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Abstract: Stereoselective construction of steroidal side chain at C-
20 having ‘natural’ configuration using 16-dehydropregnalone ace-
tate (16-DPA) as a starting material has been carried out. Palladium-
catalyzed carbon—carbon bond-forming Heck reaction between C-20
vinyl iodide with methyl acrylate and transfer hydrogenation with
triethylsilane and Pd/C are the key steps for stereoselective side-
chain synthesis.
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The introduction of the properly functionalized side
chains onto tetracyclic steroidal starting materials has
been the subject matter of several investigations.'> Most
of the naturally occurring steroids isolated from plant, ma-
rine, and animal sources have the C(20R) stereochemistry,
for example, cholesterol (1), brassinolide 2),} squalamine
(3),* OSW-1 (4),> vitamin Dj (5)° (Figure 1) and many
other biologically important steroids with modified side
chains such as ecdysones,” contignasterol,® and marine
sterols.” Due to high biological activity of single isomer
and their scarcity from natural resources, methods for
their stereoselective synthesis are highly desirable.

Synthetic methods for stereoselective construction of ste-
roidal side chain have involved the use of Michael addi-
tion,'” palladium-catalyzed reactions,'' alkylation at C-
20,"? Claisen sigmatropic rearrangement,'® ene reaction,'*
Wittig rearrangement,‘5 aldol condensation,'® use of orga-
noborane,!” organozirconium'® and organoruthenium' re-
agents, etc. The focal point of any such synthesis is the
stereospecific introduction of the asymmetric center at
C-20.

Catalytic hydrogenation of double bonds formed between
C-20 and one of the adjacent carbons at C-17 and C-21 or
C-22 is one of the most attractive methods for introduc-
tion of chiral centre at C-20. Hydrogenation of the 20(21)/
20(22) by using different catalysts affording the C-20
epimeric mixture has been reported.'? Construction of side
chain by Wittig reaction on C-20 oxo steroids followed by
selective hydrogenation is the simplest and most versatile
method. Hydrogenation of C-20(22) double bond using
different catalysts such as H, Pd/C, Pt/C, Ra-Ni (W-2),
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(Ph;P);RhCI, 5% Rh/Al,O; afforded the C-20 epimeric
mixture,?® while hydrogenation using PtO, in EtOH
showed better selectivity.?! Older literature reports
showed inconsistency in selectivity using PtO, cata-
lyst.!#202 The C-22 furan derivative of pregnenolone ace-
tate having C-20(21) double bond, on hydrogenation
using H, and Pd/C in benzene afforded the compound
having C-(20R) natural stereochemistry.?? There is a re-
cent report on introduction of side chain on the estrane
skeleton in which hydrogenation using Pd/C gave a mix-
ture of C-20(R) and C-20(S) compounds in a 7:3 ratio.?

%,

o) HO™

Figure 1 Natural steroids having C-(20R) configuration

In continuation of our interest in stereoselecive construc-
tion of steroidal side chain,'** we recently developed
new methods for a highly stereoselective synthesis of un-
natural C-20(R)-aldehydes starting from 16-dehydropreg-
nenolone acetate (16-DPA) by ionic hydrogenation of C-
20(22)-ketene dithioacetal®** and C-20 tertiary alco-
hols.?** These aldehydes were used for the synthesis of



2006 N. G. Aher et al.

LETTER

20-epicholanic acid derivatives.?* In this paper we wish
to report a short route for stereoselective synthesis of C-
20(R) cholanic acid derivative from 16-DPA (6). Palladi-
um-catalyzed Heck coupling of C-20 vinyl iodide com-
pound 9 with methyl acrylate and Pd/C-induced catalytic
transfer hydrogenation with triethylsilane are the key
steps in this synthesis.

Chemoselective catalytic hydrogenation of C-16 double
bond of 16-DPA (6) with 10% Pd/C in ethyl acetate result-
ed into saturated ketone 7 in 98% yield?* (Scheme 1). The
'"H NMR spectrum of this compound showed chemical
shifts of 8 =0.63 (s, 3 H, 18-CH;) and 2.13 (s, 3 H, 21-
CH,) ppm. Reaction of 7 with hydrazine hydrate in MeOH
afforded C-20 hydrazone product 8 in almost quantitative
yield. This compound 8 showed characteristic up field
chemical shift of 8 =0.59 (s, 3 H, 18-CH;) and 1.76 (s, 3
H, 21-CHj;) ppm in comparison with compound 7. In the
13C NMR spectrum quaternary carbon (C-20 hydrazone)
was observed at 8 = 151.5 ppm. Oxidation of hydrazone
was carried out using iodine in the presence of organic
base, triethylamine, to give vinyl iodide 9 in good yield.?
In the '"H NMR spectrum of compound 9 the geminal C-
21 methylene protons showed different chemical shifts
[6=5.98(d,J=1.51Hz, 1 H) and 6.15 (br s, 1 H) ppm].
In the *C NMR spectrum methylene at C-21 was ob-
served at & = 126.1 ppm. There are reports in the literature

on palladium-catalyzed carbon—carbon bond-forming
reactions of steroidal vinyl iodide or vinyl triflate with
alkenes and terminal alkynes.?

Heck coupling of steroidal vinyl iodides at C-17, with al-
lyl acetates or methyl acrylate in the presence of catalytic
amount of Pd(OAc), and triethyl amine or K,CO; at 60—
100 °C, is known in the literature.”” When we carried out
coupling reaction of C-20 vinyl iodide 9 with methyl acry-
late using the literature procedure,?’ afforded the complex
mixture of products which could not be identified. How-
ever, when the same reaction was carried out using cata-
lytic amount of Pd(OAc), and K,CO; in DMF at 25-30
°C, 80% conversion of starting material was observed (on
the basis of recovered starting material) and expected
product 10 was obtained as a single product.?® Increase in
amount of the catalyst or extended reaction time did not
improve the complete conversion of the starting material
into the product. Use of Pd(PPh;), resulted in 45% con-
version while addition of PA(OAc), and Ph;P as catalysts
resulted in the complete conversion of starting material
but the expected product 10 was isolated in poor yield
along with many unidentified products. The IR spectrum
of 10 showed bands at 1724 and 1668 cm™' for C-3 acetate
carbonyl and C-24 methyl ester carbonyl respectively. Its
'"H NMR spectrum showed characteristic signals at
8 =15.34 and 5.55 ppm as two singlets for C-21-CH, and

11a R'=Me, R2=H
11b R'=H, R2=Me

AcO'
12a (8:2)

AcO'

12a R'=Me, R2=H
12b R'=H, R% = Me

12b

Scheme 1 Reagents and conditions: a) 10% Pd/C, H,, EtOAc, 3.1 bar, 25-30 °C, 12 h, 98%; b) hydazine hydrate, Et;N, MeOH, 25-30 °C,
4 h, 98%; c) I,, Ei;N, THF, 25-30 °C, 3 h, 74%; d) Pd(OAc), (0.04%) K,CO;, methyl acrylate, DMF, 25-30 °C, 12 h, 77%; e) 10% Pd/C (15%
by weight), MeOH, TES (excess), 10 min; f) H,, Pd/C, EtOAc, 3.1 bar, 30 °C, 10 h (overall 90% after two steps; ratio of 12a/12b = 8:2).
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6=6.02(, 1 H,J=1595Hz), 7.36 (d, 1 H, J=15.95
Hz) ppm for C-23 and C-22 CH, respectively. In the *C
NMR spectrum C-24 carbonyl was observed at 6 = 167.6
ppm and C-21-CH, at & = 122 ppm.

Our next goal was to obtain single C-20(R) isomer by ste-
reoselective hydrogenation of C-20(21) double bond. Cat-
alytic hydrogenation of 10 on Pd/C in ethyl acetate at 3.1
bar for 10 hours afforded the epimeric mixture 12a and
12b in the ratio of 6:4. Recently, there is a report? on Pd/
C-induced catalytic transfer hydrogenation using triethyl-
silane to give efficient reduction of multiple bonds,
azides, imines, and nitro groups as well as benzyl and allyl
group deprotection, under mild neutral conditions. Trans-
fer hydrogenation’?® of compound 10 using catalytic
amount of 10% Pd/C and excess of triethylsilane in
MeOH afforded compounds 11la,b and 12a,b as an
epimeric mixture at C-20 in 10 minutes. Various attempts
of purification of this mixture and to determine the ratio
of the products obtained did not fructify. In 'H NMR of
this mixture (Figure 2), C-20(21) double bond was ob-
served to be completely hydrogenated (disappearance of
chemical shift at 8 = 5.34 and 5.55 ppm while C-22(23)
double bond was partially hydrogenated and 5(6) double
bond remained unaffected. The major chemical shifts in
the '"H NMR spectrum of this mixture (Figure 2) were
found to be at 6 =6.90 (dd, 1 H, J =10, 16 Hz, C-22H)
and5.73 (d, 1 H,J =16 Hz, C-23H), 1.09 (d, 3 H, J = 6.57
Hz, C-21CH;) ppm. These chemical shifts matches with
the literature values®® of compound 11a having C-20(R)
natural stereochemistry.

208

57
569
371

Figure 2 'H NMR of epimeric mixture of 11a,b and 12a,b

For complete conversion of 11a,b into 12a,b further hy-
drogenation of this mixture was carried out using H, and
Pd/C in EtOAc. It gave C-20 epimeric mixture of com-
pounds 12a and 12b in 8:2 ratio®! (calculated by 'H NMR
chemical shift of methyl ester and C-21 methyl protons as
shown in Figure 3). In the '"H NMR spectrum of the mix-
ture of compounds 12a,b (Figure 3) major peaks were ob-
served at 6 = 0.67 (s, 3 H, 18-CH;), 0.92 (d, 3 H, J = 6.33
Hz, 21-CH,), 3.67 (s, 3 H, COOCH;) ppm while minor
peaks observed at 6 = 0.69 (s, 3 H, 18-CHj;), 0.85 (d, 3 H,
J=6.33 Hz, 21-CH;), 3.69 (s, 3 H, COOCH;). These

chemical shifts match with the literature data® of com-
pounds 12a and 12b having C-20(R)- and C-20(S) config-
uration, respectively. The mixture of compounds 12a and
12b was purified by crystallization in CH,Cl,-MeOH
(1:9) to get pure cholanic acid derivative 12a in 62% yield
as a major compound.

Figure 3 'H NMR of epimeric mixture of 12a and 12b

The stereochemistry of compound 12a at C-20 was finally
confirmed by single crystal X-ray diffraction

éj }\ﬂ -

(Figure 4).
Figure 4 ORTEP view of methyl (20R)-3B-acetoxychol-5-enoate
12a

From the mother liquor compound 12b was isolated in 8%
yield after several crystallizations. Cholanic acid deriva-
tives with natural configuration at C-20 are important
compounds for an investigation of the biological fat of
cholesterol and for the treatment of gallstones. They are
also key intermediates for the synthesis of large number of

biologically active steroids having natural C-20(R) con-
figuration.

In conclusion, stereoselective construction of steroidal
side chain at C-20 position having ‘natural’ C-20(R) con-
figuration from 20 oxo steroid (16-DPA) (6) has been
achieved. Palladium-catalyzed carbon—carbon bond-
forming Heck reaction has been used for coupling be-
tween C-20 vinyl iodide 9 and methy] acrylate to form un-
saturated compound 10. Transfer hydrogenation using
triethylsilane and Pd/C is the key step for stereoselective
side-chain synthesis.
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Methyl [20 (21),22]-3p-Acetoxychol-5-trienoate (10)

To a solution of vinyl iodide 9 (0.234 g, 0.5 mmol) in dry
DMF (10 mL), methyl acrylate (0.9 mL 1 mmol), Pd catalyst
(0.005 g, 0.02 mmol), and K,CO; (0.414 g, 1.5 mmol) were
added, and the reaction mixture was stirred under argon at
25-28 °C for 12 h. Ice was added to the reaction mixture, and
it was extracted with EtOAc (3 x 25 mL). The extract was
washed 5% HCI (2 x 25 mL), sat. ag NaHCO; (20 mL) and
brine, and dried over Na,SO,. The product was purified by
chromatography on silica gel (2% EtOAc—PE) to give pure
product 10 (0.163 g) in 77% yield and starting material 9
(0.047 g). Colorless solid; mp 93-94 °C; [a],?® -32.0 (¢
2.58, CHCl,); IR (mull): 1691, 1724 cm™. 'H NMR (200
MHz, CDCly): 8 = 0.56 (s, 3 H, 18-CHj;), 1.02 (s, 3 H, 19-
CHj;), 2.04 (s, 3 H, OCOCHj;), 3.76 (s, 3 H, COOCHs), 4.61
(m, 1 H, 3-CH), 5.34 (s, 1 H, 21-CH,), 5.38 (d,/=5.0 Hz, 1
H, 6-CH), 5.55 (s, 1 H, 21-CH,), 6.02 (d, /= 16.0 Hz, 1 H,
23-CH), 7.36 (d, J = 16.0 Hz, 1 H, 22-CH). *C NMR (50
MHz, CDCly): 8 = 12.8, 19.2, 20.9, 21.3, 24.2, 26.3, 27.6,
31.7,32.3,36.5,36.9, 38.0, 38.6,43.2,50.0,51.1, 51.5, 56.6,
73.8,117.3,122.0, 122.3, 139.6, 144.0, 149.1, 167.6, 170.4.
Anal. Calcd for C,;H;330,: C, 76.02; H, 8.98. Found: C,
75.79; H, 8.78. ESI-LCMS: m/z = 427.58 [M* + 1].
Mandal, P. K.; McMurray, J. S. J. Org. Chem. 2007, 72,
6599.

Vanderah, D. J.; Djerassi, C. J. Org. Chem. 1978, 43, 1442.
Hydrogenation of Compound 10

To a stirred solution of compound 10 (0.100 g 0.24 mmol) in
MeOH (4 mL) 10% Pd/C (0.015 g, 15% by weight) was
added under an argon-filled balloon. Neat TES (0.4 mL, 2.4
mmol) was added dropwise to the reaction mixture. Within
10 min the reaction was complete. The reaction mixture was
filtered through Celite, and the solvent was removed under
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vacuum. The product was purified by column
chromatography on silica gel (2% EtOAc-hexane) to furnish
a mixture of compounds 11a,b and 12a,b (0.094 g).
Catalytic hydrogenation of this mixture (0.094 g) was
carried out using 10% Pd/C (0.009 g) at 3.1 bar, in 10 mL
EtOAc at 30 °C for 10 h. The reaction mixture was filtered
through Celite, and the filtrate was evaporated under reduced
pressure to obtain diastereomeric mixture of 12a/12b (0.091
2) in 90% yield (Overall after 2 steps). Crystallization of the
crude product from 10 mL MeOH-CH,Cl, (9:1) gave major
product C-20 (R)-ol, 12a (0.063 g) in 62% yield and after
several crystallization minor product C-20 (R)-ol 12b (0.008
g) in 8% yield.

Methyl (20R)-3p-A cetoxychol-5-en-24-oate (12a)
Colorless solid; mp 160-162 °C; [a]p2 (CHCl,, ¢ 2.0) —46.0.
IR (mull): 1724 cm™'. "H NMR (200 MHz, CDCl,): § =0.67
(s, 3H, 18-CH,), 0.92 (d, J = 6.3 Hz, 3 H, 21-CHj), 1.01 (s,
3 H, 19-CHj;), 2.03 (s, 3 H, OCOCH3), 3.66 (s, 3 H,
COOCH,;), 4.60 (m, 1 H, 3-CH), 5.36 (d, /=5.0 Hz, 1 H, 6-
CH). BC NMR (50 MHz, CDCl,): 6 =11.8, 18.3, 19.3, 21.0,
21.4,24.2,27.7,28.1,31.0,31.0,31.8,31.9,35.3, 36.5, 37.0,
38.1,39.7,42.3,50.0, 51.4, 55.7, 56.6, 73.9, 122.5, 139.6,
170.4, 174.7. Anal. Calcd for C,,H,,0,: C, 75.31; H, 9.83.
Found: C, 75.27; H, 9.71. ESI-LCMS: m/z = 431.62 [M* +
1].

Crystallographic Data for Compound 12a

Empirical formula: C,;H,,0,; formula weight: 430.61, temp,

297 (2) K, wavelength, 0.71073 A; crystal system; space
group, monoclinic, P21; unit cell dimensions, a = 11.0178
(18) A, 0 =90°, B=7.4633 (13) A, B =92.080 (3)°,

¢ =14.950 (3) A, y =90°; volume, 1228.5 (4) A3, Z; calcd
density, 2, 1.164 mg/m?; absorption coefficient, 0.076 mm',
F(000) 472; crystal size, 0.40 x 0.29 x 0.03 mm; 6 range for
data collection 1.36-25.99°; limiting indices, —
13<=h<=13,-9<=k< =9, -18< =1< =17, reflections
collected/unique 9650/4755 [R(int) = 0.0275]; completeness
to 0 =25.99, 99.9%; absorption correction, semi-empirical
from equivalents; max. and min. transmission 0.9977 and
0.9702; refinement method, full-matrix least-squares on F?;
data/restraints/ arameters, 4755/1/285; goodness-of-fit on
F?, 1.182; final R indices [I > 26(I)] R1 = 0.0655,

wR2 =0.1285, R indices (all data), R1 = 0.0784,

wR2 = 0.1346; largest diff. peak and hole, 0.194 and -0.174
e A=. CCDC 725609 contains the supplementary
crystallographic data for this structure. These data can be
obtained free of charge from the Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/
cif.

Methyl (20S)-3p-Acetoxychol-5-en-24-oate (12b)
Colorless solid; mp 120-121 °C. '"H NMR (200 MHz,
CDCl,): 6 =0.69 (s, 3 H, 18-CH,), 0.85 (d, J=4.0 Hz, 3 H,
21-CHj,), 1.02 (s, 3 H, 19-CH;), 2.03 (s, 3 H, OCOCH;), 3.67
(s,3H, COOCH;), 4.63 (m, 1 H, 3-CH), 5.38 (d, J = 5.0 Hz,
1 H, 6-CH).
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