 56.7 (C-17), 12.3 (C-18), 13.1 (C-19), 35.7
(C-20), 18.7 (C-21), 36.1 (C-22), 23.9 (C-23), 39.4 (C-24), 28.1 (C-25), 22.7 (C-26), 22.9 (C-
27), 144.3 (C-ipso), 127.4 (C-ortho), 129.7 (C-meta), 134.3 (C-para), 21.5 (CH3-Ts). HRMS for
C34Hs,04S caled: 557.3620 [M+H]", found: 557.3616.
30,5-Cyclo-5a-cholestan-6-one 7. A solution of the radical anion sodium naphthalenide was
prepared dissolving naphthalene (158 mg, 1.23 mmol) and sodium (24 mg, 1.03 mmol), in dry
THF (5.1 mL) under argon atmosphere, at room temperature. After stirring for 1 h, a deep green
color appeared. A solution of 6 (100 mg, 0.18 mmol) in dry THF (0.3 mL) was added to the
green solution which faded immediately; the mixture was stirred at room temperature for 10 min
more and quenched with H,O (5 mL). The reaction mixture was washed with brine (3x30 mL)
and H,O (3x30 mL) and extracted with EtOAc, dried over anhydrous Na,SO4 and evaporated;
chromatographed with hexanes: EtOAc (98:2) to yield 66 mg (95%) of compound 7; colorless
solid; mp 96-97 °C; [a]p = 45 (c = 1.0, CHCl3). '"H NMR (400 MHz, CDCl; 8): 2.43 (1H, d, Jgem
=12.0 Hz, H-7eq), 2.05 (1H, ddd, Jeem = 12.4 Hz, Ji1ax,12ax = 9.6 Hz, Ji1eq,12ax = 3.2 Hz, H-12ax),
1.00 (3H, s, CH3-19), 0.92 (3H, d, J2021 = 6.8 Hz, CH3-21), 0.87 (3H, d, J2527 = 2.0 Hz, CH3-27),
0.86 (3H, d, Jxs56 = 2.4 Hz, CH;3-26), 0.71 (3H, s, CH3-18), 0.71 (1H, dd, Jgem = J3 4pscudo-ax = 5.2
Hz, H-4pseudo-ax). *C NMR (100 MHz, CDCl; 8): 33.5 (C-1), 26.0 (C-2), 35.4 (C-3), 11.8 (C-
4), 46.8 (C-5), 209.4 (C-6), 44.9 (C-7), 34.9 (C-8), 46.1 (C-9), 42.8 (C-10), 22.7 (C-11), 39.8 (C-
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12), 46.4 (C-13), 56.1 (C-14), 24.1 (C-15), 28.2 (C-16), 57.0 (C-17), 12.2 (C-18), 19.8 (C-19),
35.8 (C-20), 18.8 (C-21), 36.2 (C-22), 23.9 (C-23), 39.5 (C-24), 28.1 (C-25), 22.9 (C-26), 23.0
(C-27). HRMS for Cy7H440 caled: 385.3426 [M+H]", found: 385.3421.
3p-Hydroxy-5a-cholestan-6-one 8. Starting from 6. A solution of the radical anion sodium
naphthalenide was prepared as described above, and cooled down to -80 °C. Then compound 7
(100 mg, 0.18 mmol) in dry THF (0.3 mL) was introduced. The mixture was stirred for 10 min
more before quenching with H;O (5 mL). The reaction mixture was washed with brine
(3x30 mL), H,O (3x30 mL) and extracted with EtOAc, dried over anhydrous Na,SO, and
evaporated; chromatographed with hexanes:EtOAc (9:1) to yield 67 mg (92%) of compound 8.
Starting from 7. To 100 mg (0.26 mmol) of 7 in 5 mL of acetic acid was added 1 mL of 5 N
sulfuric acid solution and the mixture was refluxed for 2 h. The solution was cooled and diluted
with crushed ice on water, and the precipitate was collected and dried. The precipitate was
suspended in 10 mL of 4% potassium carbonate in methanol and 3 mL of water, and heated
under reflux conditions for 3 h. Methanol was distilled off until the compound began to
precipitate from solution. The solution was cooled, and diluted with water and ice, and the
precipitate was collected and dried under vacuum. Chromatography was performed with
hexanes:EtOAc (9:1) to yield 58 mg (55%) of compound 8; colorless solid; mp 140-142 °C; [a]p
=-5.6 (c = 1.2, CHCl3). '"H NMR (400 MHz, CDCl; 8): 3.56 (1H, m, H-3), 2.31 (1H, dd, Joem =
12.8 Hz, Jg7eq = 4.8 Hz, H-7€Qq), 2.19 (1H, dd, Jsaxs = 12.8 Hz, Jeqs =2.8 Hz, H-5), 0.91 (3H, d,
Jz(),z] =6.8 HZ, CH3-21), 0.87 (3H, d, J25,27 =1.6 HZ, CH3-27), 0.85 (3H, d, J25,26 =2.0 HZ, CH3-
26), 0.75 (3H, s, CH3-19), 0.66 (3H, s, CHs-18). °*C NMR (100 MHz, CDCl; 8): 36.7 (C-1), 30.7
(C-2), 70.6 (C-3), 30.1 (C-4), 56.1 (C-5), 210.7 (C-6), 46.8 (C-7), 38.0 (C-8), 53.9 (C-9), 41.0
(C-10), 21.6 (C-11), 39.5 (C-12), 43.0 (C-13), 56.7 (C-14), 24.1 (C-15), 28.1 (C-16), 56.8 (C-
17), 12.1 (C-18), 13.2 (C-19), 35.7 (C-20), 18.7 (C-21), 36.1 (C-22), 23.9 (C-23), 39.5 (C-24),
28.1 (C-25), 22.6 (C-26), 22.9 (C-27). HRMS for CyH40; calcd: 403.3531 [M+H]", found:
403.3524.

Diosgenin tosylate 9a. Pyridine (5.83 mL, 72.40 mmol) was added dropwise to a solution of 9,
(3 g, 7.24 mmol), and p-TsCl (13.80 g, 72.40 mmol) in CH,Cl, (30 mL). The reaction mixture
was maintained in the darkness under stirring for a period of 3 h. The organic phase was washed
with an ice cooled solution of 5% HCI (5x50 mL) and H,O (2x50 mL); dried over anhydrous
Na,SO4 and concentrated under vacuum to afford 4.12 g (quantitative yield) of the desired
tosylate 9a. This compound was found to quickly decompose and therefore was immediately
used in the next step without further purification.

(25R)-6-Oxo0-5a-spirostan-3f-yl tosylate 10. To a solution of 9a (2 g, 3.52 mmol) in THF
(30 mL) NaBHy4 was added (0.8 g, 21.2 mmol). The system was sealed under argon atmosphere
and maintained at room temperature; then, BF;-OEt, (1.4 mL, 11.2 mmol) was added dropwise
and the reaction mixture was maintained for 2 h. The mixture was concentrated under vacuum
and then dissolved in a solution of KOH/MeOH (2%, 100 mL); then, 10 mL of 35% H,O, were
added dropwise and the reaction mixture was stirred for 1 h. The addition of water produced a
precipitate which was filtered off and dissolved in CH,Cl, (20 mL). To the intermediate alcohol,
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PDC (1.1 eq) was added and the reaction was stirred at room temperature for 4 h. The crude was
filtered off through a pad of celite and eluted with 50 mL of CH,Cl,, concentrated under vacuum
and purified by column chromatography with hexanes:EtOAc (85:15) to afford 1.9 g (92%) of
compound 10; colorless needles; mp 153-155 °C; [a]p = -60.3 (¢ = 1.1, CHCI3). "H NMR (400
MHz, CDCl; §): 7.75 (2H, m, H-ortho), 7.30 (2H, m, H-meta), 4.38 (1H, m, H-16), 4.38 (1H, m,
H-3), 3.45 (1H, ddd, Jss526eq = 4.4 Hz, Joem = 10.8 Hz, J2426eq = 1.6 Hz, H-26€q), 3.34 (1H, dd,
Jo526ax = Jgem = 10.8 Hz, H-26ax), 2.31 (1H, d, J7ax7eq = 8.8 Hz, H-7eq), 2.14 (1H, dd, Jseqs = 3.2
Hz, Jsaxs =12.4 Hz, H-5), 2.43 (3H, s, CH3-Ts), 0.96 (3H, d, J»021 = 6.8 Hz, CH3-21), 0.78 (3H,
d, Jos27 = 6.4 Hz, CH3-27), 0.75 (3H, s, CH3-19), 0.74 (3H, s, CH;-18). °C NMR (100 MHz,
CDCl, 9): 36.3 (C-1), 28.0 (C-2), 81.2 (C-3), 26.9 (C-4), 56.3 (C-5), 208.7 (C-6), 46.6 (C-7),
37.3 (C-8), 53.6 (C-9), 40.6 (C-10), 21.3 (C-11), 39.4 (C-12), 40.9 (C-13), 56.3 (C-14), 31.6 (C-
15), 80.3 (C-16), 61.9 (C-17), 13.1 (C-18), 16.4 (C-19), 41.6 (C-20), 14.5 (C-21), 109.1 (C-22),
31.3 (C-23), 28.8 (C-24), 30.3 (C-25), 66.8 (C-26), 17.2 (C-27), 144.3 (C-ipso), 127.4 (C-ortho),
129.6 (C-meta), 134.2 (C-para), 21.7 (CH3-Ts). HRMS for C34H4306S caled: 585.3205 [M+H]",
found: 585.3199.

(25R)-30,5-Cyclo-5a-spirostan-6-one 11. A solution of the radical anion sodium naphthalenide
was prepared as described above. Then a solution of 10 (100 mg, 0.17 mmol) in dry THF
(0.3 mL) was introduced to the complex and the mixture was stirred at room temperature for 10
min more before quenching with H;O (5 mL). The reaction mixture was washed with brine
(3x30 mL) and H,O (3x30 mL) and extracted with EtOAc, dried over anhydrous Na,SO4 and
evaporated; chromatographed with hexanes:EtOAc (95:5) to yield 65 mg (91%) of compound
11; colorless solid; mp 183-184 °C; [a]p = -49 (¢ = 1.0, CHCI;). '"H NMR (400 MHz, CDCl; §):
4.41 (1H, m, H-16), 3.47 (1H, ddd, J2426eq = 2 Hz, J2526eq = 4.4 Hz, Jeem = 10.8 Hz, H-26€Q),
3.36 (1H, dd, J526ax = Jeem = 10.8 Hz, H-26ax), 2.46 (1H, dd, Jgem = 16.4 Hz, Jg 7eq = 4.4 Hz, H-
7eq), 2.11 (1H, m, H-8), 1.02 (3H, s, CH3-19), 0.98 (3H, d, J2021 = 6.8 Hz, CH3-21), 0.83 (3H, s,
CH3-18), 0.79 (3H, d, J25,27 =64 HZ, CH3-27), 0.73 (1H, dd, Jgem = J3,4pseudo-ax =438 HZ, H-
4pseudo-ax). *C NMR (100 MHz, CDCl; 8): 33.5 (C-1), 25.9 (C-2), 35.5 (C-3), 11.8 (C-4), 46.8
(C-5), 208.9 (C-6), 44.9 (C-7), 34.3 (C-8), 46.1 (C-9), 40.7 (C-10), 22.7 (C-11), 39.8 (C-12),
46.3 (C-13), 56.7 (C-14), 31.6 (C-15), 80.5 (C-16), 62.0 (C-17), 16.6 (C-18), 19.9 (C-19), 41.7
(C-20), 14.6 (C-21), 109.2 (C-22), 31.4 (C-23), 28.8 (C-24), 30.3 (C-25), 66.8 (C-26), 17.2 (C-
27). HRMS for C,7H490; caled: 413.3011 [M+H]", found: 413.3005.
(25R)-3p-Hydroxy-5a-spirostan-6-one (1, Laxogenin). Starting from 10. A solution of the
radical anion sodium naphthalenide was prepared as described above, and cooled down to -80 °C.
Then compound 10 (100 mg, 0.17 mmol) in dry THF (0.3 mL) was introduced. The mixture was stirred for
10 min more before quenching with H,O (5 mL). The crude was washed with brine (3x30 mL), H,O
(3x30 mL) and extracted with EtOAc, dried over anhydrous Na,SO, and evaporated;
chromatographed with hexanes:EtOAc (7:3) to yield 66 mg (89%) of laxogenin 1.

Starting from 11. The same procedure described above for the synthesis of 8 starting from 7
was followed to obtain 50 mg (48%) of compound 1 after chromatography with hexanes:EtOAc
(7:3); colorless solid; mp 210-212 °C; [a]p = -84 (¢ 1.0, CHCl;). '"H NMR (400 MHz, CDCl; 8):
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4.40 (1H, m, H-16), 3.56 (1H, m, H-3), 3.47 (1H, ddd, J2426eq = 2.0 Hz, J1526eq = 4.4 Hz, Jgem =
11.2 Hz, H-26eq), 3.35 (1H, dd, J2526ax = Jeem = 11.2 Hz, H-26aX), 2.34 (1H, d, Jeem = 11.6 Hz,
H-7eq), 2.20 (1H, dd, Jsaxs = 12.4 Hz, Jseq s = 2.8 Hz, H-5), 0.97 (3H, d, J2021 = 6.8 Hz, CH3-21),
0.79 (3H, d, J2527 = 6.8 Hz, CH3-27), 0.77 (3H, s, CH3-19), 0.77 (3H, s, CH3-18). *C NMR (100
MHz, CDClI; 6): 36.7 (C-1), 30.7 (C-2), 70.5 (C-3), 30.1 (C-4), 56.8 (C-5), 210.3 (C-6), 46.8 (C-
7), 37.4 (C-8), 53.9 (C-9), 41.0 (C-10), 21.4 (C-11), 39.5 (C-12), 41.0 (C-13), 56.5 (C-14), 31.6
(C-15), 80.4 (C-16), 62.0 (C-17), 16.5 (C-18), 13.3 (C-19), 41.6 (C-20), 14.6 (C-21), 109.2 (C-
22), 31.4 (C-23), 28.8 (C-24), 30.3 (C-25), 66.9 (C-26), 17.2 (C-27). HRMS for C,7H4,04 calcd:
431.3117 [M+H]", found: 431.3112. The spectroscopic data are in accordance with those in the
literature.*>*®

2,3,4,6-Tetra-O-Acetyl-D-glucopyranosyl trichloroacetimidate 13. Glucose 12 (2 g) was
suspended in Ac,O (10 mL) and stirred. Iodine (100 mg) was added and stirring was continued
for 5 minutes until TLC showed the reaction was completed. The reaction mixture was poured
into ice-cold diluted sodium thiosulphate solution (50 mL). The organic phase was extracted with
EtOAc and washed with saturated aqueous NaHCO3 (2x50 mL), dried over anhydrous Na;SO4
and evaporated affording quantitatively 1,2,3,4,6-penta-O-acetyl-D-glucopyranose. The latter
crude product and hydrazine acetate (1.45 g, 15.71 mmol) in DMF (20 mL) were stirred at room
temperature for 2 h, the mixture was diluted with EtOAc, washed with water (3x60 mL) and
brine (3x60 mL), dried over Na,SO, and concentrated under vacuum to afford 2,3,4,6-tetra-O-
acetyl-D-glucopyranose (3.1 g, 88%). This compound was immediately used in the next step
without further purification. 2,3,4,6-tetra-O-acetyl-D-glucopyranose, CCI3CN (5.4 mL, 54.0
mmol) and DBU (catalytic) in CH,Cl, (30 mL) were stirred at room temperature for 3 h, the
solution was concentrated under vacuum and the resulting residue was purified by flash column
chromatography (hexanes:EtOAc 8:2 with 1% of triethylamine,) to give trichloroacetimidate 13
(4.0 g, 90 %) as a syrup. This compound was found to quickly decompose in the NMR tube and
therefore it was immediately used in the next step without further purification.
(25R)-3pB-(2,3,4,6-Tetra-O-Acetyl-B-D-glucopyranosyloxy)-5Sa-spirostan-6-one 14. A solution
of donor 13 (1.34 g, 2.79 mmol), laxogenin (1) (1 g, 2.32 mmol) and 4 A molecular sieves (100
mg) in dry CH,Cl, (20 mL) was stirred at room temperature for 15 min and then cooled down to
-20 °C. A solution of TMSOTT (50.4 pL, 0.28 mmol) in dry CH,ClI; (1 mL) was slowly added to
the reaction. After being stirred for another 1 h, the reaction was quenched with triethylamine
(40 pL) and filtered off. The filtrates were concentrated under vacuum to give a residue, which
was purified by flash column chromatography (hexanes:EtOAc, 6:4) to afford 14 (1.2 g, 68%) as
a white powder; [a]p -32.4 (¢ 1.0, CHCIl3); 'H NMR (400 MHz, CDCl; 6): 5.12 (1H, m, H-4"),
5.01 (1H, m, H-3"), 4.87 (1H, m, H-2"), 4.55 (1H, d, J»»;> = 7.8 Hz, H-1"), 4.32 (1H, m, H-16),
4.18 (1H, dd, Jegem = 12.2 Hz, Jsa6a = 1.7 Hz, H-6’a), 4.03 (1H, dd, Jgem = 12.2 Hz, J5: 6, = 5.4
HZ, H-6’b), 3.61 (lH, m, H-S’), 3.51 (lH, m, H-3), 342 (lH, ddd, J24,26eq =1.8 HZ, J25,26eq =4.5
Hz, Jgem = 10.8 Hz, H-26€Qq), 3.29 (1H, dd, J526ax = Jeem = 10.8 Hz, H-26ax), 2.01-1.92 (12H,
Me-OAc), 0.90 (3H, d, Jx21 = 7.0 Hz, CH3-21), 0.75 (3H, d, J»527 = 6.5 Hz, CH3-27), 0.72 (3H,
s, CH3-18), 0.70 (3H, s, CH3-19). °C NMR (100 MHz, CDCl; 8): 36.7 (C-1), 30.2 (C-2), 78.2
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(C-3), 32.8 (C-4), 56.2 (C-5), 210.1 (C-6), 46.5 (C-7), 39.1 (C-8), 53.0 (C-9), 41.7 (C-10), 21.3
(C-11), 41.1 (C-12), 42.3 (C-13), 55.0 (C-14), 32.3 (C-15), 80.1 (C-16), 62.9 (C-17), 16.8 (C-
18), 12.9 (C-19), 46.1 (C-20), 14.9 (C-21), 108.9 (C-22), 30.1 (C-23), 27.2 (C-24), 31.4 (C-25),
66.3 (C-26), 17.0 (C-27), 98.6 (C-1"), 71.5 (C-2"), 68.2 (C-3"), 73.4 (C-4’), 71.3 (C-5’), 62.1 (C-
6’), 170.3-169.5 (C=0-OAc), 20.1-21.7 (CH3-OAc). HRMS for C4HeoO,3 caled: 761.4068
[M+H]", found: 761.4059.

(25R)-3B-(B-D-Glucopyranosyloxy)-Sa-spirostan-6-one (15, Glucolaxogenin). Compound 14
(1 g, 1.32 mmol) was dissolved in MeOH (5 mL) and NaOMe was added dropwise (1 mL, 1 M
in MeOH). The mixture was stirred 15 min at rt, neutralized with Dowex-50 (H+) resin and
filtered off, and the filtrates were concentrated. Purification of the product by column
chromatography (CH,Cl,:MeOH, 95:5) gave 15 (934 mg, quantitative) as a white solid; [a]p -
67.8 (¢ 1.0, CH;0H); '"H NMR (400 MHz, CD;OD §): 4.39 (1H, m, H-16), 4.37 (1H, d, J,.;> =
7.8 Hz, H-1"), 3.82 (1H, dd, Jgem = 12.0 Hz, J5:a6a = 1.8 Hz, H-6’a), 3.68 (1H, m, H-3), 3.61 (1H,
dd, Jgem =12.0 HZ, \]5’76’[) =5.6 HZ, H-6’b), 3.42 (lH, ddd, J24,26eq =2.0 HZ, J257269q =44 HZ, Jgem
= 10.8 Hz, H-26eq), 3.32 (1H, m, H-4"), 3.29 (1H, m, H-26ax), 3.24 (1H, m, H-3"), 3.22 (1H, m,
H-5"), 3.12 (1H, dd, J;-»> = 7.8 Hz, J3.»» = 9.1 Hz, H-2’), 2.32 (1H, dd, J4eqs = 2.4 Hz, Jsaxs =
12.4 Hz, H-5), 2.21 (1H, dd, Jgem = 13.0 Hz, Jg 7¢q = 4.6 Hz, H-7eq), 2.09 (1H, dd, Jgem = Jg 7ax =
13.0 Hz, H-7ax), 1.89 (1H, m, H-20), 0.94 (3H, d, Jx021 = 7.0 Hz, CH3-21), 0.78 (3H, s, CH3-18),
0.77 (3H, d, Jy527 = 6.5 Hz, CH3-27), 0.75 (3H, s, CH3-19). >*C NMR (100 MHz, CD;0D 3§):
36.9 (C-1), 30.0 (C-2), 78.6 (C-3), 32.6 (C-4), 57.6 (C-5), 213.4 (C-6), 47.6 (C-7), 39.0 (C-8),
57.6 (C-9), 42.3 (C-10), 22.6 (C-11), 40.8 (C-12), 42.3 (C-13), 55.0 (C-14), 32.6 (C-15), 82.1 (C-
16), 63.8 (C-17), 17.0 (C-18), 13.6 (C-19), 43.0 (C-20), 15.0 (C-21), 110.7 (C-22), 30.1 (C-23),
27.5 (C-24), 31.6 (C-25), 68.0 (C-26), 17.7 (C-27), 102.4 (C-1"), 75.3 (C-2’), 71.8 (C-3°), 78.2
(C-4%), 74.0 (C-5"), 62.9 (C-6’). HRMS for C33Hs,09 caled: 593.3645 [M+H], found: 593.3634.
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