198

ISSN: 2249 —4820

Chemistry & Biology Interface, 2011, 1, 2, 198-208

Cl5.n

CHEMISTRY & BIOCOGY INTERFACE

Research Article

Chemistry & Biology Interface

An official Journal of ISCB, Journal homepage; www.cbijournal.com

Synthesis and Antimicrobial activity of steroidal G20 tertiary alcohols with vinyl side

chain

Bapurao B. Shingaté, Braja G. Hazrd,  Deepak B. SalunkeVandana S. PoreFazal

Shirazif Mukund V. Deshpande

"Division of Organic Chemistry, National Chemical Laboratory, Pune, 411 008, India.,"Biochemical Sciences Division,
National Chemical Laboratory, Pune, 411 008, India.”Present Address: Department of Chemistry, Dr. Babasaheb Ambedkar
Marathwada University, Aurangabad, 431 004, India. Received 26August 2011; Accepted 9 September 2011

Keywords: Steroidal ketones; Grignard reaction; Steroi@ sidain; Antifungal activity; Antibacterial

activity.

Abstract: Synthesis of steroidal C-20 tertiary alcohols withyl side chain using Grignard reaction
of steroidal ketones and vinyl magnesium bromideehbeen realized. These molecules were
evaluatedn vitro for their antifungal and antibacterial activiti€ompounds7, 12 and 13 exhibits
significant antifungal and compoun@s?, and11-13exhibits antibacterial activity against the tested

strains.

1. Introduction

The recent discovery of many new sterols
with novel side chain structures from
marine and animal sources has focused
attention on developing stereocontrolled
methods to introduce these side chains
onto  tetracyclic  steroidal  starting
materials: An important problem that
arises from this approach is the
stereospecific control of the C-20
stereochemistry. Alkyl steroids constitute
an important class of steroid compounds
containing additional alkyl groups
compared with the natural hormones. The
introduction of the alkyl group enhances
the physiological activifyand medicinal
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chemistry of steroids covers a large and
interesting series of structures and
biological activities’ The combination of a
steroid molecule with structural elements
possessing appropriate biological
activities’ Among the many known
analogues of steroids, the oxygenated
sterols bind with the oxysterol receptors
and so decrease the activity of HMG-CoA
reductase. Most of these sterols
oxygenated at the 3- and the 6-, 7-, 15-,
20-, 22-, or 25-positions.Pregnenolone
holds a central position in the biosynthetic
route from cholesterol to the sex
hormones. It is virtually inactive, but its
acetate and hemisuccinate were given, in
the early fifties, to arthritic patients on the
assumption that pregnenolone would act as
pro-drug for the expensive
hydrocortisoné.
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The reaction of Grignard and other
organometallic reagents with 20-ketones
has been utlized by a number of
investigators to construct the side chain in
one- or in multistep sequences. In these
reactions, chiral center at C-20 is created
with mixture of epimers, the ratio of

epimers depending greatly upon the
structure of the steroids, particularly the
nature of substituents near C-20 and the
bulkiness of the reagehtf:®

Very recently, we have report&dthe
stereoselective synthesis and antimicrobial
activity of steroidal C-20 tertiary alcohols
with thiazole and pyridine side chain. In
continuation of our work on the synthesis
and bioevaluation of various steroid
derivatives, herein, we would like to report
synthesis and antimicrobial activity of
steroidal C-20 tertiary alcohols with vinyl
side chain.

2. Results and Discussion

Commercially availabfé 16-
dehydropregnenolone acetatel, on
chemoselective catalytic hydrogenation
with 10% palladium on charcoal in ethyl
acetate, hydrolysis of acetat2 with
potassium hydroxide in aqueous methanol,
followed by protection of @Bhydroxy
group in  compound 3 with tert-
butyldimethylsilyl chloride (TBDMSCI) in
the presence of imidazole inN,N-
dimethylformamide (DMF) affordéd
compound4 with an overall yield of 87%
in three steps (Scheme 1).

The synthesis of compoundO was
achieved from 16-dehydropregnenolone
acetatel. Treatment of compoundl with
KOH in t-butanol, followed catalytic
hydrogenation of [Bhydroxy compound®
with 10% palladium on charcoal in ethanol
afforded 5,6,16,17-tetrahydro 20-ketofie
in 95% overall yield in two steps. Th@-3
hydroxy group of9 was transformed to

its TBDMS derivative 10 in excellent

yield. The stereochemistry at C-5 and C-17
in compoundl0 has been already reported
by single X-ray crystal structuré.
Compound10 is an useful intermedidfe
for the synthesis of azasterols, which are
the inhibitors of sterol 24-
methyltransferase irLeishmania species
and Trypanosoma cruz.

Grignard reaction with vinyl magnesium
bromide on steroidal ketonédsand 10 in
tetrahydrofuran yielded stereoselectively
C(205 compoundss and 11 in 98% and
97% vyield respectively (Scheme 1). The
major isomer was assigned the 20S
configuration in keeping with the
stereochemical preference reported for
other Grignard reactions on C-20 steroidal
ketones:"? It can be mentioned here that,
the productss and 11 can be purified by
column chromatography over silica gel.
The C(2®) tertiary alcohol$ and11 were
assigned by spectroscopic data, in which
the C-21 methyl protons iBwas observed
at 1.34 ppm and idl at 1.32 ppm inH
NMR spectrum. Deprotection of TBDMS
group of compound$ and 11 with n-
BwNF in tetrahydrofuran resulted
compounds 6 and 12 respectively in
excellent yields. Selective acetylation of
3B-hydroxy group of6 and 12 with acetic
anhydride and catalytic amount of DMAP
in pyridine yielded compoundéand13in
95% and 94% yield respectively.

3. Bioevaluation

Derivatives of 16-dehydropregnenolone
displayed cytotoxic effects when added
repeatedly to the human cancer cell culture
media’® Antimigratory compounds that

could be used to successfully combat

migrating cancer cells have to be
administered  chronically to cancer
patients.

The in vitro antifungal and antibacterial
activity of the structurally promising
steroidal derivatives against five fungal
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SchemelReagents and conditions: (a) 10% Pd/G, EtOAc, 45 psi, 30 °C, 12 h, 98%; (b)
KOH, MeOH, HO, 30 °C, 2 h, 97%; (c) TBDMSCI, Imidazole, DMF, 3D, 10 h4 (92%)
and10 (97%); (d) CH=CHMgBr, THF, 0 °C, 1 h5 (98%) andl1 (97%); (e)n-Bus;NF, THF,
30 °C, 18 h6 (93%) andl2 (95%); (f) AcO, Pyridine, DMAP, 25 °C, 2 IV, (95%) andl3
(94%); (g) KOH,t-BuOH, H0, 30 °C, 10 h, 96%; (h) 10% Pd/C;, HEtOH, 55 psi, 30 °C, 12

h, 99%.

strains and one strain of Gram-positive
bacteria and one strain of Gram-negative
bacteria was investigated using micro
dilution method in comparison to the

reference  drugs  amphotericin B,

fluconazole, tetracycline and

erythromycin. The results are shown in
Table 1. The results clearly revealed that,
all the tested compounds in the present
study were found to have significant
antifungal and antibacterial activity against
the used strains.

The synthesized compoun8s/ and11-13
were tested invitro for antifungal and
antibacterial activity. The antifungal

albicans,
(human

fungal strains Candida
Cryptococcus neofor mans
pathogen)Benjaminiella poitrasii,

Yarrowia lipolytica (saprophytes) and
Fusarium oxysporum (plant pathogen).
Most of the pathogen fungiz C. albicans

are dimorphic in nature. However, their
use as model faces a number of problems
of slow growth rate and difficulties in
getting synchronous growtfi. Therefore
non pathogenic dimorphic fungus.
poitrasii was used as a model which
exhibits a rapid and simple one-step
process of yeast-mycelium transition in
response to temperature and/or glucose
change'®
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Table 1 Invitro antimicrobial activity of compounds7 and11-13

Minimum Inhibitory concentration (MIC)ug/mL)

Compounds Fungal Strains Bacterial Strains
CA CN BP YL FO EC SA
5 >64 >64 >64 >64 >64 32 64
6 >64 >64 32 64 64 32 8
7 >64 64 16 16 >64 16 16
11 >64 >64 >64 32 >64 32 16
12 >64 32 >64 16 32 8 16
13 64 >64 16 >64 >64 16 16
Ampho. B 2 16 16 16 16 - -
Fluconazole 32 32 32 64 8 - -
Tetracycline - - - - - 8 16
Erythromycin - - - - - >64 32

Bold values in the table indicates that the compgsuare significantly active than the

standard drugs.

CA, Candida albicans (NCL1); CN, Cryptococcus neoformans (NCL2); BP, Benjaminiella
poitrasii (NCL3); YL, Yarrowia lipolytica (NCL4); FQ Fusarium oxysporum (NCL5); EC
Escherichia coli (NCIM No. 2574);SA, Staphylococcus aureus (NCIM No. 2122).

8MIC (Minimum inhibitory concentration) was deterrathas 90% inhibition of growth with

respect to the growth control.

Negative control, DMSO and THF (50:50), No inhidoit

As shown in Table 1, compound have
shown significant antifungal activity
againstB. poitrasii and. lipolytica with
16 pg/mL as a MIC value. Compound®
and 13 showed better activity againit
lipolytica andB. poitrasii with reference to
standard drug fluconazole respectively.
While, all the compounds did not show
any significant activity against human
pathogengC. albicans and C. neoformans
and also plant pathogdf oxysporum. In
case of antibacterial activity, almost all the

compounds have shown moderate to good

activity against Gram-positive. coli and
Gram-negativeS. aureus bacterial strains.
In particular, compoundl2 have shown
comparable activity againdt. coli with
reference drug tetracycline. Compoufd
showed higher activity again&® aureus
with the reference drugs tetracycline and
erythromycin. This indicates that, the
hydroxy group at C-3 position in
compounds 6 and 12 shows good
antibacterial activity again& aureus and
E. coli respectively with reference drug
tetracycline.
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4. Conclusions

A series of steroidal C-20 tertiary alcohols
with vinyl side chain, using Grignard
reagent vinyl magnesium bromide on C-20
ketonest and10 have been realized. These
compounds are characterized by I
NMR, *C NMR, MS, elemental analyses
and evaluated forn vitro antifungal and
antibacterial activites. Some of the
compounds were found to be active against
a limited panel of fungi and bacteria. In
particular, compoundg, 12 and 13 were
found to be the most effective analogs
against the tested fungal strains and
compounds 6, 7, 11-13 against the
bacterial strains.

5. Experimental Section
5.1. General methods

All melting points were determined on
Yanco Micro melting point apparatus and
are uncorrected. Optical rotations were
obtained on Bellingham and Stanly ADP-
220 Polarimeter. Yields refer to
chromatographically and spectroscopically
(*H and C NMR) homogeneous
materials, unless otherwise stated.
Reactions were monitored by thin-layer
chromatography (TLC) wusing TLC
aluminium sheets, silica gel 6Qsr
precoated, Merck, Germany and locating
the spots using UV light as the visualizing
agent or spraying with ethanolic
phosphomolybdic acid (PMA) solution
followed by heating.*H and **C NMR
spectra were recorded on Bruker AC-200
(200 MHz) at 200.13 and 50.32 or on a
Bruker DRX-500 (500 MHz)
spectrophotometer at 500.13 and 125.78,
respectively. Chemical shifts are giversin
values relative to TMS (tetramethylsilane)
as internal standard. IR spectra were
recorded on Shimadzu 8400 series FTIR
instrument and values are reported in‘cm
units. Specific rotations (D) are

reported in deg/dm and the concentration
(c) is given in g/100 ml in the specific
solvent. Mass spectra were recorded by
either LC-MS or MS-TOF APl QSTAR
PULSAR spectrophotometer, samples
introduced by infusion method using
Electrospray lonization Technique.
Elemental analyses were performed by
CHNS-O EA 1108-Elemental analyzer,
Carloerba Instrument (ltaly) or Elementor
Vario EL (Germany) and were within *
0.4% of calculated values.

5.1.1.
(2)

To a solution of 16-dehydropregnenolone
acetatel (3.56 g, 10 mmol) in ethyl acetate
(100 mL) was added Pd/C catalyst (0.36 g,
10%) and hydrogenation was carried out at
45 psi pressure at room temperature (30
°C) for 12 h. The reaction mixture was
filtered and the filtrate was evaporated
under reduced pressure to obtaifs- 3
Acetoxy-pregna-5-en-20-on€ (3.50 g,
98%) as a pale yellowish solid. Mp: 145-
146 °C (Ethyl acetate-hexane). IR (nujol,
cm?): 1730 (OCOCH), 1708 (COCH).

'H NMR (200 MHz, CDC)) & = 5.38 (d,
1H, J = 5 Hz, 6-H), 4.61 (m, 1H, 3-H),
2.54 (t, 1H, 17-H), 2.13 (s, 3H, COGH
2.04 (s, 3H, OCOC¥), 1.02 (s, 3H, 19-
Hs), 0.63 (s, 3H, 18-§). **C NMR (50
MHz, CDCk) & = 209.2 (C), 170.3 (C),
139.5 (C), 122.2 (CH), 73.6 (CH), 63.5
(CH), 56.7 (CH), 49.7 (CH), 43.8 (C), 38.6
(CHp), 37.9 (CH), 36.9 (CH), 36.4 (C),
31.7 (CH), 31.6 (Ch), 31.4 (CH), 29.6
(CHy), 27.6 (CH), 24.3 (CH), 22. 7
(CHyp), 21.2 (CH), 20.9 (CH), 19.1 (CH),
13.1 (CH).

P-Acetoxy-pregna-5-en-20-one

5.1.2.
(3)

P-Hydroxy-pregna-5-en-20-one

To a stirred solution of [BAcetoxy-
pregna-5-en-20-on2 (7.08 g, 20 mmol) in
methanol (100 mL) was added aqueous
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solution of KOH (5.6 g, 100 mmol) inJ@
(5 mL). The reaction mixture was stirred
for 2 h at 30°C and methanol was
removed under vacuuo. Usual workup with
ethyl acetate yielded [3Bhydroxy-pregna-
5-ene-20-one3 (6.0 g, 96%) as a
colourless solid. Mp: 192-194 °C
(Methanol). IR (nujol, cil): 3520 (-OH),
1712 (C=0).*H NMR (200 MHz, CDC})

0 =5.35 (d, 1HJ = 6 Hz, 6-H), 3.50 (m,
1H, 3-H), 2.13 (s, 3H, COCH 1.01 (s,
3H, 19-H;), 0.63 (s, 3H, 18-§). *°C NMR
(50 MHz, CDC§) & = 209.6 (C), 140.8
(C), 121.2 (CH), 71.5 (CH), 63.6 (CH),
56.8 (CH), 49.9 (CH), 43.9 (C), 42.1
(CHyp), 38.7 (CH), 37.2 (CH), 36.4 (C),
31.8 (CH), 31. 7 (CH), 31.5 (CH), 31.4
(CHy), 24.4 (CH), 22.7 (CH), 21.0 (CH),
19.2 (CH), 13.1 (CH). Anal. Calcd for
CoH320,: C, 79.70; H, 10.19; Found: C,
79.35; H, 10.49.

5.1.3. P-tert-Butyldimethylsilyloxy-
pregna-5-ene-20-one (4)

tert-Butyldimethylsilyl chloride (5.4 g, 36
mmol) was added to a solution of 3-3
hydroxy-pregna-5-ene-20-ori& (5.188 g,
18 mmol) in dry DMF (120 mL).
Imidazole (4.896 g, 72 mmol) was added
to above solution and the reaction mixture
was stirred at 30C for 10 h. The reaction
was then quenched with crushed ice. The
reaction mixture was extracted with
dichloromethane (2x 100 mL). The
combined organic extracts were washed
with brine (2 x 25 mL), dried over
anhydrous Nz50,, concentrated under
reduced pressure to afford B-Bert-
butyldimethylsilyloxy-pregna-5-ene-20-
one4 (6.79 g, 92%) as a colourless solid.
Mp: 160-162°C (Ethyl acetate-Hexane).
IR (nujol, cm?): 1712 (C=0).'H NMR
(500 MHz, CDC}) 6=5.33 (d, 1IHJ =5
Hz, 6-H), 3.49 (m, 1H, 3-H), 2.13 (s, 3H,
COCHg), 1.01 (s, 3H, 19-f), 0.90 (s, 9H,
SiCMe;), 0.64 (s, 3H, 18-k), 0.06 (s, 6H,
SiMe,). °C NMR (125 MHz, CDG)) & =

209.3 (C), 141.6 (C), 120.9 (CH), 72.6
(CH), 63.8 (CH), 57.0 (CH), 50.2 (CH),
44.0 (C), 429 (Ch), 39.0 (CH), 37.5
(CHy), 36.7 (C), 32.1 (Ch, 31. 9 (CH),
31.9 (CH), 31.4 (CH), 25.9 (3 x CH),
24.5 (CH), 22.9 (CH), 21.1 (CH), 194
(CH3), 18.2 (C), 13.2 (Ch), -4.6 (2 X
CHg). Mass: m/z 451.04 (M+¥D). Anal.
Calcd for Q7H46028i1 C, 75.34; H, 10.69;
Found: C, 75.07; H, 11.00.

5.1.4. 16-Dehydropregnenolone (8)

To a stired solution of 16-
dehydropregnenolone acetate(5.340 g,
15 mmol) int-butanol (125 mL) was added
solution of KOH (4.2 g, 75 mmol) in 4@

(5 mL). The reaction mixture was stirred
for 10 h at 30°C and t-butanol was
removed under reduced pressure, crushed
ice was added to it. The solid was filtered
and washed with cold water (5 x 25 mL). It
was then dried to yield 16-
dehydropregnenolon& (4.52 g, 96%) as a
colourless solid. From this 100 mg was
crystallized in 5 mL of solvent (Methanol-
Dichloromethane 9:1). Mp: 214-215 °C.
[0]%%5 —27.27 € 0.66, CHOH). IR (Nujol,
cm™): 3390 (-OH), 1654 (C=O)}H NMR
(300 MHz, CDC}¥) 6 = 6.72 (t, 1H,J =
3Hz, 16-H), 5.37 (d, 1HJ = 5 Hz, 6-H),
3.53 (m, 1H, 3-H), 2.26 (s, 3H, COGH
1.05 (s, 3H, 19-f), 0.92 (s, 3H, 18-}).
13C NMR (75 MHz, CDCY) & = 196.7 (C),
155.4 (C), 144.2 (CH), 141.4 (C), 120.9
(CH), 71.6 (CH), 56.4 (CH), 50.5 (CH),
46.1 (C), 42.2 (Ch, 37.1 (CH), 36.7
(CH), 34.7 (CH), 32.2 (CH), 31.6 (CH),
31.5 (CH), 30.2 (CH), 27.0 (Ch), 20.6
(CHp), 19.2 (CH), 15.7 (CH). MS
(LCMS) m/z: 315 (M+1. Anal. Calcd for
Co1H3002 0.5CHO: C, 78.13; H, 9.76;
Found: C, 78.12; H, 9.78.

5.1.5.
one (9)

P-Hydroxy-5a,17a-pregna-20-

To a solution of 16-dehydropregnenolone
8 (1.572 g, 5 mmol) in ethanol (100 mL)
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was added Pd/C catalyst (0.157 g, 10%)
and hydrogenation was carried out using
Parr apparatus at 55 psi pressure atG0
for 12 h. The reaction mixture was filtered
and the filtrate was evaporated under
reduced pressure to obtair3-Bydroxy-
5a,170-pregna-20-ond (1.576 g, 99%) as
a colourless solid. From this 150 mg was
crystallized in 10 mL of solvent
(Methanol-Dichloromethane 9:1). Mp:
193-195 °C. [a]*, +90.78 ¢ 0.70,
CHsOH). IR (Nujol, cm'): 3388 (-OH),
1691 (C=0).*H NMR (200 MHz, CDC})

5 = 3.60 (m, 1H, 3-H), 2.11 (s, 3H,
COCHg), 0.81 (s, 3H, 19-), 0.60 (s, 3H,
18-Hs). °C NMR (50 MHz, CDCJ) & =
209.7 (C), 70.9 (CH), 63.7 (CH), 56.5
(CH), 54.1 (CH), 44.7 (CH), 44.1 (C), 38.9
(CHyp), 37.9 (CH), 36.9 (CH), 35.3 (C),
35.3 (CH), 31.9 (Ch), 31.4 (CH), 31.2
(CHy), 28.5 (CH), 24.3 (CH), 22.6 (CH),
21.1 (CH), 13.3 (CH), 12.2 (CH). MS
(LCMS) m/z: 319 (M+1. Anal. Calcd for
C21H340,: C, 79.19; H, 10.75; Found: C,
78.89; H, 11.03.

5.1.6. P-tert-Butyldimethylsilyloxy-
5a,17a-pregna-20-oneg(10)

To a solution of B-hydroxy-5,170-
pregna-20-oné (3.185 g, 10 mmol) in dry
DMF (90 mL) under nitrogen atmosphere
was added imidazole (1.020 g, 15 mmol)
andtert-butyldimethylsilyl chloride (1.875
g, 12.5 mmol). The mixture was stirred at
30 °C for 10 h. The resulting suspension
was quenched with cold water and
extracted with diethyl ether (2 x 200 mL)
and washed with saturated sodium
bicarbonate (2 x 75 mL) and water (2 x 50
mL). The organic extracts were washed
with brine (2 x 50 mL), dried over
anhydrous Nzg50,. Removal of solvent
under reduced pressure afforded crude
compound 10 (4.340 g). Column
chromatographic purification over silica
gel using ethyl acetate-petroleum ether
(3:97; Rf 0.4, 10% EA/PE) as an eluent
afforded  B-tert-butyldimethylsilyloxy-

50,1 70-pregna-20-onel0 (4.197 g, 97%)
as a colourless solid. From this 200 mg
was crystallized in 10 mL of solvent
(Methanol-Dichloromethane 9:1). Mp:
140-141 °C. [a]®, +70.17 ¢ 0.57,
CHCL). IR (Nujol, cm'): 1708 (C=0)*H
NMR (200 MHz, CDC§) 6 = 3.55 (m, 1H,
3-H), 2.11 (s, 3H, COC¥), 0.89 (s, 9H,
SiCMe;), 0.80 (s, 3H, 19-k), 0.60 (s, 3H,
18-Hz), 0.05 (s, 6H, SiMg. °C NMR (50
MHz, CDCk) 6 = 209.6 (C), 72.0 (CH),
63.8 (CH), 56.7 (CH), 54.3 (CH), 45.0
(CH), 44.2 (C), 39.1 (Ch), 38.6 (CH),
37.1 (CH), 35,5 (C), 35.4 (CH), 32.0
(CHyp), 31.9 (CH), 31.5 (CH), 28.6 (CH),
25.9 (3 x CH), 24.4 (CH), 22.7 (CH),
21.2 (CH), 18.2 (C), 13.4 (Ch), 12.3
(CH3), -4.6 (2 x CH). MS (LCMS) m/z:
433 (M+1), 455 (M+Na). Anal. Calcd for
Cz7H43028i: C, 74.93; H, 11.17; Found: C,
75.00; H, 11.37.

5.1.7. (26)-3B-tert-
Butyldimethylsilyloxy-24-norcholesta-
5,22-diene-20-ol (5)

A preliminary calcinated three-necked
flask was charged in a stream of argon
with 0.120 g of magnesium turnings, a few
crystals of iodine were added, the flask
was heated, 20 mL of tetrahydrofuran was
added. The mixture was cooled to°G,
and a solution of vinyl bromide in
tetrahydrofuran (0.8 mL, 55 M) was
added dropwise under stirring. A solution
of 3B-tert-Butyl-dimethylsilyloxy-pregna-
5-en-20-onet (0.864 g, 2 mmol) in 10 mL
of tetrahydrofuran then added. The
reaction mixture was stirred at the same
temperature for 2 h. The reaction was
guenched with saturated solution of
ammonium chloride (10 mL) and THF was
removed under reduced pressure. The
residue was extracted with ethyl acetate (2
x 100 mL). The organic layer was washed
with water (2 x 25 mL), brine (2 x 25 mL),
dried over anhydrous N80O,. Solvent was
removed under reduced pressure to afford
crude compound (0.938 g). Flash colum
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chromatographic purification over silica
gel using ethyl acetate-petroleum ether
(1:99, Rf 0.4, 10% EA/PE) as eluent
afforded pure (29)-33-tert-
butyldimethylsilyloxy-24-norcholesta-
5,22-diene-20-0(5) (0.898 g, 98%) as a
colourless solid. 50 mg of this was
crystallized in 10 mL of solvent (Ethyl
acetate-Petroleum ether, 1:9). Mp: 148-150
°C (Lit.”® 157-158°C). IR (Nujol, cm):
3313 (-OH)*H NMR (200 MHz, CDC}) &
=5.99 (dd, 1HJ = 10.7 and 17.3 Hz, 22-
H), 5.32 (d, 1HJ = 4.8 Hz), 5.15 (dd, 1H,
J=1.3and 17.2 Hz, 23-H), 4.96 (dd, 1H,
= 1.4 and 10.8 Hz, 23-H), 3.48 (m, 1H, 3-
H), 1.34 (s, 3H, 21-f), 1.00 (s, 3H, 19-
Hs), 0.89 (s, 9H, SiCM#g, 0.83 (s, 3H, 18-
Hs), 0.06 (s, 6H, SiM§.*C NMR (50
MHz, CDCk) 6 = 146.1 (CH), 141.5 (C),
121.0 (CH), 110.2 (Ch), 75.7 (C), 72.6
(CH), 59.4 (CH), 56.8 (CH), 50.1 (CH),
42.8 (CH), 42.8 (C), 40.2 (Ch, 37.3
(CHy), 36.5 (C), 32.0 (Ch), 31.8 (CH),
31.3 (CH), 28.7 (Ch), 25.9 (3 x CH),
23.8 (CH), 23.2 (CH), 20.9 (CH), 194
(CHg), 18.2 (C), 13.8 (Ch), -4.6 (2 x
CHz). MS (LCMS) m/z: 481 (M+Na).
Anal. Calcd for GyHs00,Si: C, 75.92; H,
10.98; Found: C, 75.60; H, 11.27.

5.1.8. (2()-3p-tert-
Butyldimethylsilyloxy-24-norcholesta-
5a-22-ene-20-ol (11)

Experimental procedure was the same as
the procedure described for compound
Yield: 97%. Mp: 140-142°C (Ethyl
acetate-Petroleum ether). IR (Nujol, Om
3382 (-OH).'"H NMR (200 MHz, CDCJ)
0=15.98 (dd, 1HJ = 10.8 and 17.3 Hz, 22-
H), 5.14 (dd, 1HJ = 1.2 and 17.3 Hz, 23-
H), 4.96 (dd, 1H,) = 1.1 and 10.7 Hz, 23-
H), 3.55 (m, 1H, 3-H), 1.32 (s, 3H, 21:H
0.89 (s, 9H, SiCMg), 0.80 (s, 6H, 19-H
and 18-H), 0.05 (s, 6H, SiMg. **C NMR
(50 MHz, CDC}) & = 146.1 (CH), 110.1
(CHp), 75.7 (C), 72.1 (CH), 59.5 (CH),
56.5 (CH), 54.4 (CH), 45.0 (CH), 43.0 (C),
40.4 (CH), 38.6 (CH), 37.1 (CH), 35.4

(C), 34.8 (CH), 32.0 (Ch), 31.9 (CH),
28.7 (Ch), 28.7 (CH), 25.9 (3xCH),
23.7 (CH), 23.1 (CH), 21.0 (CH), 18.2
(©), 139 (CH), 12.3 (CH), 4.6 (2 x
CHz). MS (LCMS) m/z: 483 (M+Na).
Anal. Calcd for GgHs,0,Si: C, 75.59; H,
11.37; Found: C, 75.31; H, 11.45.

5.1.9. General procedure for
deprotection of TBDMS group in
compounds 5 and 11

To the solution of B-tert-
butyldimethylsilyloxy compound$ or 11

(2 mmol) in dry tetrahydrofuran (10 mL),
1M n-tetrabutylammonium fluoride in
tetrahydrofuran (2 mL, 2 mmol) was
added. The reaction mixture was stirred at
30 °C for 12 h and then quenched with
aqueous ammonium chloride.
Tetrahydrofuran was removed under
vaccuo and the reaction mixture was
extracted with ethyl acetate €100 mL).
The combined organic extracts were
washed with brine (& 25 mL), dried over
anhydrous Ng50,. Solvent was removed
under reduced pressure to afford crude 3-
OH compounds. Column chromatographic
purification over silica gelusing ethyl
acetate-petroleum ether as an eluent gave
pure compounds.

5.1.9.1. (28)-24-Norcholesta-5,22-
diene-3,20-diol (6)

Yield: 94%. Mp: 135-137°C (Ethyl
acetate). IR (Nujol, cif): 3363 (-OH).*H
NMR (200 MHz, CDC}) & = 5.98 (dd, 1H,
J=10.8 and 17.3 Hz, 22-H), 5.35 (d, 1H,
= 5.1 Hz), 5.14 (dd, 1H) = 1.2 and 17.3
Hz, 23-H), 4.96 (dd, 1H) = 1.4 Hz and
10.7 Hz, 23-H), 3.52 (m, 1H, 3-H), 1.33 (s,
3H, 21-H), 1.01 (s, 3H, 19-F), 0.83 (s,
3H, 18-H;). **C NMR (50 MHz, CDCJ) &

= 146.1 (CH), 140.8 (C), 121.5 (CH),
110.2 (CH), 75.7 (C), 71.7 (CH), 59.4
(CH), 56.7 (CH), 50.0 (CH), 42.8 (GH
42.8 (C), 40.1 (Ch), 37.2 (CH), 36.5 (C),
31.7 (CH), 31.6 (CH), 31.3 (CH), 28.7



206

ISSN: 2249 —4820

Chemistry & Biology Interface, 2011, 1, 2, 198-208

(CHs), 23.8 (CH), 23.1 (CH), 20.9 (CH),
19.4 (CH), 13.8 (CH). MS (LCMS) m/z:
367 (M+Na). Anal. Calcd for £H360-: C,
80.18; H, 10.53; Found: C, 79.97; H,
10.76.

5.1.9.2. (2@)-24-Norcholesta-®-22-ene-
3,20-diol (12)

Yield: 95%. Mp: 159-161°C (Methanol).
IR (Nujol, cm?): 3286 (-OH).’H NMR
(200 MHz, CDC}) 6 = 5.98 (dd, 1HJ =
10.8 and 17.3 Hz, 22-H), 5.14 (dd, 1Hs
1.2 and 17.3 Hz, 23-H), 4.96 (dd, 1#=
1.1 and 10.7 Hz, 23-H), 3.59 (m, 1H, 3-H),
1.32 (s, 3H, 21-h), 0.81 (s, 6H, 19-kand
18-Hs). *C NMR (50 MHz, CDCJ) & =
146.1 (CH), 110.1 (Ch), 75.7 (C), 71.2
(CH), 59.5 (CH), 56.5 (CH), 54.3(CH),
44.8 (CH), 43.0 (C), 40.4 (GH 38.1
(CHy), 36.9 (CH), 35.4 (C), 34.8 (CH),
31.9 (CH), 31.5 (CH), 28.7 (CH), 28.6
(CH,), 23.7 (CH), 23.1 (CH), 21.0 (CH),
13.9 (CH), 12.3 (CH). MS (LCMS) m/z:
369 (M+Na). Anal. Calcd for
Co3H3s0,CH,O: C, 75.19; H, 11.11,
Found: C, 75.89; H, 11.32.

5.1.10. General procedure for selective
acylation of 3-OH group in compounds
6 and 12

To the solution of ,20(9-dihydroxy
compounds6 or 11 (0.5 mmol) in dry
pyridine (2 mL), was added acetic
anhydride (0.1 mL, 1 mmol) and catalytic
amount of N,N-dimethylaminopyridine
(0.012 g, 0.1 mmol). The reaction mixture
was stirred at 28C for 2 h, quenched with
crushed ice and extracted with ethyl
acetate (2x 50 mL). The combined
organic extracts were washed with brine (2
x 10 mL), dried over anhydrous p&O..
The solvent was removed under reduced
pressure resulted crude compounds.
Column chromatographic purification over
silica gel using ethyl acetate-petroleum
ether as an eluent afforded pure products.

5.1.10.1. (28)-3B-Acetoxy-24-
norcholesta-5,22-diene-20-ol (7)

Yield: 94%. Mp: 152-153C (Methanol).
IR (Nujol, cm'): 3452 (-OH), 1720 (-
OCOCH;). *H NMR (200 MHz, CDCJ) &
=5.99 (dd, 1HJ = 10.7 and 17.3 Hz, 22-
H), 5.37 (d, 1HJ = 4.6 Hz), 5.15 (dd, 1H,
J=1.4and 17.3 Hz, 23-H), 4.96 (dd, 1H,
= 1.3 and 10.7 Hz, 23-H), 4.63 (m, 1H, 3-
H), 2.04 (s, 3H, -OCOCH, 1.34 (s, 3H,
21-Hs), 1.02 (s, 3H, 19-F), 0.84 (s, 3H,
18-Hs). *C NMR (50 MHz, CDC)) & =
170.5 (C), 146.01 (CH), 139.6 (C), 122.4
(CH), 110.2 (CH)), 75.6 (C), 73.9 (CH),
59.3 (CH), 56.6 (CH), 49.9 (CH), 42.7 (C),
40.0 (CH), 38.0 (CH), 36.9 (CH), 36.5
(C), 31.7 (CH), 31.2 (CH), 28.7 (CH),
23.7 (CH), 23.1 (CH), 21.4 (CH), 20.8
(CHy), 19.2 (CH), 13.7 (CH). MS
(LCMS) m/z: 409 (M+Na). Anal. Calcd
for CosH3g05: C, 77.68; H, 9.91; Found: C,
77.52; H, 10.15.

5.1.10.2. (28)-3B-Acetoxy-24-
norcholesta-®-22-ene-20-ol (13)

Yield: 93%. Mp: 181-183C (Methanol).
IR (Nujol, cm'): 3207 (-OH), 1718 (-
OCOCH;). *H NMR (200 MHz, CDCJ) &
=5.98 (dd, 1H,) = 10.4 and 17.3 Hz, 22-
H), 5.14 (dd, 1H,) = 1.4 and 17.3 Hz, 23-
H), 4.95 (dd, 1HJ = 1.4 and 10.7 Hz, 23-
H), 4.68 (m, 1H, 3-H), 2.03 (s, 3H, -
OCOCH;), 1.32 (s, 3H, 21-§, 0.82 (s,
3H, 19-H), 0.81 (s, 3H, 18-5. *C NMR
(50 MHz, CDC}) & = 146.1 (CH), 110.1
(CHp), 75.7 (C), 71.2 (CH), 59.5 (CH),
56.5 (CH), 54.3 (CH), 44.8 (CH), 43.0 (C),
40.4 (CH), 38.1 (CH), 36.9 (CH), 35.4
(C), 34.8 (CH), 31.9 (Ch, 31.5 (CH),
28.7 (CHy), 28.6 (CH), 23.7 (CH), 23.1
(CHy), 21.0 (CH), 13.9 (CH), 12.3 (CH).
MS (LCMS) m/z: 411 (M+Na). Anal.
Calcd for G3H3s0,CH,O: C, 75.19; H,
11.11; Found: C, 75.89; H, 11.32.
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5.2. Antimicrobial Activity: Materials
and Methods

Candida albicans,
neofor mans (human pathogen),
Benjaminiella poitrasi  and Yarrowia
lipolytica (non pathogen) strainsvere
maintained on YPG (yeast extract, 0.3%,
peptone, 0.5%, and glucose, 1%) agar
slants. Fusarium oxysporum (plant
pathogen) strain was maintained on PDA
(potato, 20% dextrose, 2%) agar slants at
28 °C. Escherichia coli (NCIM No. 2574)
and Staphylococcus aureus (NCIM No.
2122) were maintained on NA (beef
extract, 0.3%, peptone, 0.5%, sodium
chloride, 0.5%) slants. Strains o€.
albicans, C. neoformans, Y. lipolytica were
inoculated in YPG broth at 28 andB.
poitrasii at 37°C for 24 h respectivelyk.
oxysporum in potato dextrose at Z& for

48 h whereas bacterial straiks coli and

S aureus in NA broth for 24 h.
Compounds 5-7, and 11-13 were
solubilized in DMSO and THF (50:50),
and stock solutions of 1.28 mg/mL were
prepared. Amphotericin B, Fluconazole,
Tetracycline and Erythromycin were also
dissolved in DMSO and THF (50:50), and
were used as a positive control.

Cryptococcus

5.3. MIC determination

In vitro antifungal and antibacterial
activity of newly synthesized compounds
were studied against fungal stramnz., C.
albicans, C. neoformans, B. poitrasii, Y.
lipolytica, F. oxysporum and bacterial
strainsE. coli (NCIM No. 2574), andS
aureus (NCIM No. 2122) respectively to
find out MIC (Minimum Inhibitory
Concentration). All the experiments were
done in triplicate under similar
experimental conditions. MIC of the
synthesized compounds were determined
according to standard broth microdilution
technique as per NCCLS guidelings.
Testing was performed in U bottom 96
well tissue culture plates in YPG, PDA for

fungal strains and NA for bacterial strains.
The concentration range of tested
compounds and standard was 64-0.5
pg/ml. The plates were incubated at 28 °C
for all the microorganisms except f&:
poitrasii at 37 °C, absorbance at 600 nm
was recorded to assess the inhibition of
cell growth after 24 h foB. poitrasii and

Y. lipolytica, 48 h forC. albicans and F.
oxysporum, 72 h forC. neoformans and 24

h for bacterial cultures. MIC was
determined as 90% inhibition of growth
with respect to the growth control was
observed.
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