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GENERAL REMARKS 

• Independent reference and compound numbering have been employed for abstract, as 

well as each chapter (Chapter 1-3). 

• All the solvents used were purified using the known literature procedures. 

• Petroleum ether used in the experiments was of 60-80 °C boiling range. 

• Column chromatographic separations were carried out by gradient elution using silica 

gel (60-120 mesh/230-400 mesh) or neutral deactivated alumina with light petroleum 

ether-ethyl acetate mixture, unless otherwise mentioned. 

• TLC was performed on E-Merck pre-coated silica gel 60 F254 
plates and the spots 

were rendered visible by exposing to UV light, iodine, charring or staining with 

ninhydrin, p-anisaldehyde or phosphomolybdic acid solutions in ethanol. 

• Microwave irradiation was carried out in an open glass vessel using a domestic 

microwave oven (800 watt, BPL-make). 

• Usual work up: organic layer was washed with H2O and brine, dried over anhydrous 

Na2SO4 and concentrated in vacuo.  

• Crystallization: Single crystals of the compounds were grown from a hot saturated 

filtered solution of these compounds in particular solvent. Suitable crystals were 

obtained by slow evaporation of the solvent at room temperature (RT). 

• All the melting points reported are uncorrected and were recorded using an electro-

thermal melting point apparatus or with Buchi Melting Point apparatus B-540. 

• Ultraviolet (UV) spectra were performed using Perkin-Elemer instrument, Lambda 35 

UV/VIS Spectrometer. 

• IR spectra were recorded on Shimadzu FTIR instrument, for solid either as nujol mull 

or in chloroform solution and neat in case of liquid compounds. 

• NMR spectra were recorded on Bruker ACF 200 and AV200 (200.13 MHz for 1H 

NMR and 50.03 MHz for 13C NMR), MSL 300 (300.13 MHz for 1H NMR and 75.03 

MHz for 13C NMR), AV 400 (400.13 MHz for 1H NMR and 100.03 MHz for 13C 

NMR) and DRX 500 (500.13 MHz for 1H NMR and 125.03 MHz for 13C NMR) 

spectrometers. Chemical shifts (δ) reported are referred to internal reference 

tetramethylsilane (TMS). The following abbreviations were used: s = singlet, d = 

doublet, t = triplet, q = quartet, m = multiplet, bs = broad singlet, dd = doublet of 

doublet, dt = doublet of triplet and ddd = doublet of doublet of doublet. 



 ii

• Mass spectra were recorded on Finnigan-Mat 1020C mass spectrometer and were 

obtained at an ionization potential of 70 eV or on LC-MS/MS-TOF API QSTAR 

PULSAR spectrometer, samples introduced by infusion method using Electrosprey 

Ionization Technique. EI and CI mass spectra were recorded on an AEI MS-50 and 

AEI MS-9 spectrometer, respectively.  

• Micro analytical data were obtained using a Carlo-Erba CHNS-O EA 1108 Elemental 

Analyzer. Elemental analyses observed for all the newly synthesized compounds were 

within the limits of accuracy (± 0.4%). 

• Optical rotations were obtained on Bellingham & Stanley ADP-220 Polarimeter. 

Specific rotations ([α]
D
) are reported in deg/dm, and the concentration (c) is given in 

g/100 mL in the specific solvent. 

• All the compounds previously known in the literature were characterized by 

comparison of their Rf values on TLC, IR and NMR spectra as well as melting point 

with authentic samples. 

• Starting materials were obtained from commercial sources or prepared using known 

procedures. 



 iii

ABBREVIATIONS 

AIDS  Acquired Immunodeficiency Syndrome  

Amp B  Amphotericin B  

Aq.  Aqueous  

AZT  Azidothymidine  

9-BBN 9-Borabicyclononane  

BER Borohydrate exchange resin 

Boc  tert-Butoxycarbonyl  

Bzl  Benzyl  

Cat.  Catalytic  

CCDC  Cambridge Crystallographic Data Centre  

CFU Colony forming units 

CSA  Cationic Steroid Antibiotics  

CSD  Cambridge Structural Database  

CR Cresol red 

DCM  Dichloromethane  

DCR 1,3-Dipolar cycloaddition reaction 

DEAD Diethylazodicarboxylate 

DECP  Diethyl cyanophosphonate  

DEPT  Distortionless Enhancement by Polarization Transfer  

DMAP  4-(Dimethylamino) pyridine  

DMF  Dimethylformamide  

DMSO  Dimethyl Sulphoxide  

DNA  Deoxyribonucleic acid  

16-DPA 16-dehydropregnalone  

DTPA  Diethylenetriamine pentaacetic acid  

EC  Effective Concentration  

ED  Effective Dose  

EDCI  1-(3-Dimethylaminopropyl)-3-Ethylcarbodiimide Hydrochloride 

ee  Enantiomeric Excess  

EF2 Elongation Factor 2 

equiv.  Equivalent(s)  

ER  Endoplasmic Reticulum  



 iv

EtOH  Ethanol  

5-FC 5-fluorocytosine 

FIC  Fractional Inhibition Concentration  

FL  Fluorescence  

5-FU 5- fluorouracil 

gp  Glycoprotein  

GR  Glucocorticoid Receptor  

h  Hour(s)  

HGO Hepatic glucose output  

HIV  Human immunodeficiency virus  

HMPA Hexamethylphosphoric triamide 

HPLC  High Performance Liquid Chromatography  

HSD  Hydroxysteroid Dehydrogenase  

Hz  Hertz  

IC  Inhibitory Concentration  

IR  Infra Red  

LAH  Lithium Aluminum Hydride  

LPS  Lipopolysaccharide  

MeOH  Methanol  

MEM Methoxyethoxymethyl ethers 

MIC  Minimum Inhibitory Concentration  

min.  Minute(s)  

mL  Millilitre(s)  

µM Micromolar 

mmol  Millimole(s)  

Mp  Melting Point  

MS  Mass Spectrum  

MS 4Å  Molecular Sieves (4Å)  

MsCl  Mesyl Chloride  

MW  Microwave  

NCCLS  National Committee for Clinical Laboratory Standard  

NCIM  National Collection of Industrial Micro-Organisms 

NMR  Nuclear Magnetic Resonance  



 v

ORTEP  Orthogonal Thermal Ellipsoid Plots  

PCR  Polymerase Chain Reaction  

PE  Petroleum Ether  

PMB  Polymyxin B  

PTB  Pyridinium Tribromide  

PTFE  Polytetrafluorothylene 

p-TSA  p-Toluenesulfonic acid  

p-TsCl  p-Toluenesulfonyl chloride  

Py  Pyridine  

RNA  Ribonucleic Acid  

rt  Room Temperature  

RT  Reverse Transcription  

SAR  Structure Activity Relationships  

SCP  Sterol Carrier Proteins  

SN
1  Unimolecular Nucleophilic Substitution  

SN
2  Bimolecular Nucleophilic Substitution  

TBAB Tetrabutylammonium bromide 

Temp.  Temperature  

TFA  Trifluoroacetic acid  

THF  Tetrahydrofuran  

TLC  Thin Layer Chromatography  

TMSCl  Trimethylchlorosilane  

TMSOI  Trimethyl Sulfoxonium Iodide  

TPP  Triphenylphosphine  

UV-VIS  UV-VIS spectrometer. 

W watt 
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ABSTRACT 

 

The thesis entitled “Design and Synthesis of Bile Acid Based Conjugates, Dimers, 

Oligomers and Their Pharmacological and Supramolecular Applications” has been 

divided into three chapters. 

Chapter 1: Synthesis of bile acid based dimers, oligomers to study their micelle like 

properties and studies towards the synthesis of cholaphanes. 

Chapter 2: Synthesis of bile acid-fluconazole conjugates, new fluconazole analogues 

using click reaction, bile acid based amino alcohols and their bioevaluation. 

Chapter 3: Stereoselective synthesis of steroidal side chain from 16-

dehydropregnalone acetate. 

 

 
Chapter 1:  Synthesis of bile acid based dimers, oligomers to study their micelle like    

properties and studies towards the synthesis of cholaphanes. 

 
Introduction 
 
Bile acids are versatile building blocks for the design and synthesis of macrocyclic and 

open chain supramolecular hosts due to their large, rigid, and curved steroidal skeletons, 

chemically different hydroxy groups, enantiomeric purities, and their unique 

amphiphilicity, together with their availability and low cost.1 Bile acids and their 

derivatives are also important compounds from the pharmaceutical point of view. In their 
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dimeric form, bile acids or their derivatives show inclusion of methanol, carbohydrate, 

perylene, and DNA. Such dimers also act as artificial ionophores and are found to be 

potential receptors for neutral molecules or metal cations.2 The configuration of dendritic 

structures based on steroidal moieties may give rise to potential molecular assemblies 

with many interesting nano-scale applications, including organ-targeted drug carriers, 

artificial ion channels, organogelators and molecular switches.  

In this chapter we present our studies on the synthesis of bile acid dimers and oligomers 

based on Cu (I) catalyzed 1,3 dipolar cycloaddition of terminal alkyne and azide (click 

reaction).3 Their micelle like properties have been studied by encapsulation of hydrophilic 

dye (cresol red) in non polar solvent (chloroform) using solid liquid extraction protocol 

and efforts towards the synthesis of cholaphanes. 

Synthesis of terminal alkynes:  

Terminal alkynes were synthesized by esterification  of bile acids 1 and 2 using an excess 

of propargyl alcohol and a catalytic amount of p-TSA (para-toluenesulfonic acid) to get 

compounds 3  and 4  (Scheme 1). 

 

O

OH

R
OH

OH

O

O

R
OH

OH
1, R = H Deoxycholic acid
2, R = OH Cholic acid

3, R = H
4, R = OH  

Scheme 1: Reagents and Conditions: p-TSA (10 mol %), Propargyl alcohol, 55-60 οC, 7 h, 3 
(96%), 4 (95%). 

 

Synthesis of azides:  

Azides at C-3 and C-24 positions of bile acids were synthesized (Scheme 2). 

Esterification of deoxycholic acid 1 and cholic acid 2 using excess methanol and catalytic 

amount of p-TSA afforded methyl esters 5 and 6. These esters on reduction with LAH 

followed by selective mesylation and nucleophilic substitution of mesyl with sodium 

azide gave C-24 azido compounds 7 and 8. C-3α-azides 9 and 10 were synthesized using 

Mitsunobu reaction, while C-3β-azides 11 and 12 were synthesized by mesylation 

followed by nucleophilic substitution of mesyl with sodium azide from compounds 5 and 

6. 
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R
OH

OH
2, R = H
4, R = OH

5, R = H
6, R = OH

OH

O

R
OH

OH

OCH3

O

R
OH

OH

N3
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8, R = OH

a b

c
d

11, R = H
12, R = OH

R
OH

N3

OCH3

O

9, R = H
10, R = OH

R
OH

N3

OCH3

O

e

d
c

d

 
Scheme 2: Reagents and conditions: (a) p-TSA/MeOH, 25 ºC, 24 h, 95-96%; (b) LAH/THF, 

25 ºC, 2 h, 93-97%; (c) MsCl, Et3N, CH2Cl2, 0 ºC, 10 min; (d) NaN3, DMF, 60 ºC, 
3 h, 93-94%.; (e) Ph3P, Et3N, MeSO3H, DEAD, THF, 45 οC, 24 h.; 75-78 % 
(overall in 2 steps). 

 

Syntheis of Dimers:  

Bile acid dimers 13-18 (Figure 1) linked with 1,2,3 triazole were synthesized on 1,3-

dipolar cycloaddition of terminal alkynes 3 or 4 (Scheme 1) with terminal azides 7-12 

(Scheme 2). General graphical representation is depicted in Scheme 3. In our earlier 

report4 this reaction was carried out in t-BuOH/H2O using catalytic amount CuSO4·5H2O 

and sodium ascorbate at 60-65 °C for 3-12 h. Same reaction under microwave irradiation 

in DMF/H2O was completed in less  reaction time (5-10 min). 

R
OH

HO

N
R

OH

HO

13, R = H
14, R = OH

N
N

O

O

OCH3

R
OH

N R
OH

OH

N
N

O

O
O

O

OCH3

R
OH

N R
OH

OH

N
N

O

O

15, R = H
16, R = OH

17, R = H
18, R = OH

Figure 1: Bile acid dimers 

Bile acid N N N Bile acid

Bile acid

Bile acid

N

N
N

Cu(I)

Bile acid dimer
 

Scheme 3: Reagents and conditions: CuSO4·5H2O (5 mol %), Sodium ascorbate (40 mol %), 
DMF:H2O (4:1), Microwave, 5 min,  90-96%. 
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Synthesis of oligomers:  

Hydroxyl groups of bile acids were esterified using chloroacetyl chloride (Scheme 4). 

Transformation of chloro functionality of compound 19 and 20 into azides 21 and 22 was 

carried out using sodium azide in DMF at 75 ºC. These two azides on cycloaddition 

reaction with propargyl ester 3 and 4 afforded trimer 23 and tetramer 24 respectively.5 

 

O

OCH3
R
OH

OH

O

OCH3
R
O

O

Cl

Cl
O

O

O

OCH3
R
O

O

N3

N3O

O

5, R = H
6, R = OH

19, R = H
20, R = COCH2Cl

21, R = H
22, R = COCH2N3

21 +

O

OCH3O

O

N

N
O

O

N
N

N N

OH
OH

O O OH
OH

O O

23

O

OCH3O

O

N

NO
O

N
N

N N

OH
OH

O O
OH

OH

O O

N

O

N N

OH OH

O
O

O

OH

OH

OH

24

22 +

a b

c

3 4

c

 
Scheme 4: Reagents and conditions: (a) CaH2, ClCH2COCl, TBAB, toluene (reflux), 3 h, 78-

86%; (b) NaN3, DMF, 75 ºC, 12 h, 79-82%; (c) CuSO4·5H2O (5 mol %), Sodium 
ascorbate (40 mol%), DMF:H2O (4:1), Microwave, 5 min, 23 (85%), 24 (82%). 

 

Dye solubilisation study:  

Bile acid dendrons can adopt a reverse micelle-like conformation in nonpolar solvent with 

the hydrophobic face turned outwards (towards the solvent).6 In this chapter, the study of 

micellar properties of newly synthesized dimers 13-18 and oligomers 23 and 24 was 

carried out by solid liquid extraction protocol of the sodium salt of cresol red dye 

(hydrophilic dye) in nonpolar solvent, chloroform. We found that dimeric and oligomeric 

compounds of methyl cholate as well as methyl deoxycholate show linear increase in dye 

solubilisation with increasing concentrations of the dimer, trimer and tetramer (Figure 2). 
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     A          B 

Figure 2: Solubilisation of cresol red (CR) in chloroform tetramer 24, C-24 dimer 14, trimer 
23, and monomers 5, 6. Straight lines (A) are linear fit lines of experimental data; 
Cresol red sodium salt solubilisation in chloroform having a ratio of chloroform: 
cresol red: oligomer (1 mL : 5 mg : 5 mg)  each sample was stirred for 12 h and 
filtered through 0.5 µ PTFE membrane. vial 1 has no additive, vial 2 has C-24 
dimer 14,  vial 3 has trimer 23 and vial 4  has tetramer 24 (B). 

 
 
Synthesis of cholaphanes: 

The design of novel macrocyclic synthetic receptors with molecular cavities is one of the 

most important fields in supramolecular chemistry. There host molecules can serves as 

model compounds for more complex biological systems and are important for molecular 

recognition of substrates in enzymatic processes. Typical macrocycles bind substrates in 

their defined cavity. The steroid nucleus can make unique contributions to this area owing 

to its size, chirality, and rigid polycyclic framework. The bile acids, such as cholic acid or 

deoxycholic acid, have proved especially useful, because of their availability and useful 

levels of functionalization. On one hand, the presence of functionality at both ends of 

these units suggests the construction of macrocyclic structures which may possess a high 

level of inward-directed polar functionality. On the other, the codirected hydroxyl groups 

present in most bile acids may be exploited (directly or indirectly) in podand-type 

receptors, linear dimeric hosts, or “facial amphiphiles”.7 Here, we tried to synthesize 

cholaphanes using click chemistry approach. Starting from propargyl ester of deoxycholic 

acid 3, we synthesized compounds 25, 28 and 30 which contain both azide and acetylene 

groups in the same molecule (Scheme 5). 1,3-Dipolar cycloaddition of 25 under various 

conditions failed to give cholaphane 26. This reaction led to uncharacterized solid 

material. In the next attempt, we increased the chain length at C-3 position. 
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Scheme 5: Reagents and conditions: (a) MsCl, Et3N, CH2Cl2 0 οC, 10 min.; (b) NaN3, DMF, 

60-65 οC, 3 h, 90%; (c) CuSO4·5H2O (5 mol%), Sodium ascorbate (40 mol%), 
DMF:H2O (4:1), Microwave, 5 min. (d) Jones reagent, acetone, 5 min, 96%. (e) 
Trimethyl sulphoxoniumiodide, NaH, DMSO-THF, rt. 2 h, 91%; f) Propargyl 
bromide, Zn, DMF/THF 25 οC, 5 h. 

 

Under cycloaddition reaction conditions these bifunctional compounds 28 and 30 again 

led to uncharacterized solid material instead of cholaphanes 29 and 31. Efforts to 

synthesize cholaphane by changing the positions of alkyne and azide group as in 30 

remained unsuccessful. 

 

Chapter 2: Synthesis of bile acid-fluconazole conjugate, new fluconazole analogues 

using click reaction, bile acid based amino alcohols and their bioevaluation. 

Section I: Synthesis of bile acid-fluconazole conjugates and new fluconazole 

analogues using click reaction and their bioevaluation.  

Introduction 

The incidence of life threatening fungal infections has tremendously increased in last two 

decades due to greater use of immunosuppressive drugs, prolonged use of broad-spectrum 
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antibiotics, wide-spread use of indwelling catheters and also in cancer and AIDS patients. 

The presently marketed antifungal drugs are either highly toxic (amphotericin-B) or are 

becoming ineffective due to appearance of resistant strains (flucytosine and azoles). 

Azole antifungals (Figure 3) are strong inhibitors of lanosterol 14α-demethylase, which is 

major component of fungal cell membrane.8  
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Figure 3: Azole based antifungal drugs. 

 

Fluconazole is an orally effective, potent and safe triazole based antifungal drug, 

with favorable pharmacokinetic characteristics and low toxicity. Due to the emergence of 

new fungal pathogens, development of resistance to fluconazole, great efforts have been 

made to modify the chemical structure of fluconazole, in order to broaden its antifungal 

activity and increase its potency.9  

Bile acid transporters have been shown to accept and carry a variety of drugs that 

are attached at different positions of bile acids. A common feature of bile acid derived 

antimicrobials is its potential to exhibit facially amphiphilic nature due to polar hydroxyl 

groups on one face and nonpolar hydrophobic methyl groups on the other face. Polyene 

macrolide amphotericin B, peptide antimicrobial agent polymixin B and squalamine in 

the cyclic form show such amphiphilicity and function as ionophores.10  

Herein we designed bile acid- fluconazole conjugates (Scheme 6) in which one of 

the 1,2,4 triazole ring of fluconazole has been modified as substituted 1,2,3 triazole ring 

using click reaction.11 In our approach to synthesize these new molecules 35-38 (Scheme 

6) we considered performing click reaction to connect fluconazole part containing 

terminal alkyne 34 and bile acid containing azides 7, 8, 11, and 12 (Scheme 2). 
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Accordingly, we synthesized 2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)pent-4-yn-

2-ol 34 by propargylation of the corresponding ketone 33 by using propargyl bromide and 

zinc dust to obtain racemic compound 34 (Scheme 6). 
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Scheme 6: Reagents and conditions: (a) AlCl3, 1,2-dichloroethane, chloroacetyl chloride, 25 ºC, 
7 h; (b) 1,2,4-triazole, NaHCO3, toluene, reflux, 4 h, (overall 55% in two steps); (c) 
Zn, Propargyl bromide, DMF/THF, 25 ºC, 5 h, 95%; (d) CuSO4·5H2O (5 mol%), 
Sodium ascorbate (40 mol%), DMF:H2O (9:1), Microwave, 5 min,  90-95%. 

 

Under microwave irradiation, compound 34 was reacted with C-24 azide 7 (Scheme 2) in 

DMF/H2O using catalytic amount of Cu(I) to give fluconazole-bile acid conjugate 35 as a 

diasteriomeric mixture in 92% yield. We then extrapolated the ligation protocol 

successfully to other bile acid derived azides 8, 11 and 12 (Scheme 2) and synthesized 

fluconazole-bile acid conjugates 36, 37 and 38.  

The rationale for this drug design approach was based on the expectation that in 

these conjugates bile acid part would be useful to permeabilize the fungal cell membrane 

as well as transporter of the pharmacophore of fluconazole because of its amphiphilic 

nature and hence the conjugates were predicted to be more active than fluconazole itself. 

But all these fluconazole bile acid bioconjugates showed moderate antifungal activity 

against Candida species (MIC ranging from 3.12 to 6.25 µg/mL). 

In order to find out the role of bile acid, we then synthesized two compounds 23 

and 24 in which fluconazole part was attached with ester linkage. Accordingly, oxirane 

39 was synthesized from the corresponding ketone 33 (Scheme 7). Opening of oxirane 39 

with sodium azide gave racemic azido alcohol 40. Microwave assisted copper catalyzed 

1,3-dipolar cycloaddition of the azido alcohol 40 with propargyl esters 3 and 4 (Scheme 

1), afforded diastereomeric mixture of compounds 41 and 42 in high yields. Compounds 

41 and 42 showed much better antifungal activity against Candida species than 
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compounds 35-38. We thought that ester functionality in these molecules may be 

hydrolyzing at physiological pH and the compounds having 1,4-substituted 1,2,3-triazole 

may be more active. 
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Scheme7: Reagents and conditions: (a) Trimethylsulfoxonium iodide, NaH, DMSO-THF, rt, 2 

h, 91%; (b) NaN3, DMF, 60-65 οC, 12 h, 75%; (c) CuSO4·5H2O (5 mol %), Sodium 
ascorbate (40 mol %), DMF:H2O (4:1), Microwave 10 min. 

 

Encouraged by these biological results we synthesized fluconazole analogues 

containing monosubstituted (43, 45) and 1,4-disubstituted (44, 46 and 47) 1,2,3-triazoles 

from two common intermediates 34 and 40 as described in (Scheme 8) and studied their 

biological activity. 
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Scheme 8: Reagents and conditions: (a) CuSO4·5H2O (5 mol%), Sodium ascorbate (40 mol%), 

DMF:H2O (4:1), Microwave (245 W), 10 min; (b) CuSO4·5H2O (5 mol%), Sodium 
ascorbate (40 mol%), DMF:H2O (4:1), Microwave (175 W), 10 min. 

 

All these newly synthesized compounds were found to show good antifungal 

activity. From the biological data, it was observed that compounds 43 and 45 having 

monosubstituted 1,2,3-triazole ring which are isosteres of fluconazole and compound 46 
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containing trimethylsilyl group, showed good in vitro antifungal activity  against fungal 

pathogens C. albicans, C. neoformans and S. schenckii, which was comparable with 

fluconazole but these compounds were less active than amphotericin B and ketoconazole. 

1,4-disubstituted 1,2,3-triazole compounds 44 and 47 with long alkyl chains showed very 

good antifungal activity against all the tested fungal pathogens. Compound 44 showed 

much better activity for C. albicans (IC50 0.001 µg/mL), C. neopharmans (IC50 <0.006 

µg/mL) and C. parapsilosis (IC50 0.002 µg/mL) as compared with fluconazole, 

amphotericin B and ketoconazole, while compound 47 was found to be less active than 

compound 44 but showed better activity against C. albicans (IC50 0.018 µg/mL), C. 

neopharmans (IC50 <0.01 µg/mL) and C. parapsilosis (IC50 0.043 µg/mL) as compared 

with fluconazole and amphotericin B. Hence the lead compounds 44 and 47 were tested 

for in vivo activity against C. albicans intravenous challenge in Swiss mice.  

Antiproliiferative activities of these molecules were tested against human heptocellular 

carcinoma Hep 3B and human epithelial carcinoma A431 cell lines.  

 

Section II: Synthesis and bioevaluation of bile acid based amino alcohols. 

Introduction 

The medicinal chemistry of steroids covers a large and interesting series of structures and 

biological activities.12 Although the number of steroidal natural products is limited, 

millions of hybrids steroid conjugates can be prepared. This new approach seems to be 

very promising in the development of lead molecule. The sterol-polyamine conjugates as 

a new class of antibiotics have attracted much interest in recent years. Squalamine is the 

first sterol-polyamine conjugate having broad spectrum antimicrobial activity. Due to the 

low availability of squalamine from natural resources, several groups are working on the 

synthesis of squalamine and its analogs (Figure 4).  
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Figure 4: Sterol-polyamine conjugates. 
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Some of the analoges show better activity than squalamine.13  

Variations in the structure of the analogues led to changes in the spectrum of 

activity against variety of bacteria and yeasts. From the literature studies it is observed that 

three common elements are required for their characteristic activity (i) long and rigid 

hydrophobic unit; (ii) a flexible hydrophilic chain which is linked to hydrophobic unit; (iii) 

a pendant polar head group. The precise structure of the polyamine is not important. The 

sulfate groups can be replaced by a carboxylate or hydroxyl or even removed altogether. 

The structure of the rigid hydrophobic unit i.e. steroid can also be varied. 

In our approach we synthesized new steroidal amino alcohol having short linker at 

C-3 position of bile acids. For this synthesis C-3 oxiranes 50 and 51 were the key 

intermediates. These oxiranes were prepared from methyl esters 5 and 6 of bile acids 

(Scheme 2) by oxidation followed and regioselective epoxidation using 

dimethyloxosulfonium methylide to obtain oxiranes 50 and 51 (Scheme 9). Stereochemistry 

at C-3 was assigned by 1H-NMR studies of oxiranes 50, 51, 54, 55 and confirmed by single 

crystal X-ray of compound 58. 
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Scheme 9: Reagents and conditions: (a) CrO3, H2SO4, acetone, 0-10 °C,10 min; (b) Trimethyl 

sulphoxoniumiodide, NaH, DMSO-THF, rt. 2 h; (c) Ac2O, DMAP, Et3N, CH2Cl2, 
25-28 °C, 24 h; (d) K2CO3, MeOH, 3 h; e) Ag2CO3, toluene, reflux, 5 h. 
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Opening of oxiranes 58 and 59 with sodium azide (Scheme 10) gave azido 

alcohols which on further hydrogenation on Pd-C gave amino alcohols 62 and 63. Ethylene 

diamine derivatives 66 and 67 were synthesized by opening of oxiranes with N1-(Boc)-1,2- 

diaminoethane followed by deprotection. These new molecules containing amino alcohols 

with a small linker at C-3 are under biological evaluation. 
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Scheme 10: Reagents and conditions: (a) NaN3, DMF, 60-65 οC, 12 h; (b) H2 / Pd-C, MeOH; 

(c) N1-(Boc)-1,2-diaminoethane, MeOH reflux 2 h; (d) 50% TFA/CH2Cl2. 
 

Chapter 3: Stereoselective synthesis of steroidal side chain from 16-

dehydropregnalone acetate  

Introduction 

Steroid is a large class of natural products and widely distributed in animals and plants. A 

wide variety of steroids are known having modified side chains and is attached to the 

tetracyclic rigid unit at C-17 with both natural C-20(R) and unnatural C-20(S) 

stereochemistry.14 The introduction of steroid side chain onto tetracyclic steroidal starting 

material to yield product with the natural C-20(R) configuration has been the subject of 

investigation by several research groups.15 There are several reports for the stereoselective 

side chain synthesis at C-20 using ene reaction, catalytic hydrogenation, deoxygenation, 

Wittig rearrangement, aldol condensation, Michel addition, sigmatropic rearrangement and 

also using organometalic reagents such as organocopper, organoborane, organopalladium, 

organozirconium, organoruthenium reagent. In this chapter we report a short stereoeslective 

synthesis of cholanic acid derivative starting from commercially available C-20 oxo steroid 

16-dehydropregnelone acetate (16-DPA) 68 (Scheme 11). Palladium catalyzed carbon-
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carbon bond forming Heck reaction between C-20 vinyl iodide 70 with methyl acrylate to 

form unsaturated compound 71 and transfer hydrogenation with triethylsilane and Pd/C are 

the key steps for stereoselective side chain synthesis. 
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Scheme 11: Reagent and condition: (a)10% Pd/C, H2, EtOAc, 45 psi, 25-30 ºC, 12 h, 98%; 
(b) Hydazine hydrate, NEt3, MeOH, 25-30 ºC; (c) I2, NEt3, THF,  25-30 ºC; (d) 
Pd(OAc)2 (0.04%), K2CO3, methyl acrylate, DMF, 25-30 ºC, 12 h; (e) 10-20% 
Pd-C (by weight), MeOH, triethylsilane (excess), 10-20 min. 

 

Chemoselective catalytic hydrogenation of compound 68 with 10% Pd-C in ethyl acetate 

followed by reaction with hydrazine hydrate afforded C-20 hydrazone 69. Oxidation of 

hydrazone 69 with iodine in the presence of organic base gave vinyl iodide 70 in good 

yield. Heck coupling of vinyl iodide 70 with methyl acrylate, afforded unsaturated carbonyl 

compound 71. There are some reports for the reduction of C-20(21) or C-20(22) double 

bond by using different catalysts such as PtO2, (Ph3P)3 RhCl with less selectivity at C-20.  

Pd-Carbon induced catalytic transfer hydrogenation with triethylsilane of compound 71 

afforded compounds 72 and 73 as an epimeric mixture at C-20. Hydrogenation of this 

mixture using H2/Pd-C in ethylacetate gave a mixture of compounds 74 and 75 in 8:2 ratio. 

On crystallization in methanol:dichloromethane (9:1) gave pure cholanic acid derivative 74. 

The stereochemistry of compound 74 at C-20(R) was confirmed by single crystal X-ray. 

Cholanic acid is a key intermediate for the synthesis of large number of biologically active 

steroids having natural C-20(R) configuration. 
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1.1 Abstract 

New steroidal dimers and oligomers with varying numbers of bile acid units were 

synthesized with 1,2,3-triazole as linker via ‘click chemistry’ in very good yields. All 

these dimers 59-64 and oligomers 80 and 81 exhibited reverse micellar characteristics and 

were able to solubilize hydrophilic dye-cresol red, in nonpolar solvent. Cholic acid based 

molecules were able to encapsulate greater amounts of hydrophilic dye than deoxycholate 

based molecules. Dimeric compounds were also able to encapsulate hydrophilic dye 

which may be due to the formation of the cis-conformation in the presence of guest 

molecule. There may be additional hydrogen bonding due to the 1,2,3-triazole ring.  

 

 

Chapter 1 
Synthesis of bile acid based dimers, oligomers to 

study their micelle like properties and studies 
towards the synthesis of cholaphane. 
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1.2 Introduction 

Synthesis of rationally designed frameworks has attracted many organic chemists 

due to their theoretical or practical applications. Such compounds are able to recognize 

and bind other molecules, catalyze transformations, reproduce themselves or otherwise 

store and process information at the molecular level.1 In recent years, bile acids and their 

derivatives have been used extensively in number of fields, such as pharmacology, 

biomimetic, supramolecular chemistry, and in nanotechnology.  

 

1.3 Review of literature 

During last decade number of reviews on bile acids and other steroidal compounds 

as architectural components in diverse areas of chemistry are available in the literature.1-18 

These include supramolecular host-guest systems, molecular and ionic receptors, chiral 

dendritic species, artificial light harvesting systems, foldamers/protein mimics, low mass 

organo/hydrogelators, templates/chiral auxiliaries for asymmetric synthesis, drug 

transport systems etc. A brief introduction on role of bile acids, their dimers, oligomers 

and cholaphanes in constructing molecular, supramolecular assemblies and metabolism of 

bile acids is presented.  

Biosynthesis of bile acids 

Bile salts are biosynthesized from cholesterol in the liver and stored in the gall 

bladder. The human liver produces 600-800 mL of bile per day. After food intake and 

subsequent gall bladder emptying, bile is secreted into the small intestine, where the bile 

acids perform their essential function in the digestion and resorption of fat, fatty acids and 

lipid-soluble vitamins. These nutrients are insoluble in water which dispersed in micelles 

of bile acids and lipids. The bile acids recirculate to the liver via the portal vein, 

undergoing this enterohepatic circulation 6-15 times per day. Bile acids are synthesized 

from cholesterol in hepatocytes. This catabolic pathway represents the major metabolic 

fate of cholesterol (Figure 1). The most abundant primary bile salts in humans are cholate, 

chenodeoxycholate and deoxycholate, and they are normally conjugated with either 

glycine (75%) or taurine (25%). Conjugation increases the aqueous solubility of bile salts 

under physiological conditions. All primary bile acids appear to have three features in 

common: (i) they are the major end-products of cholesterol metabolism, (ii) they are 

secreted into the bile largely in a conjugated form, and (iii) these conjugates are 
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membrane-impermeable, water-soluble, amphiphilic molecules having a powerful ability 

to transform lamellar arrays of lipids into mixed micelles.19,20 
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Figure 1: Bile acid metabolism-production of primary, secondary and tertiary bile acids occurs 

in the liver and by intestinal bacteria. Structures of conjugated bile acids: 
glycocholic acid and taurocholic acid. 
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Chemical structures of bile acids  

All bile acids consist of two connecting units, a rigid steroid nucleus and a short 

aliphatic side chain (Figure 2).20 The steroid nucleus of bile acids has the saturated 

tetracyclic hydrocarbon perhydrocyclopentanophenanthrene, containing three six-member 

rings (A, B and C) and a five member ring D. In addition, there are angular methyl groups 

at positions C-18 and C-19. The bile acid nucleus in higher vertebrates is curved (beaked) 

because rings A and B are cis fused. Some bile acids in lower vertebrates, known as allo-

bile acids, are flat because of an A/B trans-fusion (5α-stereochemistry). The most 

abundant mammalian bile acids are hydroxy derivatives of cholanoic acid (5β-cholan-24-

oic acid), (Figure 2, compound 1).19 
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 Figure 2:  Chemical structures of different Bile acids.  

 

The human bile acid pool consists mainly (~90%) of cholic acid, 4 (3α,7α,12α-

trihydroxy-5β-cholan-24-oic acid), chenodeoxycholic acid, 3 (3α,7α-dihydroxy-5β-

cholan-24-oic acid), and deoxycholic acid, 2 (3α,12α-dihydroxy-5β-cholan-24-oic acid). 

The bile acid nucleus possesses angular methyl groups at positions C-18 and C-19 on the 

convex hydrophobic β-face and the hydroxyl groups on the concave hydrophilic α-face 

which makes  these compounds facially amphipathic.6,13 

Bile acid based molecular and supramolecular assemblies 

Bile acids are a valuable architectural unit in supramolecular chemistry. These are 

useful in the synthesis of different types of compounds due to their large, rigid and curved 

steroidal skeletons, chemically different hydroxy groups, enantiomeric purities and their 

unique amphiphilicity, together with their availability and low cost. Davis, et al. 



Chapter 1 
 

 5

described how a single molecule of bile acid creates podand-type architecture 

(“cholapod” 5) (Figure 3). 
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Figure 3: Anion binding by cholic acid derivatives. H-bond donor strength can be tuned (eg. 
OH changed to NHZ or NHCONHR) to generate more powerful receptor) 

 
The binding site is formed by “legs” A-C (5 in Figure 3), while the solubility can be 

controlled by ester group R. This type of work was earlier reported by Kahne,21 and by 

Still, who realized that receptors of this type could be varied combinatorially.22 Cholate 

esters of 2 can themselves act as weak anion receptors.23 Davis et al. have contributed in 

anion recognition, by changing different A-C group and positions,  where A-C contain H-

bond donors (6, 7 in Figure 3), and also their donor strength (for example, by adjusting Z 

groups).11, 14 

Molecular tweezers are the molecules synthesized by two similar or dissimilar 

“sticky arms” separated by a rigid or a semi-rigid spacer. Maitra et al. have reported first 

bile acid based molecular tweezers such as 8, as receptors for a number of electron 

deficient aromatic molecules (Figure 4).24 Two aromatic groups attached to the hydroxyl 

group at C-3 and the C-12, thus, act as the arms of the tweezers. The complexation with 

aromatic nitro compounds was monitored by using NMR titration experiments. They have 

also reported a bile acid based adenine and biotin receptors. 25 
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 Figure 4: Bile acid based molecular tweezers.  
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Irie et al. designed and synthesized carbamoyloxa-bridged regioisomeric 

cyclophanes using dimethyl α,α,α',α'-tetramethyl-m-xylene dicarbamate.26 The double 

trans-esterification of methyl cholate resulted in the formation of both the regioisomeric 

cyclophanes 9 and 10 (Figure 5). Pandey, et al. have also reported cyclic and acyclic 

bisimidazolium, bisbenzimidazolium receptors derived from deoxycholic acid for binding 

of fluoride and chloride anions.27 
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 Figure 5:  Bile acid based cyclophane.  

 

An asymmetric transformation is a challenging area in organic chemistry. Use of 

the chiral auxallary to introduce chirality in the substrate is most common. Bile acids 

were also found as an excellent chiral template in asymmetric synthesis.28 Maitra et al. 

have employed new bile acid based molecular scaffold,  a suitably placed  aromatic group 

at C-7 position, thereby introducing a new element of steric control and an additional 

restriction to the transition state of various reactions like Diels-Alder reaction,29a synthesis 

of α-hydroxy carboxylic acids,29b diastereoselective synthesis of 1,1’-binaphthyl-2,2’-

diol,29c,29d and asymmetric epoxidation reactions with oxone.30 

 Organogels find applications in a wide variety of areas, including medicine, 

pharmacology, cosmetics, hardeners of spilled toxic solvents and environmental clean-up. 

Miyata et al. reported that cholic acid and its derivatives, such as N-isopropylcholamide 

was able to form gels in aromatic solvents in the presence of methanol.31 Maitra et al. 

reported32 the ability of some bile acids, substituted with aromatic donors at the C-3 

position, to gelate certain organic solvents (primarily alcohols) in the presence of 

trinitrofluorenone as an acceptor. The electron donor-acceptor interaction was established 

as a requirement for the gelation process. They also reported first bile acid-based cationic 

surfactant-gelators.33 This study revealed that the presence of a hydrophilic functionality 

on the side chain of deoxycholic acid may result in thickening of aqueous liquids, and that 
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the number of hydroxy groups on the bile acid backbone, as well as the presence of the 

amide linkage, may play an important role in gelation. Kolehmainen et al. reported that 2-

hydroxyethylamides of lithocholic 11 and deoxycholic acids 12 (Figure 6) are effective 

gelators in chlorinated organic solvents, whereas the corresponding 3-

hydroxypropylamides form gels in aromatic solvents.34 They also reported the synthesis 

of a novel bile acid-aminoacid conjugate, N-deoxycholyl-L-tryptophan.35 
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 Figure 6:  Bile acid based organogeletors.  

 

Savage et al. 36 described the synthesis of anionic facial amphiphiles derived from 

cholic acid. They utilized these molecules for solubilisation of hydrophobic molecules, 

permeabilisation of membranes and as structural components in supramolecular 

frameworks.  

Miyata et al. studied the inclusion complexation of bile acids and their 

derivatives.37 They prepared bile acid-based multinuclear inclusion compounds with a 

variety of organic substances. The channels in the crystal structures of some of these 

inclusion compounds can perform as efficient chiral recognition of some substrates, such 

as lactones.37b Gdaniec et al. also investigated bile acid-based inclusion complexes and 

found optical activity in formally achiral guest molecules, aromatic ketones, included in 

the crystal lattice of bile acids.38 They also reported enantioselective inclusion 

complexation of N-nitrosopiperidines by bile acids.39 

Bile acid based dimers, cholaphanes and oligomers  

Two bile acid units linked through spacer group are called as dimers. Such 

molecules show versatile applications in supramolecular as well as pharmacological 

fields. Head-to-head, head-to-tail, and tail-to-tail dimers of bile acids have been reported4 

in the literature. Burrows and Sauter reported synthesis and conformational studies of a 

new host system 13 (Figure 7) incorporating two molecules of cholic acid linked by a 

rigid diamine. Proton NMR studies indicated that the compounds exist in a rigid 

conformation with the steroid hydroxyl groups intramolecularly hydrogen bonded. Heat 
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or addition of methanol leads to conformational isomerism due to insertion of methanol 

into the cavity.40 Later, they reported an unusual example of binding of a carbohydrate 

derivative (amyl glucoside) to a synthetic molecular receptor (compound 14)41 and DNA 

binding of steroidal tetramine dimer 15. 42  

 

OH
OH

OH

RN
OH

OH

OH

13, R = H 14, R = Me

O

O

RN

H3N

N

H3N

N

15

OSO3
OH

OSO3

OSO3

OH

OSO3

O

O

OH
OH

OH

N
OH

OH

OH

N

16 17

N

N

 

 

 Figure 7:  Structure of some bile acid dimers  

 

McKenna et al. synthesized head-to-head dimers 16 and 17 (Figure 7) of cholic 

acid with a linker at C-24. This type of dimers were found to solubilise perylene in 

aqueous solution without micelle formation.43 

Bile acid based dimers and oligomers have potential applications in the area of 

drug design and delivery. Janout and co-workers44 synthesized compound 18 (Figure 8). 

This type of molecular umbrella can cover an attached agent and shield it from an 

incompatible environment. Regen and co-workers synthesized45 persulfated molecular 

umbrellas 19 as anti-HIV and anti-HSV agents on the basis of the facts that, (i) a di-

walled molecular umbrella, bearing three sulfate groups on each of two cholyl moieties, is 

capable of crossing phospholipid bilayers and (ii) anionic polymers such as 

dextran/dextrin sulfate and cellulose sulfate are known to inhibit cellular binding of HIV 

and HSV by competing for viral envelope glycoproteins. Based on the similar concepts, 

chlorambucil, aromatic nitrogen mustard, has been conjugated to putrescine and 
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spermidine based scaffolds bearing one, two and four persulfated cholic acid units. 

Conjugate 20 bearing two sterols show improved hydrolytic stability and water solubility 

relative to chlorambucil. Synthesis of a series of molecular umbrella conjugates, derived 

from cholic acid, deoxycholic acid, spermidine, lysine, and 5-mercapto-2-nitrobenzoic 

acid have been reported which are capable of transporting an attached 16-mer 

oligonucleotide (S-dT16) across liposomal membranes.46 

 

OH
OH

OH

O

NH

OH

OH HO

O

N
HN

O

OH
OH

OH

O

NH

OH

OH HO

O

N
HN

O

18

21

OSO3
OSO3

OSO3

O

NH

OSO3

O3SO
O3SO

O

N
HN

O
NO2

S
H
N COOHN

H
H2N

O

O

HOOC

OSO3
OSO3

OSO3

O

NH

OSO3

O3SO
O3SO

O

N
HN

O

N Cl

Cl

19

20

S

NH S
O

O

N(CH3)2

H2N

H
N NH2

NH

 

 

 Figure 8:  Structures of molecular umbrellas capable for transporting drugs across 
phospholipid bilayers. 

 

 

Kobuke et al. synthesized bile acid based transmembrane ion channels 22 and 23 

(Figure 9) by linking two units of amphiphilic cholic acid dimethyl ether by 

biscarbamate.47 Compounds 22 and 23 showed stable single ion channel currents with the 

voltage-dependent property. They also synthesized artificial ion channels 24 and 2548 

cholic acid derivatives connected through a m-xylylene dicarbamate unit at 3-hydroxyl 

groups. Asymmetries were introduced by terminal hydrophilic groups, carboxylic acid 
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and phosphoric acid for 24 and hydroxyl and carboxylic acid for 25. They found that 

these head groups dissociate easily under basic conditions. Compounds 24 and 25 are the 

first stable single ion channels having a rectification property except peptidic channels. 

Recently Kobuke et al. also synthesized bischolic acid derivatives 25a and 25b and 

examined their single ion channel properties.49 
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 Figure 9:  Transmembrane bis (cholic acid) chanels 22-25. 

 

Bile acid dimers also act as artificial ionophores and are found to be potential 

receptors for neutral molecules or metal cations.50 There are several reports51-53 on the 

synthesis of bile acid dimers and their conversion to cyclophanes. Syntheses of cleft-type 

bile acid derivatives54 have been reported in the literature. Dimers at other positions than 

C-3 and C-24, also have been rarely reported.55 

 There is a report56 from our group on synthesis of bile acid based novel topology 

for a series of steroidal dimers e.g. 26 with different linkers (Figure 10). The results 

suggested that the compound 26 has a potential as antifungal agent. We have reported 

synthesis of bile acid dimers and oligomers linked through 1,2,3-triazole and their 

micellar properties were investigated through hydrophilic dye solubilisation studies in 

non polar media.57,58 Synthesis of bile acid dimer linked through 1,2,3-triazole and bis-β-
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lactam 27 (a-d) has been recently reported from our group59 which exhibited significant 

antifungal as well as antibacterial activity.  
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 Figure 10: Bile acid dimers linked through diethylenetriamine 26 and bile acid bis-β-
lactam conjugates 27(a-d) showed antifungal, antiproliferative and 
antibacterial activity. 

 

 

Soon after our report58 Zhang et al. reported six new 1,2,3-triazole-containg bile 

acid dimers via click chemistry and studied their micellar properties through hydrophilic 

dye solubilisation studies in non polar media.60 

Bile acid based cholaphanes and oligomers  

Cholaphanes are bile acid-derived macrocycles consisting of two to four bile acid 

units attached with different spacer molecules forming a cyclic structure. The 

cholaphanes can be arranged either head-to-tail 28 or head-to-head 29 (Figure 11). Bonar-

Law and Davis et al. investigated the carbohydrate-binding properties of cholaphanes by 

their NMR and molecular modelling characterization.61-64 Davis et al. continued the 

studies of cholaphanes by preparing some cyclocholamides65-67 as well as by reducing the 

conformational freedom and improving the solubility of the compounds by creating a new 

class of cholaphanes with externally directed alkyl chains and truncated side chains.68 

Albert and Feigel prepared steroidal cyclopeptides.69-71 There are several reports on the 

synthesis of cholaphanes and there binding properties.72-91 
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 Figure 11:  The structures of head-to-tail 28 and head-to-head or tail-to-tail 
29 cholaphanes (A-D = binding/catalytic functionality, X, Y-
spacer). 

 

 

 The configuration of dendritic structures and steroidal moieties in the same 

molecule gives rise to potential molecular assemblies with many interesting nano-scale 

applications, including organ-targeted drug carriers, artificial ion channels, molecular 

switches, hydrogel formation and in artificial light harvesting systems etc. Kohmoto et al. 

reported the first synthesis of the steroidal triply-bridged cyclophanes 30 (Figure 12) 

using cholic acid derivatives as bridge units.92  
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 Figure 12:  Structure of steroidal triply-bridged cyclophane 30 and structure of an 
artificial ion channel 31 containing bile acid moieties 

 

 

This flexible macrocyclic hexaol binds to several organic guest molecules, such as 

nitrophenols, glycopyranosides, and alanines. Kikuchi and Murakami synthesized 

artificial cell-surface receptors bearing four bile acid moieties covalently placed on a 

tetra-azaparacyclophane skeleton which bind effectively to several naphthalene 

derivatives in both bilayer membranes and aqueous solutions.93 Maitra et al. reported first 
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bile acid-based chiral dendrons94 by using acetoxy-functionalized cholic acid and 

deoxycholic acid as starting materials in the preparation of heptamer, nonamer, and 

decamer. In their recent review18 design, synthesis and various applications of dendritic 

bile acids has been discussed. Kobuke and co-workers introduced a novel artificial ion 

channel consisting of a macrocyclic resorcin [4] arene and four amphiphilic cholic acid-

derived moieties 31 (Figure 12).95 In a bilayer membrane these molecules formed a tail-

to-tail coupled pair to afford a transmembrane channel with a long-lasting open state. 
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 Figure 13:  The structure of the tripodal cholic acid derivative 32 with 
organogeletor properties and Bile acid based tetramer 33. 

 

 

Bonar-Law and Sanders96 reported a bile acid-based ionophore having a MEM-

protected cholaphane, which was found to bind alkali metal ions. Later on they reported a 

range of porphyrin-conjugated cyclocholates97 and porphyrin bowls.98 Maitra et al. 

reported the ability of a novel tripodal cholic acid derivative 32 (Figure 13) to form gels 

in aqueous media and the gelation process creates highly hydrophobic pockets99 with 

potential to be utilized for selective chemical transformations. They investigated the 

rotational dynamics of polarity-sensitive fluorescent dyes in a gel derived from the 

tripodal cholic acid derivative.100 Recently, Kolehmainen, et al. synthesized bile acid-

based dendrons from 2,2-bis(hydroxymethyl) propionic acid (bis-MPA) and lithocholic 

acid by a convergent method.101 These molecules acts as potential drug carriers.  Bile acid 

oligomer 33 (Figure 13) exhibited reverse micellar characteristics in an organic solvent 

and were able to encapsulate hydrophobic and hydrophilic dyes.102  
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1.4 Present Work 

1.4.1 Objective 

As can be seen from the above discussion, there are several reports on synthesis of 

bile acid dimers, cholaphanes, and oligomers using various linkers. These molecules have 

vast applications in various fields of chemistry and medicine. This chapter deals with 

synthesis of bile acid-based dimers at C-3 α, C-3 β, C-11 and C-24 positions of bile acids 

and novel trimer and tetramer having 1,2,3-triazole ring. These molecules were studied 

for their micellar properties using hydrophilic dye, Cresol Red (CR). Click reaction (1,3-

dipolar cycloaddition reaction of organic azide to terminal acetylene) is the key reaction 

used for the synthesis of these 1,2,3-triazole containing molecules. A brief account of 

Click Chemistry is given in the following section. 

Click chemistry:  

The 1,3-dipolar cycloaddition reaction (1,3-DCR) of a 1,3-dipole to a 

dipolarophile (i.e. an acetylene or alkene) for the synthesis of five membered heterocycles 

are well known transformations in synthetic organic chemistry.103 This reaction gives rise 

to two regioisomers namely 1,4 and 1,5-disubstituted 1,2,3-triazole products in 1:1 ratio. 

Recently, Sharpless104a  and Meldal104b groups have reported the dramatic rate 

enhancement (up to 107  times) and improved regioselectivity of the Huisgen 1,3-DCR of 

an organic azide to terminal acetylene to afford, regiospecifically, the 1,4-disubstituted, 

1,2,3-triazole in the presence of  Cu(I) catalyst (Scheme 1). The Cu (I)-catalyzed 1,3 DCR 

has successfully fulfilled the requirement of “click chemistry” as prescribed by Sharpless 

and within the past few years has become a premier component of synthetic organic 

chemistry.105  
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 Scheme 1:  1,3-dipolar cycloaddition between organic azides and 
terminal alkynes  
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The classical non-catalyzed process proceeds by concerted mechanism under 

thermal conditions to afford a mixture 1,4- and 1,5-disubstituted, 1,2,3-triazole 

regioisomers. The relative proportion of regioisomers and rate can be predicted from 

electronic and steric effects.106 

The Cu(I)-catalysed (“click”) process has been postulated to occur by a step wise 

mechanism on the basis of recent thermal and kinetic studies.106 Substantial rate increase 

of the Cu(I)-catalysed process in the aqueous solvents is rationalized in terms of stepwise 

process which lowers the activation barrier relative to that of the non-catalysed process by 

as much as 11.8 kcal/mol.109a,112  The proposed catalytic cycle involves several postulated 

and transient Cu(I)-acetylide complexes, starting with complexation of the alkyne to the 

Cu(I) metal centre to form a Cu(I)-alkyn π–complex (A) (Scheme 2).107  
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 Scheme 2: Outline of plausible mechanisms for the Cu(I) catalyzed reaction between 
organic azides and terminal alkynes. 
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The enhanced reaction rate in water relative to organic solvents can be 

rationalized in terms of the endothermic ligand dissociation in organic media, for example 

acetonitrile (endothermic by 0.9 kcal mol-1) relative to water (exothermic by 11.8 kcal 

mol-1).107 The formation of the Cu(I) acetylide complexes is also water-assisted, since 

water lowers the pKa of the acetylene C-H by 9.8 pKa units.112 Formation of the Cu(I)-

acetylide species allows for subsequent ligand displacement with azide and results in a 

dimeric copper species (B). Complexation with azide activates it towords nucleophilic 

attack at the N-3 with the acetylide C-4 (The numbering is given according to triazole 

nomenclature). The resulting metallocycle (C) undergoes facile ring contraction via 

transannular association of the N-1 lone pair with the C5-Cu π* orbital to give the copper-

triazole complex (D). Protonation of the triazole species, possibly with water and 

disassociation of the labile copper complex affords the 1,4-disubstituted 1,2,3-trazole (E), 

thus, regenerating the catalyst and ending the cycle. 

Within a short time-frame, click chemistry has proven to be of remarkable utility 

and broad scope, not only in organic synthesis, but in chemical biology and drug 

discovery.108 Azides and acetylenes are by definition kinetically stable entities possessing 

high built-in energy and are tolerant to a wide range of synthetic conditions.106 Click 

chemistry is highly modular and simplifies difficult syntheses, thus, enabling a more cost-

effective and efficient surveillance of structural space. The biocompatibility of the 

reaction, tolerance towards a broad range of  pH and relative inertness of acetylenes and 

azides within highly functionalized biological milieus has allowed click chemistry to 

become a viable bioconjugation strategy  for labeling biomolecules and for in situ lead 

discovery applications.109 The 1,2,3-triazole moiety is a potential pharmacophore owing 

to its moderate dipole character and rigidity and can therefore be readily incorporated into 

a design strategy, rather than used as passive linker between two respective fragments of 

structural space.110 Indeed several examples exist within the literature which describe the 

biological activity of 1,2,3-triazole, including anti HIV-1,111 antibacterial,112 herbicidal, 

fungicidal,113 antiallergic,114 selective β3 adrenergic receptor inhibition,115 anti-platelet 

activity,116 and anti-inflammatory117 agent. 

1.4.2 Results and Discussion 

Synthesis of dimers  

In our study, for the synthesis of dimers, we have utilized 1,2,3-triazole as a 

linker. We visualized ‘Click reaction’ of bile acid-based terminal alkyne and azides to get 



Chapter 1 
 

 17

dimers with this linker. Accordingly, we have carried out para-toluene sulfonic acid (p-

TSA) catalyzed esterification of bile acids 2 or 4 with propargyl alcohol to give the 

corresponding propargyl esters 34 (95%) and 35 (96%) respectively (Scheme 3). The 

formation of propargyl esters 34 and 35 was confirmed by their spectroscopic data. IR 

spectrum of these compounds showed a characteristic acetylenic C-H absorption band at 

3300 cm-1. The 1H-NMR spectrum of 34 and 35 showed a typical chemical shifts for 

acetylenic proton as triplet at δ 2.47 and methylene (OCH2) as doublet at δ 4.68.  

 

 

R
OH

OH

a

2, R = H
4, R = OH

34, R = H
35, R = OH

OH

O

R
OH

O

OH

O

 

 

Scheme 3:  Reagents and Conditions: (a) p-TSA (10 mol %), Propargyl alcohol (5-10 mL), 55-
60 οC, 7 h, 34 (96%), 35 (95%). 

 

For the synthesis of C-24 azides 44 and 45, a synthetic route is depicted in Scheme 4. 

Accordingly, p-TSA catalyzed esterification of deoxycholic acid 2 was carried out with 

methanol to obtain methyl ester 36 in 95% yield.  
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Scheme 4:  Reagents and conditions: (a) p-TSA/MeOH, 25 ºC, 24 h, 95-96%; (b) LAH/THF, 

25 ºC, 2 h, 93-97%; (c) (i) 38, MsCl, Et3N, CH2Cl2, 0 ºC, 10 min; or (ii) 39, MsCl, 
Pyridine, 0 ºC, 10 min; d) NaN3, DMF, 60 ºC, 3 h, 93-94%. 
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Subsequently, reduction of ester moiety in 36 with LiAlH4 was carried out to provide 

trihydroxy compound 38 in 93% yield. Under the identical reactions sequences, cholic 

acid 4 gave tetrahydroxy compound 39 in high yield (Scheme 4). Primary hydroxyl 

function in triol 38 was mesylated (Et3N, CH2Cl2) to give C-24 monomesylate 40 and C-

3, C-24 dimesylate 41 with poor regioselectively. When reaction was carried out under 

high dilution and less reaction time, expected regioisomer 40 was formed as major isomer 

along with 41 (regioselectivity 7:3). These compounds were easily separated by column 

chromatography. The 1H-NMR spectrum of 40 showed chemical shifts at δ 4.21 (t, J = 

6.66 Hz, 2H) and 3.01 (s, 3H) corresponding to the C-24 methylene (CH2OMs) and 

methyl (CH3SO2-) protons respectively. However, tetrol 39 was monomesylated using 

pyridine as a solvent (less solubility of tetrol 39 in CH2Cl2) to give monomesylate 42 and 

dimesylate 43. Further, monomesylates 40 and 42 were subjected to nucleophilic 

substitution of mesyl group with azide anion (NaN3 in DMF) which gave the 

corresponding C-24 azides 44 (94%) and 45 (93%) respectively. Formation of azides 44 

and 45 was confirmed by IR spectroscopy which showed a characteristic absorption band 

at 2100 cm-1 due to azido functionality. The 1H-NMR spectrum of azides 44 and 45 

showed chemical shifts at δ 3.24 (t, J = 6.57 Hz, 2H) corresponding to the C-24 

methylene protons (CH2N3). 

Synthesis of C-3α and C-3β  azides 

For the synthesis of 3α-azides (48-49), mesylation of hydroxyl function in methyl 

esters   36 or 37 at C-3 position was carried out under Mitsunobu reaction condition118 

using methane sulfonic acid (Ph3P, Et3N, DEAD, THF) to give the corresponding C-3β 

mesylates 46 and 47 with inversion of configurations (Scheme 5). Subsequently, without 

purification mesylates 46 and 47 were subjected to nucleophilic substitution with azide 

anion (NaN3 in DMF) to get azides 48 and 49 in 75-78% overall yields in two steps. The 
1H-NMR spectrum of azide 48 showed a chemical shifts at δ 3.33 (m) and azide 49 at δ 

3.19 (m) corresponding to the C-3β protons. 

Mesylation of hydroxyl function in methyl esters   36 and 37 at C-3 position was 

carried out (MsCl, Et3N, CH2Cl2) to give the corresponding C-3α mesylates 50 and 51 

and subsequent nuecliophilic substitution with azide anion (NaN3 in DMF) gave 3β-azido 

compounds 52 and 53 in high yields (Scheme 5). The 1H-NMR spectrum of azide 52 
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showed a chemical shifts at δ 3.94 (bs) and azide 53 at δ 3.86-3.89 (bs) corresponding to 

the C-3α protons.  
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Scheme 5:  Reagents and conditions: (a) Ph3P, Et3N, MeSO3H, DEAD, THF, 45 οC, 24 h; (b) 
NaN3, DMF, 60-65 οC, 24 h, 75-78% (overall in 2 steps); (c) MsCl, Et3N, CH2Cl2, 0 
ºC, 10 min. 

 

11α-azido compound 58 was synthesized according to our earlier reported method 

(Scheme 6).119 Selective acetylation of methyl cholate 37 was carried out using acetic 

anhydride to obtain diacetoxy methyl ester 54 in good yield. Oxidation of hydroxyl group 

at C-12 position in 54 using Jones reagent (CrO3/H2SO4/H2O) in acetone afforded C-12 

ketone 55 (98%) in 5 min.  
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Scheme 6: Reagents and conditions: (a) Ac2O, DMAP, Et3N, CH2Cl2, 28 °C, 4-5 h; (b) CrO3, 

H2SO4, Acetone, 10 °C, 5 min; (c) Br2, Benzene, 28 °C, 6 days; (d) NaN3 (5 equiv.), 
DMF, 60 °C, 16 h. 
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Subsequent, α-bromination of ketone 55 (Br2 in Benzene, 6 days) gave mixture of 11α-

bromo and 11β-bromo derivatives 56 and 57 in 65% and 19% respectively. Treatment of 

both epimeric α-bromo ketones 56 and 57 with NaN3 in DMF at 60 °C for 16 h produced 

11α-azide 58 as a single product in 98% yield. The 1H-NMR spectrum of azide 58 

showed a chemical shift for methine proton (CHN3) at δ 4.06 (d, J = 10.8 Hz) due to trans 

diaxial coupling between C-11 and C-9 protons. The presence of azide group was 

confirmed by IR Spectroscopy (2108 cm-1). 

Synthesis of dimers: 

Having the azides and alkynes in hand, we used ‘Click’ reaction for the synthesis 

of dimers. 1,3-Dipolar cycloaddition reaction of terminal alkyne 34 with C-24 azido 

compound 44 was attempted using catalytic amount of  copper sulfate and sodium 

ascorbate in t-BuOH/H2O (Scheme 7). This reaction gave dimer 59 containing 1,2,3-

triazole at C-24 in 95% yield.  

When the same coupling reaction was carried out under microwave conditions 

(418 W), the rate of the reaction was found to be much enhanced (DMF/H2O) and the 

reaction was completed within 5 min. This dimer 59 showed ester carbonyl at 1728 cm-1 

in IR spectrum. The formation of the dimer was confirmed by 1H-NMR which showed 

singlet at δ 7.60 (triazole C-H), a triplets at 4.31 (CH2-N) and 5.21 (s, 2H) corresponding 

to the methylene protons (CH2-O). Also, 13C NMR showed three characteristic signals at 

δ 174.1, 142.7 and 123.6 corresponding to the ester carbonyl and two triazole carbons 

respectively. Alkyne 35 and azide 45 when subjected to cycloaddition reaction under 

microwave condition gave C-24 choic acid dimer 60 in 93% yield. Under similar reaction 

conditions, we synthesized various dimers 61-64 in 90-96% from the corresponding 

alkynes 34/35 and C-3α azides 48/49 and C-3β azides 52/53 as shown in Scheme 7.  

Formation of 1,2,3-triazole in all dimers was confirmed by appearance of aromatic proton 

at δ 7.6-7.8 (bs) in 1H-NMR and appearance of carbon peaks around 123 and 142 ppm 

corresponding to the triazole carbons in 13C NMR.  

More interestingly, sterically hindered azide 58 on reaction with propargyl cholate 

35 under similar reaction conditions gave C-24 to C-11 dimer 65 having 1,2,3-triazole at 

C-11 position in 93% yield. This dimer 65 showed a characteristic chemical shift at δ = 

7.83 (bs) due to the triazole H and  δ = 5.91 (bs) C-11β proton (CH-N-triazole) due to the 

deshielding effect of the triazole ring. 13C NMR showed signals at δ = 204.1 (C-12 keto 
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corbonyl), 174.3 and 174.0 (both for ester carbonyls), 170.5 and 169.8 (both for acetate 

carbonyls) as well as 142.7 and 126.0 (both for triazole carbons), respectively.  
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Scheme 7:  Reagents and conditions: (a) CuSO4·5H2O (5 mol %), Sodium ascorbate (20 mol %), t-
BuOH:H2O (9:1), 60-65 °C, 3-12 h; or CuSO4·5H2O (5 mol %), Sodium ascorbate (40 
mol %), DMF: H2O (4:1), Microwave, 5 min. 

 

Synthesis of cholaphanes 

In continuation to our studies for the synthesis of macromolecules via Click 

reaction, we became interested in synthesizing cholaphanes, linked through rigid 1,2,3 

triazole  unit. Our synthetic route for the preparation of cholaphanes is presented in 

Scheme 8. The C-3 hydroxyl functionality in 34 was subjected for mesylation (MsCl, Et3N 

in CH2Cl2) to give mesylate 66, followed by its nucleophilic substitution with azide anion 



Chapter 1 
 

 22

(NaN3 in DMF) gave C3β-azide 67 in high yield. IR spectrum of azide 67 showed 

characteristic bands at 1730, 2098, 3307cm-1 corresponding to the ester carbonyl, azido 

group and acetylenic CH respectively. Its 1H-NMR spectra showed a characteristic signal 

at δ 3.96 ppm due to the C3α-proton. Intermolecular cycloaddition reaction of 67 failed to 

obtain cholaphane 68 under different conditions using CuSO4, CuI and Cu powder and 

trying different solvents such as acetonitrile, DMF, DMSO. Instead of cholaphane 68 we 

obtained uncharacterized polymeric material.  
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Scheme 8:  Reagents and conditions: (a) MsCl, Et3N, CH2Cl2 0 οC,10 min.; (b) NaN3, DMF, 60-
65 οC, 3 h, 90%; (c) CuSO4·5H2O (5 mol %), Sodium ascorbate (40 mol %), 
DMF:H2O (4:1), Microwave, 5 min. 

 

As the desired cholaphane was not obtained, we thought of increasing the chain 

length at C-3 position by one carbon unit so that azide functionality become little flexible. 

Accordingly, oxidatation of 34 was carried out using Jones reagent to get diketo 

compound 69 in good yield (Scheme 9). Its formation was confirmed by 13C-NMR   

which showed signals at δ 213.7, 211.7 and 172.8 due to C-3 and C-12 keto carbonyls 

and ester carbonyl respectively. Diketone 69 underwent regioselective spiro-oxirane 

formation at C-3 position (Trimethyl sulfoxoniumiodide, NaH in DMSO:THF) to give 

C3α-oxirane 70 in 91% yield. The 1H-NMR showed typical signal at δ 2.62 due to 

epoxide methylene(CH2O) and 13C-NMR showed only two carbonyl signals at δ 214.6 

and 172.8 and appearance signal at δ 53.8 (CH2O) corresponding to the oxirane ring 

carbons. (Discussion of steriochemistry of C3α-oxirane is discussed in chapter 2, section 

II). Nucleophilic opening of oxirane 70 with azide anion (NaN3 in DMF) was carried out 

to get azido alcohol 71 having acetylenic and azide both functionality in a single bile acid 
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unit. Under cycloaddition reaction conditions, these bifunctional compound 71 again led 

to uncharacterized solid material, instead of cholaphanes 72. 
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Scheme 9: Reagents and conditions: (a) CrO3, H2SO4, acetone, 5 min, 96%. (b) Trimethyl 
sulfoxoniumiodide, NaH, DMSO-THF, rt. 2 h, 91% (c) NaN3, DMF, 60-65 οC, 3 h, 90 
%; (d) CuSO4·5H2O (5 mol %), Sodium ascorbate (40 mol %), DMF:H2O (4:1), 
Microwave, 5 min. 

 

At this stage we thought of interchanging the positions of alkyne and azide groups 

i.e. azide group in the side chain and acetylene near to C-3 position as in compound 74 

(Scheme10).  
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Scheme 10:  Reagents and conditions: (a) CrO3, H2SO4, acetone, 5 min, 96%. (b) Propargyl 
bromide, Zn, DMF/THF 25 οC, 5 h, (c) CuSO4·5H2O (5 mol %), Sodium 
ascorbate (40 mol %), DMF:H2O (4:1), Microwave, 5 min. 
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Jones oxidation of C-24 azide 44 gave diketo compound 73, followed by 

regioselective Reformatsky type reaction (Zn, Propargyl bromide in DMF:THF) gave 

homopropargyl alcohol derivative 74. However, intramolecular cycloaddtion of 74 led to 

uncharacterized polymeric material. All our efforts to synthesize cholaphanes were 

unsuccessful. This may be because the azide-alkyne cycloaddition reaction in bile acid 

compounds is faster to give polymeric material than cyclic dimerization. 

 

Synthesis of oligomers 

In continuation to our studies towards synthesis of bile acid based 

macromolecules, we also tried to synthesize of oligomers via ‘Click’ reaction. Methyl 

deoxycholate 36 and methyl cholate 37 were treated with chloroacetyl chloride in the 

presence of CaH2 and tetrabutylammonium bromide (TBAB) in refluxing toluene to form 

bis (chloroacetylated) compound 76 and tris (chloroacetylated) compound 77 respectively 

(Scheme 11). 
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Scheme 11: Reagents and conditions: (a) CaH2, ClCH2COCl, tetrabutylammonium 

bromide (TBAB), toluene (reflux), 3 h, 78-86% (b) NaN3, DMF, 75 ºC, 12 h, 
79-82%; (c) CuSO4·5H2O (5 mol%), Sodium ascorbate (40 mol%), 
DMF:H2O (4:1), Microwave, 5 min, 23 (85%), 24 (82%). 
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Formation of these compounds was confirmed 1H-NMR and 13C-NMR. These two 

compounds, on further reaction with sodium azide in dry DMF at 75 οC for 12 h, afforded 

methyl 3,12-bis(azidoacetoxy)-5β-cholan-24-oate 78 and methyl 3,7,12-tris 

(azidoacetoxy)-5β-cholan-24-oate 79. Coversion of all the chloro atoms to azido was 

confirmed by LC-MS and also by upfield shift of all the protons attached to azido groups. 

Cycloaddition reaction of 78 with propargyl deoxycholate 34 gave trimeric compound 80. 

Similarly compound 79 on cycloaddition reaction with propargyl cholate 35 gave 

tetramer 81 having nine hydroxyl groups in a single molecule at the periphery. Thus, by 

using a simple synthetic route, trimer 80 and tetramer 81 with varying numbers of bile 

acid units and hydroxyl groups were synthesized in good yield. Both the compounds 80 

and 81 were confirmed by their spectroscopic data. 

 

Dye solubilisation Study 

Having the six dimers and two oligomers in hand, our next target was to study the 

micellar properties of these compounds by using hydrophilic dye Cresol Red (CR). There 

are two recent reports102 that bile acid dendrons can adopt a reverse micelle-like 

conformation in nonpolar solvent with the hydrophobic face turned outwards (towards the 

solvent). Steroidal trimeric, tetrameric and dendritic compounds are known to show 

encapsulation of hydrophilic and hydrophobic dye. In the trimer two bile acid units are 

attached to the α face (C-3α and C-12α) while in the tetramer three bile acid units are 

attached to the α face (C-3α, C-7α and C-12α) of rigid steroidal unit. This may form a 

cage like structure which can easily adopt a reverse micelle-like conformation in polar 

and nonpolar solvents and encapsulation of hydrophobic and hydrophilic dye may take 

place. While in case of dimers, both ‘syn’ and ‘anti’ forms are possible (Figure 14) due to 

the flexible side chain. Hence for adaptation of guest molecule there must be interaction 

between guest-host system in such a way that two bile acid units come closer (syn 

conformation).   
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Figure 14: Two stable conformations (syn and anti) of bile acid dimers.  
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Our aim was to study the micellar properties of these newly synthesized 

compounds. We carried out a study of the extraction of the sodium salt of cresol red dye 

(hydrophilic dye) in nonpolar solvent, chloroform. The solubilisation of dye by dimer, 

trimer and tetramer was carried out by solid liquid extraction protocol.102c 

 The dimers 59-64 and oligomers 80 and 81 were soluble in chloroform. In four 

different vials, 4.1-26.0 mg of dimer (4.58–28.44 µM)/oligomers (2.14-19.39 µM), were 

dissolved in chloroform (1 mL each). Cresol red sodium salt (5.0 mg) was added to each 

vial, the vials were sealed and the mixture was stirred at 22-28 ºC for 12 h. The resulting 

solution was diluted to 5 mL chloroform. The solutions were filtered through 0.5 µm 

PTFE membrane filters in a round bottom flask. Chloroform was evaporated completely 

and the residue was dissolved in methanol and diluted with methanol to 10 mL. From this 

stock solution, 1 mL was diluted to 100 mL with methanol and the absorption spectra 

were recorded at 420 nm on UV-VIS spectrometer. The concentration of cresol red in 

methanol (in the presence of monomer, dimmer and oligomer) was calculated using the 

molar extinction coefficient (15812) at 420 nm in methanol. The same experiment was 

carried out without adding dimer/oligomer for blank reading.  

 We found that dimeric compounds of methyl cholate as well as methyl 

deoxycholate show dye solubilisation which increases linearly with an increase in 

concentration of dimer (Figure 15). 
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Figure 15: Solubilisation of cresol red (CR)  in chloroform by Trimer 80, Dimers 59, 63, 
61 and monomer 36 (graph A); Tetramer 81, and dimers 60, 64, 62 and 
monomer 37 (graph B); 

  

It is observed that dye solubilisation by methyl deoxycholate 36 in which C-7 OH 

group was absent showed poor encapsulation of cresol red and in dimeric forms 59, 61 
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and 63, there was only a 2-5 fold increase in the encapsulation than monomeric unit 

methyl deoxycholate 36 (Figure 15A). On the other hand dimers of cholic acid 60, 62 and 

64 (Figure 15B), which have additional OH group at C-7 position showed better 

encapsulation than its monomeric unit methyl cholate 37. C-3 β dimer 64 and C-3 α 

dimer 62 showed 10 fold increase in dye solublisation while C-24 dimer 60 showed 13 

fold increase in dye solubilisation compared with the monomeric unit 37. The same 

experiments were carried out with trimer 80 and tetramer 81. Interestingly, tetramer 81 

showed a 45 fold increase in the encapsulation of cresol red in comparison with methyl 

cholate, C-24 dimer of cholic acid 60 showed more encapsulation as compared to trimer 

80 (Figure 16A). 
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Figure 16:  (A) Solubilisation of cresol red (CR)  in chloroform by tetramer 81, C-24 
dimer 60, trimer 80, and monomers 36, 37. Straight lines are linear fit lines of 
experimental data; (B) Cresol red sodium salt solubilisation in chloroform 
having a ratio of chloroform:cresol red:oligomer (1 mL:5 mg:5 mg)  each 
sample was filtered through 0.5 micron nylon membrane after 12 h. vial 1 has 
no additive, vial 2 has C-24 dimer 60,  vial 3 has trimer 80 and vial 4  has 
tetramer 81. 

 
Visual expression of these results confirmed the same order of dye extraction; 

tetramer 81 > C-24 cholic dimer 60 > trimer 80 (Figure 16B). This may be because of the 

peripheral cholate units in tetramer. In C-24 dimer 60 there are two additional C-7 α 

hydroxy groups which induce additional hydrogen bonding with cresol red. The 

extraction efficiencies of cholate based dimers and oligomers were found to be much 

better than that of deoxycholate. 

 This clearly shows that these dimers adopt a syn conformation in nonpolar solvent 

and then hydrogen bonding helps them to encapsulate dye. Trimeric compound 80 and 
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tetrameric compound 81 are also found to encapsulate hydrophilic dye cresol red in 

nonpolar solvent. 

 

1.5 Conclusion 

Cu (I) catalyzed 1,3-dipolar cycloadition of terminal acetylene with organic azides 

have been utilized for the synthesis of new steroidal dimers 59-64 and oligomers 80, 81 

with varying numbers of bile acid units linked with 1,2,3-triazole in very good yields. 

Efforts were made intermolecular cyclization to synthesize cholaphanes from bile acids 

containing both the functionality (alkyne and azide group) in the same molecule. All these 

dimers and oligomers exhibited reverse micellar characteristics in nonpolar solvent. 

Cholic acid based molecules were able to encapsulate greater amounts of hydrophilic dye 

(cresol red) than deoxycholate based molecules. Dimeric compounds were also able to 

encapsulate hydrophilic dye in nonpolar solvent which may be due to the formation of the 

cis-conformation in the presence of dye which helps hydrogen bonding. There may be 

additional hydrogen bonding due to the 1,2,3-triazole ring. 

 

1.6 Experimental Section 

Synthesis of terminal acetylenes  

Propargyl 3α,12α-dihydroxy-5β-cholan-24-oate (34)  and Propargyl 3α,7α,12α-

trihydroxy-5β-cholan-24-oate (35): 

To a solution of 2/4 (5 mmol) in propargyl alcohol (5-10 mL), a catalytic amount (10 

mole %) of para-toluene sulfonic acid (p-TSA) was added. The reaction mixture was then 

heated at 55-60 οC for 7 h. It was then poured on crushed ice and extracted with EtOAc (3 

× 25 mL). The extract was washed with water (3 × 25 mL), brine (25 mL) and dried over 

Na2SO4. Solvent was evaporated under reduced pressure to afford crude products; 

purification by column chromatography on silica gel (2% MeOH/CH2Cl2) gave 

compound 34/35 as white solid. 

 

Propargyl 3α,12α-dihydroxy-5β-cholan-24-oate (34): White solid, Yield: 96%; mp 160-

161 οC; [α]D
25 = + 43.5 (CHCl3, c 2.2); IR (cm-1): 3430, 3305, 1730; 1H NMR (300 MHz, 

CDCl3): δ 0.67 (s, 3H, CH3-18), 0.91 (s, 3H, CH3-19), 0.97 (d, J = 5.9 Hz, 3H, CH3-21), 

2.47 (t, J = 2.2 Hz, 1H), 3.60 (m, 1H, CH-3), 3.98 (bs, 1H, CH-12), 4.68 (d, J = 2.2 Hz, 

2H); 13C NMR (CDCl3, 75 MHz): δ 12.6, 17.1, 22.9, 23.6, 26.0, 27.1, 27.4, 28.5, 30.2, 
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30.7, 30.9, 33.5, 34.0, 35.1, 35.2, 35.9, 36.3, 42.0, 46.4, 47.1, 48.1, 51.6, 71.5, 72.9, 74.6, 

77.7, 173.2; Anal. Calcd for C27H42O4: C, 75.31; H, 9.83; Found: C, 75.18; H, 10.02; MS 

(LCMS) m/z: 453.14 (M + 23 for Na).  

 

Propargyl 3α,7α,12α-trihydroxy-5β-cholan-24-oate (35): White solid, Yield: 95%; mp 

112-114 οC; [α]D
25 = + 26.15 (CHCl3, c 1.3);  IR (cm-1): 3404, 3307, 1737; 1H NMR (200 

MHz, CDCl3): δ 0.68 (s, 3H, CH3-18), 0.89 (s, 3H, CH3-19), 0.98 (d, J = 5.8 Hz, 3H, 

CH3-21), 2.47 (t, J = 2.5 Hz, 1H), 3.45 (m, 1H, CH-3), 3.85 (bs, 1H, CH-7), 3.97 (bs, 1H, 

CH-12), 4.68 (d, J = 2.5 Hz, 2H): 13C NMR (CDCl3,  50 MHz): δ 12.3, 17.2, 22.3, 23.1, 

26.1, 27.4, 28.0, 29.6, 30.2, 30.6, 30.9, 34.7, 35.1, 39.3, 41.4, 46.3, 46.8, 51.6, 68.3, 71.7, 

73.0, 74.7, 77.7, 173.4; Anal. Calcd for C27H42O5: C, 72.61; H, 9.48; Found: C, 72.25; H, 

9.57; MS (LCMS) m/z: 469.15 (M + 23 for Na). 

 

Methyl 3α,12α-dihydroxy-5β-cholane-24-oate (36) and Methyl 3α,7α,12α-trihydroxy-

5β-cholane-24-oate (37): 

To a solution of deoxycholic acid 2 (0.3 g, 0.74 mmol) in dry methanol (10 mL) was 

added p-TSA (0.03 g, 0.17 mmol). The mixture was stirred at 28 °C for 24 hrs. Methanol 

was evaporated and the residue was extracted with CH2Cl2 (3x50 mL). The organic 

extract was washed with cold H2O (2x10 mL), 10 % NaHCO3 (2x10 mL), brine (2x10 

mL) and dried over Na2SO4. Solvent was evaporated under reduced pressure to afford 

crude product. Purification by column chromatography on silica gel (5 %, MeOH/CHCl3) 

afforded compound 36 (0.3 g, 98 %) as a white solid. 

 

Methyl 3α,12α-dihydroxy-5β-cholane-24-oate (36): white solid; mp 82-105 ºC (lit.120a 

mp 70-108 ºC); IR (cm-1): 3385, 1728; 1H NMR (CDCl3, 500 MHz): δ 0.68 (s, 3H, CH3-

18), 0.91 (s, 3H, CH3-19), 0.98  (d, J = 6.4 Hz, 3H, CH3-21), 3.62 (m, 1H, CH-3), 3.67 (s, 

3H)  3.98 (bs, 1H, CH-12); 13C NMR (CDCl3, 125 MHz): δ 12.6, 17.1, 23.0, 23.6, 26.0, 

27.1, 27.4, 28.4, 29.6, 30.1, 30.8, 31.0, 33.4, 34.0, 35.2, 35.9, 36.2, 42.0, 46.3, 47.0, 48.0, 

51.4, 71.4, 72.9, 174.7. 

 

Methyl 3α,7α,12α-trihydroxy-5β-cholane-24-oate (37): white solid; mp 155-156 ºC 

(lit.120b mp 155-156 ºC); [α]D
28 + 31.33 (CHCl3, c 1.0); IR (cm-1): 3376, 1731; 1H NMR 

(CDCl3, 200 MHz): δ 0.68 (s, 3H, CH3-18), 0.89 (s, 3H, CH3-19), 0.98 (d, J = 5.7  Hz, 
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3H, CH3-21), 3.57 (m, 1H CH-3), 3.67 (s, 3H)  3.89 (bs, 1H, CH-7), 4.01 (bs, 1H, CH-

12); 13C NMR (CDCl3, 50 MHz): δ 12.8, 17.7, 22.8, 23.6, 26.6, 27.7, 28.5, 30.0, 31.4, 

31.5, 35.2, 35.2, 35.7, 35.8, 39.9, 39.9, 42.0, 42.0, 46.8, 47.3, 51.8, 68.8, 72.2, 73.4, 

175.2. 

 

Synthesis of azides 

3α,12α,24-Trihydroxy-5β-cholane (38) and 3α,7α,12α,24-Tetrahydroxy-5β-cholane 

(39): 

Compounds 38 and 39 were synthesized in overall good yield starting from methyl esters 

36 and 37 of deoxycholic acid 2 and cholic acid 4 using the literature procedure.120c  

To a stirred suspention of LiAlH4 (0.076g, 2mmol) in dry THF (10 mL), compound 36 

(0.406 g, 1 mmol) in dry THF (20 mL) was added dropwise at 25 ºC. After 2h saturated 

NH4Cl solution was added to the ice cooled reaction mixture. It was filtered through 

celite and residue was washed with THF (25 mL). Solvent was evaporated under reduced 

pressure and it was extracted with EtOAc (3x50 mL). Extract was washed with water 

(2x25 mL) and brine (25 mL) and dried over Na2SO4. Solvent was evaporated under 

reduced pressure to afford crude product which was purified by column chromatography 

on silica gel (5% MeOH/CH2Cl2) to produce compound 38 as white solid (0.363g, 96%). 

 

3α,12α,24-trihydroxy-5β-cholane (38): white solid; mp 123-124 ºC (lit.120d mp 107-114 

ºC, lit.120e mp 123 ºC); IR (cm-1) 3257; 1H NMR (CDCl3, 200 MHz): δ 0.69 (s, 3H), 0.91 

(s, 3H), 0.99 (d, J = 6.9 Hz, 3H), 3.61 (m, 3H), 4.00 (bs, 1H), 13C NMR (CDCl3, 50 

MHz): δ 12.7, 17.7, 23.1, 23.7, 26.2, 27.2, 27.6, 28.5, 29.4, 30.4, 31.8, 33.6, 34.1, 35.3, 

35.4, 36.1, 36.4, 42.1, 46.5, 47.5, 48.2, 63.4, 71.8, 73.3. Anal. Calcd for C24H42O3: C, 

76.14; H, 11.18; Found: C, 75.85 H, 10.87; MS (LCMS) m/z: 379.61 (M + 1).  

 

3α,7α,12α,24-Tetrahydroxy-5β-cholane (39): mp 236-238  ºC (lit.120c mp 236.5-238 ºC); 

IR (cm-1) 3258; 1H NMR (CDCl3, 200 MHz): δ 0.69 (s, 3H), 0.89 (s, 3H), 1.01 (d, J = 6.5 

Hz, 3H), 3.39 (bs, 1H), 3.57 ( t, J = 6.5 Hz, 2H) 3.83 (bs, 1H), 3.97 (bs, 1H), 13C NMR 

(CDCl3, 50 MHz): δ 12.1, 17.1, 22.1, 22.9, 26.1, 27.3, 27.7, 28.9, 29.6, 31.6, 34.2, 34.5, 

34.9, 35.4, 38.8, 39.1, 41.1, 41.3, 46.0, 46.9, 62.6, 68.0, 71.2, 72.8.; Anal. Calcd for 

C24H42O4: C, 73.05; H, 10.73; Found: C, 74.85 H, 10.57; MS (LCMS) m/z: 395.22 (M + 

1).  
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3α,12α-Dihydroxy 24-mesyloxy-5β-cholane (40) and 3α,24-Dimesyloxy-12α-hydroxy-

5β-cholane (41):  

To a solution of 38 (2.0 g 5.28 mmol) in dry CH2Cl2 (20 mL), was added triethylamine 

(1.5 mL, 0.56 mmol) at 0 ºC. Methane sulfonyl chloride (0.53 mL, 6.86 mmol in 10 mL 

CH2Cl2) was added dropwise in 10 min at 0 ºC, ice was added to the reaction mixture 

immediately after addition was complete. The reaction mixture was extracted with 

CH2Cl2. Organic layer was washed with NaHCO3, water and brine. Solvent was 

evaporated under reduced pressure. The crude product was purified by column 

chromatography (0.5% MeOH/CH2Cl2) to obtain pure products 40 (1.805 g) and 41 

(0.615 g). 

  

3α,12α-Dihydroxy 24-mesyloxy-5β-cholane (40): White solid; mp 78 ºC; [α]D
26 (CHCl3, 

c 0.2) = + 93.04; IR (cm-1):  3419, 1416, 1448 cm-1; 1H NMR (CDCl3, 300 MHz): δ 0.68 

(s, 3H, CH3-18), 0.91 (s, 3H, CH3-19), 0.99  (d, J = 6.3 Hz, 3H, CH3-21), 3.00 (s, 3H) 

3.60 (m, 1H, CH-3), 3.97 (s, 1H, CH-12), 4.19 (t, J = 6.7 Hz, 2H); 13C NMR (CDCl3, 75 

MHz): δ 12.6, 17.4, 23.0, 23.6, 25.9, 26.0, 27.0, 27.5, 28.6, 30.3, 31.4, 33.5, 34.0, 35.0, 

35.2, 35.9, 36.3, 37.3, 42.0, 46.4, 47.3, 48.1, 70.5, 71.6, 73.0; Anal. Calcd for C25H44O5S: 

C, 65.75; H, 9.71; S, 7.02; Found: C, 65.45; H, 9.53; S, 7.28; MS (LCMS) m/z: 457.19 (M 

+ 1), 479.13 (M + 23 for Na).  

 

3α,24-dimesyloxy-12α-hydroxy-5β-cholane (41): White solid; mp 67-68 ºC; [α]D
27 

(CHCl3, c 2.7) = + 43.25; IR (cm-1): 3566; 1H NMR (CDCl3, 300 MHz): δ 0.68 (s, 3H, 

CH3-18), 0.92 (s, 3H, CH3-19), 1.00 (d, J = 6.3 Hz, 3H, CH3-21), 3.00 (s, 3H), 3.01 (s, 

3H), 4.00 (s, 1H, CH-12), 4.21 (t, J = 6.7 Hz, 2H), 4.65 (m, 1H, CH-3); 13C NMR 

(CDCl3, 75 MHz): δ 12.6, 17.4, 22.7, 23.4, 25.7, 25.8, 26.6, 27.4, 27.5, 28.5, 31.2, 33.1, 

33.4, 33.7, 34.7, 34.9, 35.7, 37.2, 38.7, 41.9, 46.3, 47.1, 47.9, 70.6, 72.7, 82.7; Anal. 

Calcd for C26H46O7S2: C, 58.39; H, 8.67; S, 11.99; Found: C, 58.22; H, 8.39; S, 12.16; 

MS (LCMS) m/z: 557.32 (M + 23 for Na). 

 

3α,7α,12α-Trihydroxy-24-mesyloxy-5β-cholane (42) and 3α,24-Dimesyloxy-7α,12α-

dihydroxy-5β-cholane (43):  
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To a solution of 39 (0.394 g, 1 mmol) in dry pyridine (5 mL), methane sulfonyl chloride 

(0.12 mL, 1.5 mmol) was added. After 10 min, ice was added to the reaction mixture and 

it was extracted with EtOAc. Combined organic layer was washed with cold water, aq. 

HCl (5%), water, brine and dried over Na2SO4. Solvent was evaporated under reduced 

pressure and the crude product was purified by column chromatography (10% 

MeOH/CH2Cl2) to obtain pure 42 (0.329 g) and pure 43 (0.125 g). 

 

3α,7α,12α-Trihydroxy 24-mesyloxy-5β-cholane (42): White solid; mp 79-81 ºC; [α]D
26 

(CHCl3, c 0.9) = + 68.49; IR (cm-1): 3408; 1H NMR (CDCl3, 200 MHz): δ  0.68 (s, 3H, 

CH3-18), 0.89 (s, 3H, CH3-19), 0.99 (d, J = 6.5 Hz, 3H, CH3-21), 3.01 (s, 3H), 3.44 (m, 

1H, CH-3), 3.84 (s, 1H, CH-7), 3.97 (s, 1H, CH-12) 4.21 (t, J = 6.6 Hz, 2H); 13C NMR 

(CDCl3, 50 MHz): δ 12.3, 17.5,  20.8, 22.3, 23.1, 25.8, 26.2, 27.5, 28.0, 29.6, 30.1, 31.3, 

34.5, 34.7, 35.1, 37.4, 39.2, 39.3, 41.3, 41.5, 46.3, 46.9, 68.4, 70.8, 71.9, 73.1; Anal. 

Calcd for C25H44O6S: C, 63.52; H, 9.38; S, 6.78; Found: C, 63.21; H, 9.12; S, 6.53; MS 

(LCMS) m/z: 473.91 (M + 1), 495.89 (M + 23 for Na). 

 

3α, 24-Dimesyloxy-7α,12α-dihydroxy-5β-cholane (43): White solid; mp 82-84 ºC; 

[α]D
25 (CHCl3, c 0.8) = + 29.85; IR (cm-1): 3434; 1H NMR (CDCl3, 200 MHz): δ 0.69 (s, 

3H, CH3-18), 0.91 (s, 3H, CH3-19), 0.99 (d, J = 6.5 Hz, 3H, CH3-21), 2.99 (s, 3H), 3.01 

(s, 3H), 3.87 (bs, 1H), 4.00 (s, 1H, CH-12), 4.21 (t, J = 6.7 Hz, 2H), 4.51 (m, 1H, CH-3); 
13C NMR (CDCl3, 50 MHz): δ 12.3, 17.5, 22.1, 22.7, 23.0, 26.3, 27.4, 27.8, 28.0, 31.3, 

34.2, 34.4, 34.7, 35.1, 35.9, 37.2, 38.7, 39.2, 41.3, 41.6, 46.3, 47.1, 68.0, 70.7, 72.8, 83.0; 

Anal. Calcd for C26H46O8S2: C, 56.70; H, 8.42; S, 11.64; Found: C, 56.84; H, 8.26; S, 

11.81; MS (LCMS) m/z: 573.51 (M + 23 for Na).  

 

3α,12α-dihydroxy 24-azido-5β-cholane (44) and 3α,7α,12α-trihydroxy 24-azido-5β-

cholane (45): 

To a solution of 40 (0.300 g, 0.66 mmol) in dry DMF (10 mL), sodium azide (0.214 g, 

3.28 mmol) was added and the reaction mixture was stirred at 60-65 ºC for 3-5h. The 

reaction mixture was then allowed to cool to room temperature, poured into ice-cold 

water (30 mL) and extracted with EtOAc. The organic extract was washed with cold 

water and brine. Solvent was evaporated under reduced pressure to afford crude product 
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which was purified by column chromatography on silica gel (10% EtOAc/hexane) to give 

pure compound 44 as white solid (0.247 g).  

 

3α,12α-Dihydroxy-24-azido-5β-cholane (44): White solid, yield 94%; mp 126 ºC; [α]D
28 

(CHCl3, c 1.4) = + 40.57; IR (cm-1): 2090, 3409; 1H NMR (CDCl3, 200 MHz): δ 0.69 (s, 

3H, CH3-18), 0.91 (s, 3H, CH3-19), 0.99 (d, J = 6.7 Hz, 3H, CH3-21), 3.24 (t, J = 7.1 Hz, 

2H), 3.62 (m, 1H, CH-3),  4.00 (bs, 1H, CH-12); 13C NMR (CDCl3, 50 MHz): δ 12.7, 

17.6, 23.1, 23.6, 25.6, 26.1, 27.1, 27.5, 28.7, 30.5, 32.9, 33.7, 34.1, 35.3, 36.1, 36.5, 42.2, 

46.5, 47.5, 48.3, 51.9, 71.7, 73.2; Anal. Calcd for C24H41N3O2: C, 71.42; H, 10.24; N, 

10.41; Found: C, 71.19; H, 10.46; N, 10.38; MS (LCMS) m/z: 404.88 (M + 1), 426.83 (M 

+ 23 for Na).  

  

3α,7α,12α-Trihydroxy 24-azido-5β-cholane (45): Compound 45 was prepared by similar 

procedure from compound 42. White solid; yield 93%; mp 160 ºC; [α]D
25 (CHCl3, c 0.8) 

= + 31.46; IR (cm-1): 2098, 3410; 1H NMR (CDCl3, 200 MHz): δ 0.68 (s, 3H), 0.89 (s, 

3H), 0.99 (d, 3H, J = 6.3 Hz), 3.25 (t, 2H, J = 6.6 Hz), 3.52 (m, 1H), 3.87 (bs, 1H), 4.00 

(bs, 1H), 4.50 (bs, 3H, OH); 13C NMR (CDCl3, 50 MHz): δ 12.4, 17.6, 22.4, 23.1, 25.6, 

26.2, 27.6, 28.1, 30.2, 32.8, 34.6, 34.7, 35.3, 35.3, 39.3, 39.4, 41.4, 41.5, 46.3, 47.1, 51.9, 

68.4, 71.8, 73.1; Anal. Calcd for C24H41N3O3: C, 68.70; H, 9.85; N, 10.01. Found: C, 

68.65; H, 9.69; N, 9.94; MS (LCMS) m/z: 420.24 (M + 1), 442.23 (M + 23 for Na). 

   

Methyl-3α-azido-12α-hydroxy-5β-cholane-24-oate (48) and Methyl-3α-azido-7α,12α-

dihydroxy-5β-cholane-24-oate (49): 

To a solution of 36/37 (1 mmol), and triphenylphosphine (0.865 g, 3.3 mmol), in dry THF 

(20 mL) at 0 οC, triethylamine (0.3 mL, 2 mmol) and methane sulfonic acid (0.14 mL, 2.1 

mmol) were added. The mixture was warmed to 45 οC and diethylazodicarboxylate 

(DEAD) (0.6 mL, 3.1 mmol) was added dropwise with stirring. Reaction was continued 

for 24 h, after which the solvent was removed under reduced pressure and the residue was 

purified by column chromatography (5% EtOAc/hexane) to give C-3β mesyloxy 

compounds contaminated with DEAD residues. This material was redissolved in dry 

DMF (10 mL) and sodium azide (0.325 g, 5 mmol) was added and stirring was continued 

at 60-65 οC for 24 h. The reaction mixture was allowed to cool to room temperature and it 

was then poured into ice cold water (30 mL) and was extracted with EtOAc (3×50 mL). 
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The organic extract was washed with cold water (3×50 mL), followed by brine (25 mL) 

and it was dried over Na2SO4. Solvent was evaporated under reduced pressure to afford 

crude product. Purification of the crude product by column chromatography on silica gel 

(10% EtOAc/hexane) produced compounds 48 or 49 as white solids. 

 

Methyl 3α-azido-12α-hydroxy-5β-cholan-24-oate (48): White solid, Yield: 75% (overall 

in two steps); mp 82 οC; [α]D
25 = + 49.8 (CHCl3, c 0.44); IR (cm-1): 3332, 2094, 1730; 1H 

NMR (300 MHz,CDCl3): δ 0.68 (s, 3H, CH3-18), 0.93 (s, 3H, CH3-19), 0.97 (d, J = 5.9  

Hz, 3H, CH3-21),  3.33 (m, 1H, CH-3), 3.67 (s, 3H ), 3.98 (bs, 1H, CH-12); 13C NMR (75 

MHz, CDCl3): δ 12.7, 17.1, 23.0, 23.5, 25.9, 26.6, 26.9, 27.3, 28.6, 30.8, 30.9, 32.3, 35.5, 

34.0, 34.9, 35.3, 35.8, 42.2, 46.4, 47.1, 48.0, 51.3, 61.1, 72.8, 174.5; Anal. Calcd for 

C25H41N3O3: C, 69.57; H, 9.57; N, 9.74; Found: C, 69.23; H, 9.53; N, 9.56; MS (LCMS) 

m/z: 454.64 (M + 23 for Na). 

 

Methyl 3α-azido-7α,12α-dihydroxy-5β-cholan-24-oate (49): White solid, Yield: 78% 

(overall in two steps); mp 107-109 οC (lit118b 109-110 οC); [α]D
25 = + 37.2 (CHCl3, c 

0.86); IR (cm-1): 3470, 2093, 1730; 1H NMR (200 MHz, CDCl3): δ 0.69 (s, 3H, CH3-18), 

0.91 (s, 3H, CH3-19), 0.97 (d, J = 6.3 Hz, 3H, CH3-21),  3.16 (m, 1H, CH-3), 3.67 (s, 

3H), 3.86 (bs, 1H, CH-7), 3.98 (bs, 1H, CH-12); 13C NMR (50 MHz, CDCl3): δ 12.3, 

17.2, 22.3, 23.1, 26.3, 26.7, 27.4, 28.0, 30.7, 30.9, 34.7, 35.3, 35.4, 39.1, 41.6, 46.4, 47.1, 

51.4, 61.2, 68.2, 73.0, 174.8; Anal. Calcd for C25H41N3O4: C, 67.08; H, 9.23; N, 9.39; 

Found: C, 66.86; H, 9.48; N, 9.25; MS (LCMS) m/z: 470.54 (M + 23 for Na). 

 

Methyl-3α-mesyloxy-12α-hydroxy-5β-cholane-24-oate (50) and Methyl-3α-mesyloxy-

7α-12α-dihydroxy-5β-cholane-24-oate (51): Compounds 50 and 51 were prepared from 

compounds 36 and 37 by using similar procedure as used for the preparation of 

compound 40.  

 

Methyl-3α-mesyloxy-12α-hydroxy-5β-cholane-24-oate (50): White solid, yield 89%; mp 

62-63 ºC; [α]D
27 (CHCl3, c 4.1) = + 45.77; IR (cm-1): 1728, 3549; 1H NMR (CDCl3, 200 

MHz): δ 0.67 (s, 3H), 0.91 (s, 3H), 0.97 (d, 3H, J = 6.1 Hz), 2.99 (s, 3H), 3.65 (s, 3H), 

3.98 (bs, 1H), 4.64 (m, 1H); 13C NMR (CDCl3, 50 MHz): δ 12.3, 16.8, 22.5, 23.3, 25.6, 

26.5, 27.1, 27.3, 28.3, 30.5, 30.6, 32.9, 33.1, 33.5, 34.5, 34.8, 35.5, 38.4, 41.7, 46.1, 46.7, 
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47.6, 51.1, 72.3, 82.5, 174.3; Anal. Calcd for C26H44O6S: C, 64.43; H, 9.15; S, 6.62; 

Found: C, 64.58; H, 9.02; S, 6.73; MS (LCMS) m/z: 485.23 (M + 1), 507.22 (M + 23 for 

Na). 

   

Methyl-3α-mesyloxy-7α-12α-dihydroxy-5β-cholane-24-oate (51): White solid, yield 

87%; mp 83-85 ºC; [α]D
28 (CHCl3, c 0.9) = + 29.98; IR (cm-1): 1728, 3460; 1H NMR 

(CDCl3, 200 MHz): δ 0.69 (s, 3H), 0.91 (s, 3H), 0.99 (d, 3H, J = 6.1 Hz), 2.99 (s, 3H), 

3.67 (s, 3H), 3.88 (bs, 1H), 4.00 (bs, 1H), 4.51 (m, 1H); 13C NMR (CDCl3, 50 MHz): δ 

12.4, 17.2, 22.1, 23.0, 26.3, 27.4, 27.8, 28.0, 30.7, 30.9, 34.1, 34.4, 34.7, 35.1, 35.9, 38.7, 

39.3, 41.3, 41.6, 46.4, 47.0, 51.4, 68.0, 72.8, 82.9, 174.7; Anal. Calcd for C26H44O7S: C, 

62.37; H, 8.86; S, 6.40; Found: C, 62.23; H, 8.92; S, 6.23; MS (LCMS) m/z: 501.07 (M + 

1), 523.17 (M + 23 for Na). 

 

Methyl-3β-azido-12α-hydroxy-5β-cholane-24-oate (52) and Methyl-3β-azido-7α,12α-

dihydroxy-5β-cholane-24-oate (53):  

The compounds 50 and 51 were reacted with NaN3 (3 equiv.) in DMF for 4 h at 80-90 ºC 

to give compounds 52 and 53 respectively.121 

 

Methyl-3β-azido-12α-hydroxy-5β-cholane-24-oate (52): White solid, yield 91%; mp 

127-128 ºC (lit.122a 128 ºC); [α]D
27 (CHCl3, c 0.8) = + 41.34; IR (cm-1): 1728, 2102, 3503; 

1H NMR (CDCl3, 200 MHz): δ 0.68 (s, 3H), 0.94 (s, 3H), 0.97 (d, 3H, J = 6.2 Hz), 3.66 

(s, 3H), 3.94 (bs, 1H), 3.99 (bs, 1H); 13C NMR (CDCl3, 50 MHz): δ 12.7, 17.3, 23.5, 23.5, 

24.5, 25.9, 26.4, 27.4, 28.8, 30.1, 30.5, 30.8, 31.0, 33.2, 34.4, 35.0, 35.8, 37.2, 46.5, 47.3, 

48.3, 51.4, 58.7, 73.1, 174.6; Anal. Calcd for C25H41N3O3: C, 69.57; H, 9.57; N, 9.74; 

Found: C, 69.47; H, 9.90; N, 9.66; MS (LCMS) m/z: 432.26 (M + 1), 454.25 (M + 23 for 

Na). 

   

Methyl-3β-azido-7α,12α-dihydroxy-5β-cholane-24-oate (53): White solid, yield 90%; 

mp = 169-170 ºC (lit.122b 157 ºC); [α]D
27 (MeOH, c 1.16) = + 22.45 (lit.122b + 23.7); IR 

(cm-1): 1728, 2098, 3439; 1H NMR (CDCl3, 200 MHz): δ 0.70 (s, 3H), 0.93 (s, 3H), 0.97 

(d, 3H, J = 6.1 Hz), 3.67 (s, 3H), 3.86-3.89 (bs, 2H), 3.99 (bs, 1H); 13C NMR (CDCl3, 50 

MHz): δ 12.4, 17.2, 22.7, 23.2, 24.5, 26.0, 27.4, 28.3, 30.4, 30.8, 31.0, 33.0, 34.2, 35.1, 

35.2, 36.7, 39.3, 41.7, 46.5, 47.2, 51.5, 58.7, 68.4, 73.0, 174.7; Anal. Calcd for 
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C25H41N3O4: C, 67.08; H, 9.23; N, 9.39; Found: C, 67.21; H, 9.18; N, 9.31; MS (LCMS) 

m/z: 448.24 (M + 1), 470.22 (M + 23 for Na).  

  

Synthesis of 11α-azido compound (58) 

Methyl 3α,7α-diacetoxy-12α-hydroxy-5β-cholan-24-oate (54):  

To a solution of methyl ester 37 (0.211 g, 0.5 mmol), DMAP (0.07 g, 0.06 mmol) and 

acetic anhydride (0.11 g, 1.05 mmol) in dry CH2Cl2 (10 mL) was added Et3N (0.22 g, 

2.13 mmol) at 0 °C. The reaction mixture was allowed to stir at 0-28 °C for 4-5 hrs, ice 

cooled water was added to the reaction mixture and it was extracted with CH2Cl2 (3x50 

mL). The organic extract was washed with cold H2O (2x10 mL), 5% aq. HCl (2x10 mL), 

10 % NaHCO3 (2x10 mL), brine (2x10 mL) and dried over Na2SO4. Solvent was 

evaporated under reduced pressure to afford crude product. Purification by column 

chromatography on silica gel (25 %, EtOAc/PE) afforded compound 54 (0.232 g, 92%) as 

a white crystalline solid.  

mp 185-188 °C; [α]D
28 + 20.78 (CHCl3, c 0.56); IR (cm-1) 3678, 1746, 1735; 1H NMR 

(200 MHz, CDCl3) δ 0.66 (s, 3H), 0.90 (s, 3H), 0.95 (d, J = 6.0 Hz, 3H), 2.02 (s, 3H), 

2.04 (s, 3H), 3.64 (s, 3H), 3.98 (bs, 1H), 4.56 (m, 1H), 4.87 (bs, 1H); 13C NMR (50 MHz, 

CDCl3) δ 12.4, 17.2, 21.3, 21.4, 22.8, 22.9, 26.6, 27.2, 27.8, 28.4, 31.0, 31.2, 34.5, 34.7, 

34.8, 35.0, 38.0, 40.9, 42.0, 46.5, 47.6, 51.3, 70.8, 72.5, 74.0, 170.5, 174.5. 

  

Methyl 3α,7α-diacetoxy-12-oxo-5β-cholan-24-oate (55):  

To a solution of compound 54 (0.506 g, 1 mmol) in acetone (20 mL) Jones Reagent (1 

mL) was added at 5-10 °C. The reaction mixture was stirred at this temperature for 5 min. 

Methanol (5 mL) was added, the solvent was evaporated and the crude solid material was 

dissolved in EtOAc/H2O (5:1) mixture (100 mL). The organic layer was washed with cold 

H2O (2x10 mL), 10% NaHCO3 (2x10 mL), brine (2x10 mL) and dried over Na2SO4. 

Solvent was evaporated under reduced pressure to afford crude product. Purification by 

column chromatography on silica gel (20%, EtOAc/PE) afforded pure compound 55 (0.49 

g, 98%) as a white crystalline solid.  

mp. 175-176 °C; IR (cm-1) 1737, 1730, 1701; 1H NMR (300 MHz, CDCl3) δ 0.86 (d, J = 

5.8 Hz, 3H), 1.03 (s, 3H), 1.04 (s 3H), 2.02 (s, 3H), 2.03 (s, 3H), 2.52 (t, J = 12 Hz, 1H), 

3.66 (s, 3H), 4.57 (m, 1H), 4.98 (bs, 1H); 13C NMR (75 MHz, CDCl3) δ 11.4, 18.4, 21.0, 

22.0, 23.6, 26.5, 27.7, 30.2, 31.1, 31.2, 34.3, 34.4, 35.4, 37.7, 37.8, 40.5, 46.4, 51.2, 53.0, 
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57.0, 70.4, 73.4, 169.4, 170.3, 174.2, 213.3; Anal. Calcd. for C29H44O7: C, 69.02; H, 8.79. 

Found: C, 69.34; H, 8.57; MS (LCMS) m/z: 527.3 (M + 23 for Na). 

 
Methyl 11α-bromo-3α,7α-diacetoxy-12-oxo-5β-cholan-24-oate (56), Methyl 11β-bromo-

3α,7α-diacetoxy-12-oxo-5β-cholan-24-oate (57):  

To a solution of 55 (1.008 g, 2 mmol) in benzene (10 mL), bromine solution (1 mL, 2M 

in benzene) was slowly added with stirring, at 30 °C in the dark. After 6 days, TLC 

analysis showed the total consumption of the starting material. The solvent was 

evaporated and the crude solid material was dissolved in EtOAc (150 mL). The organic 

layer was washed with 10 % Na2S2O5 (2x10 mL), cold H2O (2x10 mL), brine (2x10 mL) 

and dried over Na2SO4. Solvent was evaporated under reduced pressure to afford crude 

product. The residue was chromatographed on flash silica gel (10%, EtOAc/PE) to yield 

the β-bromo compound 57 (0.22 g, 19%), followed by α-bromo compound 56 (0.76 g, 

65%). 

 
Methyl 11α-bromo-3α,7α-diacetoxy-12-oxo-5β-cholan-24-oate (56): mp. 183-184 °C; 

[α]D
25 + 19.20 (CHCl3, c 1.25); IR (cm-1) 2937, 1739, 1730, 1697; 1H NMR (200 MHz, 

CDCl3) δ 0.93 (d, J = 6.6 Hz, 3H), 1.36 (s, 3H), 1.38 (s, 3H), 2.03 (s, 6H), 2.64 (dd, J = 

11.7 & 5.9 Hz, 1H), 3.67 (s, 3H), 4.42 (d, J = 5.9 Hz, 1H), 4.60 (m, 1H), 5.03 (bs, 1H); 
13C NMR (50 MHz, CDCl3) δ 15.5, 18.1, 21.1, 21.2, 23.7, 24.6, 26.9, 27.3, 30.4, 30.6, 

31.1, 33.7, 34.6, 35.6, 35.8, 36.9, 39.9, 43.8, 47.4, 51.3, 52.0, 52.2, 56.3, 70.6, 73.1, 

169.6, 170.3, 174.3, 203.4; MS (LCMS) m/z 605.2 (M + 23 for Na).  

 
Methyl 11β-bromo-3α,7α-diacetoxy-12-oxo-5β-cholan-24-oate (57): mp. 202-203 °C; 

[α]D25 + 43.3 (CHCl3, c 1.20); IR (cm-1) 2962, 1743, 1731, 1712; 1H NMR (200 MHz, 

CDCl3) δ 0.85 (d, J = 5.8 Hz, 3H), 1.04 (s, 3H), 1.22 (s, 3H), 2.04 (s, 3H), 2.05 (s, 3H), 

2.79 (dd, J = 10.7 Hz, 1Hz), 2.90 (dt, J = 15.4 Hz & 3.0 Hz, 1H), 3.66 (s, 3H), 4.64 (m, 

1H), 4.97 (bs, 1H), 5.01 (d, J = 10.7 Hz); 13C NMR (50 MHz, CDCl3) δ 10.7, 17.9, 20.8, 

22.3, 23.7, 26.6, 27.5, 29.8, 30.6, 31.3, 34.5, 35.0, 36.5, 37.5, 39.5, 41.7, 46.1, 47.6, 50.8, 

55.9, 57.6, 70.3, 72.9, 169.4, 170.0, 173.8, 202.3; MS (LCMS) m/z 605.2 (M + 23 for 

Na).  

 

Methyl 11α-azido-3α,7α-diacetoxy-12-oxo-5β-cholan-24-oate (58): 

To a solution of compound 56/57 (0.1 g, 0.172 mmol) in dry DMF (5 mL) was added 

solid sodium azide (0.056 g, 0.86 mmol). The reaction mixture was stirred at 60 °C for 16 
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h and allowed to cool to room temperature. It was then poured into H2O (50 mL) and 

extracted with Et2O (3x50 mL). The organic extract was washed with cold water (2x25 

mL) followed by brine (20 mL) and it was dried over Na2SO4. Solvent was evaporated 

under reduced pressure to afford crude product. Purification by column chromatography 

on silica gel (10% EtOAc/PE) afforded compound 58 (0.092 g, 98%) as a white 

crystalline solid.  

mp. 213 °C; [α]D
28 + 61.68 (CHCl3, c 1.07); IR (cm-1) 2922, 2108, 1740, 1722; 1H NMR 

(200 MHz, CDCl3) δ 0.88 (d, J = 6.4 Hz, 3H), 1.02 (s, 3H), 1.15 (s, 3H), 2.02 (s, 3H), 

2.04 (s, 3H), 2.48 (dt, J = 14.6 Hz & 3.0 Hz, 1H), 3.66 (s, 3H), 4.06 (d, J = 10.8 Hz, 1H), 

4.58 (m, 1H), 4.96 (bs, 1H); 13C NMR (50 MHz, CDCl3) δ 10.7, 18.3, 21.2, 21.2, 22.7, 

23.9, 27.0, 27.4, 30.1, 30.9, 31.4, 35.2, 35.2, 37.0, 37.2, 37.9, 41.6, 42.9, 47.0, 51.3, 51.7, 

56.1, 64.4, 70.4, 73.4, 169.8, 170.6, 174.1, 207.0; Anal. Calcd. for C29H43N3O7 C, 63.81; 

H, 7.96; N, 7.70 Found: C, 63.68; H, 7.91; N, 7.63. 

 
Synthesis of Dimeric compounds (59-65): 

General procedure for cycloaddition:  

Method 1: A solution of azide (1.3 mmol) and propargyl ester of bile acid (1 mmol) in t-

BuOH (10 mL) was stirred at 60 °C for 15 min. CuSO4·5H2O (5mol% in 0.5 mL of water) 

and sodium ascorbate (20 mol% in 0.5 mL of water) were added to the reaction mixture 

and it was stirred at 60-65 °C for 3-12 h. The solvent was evaporated under reduced 

pressure to afford a crude product, which on purification by column chromatography on 

silica gel gave pure dimeric compounds containing 1,2,3-triazole moiety in 92-96% yield.  

 

Method 2: The alkyne (1 mmol) and the azide (1.3 mmol) were dissolved in DMF/H2O 

4:1 (10 mL). To this solution CuSO4·5H2O (5 mol%) and sodium ascorbate (40 mol%) 

were added. The reaction mixture was placed in a domestic microwave reactor and 

irradiated for 5 min at 415 W. The reaction mixture was cooled, ice was added and it was 

then extracted with EtOAc. The extract was washed with water and brine. Solvent was 

evaporated under reduced pressure and crude product was purified by column 

chromatography on silica gel using 5% MeOH/CH2Cl2 system to obtain dimers (90-96 

%). 

  

Dimeric compound (59):  Yield: 96%; mp 136-138 °C; [α]D
31 = + 9.84 (CHCl3, c 0.61); 

IR (cm-1) 3419, 1728; 1H NMR (200 MHz, CDCl3) δ 0.65 (s, 3H), 0.66 (s, 3H), 0.90-0.98 
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(12H), 3.59 (m, 2H ), 3.96 (bs, 2H), 4.31 (t, J = 7.1 Hz, 2H, OCH2), 5.21 (s, 2H), 7.60 (s, 

1H, triazole H); 13C NMR (75 MHz, CDCl3) δ 12.3, 17.1, 17.4, 23.0, 23.6, 26.0, 26.9, 

27.1, 27.5, 28.4, 30.2, 30.6, 31.0, 32.4, 33.3, 33.9, 35.1, 35.8, 36.1, 42.0, 46.3, 46.8, 47.9, 

50.7, 57.3, 60.3, 63.5, 71.4, 72.9, 123.6, 142.7, 174.1; Anal. Calcd for C51H83N3O6:  C, 

73.43, H, 10.03, N, 5.04. Found: C, 73.11, H, 9.82, N, 4.82; MS (LCMS) m/z 834.7 (M + 

1), 856.7 (M + Na). 

 

Dimeric compound (60): White solid, Yield: 93%; mp 148-150 οC; [α]D
25 = + 33.2 

(CHCl3, c 0.73);  IR (cm-1): 3396, 1728 cm-1; 1H NMR (200 MHz, CDCl3): δ 0.64 (s, 3H), 

0.66 (s, 3H), 0.88 (s, 6H), 0.96 - 0.98 (6H), 3.41 (m, 2H), 3.82 (bs, 2H) 3.93 (bs, 2H), 

4.34 (bs, 2H), 5.12-5.31 (dd, J = 12.5 and 24.0 Hz, 2H, OCH2), 7.66 (s, 1H, triazole H); 
13C NMR (100 MHz, CDCl3): δ 12.0, 16.8, 17.1, 22.1, 22.8, 25.9, 26.5, 27.2, 27.7, 29.3, 

29.6, 30.5, 30.9, 32.1, 34.2, 34.4, 34.9, 35.0, 38.9, 39.0, 41.2, 46.0, 46.4, 46.5, 47.9, 48.2, 

48.4, 48.6, 48.8, 49.0, 49.2, 50.6, 54.8, 57.0, 68.0, 71.3, 72.7, 123.6, 142.4, 174.1; Anal. 

Calcd for C51H83N3O8: C, 70.71; H, 9.66; N, 4.85; Found: C, 70.35; H, 10.01; N, 4.63; 

MS (LCMS) m/z: 867.4 (M + 1), 889.4 (M + 23 for Na). 

 

Dimeric compound (61): Yield: 92%; mp 100-102 °C; [α]D
31 = +11.0 (CHCl3, c 0.6); IR 

(cm-1) 3431, 1728; 1H NMR (200 MHz, CDCl3) δ = 0.66 (s, 3H), 0.70 (s, 3H), 0.91-1.00 

(12H), 3.61 (m, 1H), 3.66 (s, 3H, OCH3), 3.96 (bs, 1H), 4.02 (bs, 1H), 4.47 (m, 1H), 5.20 

(s, 2H), 7.68 (s, 1H, triazole H); 13C NMR (50 MHz, CDCl3) δ = 12.6, 17.2, 23.0, 23.1, 

23.6, 25.9, 26.1, 26.8, 27.0, 27.4, 27.9, 28.6, 30.3, 30.6, 30.8, 31.1, 33.5, 33.6, 33.8, 34.0, 

34.2, 35.1, 35.6, 35.9, 36.3, 42.0, 42.6, 46.4, 46.5, 47.0, 47.2, 47.9, 48.2, 51.4, 57.5, 61.0, 

71.6, 72.9, 122.1, 142.2, 174.1, 174.6; MS (LCMS) m/z 862.8 (M + 1), 884.8 (M + Na); 

Anal. Calcd for C52H83N3O7:  C, 72.44, H, 9.70, N, 4.87. Found: C, 72.17, H, 10.02, N, 

4.60. 

 

Dimeric compound (62): White solid, Yield: 92%; mp  147-149 οC; [α]D
25 =  + 38.5 

(CHCl3, c 0.83); IR (cm-1): 3433, 1731; 1H NMR (200 MHz, CDCl3): δ 0.63 (s, 3H), 0.69 

(s, 3H), 0.86-0.97 (12 H), 3.53 (bs, 1H + OH), 3.65 (s, 3H, OCH3), 3.84-3.86 (bs, 2H), 

3.94 (bs, 1H), 4.00 (bs, 1H), 4.34 (m, 1H), 5.15 (bs, 2H), 7.83 (s, 1H, triazole H); 13C 

NMR (100 MHz, CDCl3): δ 12.2, 12.3, 17.1, 22.3, 22.3, 22.5, 23.0, 26.1, 26.4, 27.4, 28.0, 

29.5, 30.0, 30.5, 30.7, 30.8, 30.9, 34.2, 34.4, 34.5, 34.7, 35.2, 35.6, 36.2, 39.3, 41.4, 41.6, 
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41.9, 46.2, 46.3, 46.4, 46.7, 46.9, 51.4, 57.4, 61.1, 67.7, 67.8, 68.2, 71.6, 72.8, 121.8, 

141.9, 174.2, 174.8; Anal. Calcd for C52H83N3O9: C, 69.84; H, 9.36; N, 4.70; Found: C, 

69.93; H, 9.42; N, 4.61; MS (LCMS) m/z: 916.94 (M + 23 for Na). 

 

Dimeric compound (63): White solid, Yield: 94%; mp 119-120 οC; [α]D
25 = + 42.1 

(CHCl3, c 1.47); IR (cm-1): 3402, 1728; 1H NMR (200 MHz, CDCl3): δ 0.65 (s, 3H), 0.69 

(s, 3H), 0.90 (s, 6H), 0.96-0.99  (m, 6H), 3.62 (m, 1H), 3.67 (s, 3H, OCH3), 3.96 (bs, 1H), 

4.02 (s, 1H), 4.68 (bs, 1H), 5.23 (s, 2H), 7.71 (s, 1H, triazole H); 13C NMR (100 MHz, 

CDCl3): δ 12.4, 12.5, 16.9, 17.0, 22.9, 23.3, 23.4, 23.5, 24.5, 25.6, 25.9, 26.1, 26.9, 27.2, 

28.4, 28.5, 29.5, 30.3, 30.5, 30.6, 30.8, 30.9, 33.2, 33.8, 34.1, 34.8, 34.9, 35.0, 35.5, 35.7, 

36.0, 37.0, 41.8, 46.2, 46.9, 47.9, 51.3, 56.7, 57.3, 71.2, 72.6, 123.0, 142.0, 174.0, 174.5; 

Anal. Calcd for C52H83N3O7: C, 72.43; H, 9.70; N, 4.87; Found: C, 72.10; H, 9.58; N, 

4.72; MS (LCMS) m/z: 863.8 (M + 1), 885.8 (M + 23 for Na). 

 

Dimeric compound (64): White solid, Yield: 90%; mp 138-141 οC; [α]D
25 = + 28.3 

(CHCl3, c 1.27); IR (cm-1): 3402, 1728; 1H NMR (200 MHz, CDCl3): δ 0.63 (s, 3H), 0.68 

(s, 3H), 0.87 (s, 6 H), 0.96-1.00  (6 H), 3.26 (bs, OH), 3.46 (bs, 1H), 3.66 (s, 3H, OCH3), 

3.84-3.99 (4H), 4.72 (bs, 1H), 5.22 (s, 2H), 7.79 (s, 1H, triazole H); 13C NMR (100 MHz, 

CDCl3): δ 12.1, 12.2, 17.0, 17.0, 22.2, 22.5, 23.0, 24.5, 26.1, 26.2, 27.3, 28.0, 28.1, 30.9, 

32.3, 33.8, 34.5, 34.7, 35.0, 36.6, 39.2, 41.3, 46.1, 46.2, 46.7, 51.3, 56.8, 57.4, 67.9, 68.0, 

71.5, 72.7, 123.1, 141.9, 174.1, 174.5; Anal. Calcd for C52H83N3O9: C, 69.84; H, 9.36; N, 

4.70; Found: C, 69.56; H, 8.98; N, 4.82; MS (LCMS) m/z: 895.54 (M + 1), 917.57 (M + 

23 for Na). 

 

Dimeric compound (65): Yield: 92%; mp 156-157 °C; [α]D
31 = + 20.0 (CHCl3, c 0.61); 

IR (cm-1) 3411, 1728, 1674; 1H NMR (200 MHz, CDCl3) δ 0.67 (s, 3H), 0.73 (d, J = 5.9 

Hz, 3H), 0.89 (s, 3H), 0.96 (d, J = 5.69 Hz, 3H), 1.18 (s, 3H ), 1.27 (s, 3H), 2.00 (s, 3H), 

2.10 (s, 3H), 3.45 (m, 1H), 3.66 (s, 3H, OCH3), 3.84 (bs, 1H), 3.96 (bs, 1H), 3.40 (m, 

1H), 5.02 (bs, 1H) 5.24 (d, J = 2.0 Hz, 2H, OCH2), 5.91 (d, J = 9.9 Hz, C-11 H attached 

to triazole), 7.83 (s, 1H, triazole H); 13C NMR (75 MHz, CDCl3) δ 11.2, 12.4, 17.2, 18.4, 

21.2, 21.3, 22.5, 23.2, 24.0, 26.5, 27.1, 27.4, 28.2, 29.5, 30.1, 30.3, 30.8, 30.9, 31.0, 31.2, 

34.6, 34.7, 35.1, 35.2, 35.4, 37.4, 38.1, 39.6, 41.5, 41.7, 42.2, 44.2, 46.5, 46.8, 47.4, 51.4, 

52.4, 56.5, 57.4, 65.7, 68.3, 70.4, 71.9, 72.9, 73.2, 126.0, 142.7, 169.8, 170.5, 174.0, 
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174.3, 204.1; Anal. Calcd for C56H85N3O12:  C, 67.78; H, 8.63; N, 4.23. Found: C, 67.43; 

H, 8.71; N, 3.97; MS (LCMS) m/z 992.7 (M + 1), 1014.7 (M + Na). 

 

Propargyl -3α-mesyloxy-12α-hydroxy-5β-cholane-24-oate (66): 

Compound 66 was prepared from compound 34 by using similar procedure as used for 

the preparation of compound 40. 

White solid, yield 90%; mp 71-73 ºC; IR (cm-1): 3430, 3305, 1730; 1H NMR (CDCl3, 200 

MHz): δ 0.67 (s, 3H), 0.91 (s, 3H), 0.96 (d, 3H, J = 6.1 Hz), 2.47 (t, J = 2.5 Hz, 1H), 2.99 

(s, 3H), 3.98 (bs, 1H), 4.64 (m, 1H), 4.66 (d, J = 2.4 Hz, 2H); 13C NMR (CDCl3, 50 

MHz): δ 12.6, 17.6, 22.8, 23.5, 25.8, 26.7, 27.3, 27.6, 28.5, 30.6, 30.9, 33.2, 33.4, 33.8, 

34.7, 34.8, 35.8, 38.7, 42.0, 46.4, 47.1, 48.0, 51.6, 72.8, 74.7, 77.7, 82.6, 173.2; Anal. 

Calcd for C28H44O6S: C, 66.11; H, 8.72; S, 6.30; Found: C, 65.88; H, 8.42; S, 6.03; MS 

(LCMS) m/z: 509.27 (M + 1), 631.32 (M + 23 for Na). 

 

Propargyl -3β-azido-12α-hydroxy-5β-cholane-24-oate (67):  

Compound 66 was reacted with NaN3 (3 equiv.) in DMF for 4 h at 80-90 ºC to give 

compound 67. 

White solid, yield 90%; mp 135-138 ºC; [α]D
26 (CHCl3, c 0.9) = + 39.34; IR (cm-1): 1731, 

2100, 3307; 1H NMR (CDCl3, 200 MHz): δ 0.69 (s, 3H), 0.95 (s, 3H), 0.97 (d, 3H, J = 6.2 

Hz), 2.47 (t, J = 2.5 Hz, 1H), 3.95 (bs, 1H), 3.99 (bs, 1H), 4.68 (d, J = 2.4 Hz, 2H); 13C 

NMR (CDCl3, 50 MHz): δ 12.7, 17.3, 23.4, 23.5, 24.5, 25.9, 26.4, 27.4, 28.7, 30.1, 30.5, 

30.7, 31.0, 33.2, 34.4, 35.0, 35.8, 37.2, 46.5, 47.3, 48.3, 51.7, 58.7, 73.1, 74.7, 77.7, 

173.2; Anal. Calcd for C27H41N3O3: C, 71.17; H, 9.07; N, 9.22; Found: C, 69.92; H, 8.83; 

N, 9.08; MS (LCMS) m/z: 478.21 (M + 23 for Na). 

 

Propargyl -3,12 diketo-5β-cholane-24-oate (69): 

Compound 69 was synthesized from compound 34 using the procedure reported for 

compound 55. 

White solid, yield 96%; mp 156-158 ºC; [α]D
27 (CHCl3, c 3.9) = + 48.77; IR (cm-1): 1699, 

1737, 3307; 1H NMR (CDCl3, 200 MHz): δ 0.85 (d, 3H, J = 6.5 Hz), 1.05 (s, 3H), 1.11 (s, 

3H), 2.47 (t, J = 2.4 Hz, 1H), 4.67 (d, J = 2.5 Hz, 2H); 13C NMR (CDCl3, 50 MHz): δ 

11.4, 18.3, 21.8, 24.0, 25.1, 26.3, 27.2, 30.03, 30.9, 35.1, 35.2, 35.3, 36.4, 36.5, 38.0, 

41.8, 43.4, 43.8, 46.2, 51.4, 57.2, 58.1, 74.5, 77.6, 172.8, 211.7, 213.7; Anal. Calcd for 
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C27H38O4: C, 76.02; H, 8.98; Found: C, 75.81; H, 9.02; MS (LCMS) m/z: 427.24 (M + 1), 

449.26 (M + 23 for Na). 

 

Synthesis of Propargyl -3β-oxirane-12keto-5β-cholane-24-oate (70): 

To a solution of trimethylsulfoxonium iodide (0.21 g, 1 mmol) in dry DMSO (5 mL) was 

added NaH (0.048 g, 2 mmol). After 1h, compound 69 (0.213 g, 0.5 mmol) was added to 

the reaction mixture. The reaction mixture was allowed to stir for 5h. Reaction was 

monitored by TLC (5% Methanol/DCM). Ice was added to the reaction mixture and the 

product was extracted with ethyl acetate (2×50 mL).The organic layer was washed with 

water (4×10 mL) and then with brine solution. Extract was dried over sodium sulfate. 

Solvent was removed under reduced pressure and the product was purified by column 

chromatography (4% Methanol/DCM) to get pure compound 70 (0.201 g). 

White solid, yield 91%; mp 179-181 ºC; IR (cm-1): 1699, 1733, 3307; 1H NMR (CDCl3, 

200 MHz): δ 0.84 (d, 3H, J = 6.4 Hz), 1.03 (s, 3H), 1.08 (s, 3H), 2.47 (t, J = 2.5 Hz, 1H), 

2.61 and 2.62 (two d, J = 4.7 Hz, 2H, oxirane CH2), 4.67 (d, J = 2.5 Hz, 2H); 13C NMR 

(CDCl3, 50 MHz): δ 11.5, 18.4, 22.7, 24.2, 25.7, 26.3, 27.4, 27.7, 30.2, 30.1, 33.3, 33.9, 

35.3, 35.4, 35.4, 38.3, 40.1, 43.7, 46.3, 51.6, 53.4, 57.4, 58.6, 58.7, 74.6, 77.7, 173.1, 

214.6,; Anal. Calcd for C28H40O4: C, 76.33; H, 9.15; Found: C, 76.50; H, 9.41; MS 

(LCMS) m/z: 463.24 (M + 23 for Na). 

 

Propargyl (3α-azidomethane)-3β-hydroxy-12keto-5β-cholane-24-oate (71):  

To a solution of 70 (0.220 g, 0.5 mmol) in dry DMF (10 mL), sodium azide (0.100 g, 1.5 

mmol) was added and stirring was continued at 60-65 ºC for 3h. The reaction mixture was 

allowed to cool to room temperature. It was then poured into ice-cold water (30 mL) and 

extracted with EtOAc. The organic extract was washed with cold water and brine. Solvent 

was evaporated under reduced pressure to afford crude product 71 which was purified by 

column chromatography on silica gel (10% EtOAc/hexane) to produce pure compound 71 

as white solid (0.217 g). 

White solid, yield 90%; mp 213-215 ºC; IR (cm-1): 1703, 1739, 2102, 3305; 1H NMR 

(CDCl3, 200 MHz): δ 0.84 (d, 3H, J = 6.5 Hz), 1.01 (s, 3H), 1.05 (s, 3H), 2.47 (t, J = 2.5 

Hz, 1H), 3.22 (s, 2H, CH2), 4.67 (d, J = 2.5 Hz, 2H); MS (LCMS) m/z: 506.26 (M + 23 

for Na). 
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3,12-Diketo-24-azido-5β-cholane (73):  

Compound 73 was synthesized from compound 44 by Jones oxidation using the 

procedure reported for compound 55. 

White solid, yield 96%; mp 173-175 ºC; IR (cm-1): 1704, 2096; 1H NMR (CDCl3, 200 

MHz): δ 0.86 (d, J = 6.6 Hz, 3H,), 1.06 (s, 3H,), 1.11 (s, 3H), 3.24 (t, J = 6.6 Hz, 2H); 13C 

NMR (CDCl3, 50 MHz): δ 11.6, 18.8, 22.0, 24.2, 25.3, 25.8, 26.5, 27.5, 32.3, 35.3, 35.5, 

35.7, 36.7, 36.8, 38.2, 42.0, 43.6, 44.1, 46.5, 51.7, 57.4, 58.4, 211.9, 213.9; Anal. Calcd 

for C24H37N3O2: C, 72.14; H, 9.33; N, 10.52; Found: C, 71.79; H, 8.96; N, 10.43; MS 

(LCMS) m/z: 422.57 (M + 23 for Na). 

 

3α-hydroxy,(3β-pro-2-yn). 12-keto-24-azido-5β-cholane (74): 

The ketone 73 (0.400 g, 1 mmol) and propargyl bromide (1.8 mL, 3 mmol) were 

dissolved in a mixed solvent DMF-THF 1:1 (10 mL). To this well stirred solution, 

activated zinc dust (washed with 2% HCl, water and dried in vacuum) (0.196 g, 3 mmol) 

was slowly added at room temperature. After 5 min exothermic reaction brought itself to 

reflux, which was allowed to cool to 25 ºC. The whole reaction mixture was then stirred 

for 5 h at 25 ºC. Ice-cold HCl (5%) was added to the reaction mixture and it was extracted 

with EtOAc. The extract was washed with water and brine. Solvent was evaporated under 

reduced pressure to afford crude product, which was purified by column chromatography 

on silica gel (5% MeOH/DCM) to give compound 74 (0.381 g). 

White solid, yield 87%; mp 158-161 ºC; IR (cm-1): 1703, 2094, 3307; 1H NMR (CDCl3, 

200 MHz): δ 0.86 (d, J = 6.3 Hz, 3H,), 1.03 (s, 3H,), 1.07 (s, 3H), 2.09 (t, J = 2.8 Hz, 1H), 

2.32 (d, J = 2.6 Hz, 2H), 2.51 (t, J = 6.4 Hz, 1H), 3.24 (t, J = 6.6 Hz, 2H); MS (LCMS) 

m/z: 462.22 (M + 23 for Na). 

 

Compounds 76 and 77: To a solution of compound 36/37 (1 mmol) in toluene (10 mL) 

were added CaH2 (0.189 g, 4.5 mmol), tetrabutylammonium bromide (0.106 g, 0.33 

mmol), and ClCH2COCl (0.26 mL, 3.3 mmol). The reaction mixture was refluxed for 3 h, 

cooled, and it was then extracted with EtOAc (3x25 mL). The extract was washed with 

water and brine. Solvent was evaporated under reduced pressure and the crude product 

was purified by column chromatography on silica gel (10% EtOAc/hexane) to yield 

compounds 76/77. 
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Methyl 3α,7α-bis (chloroacetoxy)-5β-cholan-24-oate (76): White solid, Yield: 86 %; mp 

120 ºC; [α]D
25 = + 81.2 (CHCl3, c 1.78); IR (cm-1): 1733; 1H NMR (CDCl3, 200 MHz): δ 

0.75 (s, 3H, CH3-18), 0.82 (d, J = 6.1 Hz, 3H, CH3-21), 0.92 (s, 3H, CH3-19), 3.66 (s, 

3H), 4.03 (s, 2H), 4.08 (s, 2H), 4.79 (m, 1H),  5.19 (bs, 1H); 13C NMR (CDCl3, 50 MHz): 

δ 12.1, 17.3, 22.8, 23.2, 25.4, 25.7, 26.2, 26.6, 27.2, 30.6, 30.7, 31.8, 33.8, 34.1, 34.4, 

34.5, 35.4, 41.0, 41.1, 41.6, 45.0, 47.2, 49.2, 51.4, 76.2, 77.9, 166.4, 166.6, 174.4; Anal. 

Calcd for C29H44Cl2O6: C, 62.25; H, 7.93; Found: C, 62.08; H, 8.15; MS (LCMS) m/z: 

559.56 (M + 1), 561.57 (M + 1), 581.55 (M + 23 for Na), 583.55 (M + 23 for Na). 

 

 Methyl 3α,7α, 12α-tris (chloroacetoxy)-5β-cholan-24-oate (77): White solid, Yield: 

78%; mp 51-52 ºC; [α]D
25 = + 69.9 (CHCl3, c 1.09); IR (cm-1): 1737, 1731; 1H NMR 

(CDCl3, 200 MHz): δ 0.76 (s, 3H, CH3-18), 0.84 (d, J = 6.1 Hz, 3H, CH3-21), 0.94 (s, 3H, 

CH3-19), 3.66 (s, 3H), 4.03 (s, 2H), 4.07 (d, J = 2.2 Hz, 2H, geminal coupling), 4.10 (s, 

2H), 4.67 (m, 1H), 5.05 (bs, 1H) 5.20 (bs, 1H); 13C NMR (CDCl3, 50 MHz): δ 11.9, 17.3, 

22.1, 22.7, 25.0, 26.3, 26.9, 28.3 30.5, 30.6, 31.0, 34.1, 34.2, 34.3, 34.4, 37.7, 40.4, 40.9, 

41.0, 42.7, 45.0, 47.0, 51.3, 72.9, 75.7, 77.1, 166.1, 166.4, 166.6, 174.2; Anal. Calcd for 

C31H45Cl3O8: C, 57.10; H, 6.96; Found: C, 56.87; H, 6.79; MS (LCMS) m/z: 675.48 (M + 

23 for Na), 677.48 (M + 23 for Na). 

  

Compounds 78 and 79: To a solution of 76/77 (1 mmol) in dry DMF (10 mL) sodium 

azide (0.390 g, 6 mmol) was added and stirring was continued at 75 ºC for 12 h. The 

reaction mixture was allowed to cool to room temperature. It was then poured into ice-

cold water (30 mL) and extracted with EtOAc. The organic extract was washed with cold 

water and brine. Solvent was evaporated under reduced pressure to afford crude product 

which on purification by column chromatography on silica gel (10% EtOAc/hexane) 

obtained pure compound 78/79.  

 

Methyl 3α,7α-bis (azidoacetoxy)-5β-cholan-24-oate (78): White solid, Yield: 82%; mp 

93-95 ºC; [α]D
25 = + 89.8 (CHCl3, c 2.56); IR (cm-1): 2108, 1743, 1718; 1H NMR (CDCl3, 

200 MHz): δ 0.76 (s, 3H, CH3-18), 0.82 (d, J = 6.1 Hz, 3H, CH3-21), 0.93 (s, 3H, CH3-

19), 3.66 (s, 3H), 3.84 (s, 2H), 3.89 (d, J = 1.9 Hz, 2H, geminal coupling), 4.83 (m, 1H),  

5.26 (bs, 1H); 13C NMR (CDCl3, 50 MHz): δ 12.1, 17.4, 22.7, 23.2, 25.5, 25.6, 26.3, 26.5, 

27.1, 30.5, 30.7, 31.7, 33.8, 34.1, 34.4, 34.5, 35.3, 41.5, 44.9, 47.4, 49.3, 50.3, 50.7, 51.3, 
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75.7, 77.7, 167.3, 167.6, 174.3; Anal. Calcd for C29H44N6O6: C, 60.82; H, 7.74; N, 14.67; 

Found: C, 60.98; H, 7.53; N, 14.58; MS (LCMS) m/z: 595.60 (M + 23 for Na). 

 

Methyl 3α,7α, 12α-tris (azidoacetoxy)-5β-cholan-24-oate (79): Gum, Yield: 79%; [α]D
25 

= + 71.29 (CHCl3, c 1.01); IR (cm-1): 2108, 1739; 1H NMR (CDCl3, 200 MHz): δ 0.77 (s, 

3H, CH3-18), 0.82 (d, J = 6.2 Hz, 3H, CH3-21), 0.96 (s, 3H, CH3-19), 3.66 (s, 3H, OCH3), 

3.84 (bs, 4H), 3.89 (d, J = 3.8 Hz, 2H, geminal coupling), 4.71 (m, 1H), 5.08 (bs, 1H), 

5.27 (bs, 1H); 13C NMR (CDCl3, 50 MHz): δ 11.7, 17.2, 22.0, 22.4, 25.1, 26.2, 26.7, 28.6, 

30.3, 30.4, 30.8, 33.9, 34.0, 34.2, 37.4, 40.2, 43.0, 44.8, 47.0, 50.1, 50.4, 50.5, 51.2, 72.5, 

75.1, 76.8, 167.2, 167.3, 167.4, 174.0; Anal. Calcd for C31H45N9O8: C, 55.43; H, 6.75; N, 

18.77; Found: C, 55.05; H, 6.38; N, 18.39; MS (LCMS) m/z: 694.76 (M + 23 for Na). 

 

Trimeric compound (80): 

Trimer 80 was synthesized from azide 78 (0.772 g, 1mmol) and terminal alkyne 34 (0.947 

g, 2.2 mmol) using general procedure B and was purified by column chromatography on 

silica gel (5% MeOH/CH2Cl2) to give pure trimer 80 (1.217 g).  

White solid, Yield: 85%; mp 139-142 ºC; [α]D
25 = + 69.3 (CHCl3, c 0.66); IR (cm-1): 

3498, 1737, 1731; 1H NMR (CDCl3, 400 MHz): δ 0.65-0.68 (bs, 6H), 0.72 (bs, 3H), 0.81-

0.94 (m, 18H,), 3.60 (m, 2H), 3.68 (s, 3H, OCH3), 3.96 (bs, 2H), 4.78 (m, 1H, CH-3), 

5.20-5.28 (m, 9H), 7.82 (bs, 1H, Triazole H), 7.90 (bs, 1H, Triazole H); 13C NMR 

(CDCl3, 100 MHz): δ 12.2, 12.6, 12.7, 17.2, 17.7, 22.7, 23.1, 23.3, 23.6, 25.3, 25.9, 26.1, 

26.6, 27.1, 27.2, 27.5, 28.6, 30.4, 30.7, 30.9, 31.1, 31.7, 31.8, 33.6, 33.9, 34.0, 35.5, 34.6, 

35.1, 35.2, 35.4, 36.0, 36.4, 41.5, 41.8, 42.1, 45.1, 46.5, 47.1, 47.2, 47.4, 48.2, 49.3, 51.2, 

51.3, 51.5, 57.3, 57.4, 71.7, 73.0, 74.0, 77.2, 78.5, 125.2, 125.4, 143.2, 143.3, 165.2, 

165.9, 174.0, 174.1, 174.6; MALDI-TOF m/z: 1457.06 (M + 23 for Na) Calcd for 

C83H128N6O14, 1433.94. 

  

Tetrameric compound (81): 

Tetramer 81 was synthesized from azide 79 (0.671 g, 1 mmol) and terminal alkyne 35 

(1.472 g, 3.3 mmol) using general procedure B to give crude compound which was 

purified by column chromatography on silica gel (5% MeOH/CH2Cl2) to give pure 

tetramer 81 (1.648 g).  
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White solid, Yield: 82%; mp164-168 ºC; [α]D
25 = + 45.6 (CHCl3, c 0.48); IR (cm-1): 3388, 

1735, 1730; 1H NMR (CDCl3, 500 MHz): δ 0.62-0.77 (bs, 12H), 0.85-0.93 (m, 24H,), 

3.39 (bs, 3H), 3.68 (s, 3H, OCH3), 3.80 (bs, 3H), 3.92 (bs, 3H), 4.58 (m, 1H, CH-3), 5.03 

(bs, 1H), 5.10 (bs, 1H), 5.19-5.60 (m, 12H), 8.00-8.01 (bs, 3H, Triazole H); 13C NMR 

(CDCl3, 125 MHz): δ 11.9, 12.4, 14.1, 17.2, 17.5, 20.9, 22.3, 22.4, 22.8, 23.2, 25.1, 26.4, 

26.5, 27.0, 27.5, 28.1, 28.4, 30.3, 30.6, 30.7, 30.9, 31.0, 31.2, 34.2, 34.3, 34.5, 34.6, 34.7, 

35.1, 35.4, 37.8, 39.5, 40.6, 41.5, 41.6, 42.5, 45.2, 46.4, 46.5, 46.6, 46.7, 47.3, 51.2, 51.5, 

57.1, 57.3, 57.4, 57.5, 60.3, 68.3, 71.8, 72.9, 73.2, 76.2, 77.67, 125.5, 125.7, 125.8, 143.0, 

143.1, 143.2, 165.5, 165.8, 166.2, 171.0, 174.1, 174.2, 174.4; MALDI-TOF m/z: 2035.41 

(M + 23 for Na) Calcd for C112H171N9O23, 2011.60. 
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1.7 Selected Spectra

34: 1H NMR, 300 MHz, CDCl3
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34: 13C NMR, 75 MHz, CDCl3
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35: 1H NMR, 200 MHz, CDCl3
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35: 13C NMR, 50 MHz, CDCl3
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36: 1H NMR, 500 MHz, CDCl3
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36: 13C NMR, 125 MHz, CDCl3
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37: 1H NMR, 200 MHz, CDCl3
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37: 13C NMR, 50 MHz, CDCl3
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38: 1H NMR, 200 MHz, CDCl3
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38: 13C NMR, 50 MHz, CDCl3
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44: 1H NMR, 200 MHz, CDCl3
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45: 1H NMR, 200 MHz, CDCl3
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45: 13C NMR, 50 MHz, CDCl3
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48: 1H NMR, 300 MHz, CDCl3
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48: 13C NMR, 75 MHz, CDCl3
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49: 1H NMR, 200 MHz, CDCl3

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.963.26 2.881.00 0.91

Chloroform-d

0
.0
0

0
.6
9

0
.9
1

0
.9
6

0
.9
9

1
.2
6

1
.4
1

1
.5
9

1
.7
1

1
.9
1

2
.3
1

2
.3
6

2
.3
7

3
.1
0

3
.1
6

3
.2
2

3
.6
7

3
.8
6

3
.9
8

7
.2
7

49: 13C NMR, 50 MHz, CDCl3
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52: 1H NMR, 200 MHz, CDCl3
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52: 13C NMR, 50 MHz, CDCl3
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53: 1H NMR, 200 MHz, CDCl3
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53: 13C NMR, 50 MHz, CDCl3
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55: 1H NMR, 300 MHz, CDCl3
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55: 13C NMR, 75 MHz, CDCl3
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58: 1H NMR, 200 MHz, CDCl3
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58: 13C NMR, 50 MHz, CDCl3
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59: 1H NMR, 200 MHz, CDCl3
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59: 13C NMR, 75 MHz, CDCl3
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60: 1H NMR, 200 MHz, CDCl3
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60: 13C NMR, 100 MHz, CDCl3
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61: 1H NMR, 200 MHz, CDCl3
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61: 13C NMR, 50 MHz, CDCl3
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62: 1H NMR, 200 MHz, CDCl3
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62: 13C NMR, 100 MHz, CDCl3
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63: 1H NMR, 200 MHz, CDCl3
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63: 13C NMR, 100 MHz, CDCl3
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64: 1H NMR, 200MHz, CDCl3
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64: 13C NMR, 100 MHz, CDCl3
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65: 1H NMR, 200 MHz, CDCl3
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65: 13C NMR, 75 MHz, CDCl3
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67: 1H NMR, 200 MHz, CDCl3

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.47 3.002.032.02 1.07

Chloroform-d

0
.6
8

0
.9
4

0
.9
9

1
.3
3

1
.3
4
1
.4
01
.4
8

1
.5
3
1
.5
5

1
.6
61
.7
4

1
.8
5

1
.8
8

1
.9
0

2
.3
6
2
.4
6

2
.4
7

2
.4
8

3
.9
5

3
.9
83
.9
9

4
.0
1

4
.6
7

4
.6
8

7
.2
7

67: 13C NMR, 50MHz, CDCl3
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70: 1H NMR, 200MHz, CDCl3
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71: 1H NMR, 200 MHz, CDCl3
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73: 13C NMR, 50 MHz, CDCl3
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76: 1H NMR, 200 MHz, CDCl3
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76: 13C NMR, 50 MHz, CDCl3
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77: 1H NMR, 200 MHz, CDCl3
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77: 13C NMR, 50 MHz, CDCl3
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78: 1H NMR, 200 MHz, CDCl3
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78: 13C NMR, 50 MHz, CDCl3
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79: 1H NMR, 200 MHz, CDCl3
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79: 13C NMR, 50 MHz, CDCl3
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80: 1H NMR, 400 MHz, CDCl3
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80: 13C NMR, 100 MHz, CDCl3
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81: 1H NMR, 500 MHz, CDCl3
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81: 13C NMR, 125 MHz, CDCl3
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Chapter 2 
Synthesis of bile acid-fluconazole conjugates, new 

fluconazole analogues using click reaction, bile acid 
based amino alcohols and their bioevaluation. 
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2.1.1 Abstract   

 

Novel fluconazole-bile acid conjugates and fluconazole mimics were designed 

and synthesized in very high yield via Cu(I) catalyzed intermolecular 1,3-dipolar 

cycloaddition. The studies presented here provide structural modification of fluconazole 

to give 1,2,3-trazole containing molecules. These new molecules showed good antifungal 

activity. Their antifungal activities were evaluated in vitro by measuring the minimal 

inhibitory concentrations (MICs). Compounds 64, 69 and 72 are more potent against 

Candida fungal pathoges than control drugs fluconazole and amphotericin B. 

Furthermore these molecules were evaluated in vivo against C. albicans intravenous 

challenge in Swiss mice and antiproliferative activities were tested against human 

heptocellular carcinoma Hep3B and human epithelial carcinoma A431. It was found that 

compound 69 resulted in 97.4% reduction in fungal load in mice and did not show any 

profound proliferative effect at lower dose (0.001 mg/mL). 

 

Chapter 2 
Section-I 

Synthesis of bile acid-fluconazole conjugates and
new fluconazole analogues using click reaction 

and their bioevaluation. 
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2.1.2 Introduction 

Bioconjugation has generated significant research interest as it provides an easy 

way to couple two or more molecules with distinct properties thereby producing a novel 

complex structure (bioconjugate) that possesses the combined properties of its individual 

components.1-3 Over the years, several bioconjugates have been prepared for use in 

research, therapeutics and diagnostics.4-6 The results from these studies show that 

bioconjugation indeed adds significant benefits to the biomolecules being conjugated. For 

instance, it may result in an increase in stability to chemical or proteolytic degradation, 

reduced immunogenicity, or improved pharmacokinetics, biodistribution and 

targeting.1,2,7 The conjugation of two or more biomolecules is mostly achieved by 

incorporating mutually reactive groups into the individual components, followed by their 

coupling in solution, leading to the formation of stable chemical linkages like amides, 

thioethers, disulfides or oximes.1,2 Such strategies have found wide acceptance because of 

the high coupling efficiency and ease of purification. Several such cross-coupling agents 

have been developed and studied earlier for the preparation of bioconjugates.8 

In this context, we designed and synthesized new bile acid-fluconazole 

conjugates. In these bioconjugates one component is bile acid having amphiphilic nature 

like amphotericin-B and other component is pharmacophore of fluconazole (an azole 

based antifungal drug). These two components have been linked together with 1,2,3-

triazole, by “Click reaction.” 1,2,3-Triazole is not only a passive linker but also viewed as 

an isoster of 1,2,4-triazole moiety of fluconazole.  

 

2.1.3 Review of literature 

Literature search revealed that number of bile acid conjugates has been reported.9 

Due to their amphiphilic nature, rigid steroidal backbone, availability, and low cost, bile 

acids have become attractive tool in designing pharmacological hybrid molecules and 

prodrugs. These molecules have tremendous transport capacity and organ specificity of 

enterohepatic circulation. They also have versatile derivatization possibilities, improving 

intestinal absorption ability and increasing metabolic stability of pharmaceuticals. In this 

chapter a brief introduction on role of bile acids in bile acid-conjugates has been 

discussed. Mode of action of various antifugal agents used in clinic and structural 

developments in azole based antifungal agent, fluconazole have also been briefly 

discussed. 
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Bile acid based conjugates. 

Bile acid transporters have been shown to accept and carry a variety of analogues 

that are derivatized at different positions of bile acids. Bile acids are essential for 

digestion and absorption of lipids and lipid soluble vitamins. Intestinal bile acid 

transporters are solute carrier transporters regulating the enterohepatic circulation of bile 

salts.10 The treatment of chronic diseases in most cases involves long-term use of drugs. 

For this a site-specific drug action without adverse side effects and noninvasive, 

preferably oral administration of drugs is necessary. The physiology of bile transport 

exclusively involves only liver and small intestine and hence use of bile acid as putative 

shuttles of pharmaceuticals should be ideal. Current research efforts are focused on 

specific drug targeting to the liver and on improving the intestinal absorption of poorly 

absorbed drugs. Large number of bile acid-drug conjugates, therefore have been 

synthesized9a by Kramer and his coworkers, which include chlorambucil-bile acid 

conjugate 1, peptide-bile acid conjugate 2, HMG-CoA reductase inhibitor-bile acid 

conjugates 3 and 4.  
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Synthesis of bile acid-oligonucleotide conjugates have been reported.11 When used in 

vivo in rats, these conjugates resulted in an increased biliary excreation compared to 

unconjugated oligodeoxynucleotides.  
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Cosalane is an inhibitor of HIV replication with activity against both HIV-1 and 

HIV-2. The poor oral availability of cosalane is mainly attributed to its poor permeation 

across the intestinal epithelium due to its very high lipophilicity and membrane 

interacting nature. With the aim to retain the anti HIV activity and to enhance 

bioavailibility of cosalane, Cushman et al. have synthesized12 cosalane-bile acid 

conjugate 5. Unfortunately this conjugate was found to be less potent than cosalane. 
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Mifepristone (RU-486) 6 was the first antiprogestin,13 when used in combination 

with prostaglandin, effectively and safely terminates early pregnancies. From the 

structure activity relationship, design and synthesis of two new analogues, 7 and 8, of 

mifepristone was reported by our group.14,15  
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 In comparison with mifepristone 6, the relative binding affinity of compound 8 for 

the progesterone receptor was found to be more, whereas that of compound 7 was less. 

Glycemic control depends on a precise match between glucose inputs and outputs. Any 

disturbances in this balance can result in hypo or hyperglycemia. Glucocorticoid receptor 

(GR) antagonism has been validated as a strategy for regulating hepatic glucose output 

(HGO). Mifepristone (RU-486) 6 has been used for this validation study. Long-term 

systematic GR antagonism is not a viable approach for the treatment of type 2 diabetes. A 

liver specific derivative of mifepristone would be expected to decrease HGO and improve 

glucose metabolism without the risk of side effects. With this assumption Geldern et al. 

synthesized16 a number of bile acid conjugates e.g. 9-12 of mifepristone 6 attached at 

different positions of bile acid using linkers to provide novel drugs for type 2 diabetes. 

They have also synthesized bile acid-RU-43044 conjugate 13, which is a selective GR 

antagonist. 

It has been shown that bile acids can be used as carrier units for preparation of 

MRI contrast agents, which enter hepatocycle by means of active transport mechanism. A 

series of structurally different gadolinium conjugates incorporating bile acid moiety have 

been prepared.17 Polyaminopolycarboxylic acids such as diethylenetriaminepenta-acetic 

acid (DTPA) and 1,4,7,10-tetraazocyclododecane-1,4,7,10-tetraacetic acid (DOTA) have 

been selected as chelating subunits for the Gd (III) ion. These conjugates e.g. 14, 15 

showed high biliary elimination as well as good tolerability. 
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 The 1,2,4,5-tetraoxacyclohexane (tetraoxane) moiety became an increasingly 

interesting pharmacophore since its antimalerial activity was found to be very similar to 

that of 1,2,4-trioxanes such as naturally occurring artemisinin. Saloja and his group 

synthesized18 cholic acid-derived 1,2,4,5-tetraoxanes 16, 17 and mixed 1,2,4,5-

tetraoxanes such as 18 in order to explore the influence of steroid carrier on its 

antimalerial, antiproliferative and antimicrobial activities. 
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Various reports on bile acid based conjugates are available in the literature e.g. 

oligonucleotides-conjugates,19a acetylcholine-conjugates,19b pyrazole fused bile acids 

conjugated with anti-inflammatory drugs such as neproxen and drug surrogate19c and a 

series of sulfonamides incorporating bile acid moieties as potent cabonic anhydrase 

inhibitors.19d,19e  

Recently there is a report20 from our group on bile acid conjugates e.g. 19a and 

19b from chiral amino alcohols based on a broad-spectrum antibiotic chloramphenicol. 

These conjugates showed antibacterial as well as antifungal activities. Synthesis of bile 

acid polyamide conjugates 2021 and bile acid -β-lactam conjugates 2122 has been recently 

reported by our group. 
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Antifungal agents 

Fungi are plant-like organisms that lack chlorophyll and are one of the five 

kingdoms of life. There are over 1,500,000 species of fungi are known.23 Fungal 

infections have emerged as a significant clinical problem in recent years. Both the number 

of fungal infections and the number of fungal species causing them are increasing, as a 

result of the exponential increasing number of immunosuppressed and 

immunocompromised patients.24 Clinically, candidosis, aspergillosis, cryptococcosis are 

the three major infections in the immunocompromised indivisuals.25 Due to the increasing 

frequency of fungal infections and development of resistance to the current treatment,26 

mycology is today undergoing a true renaissance. Invasive fungal infections are 

nowadays a major cause of morbidity and mortality in patients such as with neutropenic, 

AIDS, organ transplantation, etc.27 Infections can be superficial, that is situated at or close 

to the surface of the skin, or systemic, which means they can affect the body as a whole 

rather than individual parts or organs.28 Mycoses are classified into five classes according 

to the tissue levels initially colonized:28- 32 1) Superficial mycoses, 2) Cutaneous mycoses, 

3) Subcutaneous mycoses, 4) Systemic mycoses due to primary pathogens and 5) 

Systemic mycoses due to opportunistic pathogens. 

 

Factors Responsible for Development of Fungal Infections23, 27, 33 

• Use of drugs that suppress the immune system, ex. anticancer drugs, 

corticosteroids. 

• Diseases and conditions, such as AIDS, kidney failure, diabetes, lung diseases, 

leukemia, organ transplantation etc. 

• Fungal infections are extremely difficult to diagnose and therefore delays in 

initiation of treatment. 

 

The fungal cell 

Knowledge of fungal cell structure and function is essential for understanding the 

pharmacology of antifungal agents. Like mammalian cells and unlike bacteria, fungi are 

eukaryotes with chromosomes within the cell nucleus and have distinct cytoplasmic 

organelles including endoplasmic reticulum, golgi apparatus, mitochondria, and storage 

vacuoles.32b This homology to mammalian cells also extends to biosynthetic pathways, 

where fungi share similar mechanisms for DNA replication and protein synthesis. The 
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similarity of fungal and mammalian cells creates a number of problems for designing 

drugs that are selectively toxic to fungal cells but not to the human host. Thus the issue of 

selectivity predominates in the search for safe and effective chemotherapeutic remedies 

for mycoses. 

 

The cell membrane 

Fungal and mammalian cells both contain a cell membrane that plays vital role in 

cell structure, division and metabolism. It is composed of complex lipids such as sterols, 

which account for approximately 25% of the weight of the cell membrane. In all 

pathogenic fungi, the principle sterol is ergosterol, whereas the mammalian cell 

membranes contain primarily cholesterol. Although the sterols are different, the principle 

route for the biosynthesis of ergosterol parallels with the biosynthesis of cholesterol, 

therefore selectivity plays a crucial role in the quest for safe and effective 

chemotherapeutic drugs.  

 

The current therapeutic treatment of mycoses 

Antifungal agents currently used for the treatment of mycoses and their targets in 

fungal pathogens and toxicities are as follows.28  

Polyene antifungals: Amphotericin B29a 22 and Nystatin 29b 23 are currently used 

polyene antifungal drugs. The polyenes act by binding to ergosterol in the fungal cell 

membrane.  
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The binding results in depolarization of the membrane and formation of pores that causes 

leakage of cell contents, eventually leading to cell death. Although, amphotericin B binds 

approximately 10 times more strongly to fungal cell membrane components than 

mammalian cell membrane cholesterol, it definitely disrupts mammalian cell giving rise 

to adverse side effects. Therefore polyenes have greater toxicities for mammalian cells 

and cause nephrotoxicity that limits the clinical use of polyenes. Resistant strains have 
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also been isolated under laboratory conditions with alteration in the nature and amount of 

sterols present in the membrane. 

Azole antifungals: Azole antifungals are the major class of drugs which are widely used 

clinically.30 Miconazole 24, ketoconazole 25, clotrimazole 26 are the topical agents and 

fluconazole 27 and itraconazole 28 are useful in the treatment of systemic mycoses.  
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The mode of action of azole antifungals is inhibition of ergosterol biosynthesis by 

inhibiting the fungal cytochrome P-450 3-A dependent enzyme, lanosterol 14-α-

demethylase, thereby interrupting the synthesis of ergosterol (Figure 1).30b,30c  
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Figure 1:  The steps illustrated for ergosterol synthesis at the endoplasmic reticulum: target 

for azoles, allylamines, phenyl-morphololines.These are are the major steps found 
in all fungi. 

 

Inhibition of the enzyme leads to the depletion of ergosterol in the cell membrane 

and accumulation of toxic intermediate sterols, causing increased membrane permeability 
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and inhibition of fungal growth. Azole antifungals can also inhibit mammalian 

cytochrome P450-dependent enzymes involved in hormone synthesis or drug metabolism. 

Therefore, azole antifungals cause hepatoxicity. Azoles are only fungistatic.30d Due to the 

increased administration of azole antifungals for the treatment of systemic fungal 

infections, pathogenic yeasts are developing resistance to these drugs. Target 

modification is a common factor contributing to clinical resistance to azole therapy. 

However, azole moiety itself has been proved to be effective pharmcophore. 

 

Allylamines as antifungals: Allylamines are the other class of antifungals which also 

work in a similar fashion i.e. by inhibiting the synthesis of ergosterol.31 However, 

allylamines act at an earlier step in the ergosterol synthesis pathway by inhibiting the 

enzyme squalene epoxidase leading to the accumulation of intracellular squalene that 

causes fungicidal effect upon exposer to the drug. Like the azoles, terbinafine 34 causes 

hepatic toxicity and has the potential for drug interaction with other medications 

metabolized through the mammalian cytochrome P-450 pathway. Naftifine 35 and 

butenafine 36 have been used an antifungal drug with the same mode of action. 
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Other class of medicinal interest: Besides above class of antifungals, there are few other 

classes of antifungals agents 

Flucytosine: Flucytosine or 5-fluorocytosine, 37 (5-FC) was originally developed in the 

1957 as a potential antineoplastic agent. It was found to have antifungal activity in 1968 

to treat candida and cryptococal infections in human. Flucytosine inhibits DNA synthesis 

by blocking the functions of a key enzyme thymidylate synthetase in the DNA 

replication. Flucytosine is also incorporated in fungal RNA, thereby disrupting 

transcription and translation. Selectivity is achieved because mammalian cells are unable 

to convert flucytosine to fluorouracil. But flucytosine can be converted to 5- fluorouracil 

(5-FU) by bacteria residing in the gastrointestinal tract.  
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The most common adverse effects seen with flucytosine are similar to 5-FU 

chemotherapy (diarrhea, nausea and vomiting, bone marrow suppression) however with 

reduced intensity. The serious side effects associated with flucytosine are hematological, 

manifested as leucopenia and thrombocytopenia.28 

Griseofulvin: Griseofulvin, 38 is a natural product first isolated in 1939 from Penicillium 

griseofulvum. It inhibits fungal cell mitosis by disrupting mitotic spindle formation, a 

critical step in cellular division. Griseofulvin served as first line drug for treatment of 

dermatophytosis for many years. Because of its limited efficacy and untoward side 

effects, it is recently being replaced by itraconazole 28 and terbinafine 34. 

Amorolfine: Morpholine antifungal amorolfine, 39 is known to inhibit sterol synthesis.  

 There are also cell wall antagonist like echinocandins e.g. cilofungin or 

nikkomycins. The echinocandins are fungal secondary metabolites comprising a cyclic 

hexapeptide core with a lipid sidechain responsible for antifungal activity. Antifungal 

activity in the prototypes, echinocandin B and aculeacin A, was discovered by random 

screening in the 1970s. The target for the echinocandins is the complex of proteins 

responsible for synthesis of cell wall β-1,3 glucan polysaccharides.  

The sordarin antifungal class, although not developed for clinical use, merits 

mention among the new mechanisms of action. Sordarins inhibit protein synthesis by 

blocking the function of fungal translation Elongation Factor 2 (EF2). 

 

Need for further research in antifungal agents 

There are mainly three challenging problems for antifungal researchers in 

development of an effective drug in combating severely invasive mycosis. 

1. Toxicity of currently used antifungal agents: The currently administered drugs are 

only fungistatic and cause several side effects such as nephrotoxicity (polyenes) and 

hepatotoxicity (azole), as the fungi shares similar cellular components and mechanism, as 

that of mammalian cell. 
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2. Resistance of yeasts to clinically useful antifungal agents: The molecular basis of 

resistance to azole antifungals, there are three different resistance mechanisms are known 

in pathogenic yeasts.34 (i) The reduced access of the agents to the target cytochrome P450 

enzyme because of increased efflux of antifungals, caused by the action of resistance gene 

products. (ii) Over production of cytochrome P450 enzyme, possibly by gene 

amplification. (iii) Resistance mechanism a structural alteration in cytochrome P450 

enzyme which results in lower susceptibility to azole antifungals. 

3. Emergence of newer strains by mutation: The treatment of immunosuppressed and 

immunocompromised patients such as in cancer and AIDS patient needs long term 

administration of antifungal drugs to treat the invasive infection caused by opportunistic 

pathogenic fungi. The consequence leads to the development of resistance of fungi to 

these drugs by mutation in the genes leading to the birth of newer resistant strains. 

 

The fungal cell wall: A unique target 

The fungal cell wall is critical for the cell viability and pathogenicity. Beyond 

serving as a protective shell and providing cell morphology, the fungal cell wall is a 

critical site for exchange and filtration of ions and proteins, as well as metabolism and 

catabolism of complex nutrients. The fungal cell wall is a unique target because 

mammalian cells lack a cell wall; it represents an ideal, safe and specific target for 

antifungal therapy. Cell wall is present in all fungi, therefore cell wall biosynthesis 

inhibitors would exhibit broad spectrum of antifungal activity.26b, 32 

 In spite of significant research on antifungal agents, the azoles remain the 

mainstay of therapy for systemic life threatening fungal infections as they have 

fungistatic, orally active and broad-spectrum activities against most yeasts and filamentus 

fungi. Azole antifungals are strong inhibitors of lanosterol 14α-demethylase, which is 

major component of fungal cell membrane.30 

Fluconazole 27 is a 1,2,4-triazole based drug that has established an exceptional 

therapeutic record for Candida infections, including oropharyngeal and esophageal 

candidiasis, vulvovaginal candidiasis, candidemia and disseminated candidiasis. It is an 

antifungal agent of choice for the treatment of infections by Candida albicans and 

Cryptococcus neoformans due to its potent activity, excellent safety profile and favorable 

pharmacokinetic characteristics.35 However, fluconazole is not effective against invasive 

aspergillosis and is not fungicidal. In addition, extensive use of fluconazole has increased 
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the number of fluconazole-resistant C. albicans isolates.36 Itraconazole 28 is an 

improvement of fluconazole in its broad spectrum activity and better toleration but shows 

low bioavilability and oral absorption. Therefore, great efforts have been made to modify 

the chemical structure of fluconazole, in order to broaden its antifungal spectrum of 

activity and to increase its potency.37 Several new azoles, containing 1,2,4-triazole and 

1,3-difluorobenzene moieties, such as voriconazole37b 40, ravuconazole37c 41, 

posaconazole37d  42, albaconazole37e 43 etc. are marketed or in the late stages of clinical 

trials. Other modified fluconazole anologues 44-47 are reported in literature (Figure 2). 

 

N
NN

HO

F

F

CH3

N

42, Albaconazole

N
NN

F

F

O

N
NN

HO

F

F
N

N
NN

N N Ar

N Cl

O

N
NN

OH

F

F
N
NH2

N
NN

HO

F

F

CH3

N
N

Br
N

N

N

PO

O Carbohydrate
O

CN

N
NN

HO

F

F

CH3

N N

F

40, Voriconazole

N
NN

HO

F

F

CH3

N

S

CN
41, Ravuconazole

OH

N
NN

N
N

N N

O

N
F

F

O

43, Posaconazole

O

44

45 46 47  
Figure 2:  Azole antifungals containing 1,2,4-triazole 

 

Azoles exert antifungal activity through inhibition of CYP51 by a mechanism in 

which the heterocyclic nitrogen (N-3 of imidazole or N-4 of 1,2,4-tiazole) binds to the 

sixth coordination of heme iron atom of the porphyrin in the substrate binding site of the 

enzyme.38 Based on the structure of the active site of CYP51 and the extensive 

investigation of the structure-activity relationships of azole antifungals, it was found that 

1,2,4-triazole ring and 2,4-difluorophenyl group are essential for the high antifungal 

activity.39 Several reports on the synthesis and biological activity of structurally modified 

new analogues of fluconazole are known in the literature.40-44 
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2.1.4 Present Work 

2.1.4.1 Objective  

It can be seen from above discussion that 1,2,4-triazole ring and 2,4-

difluorophenyl group are essential for the high antifungal activity. We focused our 

attention on design and synthesis of new biconjugates (Figure 3) of bile acids having 

amphiphilic nature as amphotericin-B and pharmacophore of fluconazole, linked together 

with 1,4-disubstituted 1,2,3-triazole, which may be viewed as an isostere of one 1,2,4-

triazole component of fluconazole. 
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Figure 3: 

 

Exact mechanisum of fluconazole absorption in fungal cell is not known. We 

thought that bile acid may play a role of fluconazole absorption enhancers through fungal 

cell membrane. According to literature report,45 common feature of bile acid derived 

antimicrobials is its potential to exhibit facially amphiphilic nature, due to polar hydroxyl 

groups on one face and nonpolar hydrophobic methyl groups on the other. Polyene 

macrolide amphotericin B, peptide antimicrobial agent polymixin B and squalamine in 

the cyclic form show such amphiphilicity and function as ionophores.46 In these 

conjugates we thought that 1,2,3-triazole not only act as a passive linker but also can be 

viewed as an active component of fluconazole. 1,2,3-Triazole moiety is stable to 

metabolic degradation and is capable of hydrogen bonding, which can be favorable in 

binding of biomolecular targets and for solubility.47 Molecules containing 1,2,3-triazole 

unit show diverse biological activities including antibacterial, herbicidal, fungicidal, 

antiallergic, and anti-HIV.48 Cu(I) catalyzed 1,3-dipolar cycloaddition has been a method 

of choice for the synthesis of 1,4-disubstituted-1,2,3-triazoles.49 (Detailed mechanism of 

this click reaction has been already discussed in chapter 1). 
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2.1.4.2 Results and Discussion 

Accordingly, we synthesized ketone 50 from 1,3-diflurobenzene 48 through 

intermediate 49 using literature procedure.43 Terminal acetylenic compound 51 was 

synthesized by propargylation of the corresponding ketone 50  by using propargyl 

bromide and zinc dust. This reaction gave racemic compound 51 (Scheme 1). 
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Scheme1: Reagents and conditions: (a) AlCl3, 1,2-dichloroethane, chloroacetyl chloride, 25 
ºC, 7 h; (b) 1,2,4-triazole, NaHCO3, toluene, reflux, 4 h, (overall 55% in two step); 
(c) Zn, propargyl bromide, DMF/THF, 25 ºC, 5 h, 95%. 

 

In the proton NMR spectrum of compound 51, the acetylenic proton was 

identified as triplet at δ 2.06 ppm and doublet of doublet at δ 2.87 ppm due to β 

methylene. In the 13C-NMR spectrum it showed intricacies of various 19F-13C coupling as 

in fluconazole molecule.50 Presence of acetylenic group was also evident from IR 

spectrum wherein the absorption due to acetylenic group was observed at 3307 cm.-1 

For the synthesis of bile acid-fluconazole conjugates bile acid derivatives 

containing azido group at various positions have been used. Synthesis and 

characterization of azido bile acid derivatives 52-55 has been already discussed in 

Chapter 1 (Chapter1, Schemes 4 and 5). 
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The cycloaddition of alkyne 51 to C-24 azido compound 52 was attempted using 

copper sulfate and sodium ascorbate in t-BuOH/H2O. This reaction failed at low 

temperature and at 50-60 ºC, the reaction was very slow and after 3 days the conjugate 56 

was obtained in 10% yield along with starting material. Under microwave irradiation 
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compound 51 was reacted with C-24 azide 52 in DMF/H2O using catalytic amount of 

Cu(I) to give fluconazole-bile acid conjugate 56 as a diasteriomeric mixture in 92% yield 

(Scheme 2). 
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Scheme 2:  Reagents and conditions: CuSO4·5H2O (5 mol%), Sodium ascorbate (40 mol%), 

DMF:H2O (9:1), Microwave, 5 min,  90-95% 
 

In the proton NMR spectrum of compound 56, resonance corresponding to C-24 

methylene protons of bile acid part was identified at δ 3.15 ppm and 3.48 ppm (two 

doublets) and the proton of 1,2,3-triazole was noticed at δ 7.19 ppm. Methylene at C-4 

position of 1,2,3-triazole was identified at δ 4.20 ppm. In the IR spectrum, compound 56 

showed absorption due to hydroxyl group at 3391 cm.-1 In addition, it gave satisfactory 

elemental analysis and in mass spectrum it showed molecular ion peak at 667.34 (M + 1). 

We then extrapolated the ligation protocol successfully to other bile acid derived azides, 

53, 54 and 55 and synthesized fluconazole-bile acid conjugates 57, 58 and 59 (Scheme 2). 

We also synthesized ester linked bile acid fluconazole conjugates from the 

intermediate 61 in which azide functionality is present in fluconazole component. 

Accordingly compound 61 was synthesized from ketone 50.   
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Scheme 3: Reagents and conditions: (a) Trimethylsulfoxonium iodide, NaH, DMSO/THF, 25 

ºC, 2 h, 91%; (b) NaN3, DMF, 60-65 οC, 12 h, 75%. 
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Reaction of ketone 50 with trimethylsulfoxonium iodide (TMSOI) in the presence of 

sodium hydride afforded oxirane 60 in 91% yield.43 Opening of oxirane 60 with NaN3 in 

DMF at 60-65 °C resulted into azide 61 in 75% yield as a racemic mixture.51  

Cycloaddition reaction of the azide 61 with propargyl ester 62 of deoxycholic acid 

which was synthesized according to our earlier report, (Chapter 1 Scheme 3) yielded 

diastereomeric mixture of bile acid-fluconazole conjugate 64 in 95% yield (Scheme 4). 

Similarly cycloaddition reaction of 61 with propargyl esters 63 of cholic acid yielded 

conjugate 65 in 94% yield. All the compounds 56-59, 64 and 65 were characterized by 

spectroscopic data as well as elemental analysis. 
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Scheme 4: Reagents and conditions: CuSO4·5H2O (5 mol%), Sodium ascorbate (40 mol%), 

DMF:H2O (9:1), Microwave, 5 min. 
 

For the comparison of biological activity we also synthesized bile acid azoles 

conjugates 67(a-d) containing imidazole, benzimidazole, triazole, and benzotriazole at C-

24 position from C-24 monomesyl compound 66 (Scheme 5). Compound 66 was 

synthesized from deoxycholic acid (Chapter 1, Scheme 4).  
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Scheme 5: Reagents and conditions: R, NaH, DMF, 25 ºC, 12-20 h, 75-85%. 

 

All the compounds 56-59, 64, 65 and 67(a-d) were tested for the in vitro 

antifungal activity. The antifungal activity was evaluated against different fungal strains 

such as C. albicans, C. neoformans, S. schenckii, T. mentagrophytes, A. fumigatus, C. 
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parapsilosis (ATCC 22019). Minimum inhibitory concentration (MIC) and IC50 values 

were determined using standard broth microdilution technique as per NCCLS 

guidelines.52 

Fluconazole, amphotericin B and ketoconazole were used as standard drugs for 

the comparison of antifungal activity. All the biological data of the tested compounds are 

depicted in Table 1 as MIC and IC50 values. 

 

Table 1: In vitro antifungal activity for compounds 56-59, 64, 65 and 67(a-d). 

Inhibitory concentration in µg/mL against 

1 2 3 4 5 6 Comp. 

MIC IC50 MIC IC50 MIC IC50 MIC IC50 MIC IC50 MIC IC50 

56 3.12 2.11 12.5 11.34 6.25 6.11 12.5 10.58 >50 >50 6.25 5.82 

57 6.25 4.58 50 44.76 25 12.34 25 24.82 >50 >50 6.25 5.16 

58 6.25 5.72 25 22.23 25 23.34 25 22.48 >50 >50 6.25 5.48 

59 6.25 3.44 50 48.42 3.12 2.64 25 21.46 >50 >50 3.12 2.18 

64 <0.001 <0.001 0.01 <0.001 0.84 0.76 >50 46.47 >50 6.24 0.396 0.38 

65 0.442 0.35 0.19 0.03 12.56 11.27 18.41 8.90 >50 31.24 5.15 2.93 

67a >50 >50 >50 >50 >50 >50 >50 >50 >50 >50 >50 >50 

67b >50 >50 >50 >50 >50 >50 >50 >50 >50 >50 >50 >50 

67c >50 >50 >50 >50 >50 >50 >50 >50 >50 >50 >50 >50 

67d >50 >50 >50 >50 >50 >50 >50 >50 >50 >50 >50 >50 

Amp.  0.12 0.09 0.06 0.04 0.12 0.08 0.12 0.09 0.5 0.38 0.12 0.11 

Flu. 0.5 0.13 1.0 0.46 2.0 1.06 1.0 0.63 2.0 1.06 1.0 0.21 

Keto. 0.002 0.001 0.001 0.001 0.031 0.026 4.0 2.12 2.0 0.008 0.031 0.024 

Abbreviations: CA, Candida albicans; CA, Cryptococcus  neoformans; SS, Sporothrix 
schenckii; TM, Trichophyton mentagrophytes; AF, Aspergillus fumigatus; CP, Candida 
parapsilosis (ATCC-22019); Flu., Fluconazole; Keto., Ketoconazole; Amp., Amphotericin B. 
 

From these activity results we concluded that azole-bile acid conjugate 67(a-d) 

are inactive against all tested fungal strains while the bile acid-fluconazole conjugate 56-

59 having epimeric mixture at C-2 atom of fluconazole moiety showed moderate 

antifungal activity against Candida species (MIC ranging from 3.12 to 6.25 µg/mL).  

Ester linked bile acid-fluconazole conjugates 64 and 65 were found to be more 

potent against Candida strains. Compound 64 showed much better activity for C. albicans 

(IC50 <0.001 µg/mL), C. neopharmans (IC50 <0.001 µg/mL), Sporothrix schenckii (IC50 
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<0.043 µg/mL), and C. parapsilosis (IC50 0.12 µg/mL) as compared with fluconazole and 

amphotericin B. 

Ester linked bile acid conjugates 64 and 65 were found to be more potent than 

fluconazole-bile acid conjugates 56-59. 

Encouraged by these biological results we synthesized fluconazole analogues 

containing monosubstituted (68, 70) and 1,4-disubstituted (69, 71 and 72) 1,2,3-triazoles 

from two common intermediates 51 and 61 as described in Scheme 6. Acetylenic 

compound 51 on cycloaddition reaction with azidotrimethylsilane under microwave 

irradiation at 245 W in DMF/H2O using catalytic amount of copper sulfate and sodium 

ascorbate gave trimethylsilyl deprotected53 monosubstituted 1,2,3-triazole containing  

fluconazole analogue 68 in 87% yield (Scheme 6). 
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Scheme 6: Reagents and conditions: (a) CuSO4·5H2O (5 mol%), Sodium ascorbate (40 mol%), 

DMF:H2O (4:1), Microwave (245 W), 10 min; (b). CuSO4·5H2O (5 mol%), Sodium 
ascorbate (40 mol%), DMF:H2O (4:1), Microwave (175 W), 10 min. 

 

The reaction of the same acetylenic compound 51 with 1-azidooctane, under 

similar reaction conditions afforded 1,4-disubstituted 1,2,3-triazole analogue 69 having 

long alkyl chain, in 94% yield. The azide 61 was reacted with trimethylsilyl acetylene 

(microwave irradiation at 175 W because of the low boiling point of trimethylsilyl 

acetylene) to give trimethylsilyl deprotected monosubstituted 1,2,3-triazole compound 70 

in 74% yield along with trimethylsilyl containing compound 71 in 21% yield. Reaction of 

azide 61 with 1-octyne afforded compound 72 having long alkyl chain attached at C-4 of 

1,2,3-triazole ring. Compound 68-72 were fully charecterised by spectral analysis. 
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All the compounds 68-72 were tested for the in vitro antifungal activity. The 

antifungal activity was evaluated against different fungal strains. Biological data of the 

tested compounds is depicted in Table 2 as MIC and IC50 values.  

All these newly synthesized compounds were found to show good antifungal 

activity. From the biological data (Table 2), it was observed that compounds 68 and 70 

having monosubstituted 1,2,3-triazole ring which are isosteres of fluconazole and 

compound 71 containing trimethylsilyl group, showed good in vitro antifungal activity  

against fungal pathogens C. albicans, C. neoformans and S. schenckii, which was 

comparable with fluconazole but these compounds were less active than amphotericin B 

and ketoconazole (imidazole based current antifungal drug). These molecules were found 

to be less active against T. mentagrophytes, A. fumigatus, C. parapsilosis (ATCC 22019).  

 

Table 2. In Vitro antifungal activities of compounds 68-72 and standard antifungal drugs 

fluconazole, ketoconazole and amphotericin B (MIC and IC50 in µg/mL). 

Inhibitory concentration in µg/mL against 

1 2 3 4 5 6 Comp. 

MIC IC50 MIC IC50 MIC IC50 MIC IC50 MIC IC50 MIC IC50 

68 3.16 2.74 3.12 0.69 12.4 4.43 49.03 46.99 >50 >50 29.10 16.83 

69 0.002 0.001 0.002 <0.006 0.036 0.008 0.480 0.249 1.12 0.8 0.01 0.002 

70 1.48 0.72 0.78 0.03 10.62 5.77 12.16 6.45 >50 >50 12.82 6.83 

71 3.26 3.04 1.56 1.01 3.16 3.11 15.56 8.57 49.81 43.19 44.53 3310 

72 0.032 0.018 0.02 <0.01 0.14 0.043 6.72 2.46 6.9 5.0 0.39 0.12 

Amp.  0.12 0.09 0.06 0.04 0.12 0.08 0.12 0.09 0.5 0.38 0.12 0.11 

Flu. 0.5 0.13 1.0 0.46 2.0 1.06 1.0 0.63 2.0 1.06 1.0 0.21 

Keto. 0.002 0.001 0.001 0.001 0.031 0.026 4.0 2.12 2.0 0.008 0.031 0.024 

Abbreviations: CA, Candida albicans; CA, Cryptococcus  neoformans; SS, Sporothrix 
schenckii; TM, Trichophyton mentagrophytes; AF, Aspergillus fumigatus; CP, Candida 
parapsilosis (ATCC-22019); Flu., Fluconazole; Keto., Ketoconazole; Amp., Amphotericin B. 

 
1,4-disubstituted 1,2,3-triazole compounds 69 and 72 with long alkyl chains 

showed very good antifungal activity against all the tested fungal pathogens. Compound 

69 showed much better activity for C. albicans (IC50 0.001 µg/mL), C. neopharmans 

(IC50 <0.006 µg/mL) and C. parapsilosis (IC50 0.002 µg/mL) as compared with 

fluconazole, amphotericin B and ketoconazole, while compound 72 was found to be less 

active than compound 69 but showed better activity against C. albicans (IC50 0.018 
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µg/mL), C. neopharmans (IC50 <0.01 µg/mL) and C. parapsilosis (IC50 0.043 µg/mL) as 

compared with fluconazole and amphotericin B.  

We also evaluated the in vivo activity of more potent compound 69, 72 and ester 

conjugate 64 against C. albicans intravenous challenge in Swiss mice (Table 3). 

  

Table 3. In vivo efficacy of 69, 72 and 64 against systemic challenge of Candida albicans 

in mouse.a 

Sr. No. Animal Groups Avarage CFU/gm 
Kidney tissue 

% reduction in 
CFU load 

1 Control 3.4X106 NIL 

2 69, 50mg/kg (O.D.) 8.8X104 97.4 

3 69, 25mg/kg (O.D.) 2X106 41.2 

4. 72, 50mg/kg (O.D.) 1.7X105 95.0 

5. 72, 25mg/kg (O.D.) ND ND 

6. 64, 50mg/kg (O.D.) 2.1X106 38.2 

a5 mice per group were used; the test compounds were given orally, once a day in PEG 200 for 7 
days. On day 9 the mice were sacrificed and CFU in kidney tissue were determined; ND, not 
detected. 
 

Compound 69 resulted in 97.4% reduction while compound 72 resulted in 95% 

reduction in fungal load in mice at a dose of 50 mg/kg po. Although the bile acid 

conjugate 64 showed good activity in vitro, it did not exhibit significant in vivo activity 

(38.2% reduction in fungal load) in this model. 

The lead compounds 69, 72 and ester conjugates 64, 65 were tested for their 

antiproliferative activity against human cancer cells Hep3B and A431. All the four 

compounds as well as standard drugs fluconazole, amphotericin B and ketoconazole were 

less toxic at lower dose (0.001 mg/mL) while at higher dose (1 mg/mL), they were toxic 

to both Hep3B and A431 cells (Figure 4). All the four compounds 69, 72, 64 and 65 were 

more toxic than fluconazole and were less toxic than ketocanazole in both the cell lines. 

In Hep3B cell lines compound 72 was more toxic than fluconazole but less toxic than 

other compounds as well as amphotericin B and ketoconazole. Compounds 64 and 65 

were comparable with amphotericin B in their toxicity. 

 In A431 cells, compounds 69 and 72 were found to be more toxic than 

fluconazole but were less toxic than other compounds as well as amphotericin B and 
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ketoconazole. The antiproliferative activities of compounds 64 and 65 were comparable 

to amphotericin B in A431 cells. 

   

 

 

 

 

 

 

 

 

Figure 4: Graphical Representation for Antiproliferative Activities of compounds in Hep3B cells 
(A) and A 431 cells (B) 

The results therefore suggest that the antiproliferative activity of compound 69 

was similar to fluconazole in A431 cells, while it was toxic for Hep3B cells than 

fluconazole. The compound 72 was less toxic than ketoconazole and amphotericin B but 

moderately toxic than flucanozole in both the cell lines. Taken together, these results 

indicated that the lead compounds 69 and 72 do not have any profound effect on 

proliferation of human cancer cell lines at lower concentrations and moreover their 

activity is comparable to that of standard drugs. 

 

2.1.5 Conclusion 

Fluconazole based novel mimics containing 1,2,3-triazole were designed and 

synthesized. These molecules were tested for their antifungal activity. Out of these easily 

accessible molecules, 1,4-disustituted-1,2,3-triazole compounds 69 and 72, containing 

long alkyl chains, showed very good antifungal activity against Candida species when 

compared with the standard drugs fluconazole, ketoconazole and amphotericin B and did 

not show any profound proliferative effect. The in vivo assay also indicated that these 

lead molecules are very good candidates for drug design. A large library of compounds 

can be easily synthesized from the intermediates 51 and 61 for extensive structure-activity 

relation studies, so that one can reach to the more appropriate drug candidate. 1,2,3-

triazole containing molecules may be considered as new entry to azole antifungals. 
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2.1.6 Experimental Section 

2-Chloro-1-(2,4-difluorophenyl)ethanone (49):  

To a solution of 1,3-difluorobenzene 48 (5.7 g, 50 mmol) in 1,2-dichloroethane (DCE, 30 

mL), anhydrous aluminum chloride (7.98 g, 60 mmol) was added at 25-30 °C and stirred 

for 30 min. The reaction mixture was then cooled to 0 °C and chloroacetyl chloride (6.21 

g, 54 mmol) in DCE (15 mL) was added to it over a period of 30 min at 0-10 °C. The 

reaction mixture was stirred at 25-30 °C for 7 h and diluted with the DCE (30 mL) and 

poured into 5% hydrochloric acid (50 mL) at 0-5 °C. The product was extracted with 

DCE (2x50 mL) and the combined organic layer was washed with 5% aqueous NaHCO3 

solution (20 mL), water (2 × 20 mL), brine (20 mL) and dried over anhydrous Na2SO4. 

The solvent was concentrated under reduced pressure to yield the product 49 (7.60 g).  

Yellow solid, yield 80%; mp 47.5 ºC (lit.43 46.5 ºC); IR (cm-1): 1703, 1614, 1593; 1H 

NMR (CDCl3, 200 MHz): δ 5.59 (d, J = 3.5 Hz, 2H), 6.93-7.10 (m, 2H), 7.99-8.11 (m, 

2H), 8.21 (bs, 1H); 13C NMR (CDCl3, 50 MHz): δ 58.2 (dd, 4JCF = 14.1 Hz), 104.8 (dd, 
2JCF = 25.7 Hz), 112.9 (dd, 2JCF = 21.6 Hz, 4JCF = 3.0 Hz), 118.8 (dd, 2JCF = 14.1 Hz, 4JCF 

= 3.5 Hz), 132.9 (dd, 3JCF = 4.5 Hz, 10.8 Hz), 144.8, 151.7, 163.0 (dd, 1JCF = 256.4 Hz, 
3JCF = 13.1 Hz), 166.6 (dd, 1JCF = 259.9 Hz, 3JCF = 12.6 Hz), 187.6 (d, 3JCF = 5.5 Hz); 

Anal. Calcd for C10H7F2N3O: C, 53.82; H, 3.16; N, 18.83; Found: C, 54.10; H, 3.02; N, 

18.71; MS (LCMS) m/z: 191 (M + 1), 193 (M + 3). 

 

1-(2,4-difluorophenyl)-2-(1H-1,2,4-triazol-1-yl)ethanone (50):  

A mixture of 49 (9.05 g, 47.5 mmol), 1,2,4-triazole (3.93 g, 57.01 mmol), sodium 

bicarbonate (4.80 g, 57.00 mmol) in toluene (50 mL) was refluxed for 4 h. Cool the 

reaction mixiture to rt.( 25 ºC) and ice was added and extracted with toluene (2x50 mL). 

The combined organic layer was washed with H2O (2x20 mL), brine (20 mL) and dried 

over anhydrous Na2SO4. The solvent was concentrated under reduced pressure to yield 

compound 50 (7.30 g).  

White solid, yield 69%; mp 104-106 ºC (lit.43 103-105 ºC); IR (cm-1): 1703, 1614, 1593; 
1H NMR (CDCl3, 200 MHz): δ 5.59 (d, J = 3.5 Hz, 2H), 6.93-7.10 (m, 2H), 7.99-8.11 (m, 

2H), 8.21 (bs, 1H); 13C NMR (CDCl3, 50 MHz): δ 58.2 (dd, 4JCF = 14.1 Hz), 104.8 (dd, 
2JCF = 25.7 Hz), 112.9 (dd, 2JCF = 21.7 Hz, 4JCF = 3.0 Hz), 118.8 (dd, 2JCF = 14.1 Hz, 4JCF 

= 3.5 Hz), 132.9 (dd, 3JCF = 4.5 Hz, 10.8 Hz), 144.8, 151.7, 163.0 (dd, 1JCF = 256.4 Hz, 
3JCF = 13.1 Hz), 166.6 (dd, 1JCF = 259.9 Hz, 3JCF = 12.58 Hz), 187.6 (d, 3JCF = 5.53 Hz); 



Chapter 2, Section I  

 109

Anal. Calcd for C10H7F2N3O: C, 53.82; H, 3.16; N, 18.83; Found: C, 54.10; H, 3.02; N, 

18.71; MS (LCMS) m/z: 224.57 (M + 1), 246.57 (M + 23 for Na). 

 

2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazole-1-yl)pent-4-yn-2-ol (51): The ketone 50  

(0.500 g, 2.24 mmol) and propargyl bromide (4 mL, 6.73 mmol) were dissolved in a 

mixed solvent DMF-THF  1:1 (10 mL). To this well stirred solution, activated zinc dust 

(washed with 2% HCl, water and dried in vacuum) (0.439 g, 6.73 mmol) was slowly 

added at room temperature. After 5 min exothermic reaction brought itself to reflux, 

which was allowed to cool to 25 ºC. The reaction mixture was then stirred for 5 h at 25 

ºC. Ice-cold HCl (5%) was added to the reaction mixture and it was extracted with 

EtOAc. The extract was washed with water and brine. Solvent was evaporated under 

reduced pressure to afford crude product, which was purified by column chromatography 

on silica gel (5% MeOH/DCM) to furnish pure compound 51 (0.551 g) as white solid.  

Yield 95%; mp  145-146 ºC; IR (cm-1): 3272, 3137; 1H NMR (CDCl3, 200 MHz): δ 2.06 

(t, J = 2.6 Hz, 1H), 2.86 (dd, J = 16.0, 2.6 Hz, 1H ABX pattern), 2.92 (dd, J = 18.0, 2.6 

Hz, 1H ABX pattern), 4.13 (bs, 1H, OH), 4.72 and 4.82 (Two d, J = 14.0 Hz, 2H AB 

pattern), 6.73-6.87 (m, 2H), 7.50-7.59 (m, 1H), 7.87 (s, 1H), 8.20 (s, 1H); 13C NMR 

(CDCl3 + CD3OD, 50 MHz): δ 29.1 (d, 4JCF = 5.0 Hz), 56.3 (d, 4JCF = 5.0 Hz), 71.9, 73.4 

(d, 3JCF = 4.5 Hz), 78.1, 103.9 (dd, 2JCF = 26.2 Hz, 27.2 Hz), 111.1 (dd, 2JCF = 20.6 Hz, 
4JCF = 3.5 Hz), 124.2 (dd, 2JCF  = 13.1 Hz, 4JCF = 3.5 Hz), 129.6 (dd, 3JCF = 6.0 Hz, 9.6 

Hz), 144.2, 150.4, 158.6 (dd, 1JCF = 246.6 Hz, 3JCF = 12.1 Hz), 162.6 (dd, 1JCF = 249.6 

Hz, 3JCF = 12.1 Hz); Anal. Calcd for C13H11F2N3O: C, 59.31; H, 4.21; N, 15.96; Found: 

C, 59.45; H, 4.13; N, 15.87; MS (LCMS) m/z: 264.06 (M + 1), 286.05 (M + 23 for Na). 

 

Synthesis of azides 52-55 is described in Chapter 1. 

 

General procedure for cycloaddition (56-59): The alkyne 51 (1 equiv.) and the C-24 

azide 52 (1.3 equiv.) were dissolved in DMF/H2O 4:1 (5 mL). To this solution 

CuSO4·5H2O (0.05 equiv) and sodium ascorbate (0.40 equiv.) were added. The reaction 

mixture was placed in a domestic microwave reactor and irradiated for 5 min at 415 W. 

The reaction mixture was cooled, ice was added and it was then extracted with EtOAc. 

The extract was washed with water and brine. Solvent was evaporated under reduced 

pressure and crude product was purified by column chromatography on silica gel using 

5% MeOH/CH2Cl2 system to obtain fluconazole-bile acid conjugates 56 in 95% yield. 
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Using similar reaction condition we synthesized compounds 57, 58 and 59 by 

cycloaddition of 51 with corresponding azides 53, 54, 55 respectively. 

 

3α,12α-Dihydroxy-24-[(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-

yl)propyl)-1H-1,2,3-triazol-1-yl)]-5β-cholane (56): White solid, yield 95%; mp 169-171 

ºC; IR (cm-1): 1597, 1618, 3391; 1H NMR (CDCl3, 200 MHz): δ 0.65 (s, 3H), 0.90-0.93 

(6H), 3.15 and 3.48 (two doublets, J = 14.9 Hz, 2H, adjacent to C-4 end of 1,2,3-triazole), 

3.62 (m, 1H), 3.95 (bs, 1H), 4.20 (t, J = 6.8 Hz, 2H), 4.53-4.74 (two doublets, J = 14.2 

Hz, 2H), 5.55 (1H, OH), 6.70-6.80 (m, 2H), 7.19 (bs, 1H), 7.33-7.46 (m, 1H), 7.81 (bs, 

1H), 8.16 (bs, 1H); Anal. Calcd for C37H52F2N6O3: C, 66.64; H, 7.86; N, 12.60; Found: C, 

66.81; H, 7.77; N, 12.55; MS (LCMS) m/z: 667.34 (M + 1). 

 

3α,7α,12α-Trihydroxy-24-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-

yl)propyl)-1H-1,2,3-triazol-1-yl) -5β-cholane (57): White solid, yield 93%; mp 118-121 

ºC; IR (cm-1): 1597, 1618, 3404; 1H NMR (CDCl3, 400 MHz): δ 0.65 (s, 3H), 0.88 (s, 

3H), 0.93 (d, J = 6.5 Hz, 3H), 3.17 (d, J = 14.2 Hz, 1H adjacent to 1,2,3-triazole), 3.42-

3.49 (m, 2H, C3-H and 1H adjacent to 1,2,3-triazole), 3.83 (bs, 1H), 3.94 (bs, 1H), 4.19 

(m, 2H), 4.58 and 4.72 (two doublets, J = 14.1 Hz, 2H, adjacent to 1,2,4-triazole), 6.69-

6.78 (m, 2H), 7.20 (bs, 1H), 7.42 (m, 1H), 7.83 (bs, 1H), 8.20 (bs, 1H); Anal. Calcd for 

C37H52F2N6O4: C, 65.08; H, 7.68; N, 12.31; Found: C, 64.93; H, 7.66; N, 12.45; MS 

(LCMS) m/z: 683.29 (M + 1), 705.27 (M + 23 for Na). 

 

Methyl-3β-[(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-1H-

1,2,3-triazol-1-yl)]-12α-hydroxy-5β-cholane-24-oate (58): White solid, yield 90%; mp 

183-185 ºC; IR (cm-1): 1618, 1728, 3362; 1H NMR (CDCl3, 400 MHz): δ 0.67 (s, 3H), 

0.80 (s, 3H), 0.96 (d, J = 5.9 Hz, 3H), 3.19 and 3.54 (two doublets, J = 16.3 Hz, 2H, 

adjacent to 1,2,3-triazole), 3.65 (s, 3H), 4.00 (bs, 1H), 4.54 (bs, 1H), 4.73 (bs, 2H, 

adjacent to 1,2,4-triazole), 6.63-6.80 (m, 2H), 7.23-7.35 (m, 2H), 7.86 (bs, 1H), 8.46 (bs, 

1H); Anal. Calcd for C38H52F2N6O4: C, 65.68; H, 7.54; N, 12.09; Found: C, 65.43; H, 

7.67; N, 11.93; MS (LCMS) m/z: 695.35 (M + 1), 717.31 (M + 23 for Na). 

 

Methyl-3β-[(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-1H-

1,2,3-triazol-1-yl)]-7α-12α-dihydroxy-5β-cholane-24-oate (59): White solid, yield 91%; 



Chapter 2, Section I  

 111

mp 172-174 ºC; IR (cm-1): 1618, 1730, 3420; 1H NMR (CDCl3, 400 MHz): δ 0.69 (s, 3H), 

0.79 (s, 3H), 0.99 (d, J = 6.3 Hz, 3H), 3.12 and 3.51 (two doublets, J = 14.4 Hz, 2H, 

adjacent to 1,2,3-triazole), 3.66 (s, 3H), 3.87 (bs, 1H), 4.00 (bs, 1H),  4.46 (bs, 1H, C-3-

H), 4.63- 4.72 (two doublets, J = 14.3 Hz, 2H, adjacent to 1,2,4-triazole), 6.66-6.75 (m, 

2H), 7.21 (bs, 1H), 7.36 (bs, 1H), 7.83 (bs, 1H), 8.30 (bs, 1H); Anal. Calcd for 

C38H52F2N6O5: C, 64.21; H, 7.37; N, 11.82; Found: C, 64.10; H, 7.29; N, 11.77; MS 

(LCMS) m/z: found 711.29 (M + 1), 733.26 (M + 23 for Na). 

 

1-((2-(2,4-difluorophenyl)oxiran-2-yl)methyl-1H-1,2,4-triazole (60): 

To a solution of 50 (7.30 g, 32.70 mmol) in toluene (60 mL) was added 

trimethylsulfoxonium iodide (8.64 g, 39.30 mmol) followed by the addition of 20% 

sodium hydroxide solution (8 mL). The reaction mixture was then heated at 60 °C for 4 h. 

After the reaction was over, it was diluted with toluene (40 mL) and poured into chilled 

water. The organic layer was washed with water (2×20 mL), brine (20 mL) dried over 

Na2SO4. The solvent was removed under reduced pressure to give compound 60. 

yield 91%; mp 73-74 ºC; IR (CHCl3, cm-1): 1620, 1600; 1H NMR (CDCl3, 200 MHz): δ 

2.89 and 2.96 (Two d, J = 4.7 Hz, 2H AB pattern), 4.53 and 4.86 (Two d, J = 14.8 Hz, 2H 

AB pattern), 6.76-6.89 (m, 2H), 7.12-7.24 (m, 1H), 7.90 (s, 1H), 8.19 (s, 1H); 13C NMR 

(CDCl3  50 MHz): δ 52.0, 53.4 (d, 4JCF = 2.9 Hz), 56.1, 103.9 (dd, 2JCF = 25.3 Hz, 25.3 

Hz), 111.6 (dd, 2JCF = 21.6 Hz, 4JCF = 3.7 Hz), 119.4 (dd, 2JCF = 14.6 Hz, 4JCF = 3.7 Hz), 

129.5 (dd, 3JCF = 5.5 Hz, 9.9 Hz), 144.0, 151.7, 160.4 (dd, 1JCF = 249.2 Hz, 3JCF = 12.08 

Hz), 162.9 (dd, 1JCF = 251.0 Hz, 3JCF = 11.7 Hz); Anal. Calcd for C11H9F2N3O: C, 55.70; 

H, 3.82; N, 17.71. Found: C, 55.48; H, 3.71; N, 17.61; MS (LCMS) m/z: 238.04 (M + 1). 

 

1-azido-2-(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1yl)propan-2-ol (61): 

To a solution of 60 (0.237 g, 1 mmol) in dry DMF (10 mL), sodium azide (0.214 g, 3.3 

mmol) was added and stirring was continued at 60-65 ºC for 3-5 h. The reaction mixture 

was allowed to cool to room temperature. It was then poured into ice-cold water (30 mL) 

and extracted with EtOAc. The organic extract was washed with cold water and brine. 

Solvent was evaporated under reduced pressure to afford crude product which was 

purified by column chromatography on silica gel (10% EtOAc/hexane) to produce pure 

compound 61 in 75% yield. Spectroscopic data of this compound match with the 

literature data.51 
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yield 75%; mp 66-67 ºC; IR (CHCl3, cm-1): 3353, 2106, 1618, 1596; 1H NMR (CDCl3, 

200 MHz): δ 3.52 (Two d, J = 12.9 Hz, 2H, AB pattern), 4.68 and 4.79 (Two d, J = 14.3 

Hz, 2H, AB pattern), 5.02 (bs, 1H, OH), 4.72 and 4.82 (Two d, J = 14.0 Hz, 2H AB 

pattern), 6.72-6.88 (m, 2H), 7.50-7.59 (m, 1H), 7.84 (s, 1H), 7.93 (s, 1H); 13C NMR 

(CDCl3, 50 MHz): δ 54.6 (d, 4JCF = 5.8 Hz), 56.8 (d, 4JCF = 4.4 Hz), 76.1,  (d, 3JCF = 4.4 

Hz), 104.2 (dd, 2JCF = 25.6 Hz, 25.6 Hz), 111.8 (dd, 2JCF = 20.9 Hz, 4JCF = 2.9 Hz), 122.6 

(dd, 2JCF = 12.4 Hz, 4JCF = 3.7 Hz), 130.0 (dd, 3JCF = 5.9 Hz, 9.5 Hz), 144.2, 151.4, 158.5 

(dd, 1JCF = 247.0 Hz, 3JCF = 12.5 Hz), 162.9 (dd, 1JCF = 251.4 Hz, 3JCF = 12.3 Hz); Anal. 

Calcd for C11H10F2N6O:  C, 47.15; H, 3.60; N, 29.99. Found: C, 46.83; H, 3.85; N, 29.90; 

MS (LCMS) m/z: 281.2215 (M + 1). 

 

Fluconazole-bile acid conjugates 64 and 65: Compound 64 was synthesized from 

cycloaddition reaction of compounds 61 with 62 and 65 was synthesized from 61 and 63 

by using general procedure as described for the synthesis of compounds 56-59. 

Compound (64): yield 95%; mp 114-115 ºC; IR (CHCl3, cm-1): 3411, 1731, 1618; 1H 

NMR (CDCl3, 400 MHz): δ 0.66 (s, 3H), 0.91 (s, 3H), 0.95 (d, J = 6.0 Hz, 3H), 1.01-2.45 

(m) 3.62 (m, 1H), 3.96 (bs, 1H), 4.30 (d, J = 14.52 Hz, 1H), 4.70 and 4.85 (Two d, J = 

14.2 and 14.3 Hz, 2H), 4.90 (d, J = 14.0 Hz, 1H) 5.2 (bs, 2H), 6.74-6.87 (m, 2H), 7.35-

7.48 (m, 1H), 7.71 (s, 1H), 7.85 (s, 1H), 8.02 (bs, 1H); 13C NMR (CDCl3,  100 MHz): δ 

12.5, 17.0, 22.9, 23.5, 26.0, 26.9, 27.3, 28.3, 30.0, 30.5, 30.8, 33.3, 35.0, 35.1, 35.7, 36.0, 

41.8, 46.2, 46.7, 47.9, 54.8, 57.0, 57.8, 71.3, 72.8, 74.7, 77.2, 104.2 (dd, 2JCF = 25.7 Hz, 

27.1 Hz), 111.7 (dd, 2JCF = 20.6 Hz), 121.7 (dd, 2JCF = 12.2 Hz, 4JCF = 3.2 Hz), 125.7, 

129.8 (dd, 3JCF = 4.4 Hz, 8.1 Hz), 142.5, 151.4, 158.5 (dd, 1JCF = 248.0 Hz, 3JCF = 13.2 

Hz), 162.9 (dd, 1JCF = 252.4 Hz, 3JCF = 13.2 Hz), 173.9; Anal. Calcd for C38H52F2N6O5: 

C, 64.21; H, 7.37; N, 11.82. Found: C, 64.49; H, 7.28; N, 11.72; MS (LCMS) m/z: 

711.6959 (M + 1). 

 

Compound (65): yield 94%; mp 123-126 ºC; IR (CHCl3, cm-1): 3379, 1731, 1618, 1598; 
1H NMR (CDCl3, 400 MHz): δ 0.66 (s, 3H), 0.88 (s, 3H), 0.94 (bs, 3H), 1.01-2.45 (m) 

3.45 (m, 1H), 3.85 (bs, 1H), 3.95 (bs, 1H), 4.85-4.93 (bs, 3H), 5.14 (bs, 2H), 6.74-6.81 

(m, 2H), 7.73(m, 1H), 7.75 (bs, 1H), 7.95 (bs, 1H), 8.44 (bs, 1H); 13C NMR (CDCl3, 100 

MHz): δ 12.2, 14.0, 17.1, 20.9, 22.3, 23.0, 26.2, 27.3, 28.0, 30.0, 30.6, 30.8, 34.6, 35.1, 

39.3, 41.3, 41.5, 46.2, 46.5, 53.3, 55.0, 55.8, 57.1, 60.2, 68.1, 71.5, 72.8, 74.7, 77.2, 104.2 
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(dd, 2JCF = 27.88 Hz, 27.14 Hz), 111.7 (dd, 2JCF = 18.3 Hz), 121.7 (dd, 2JCF = 13.9 Hz, 
4JCF = 2.9 Hz), 125.7, 129.8, 142.5, 151.1, 158.6 (dd, 1JCF = 248.0 Hz, 3JCF = 12.5 Hz), 

162.9 (dd, 1JCF = 250.9 Hz, 3JCF = 13.2 Hz); Anal. Calcd for C38H52F2N6O6:  C, 62.79; H, 

7.21; N, 11.56. Found: C, 62.52; H, 7.48; N, 11.80; MS (LCMS) m/z: 727.6560 (M + 1). 

 

General procedure for 67(a-d):  

To a solution of benzimidazole (2 mmol) in dry DMF (3 mL), NaH (3 mmol) was added 

and the reaction mixture was stirred at 0 ºC for 20 min. To this reaction mixture 

compound 66 (1 mmol) dissolved in DMF (2 mL) was added dropwise at 0 ºC. The 

reaction mixture was allowed to warm to 25 ºC, and was stirred for 24 h. Ice was added to 

the reaction mixture and it was extracted with EtOAc. The extract was washed with 

water, brine and solvent was evaporated under reduced pressure to afford crude product, 

which was purified by column chromatography on silica gel (5% MeOH/CH2Cl2) to 

obtain compound 67a in 75% yield. Using similar procedure we have synthesized 67(b-d) 

in 75-95% yield from nucleophilic substitution of mesyl 66 with benzimidazole, 1,2,4-

triazole, and benztriazole respectively.  

 

3α,12α-Dihydroxy-24-(1H-imidazol-1-yl)-5β-cholane (67a): White solid, 75%; mp 215-

216 ºC; [α]D
25 (CHCl3, c 0.7) = + 50.30; IR (cm-1): 3300, 1510; 1H NMR (CDCl3, 200 

MHz): δ 0.67 (s, 3H), 0.91 (s, 3H), 0.97 (d, J = 6.3 Hz, 3H), 3.62 (m, 1H), 3.90 (t, J = 

7.44 Hz, 2H), 3.98 (bs, 1H), 6.91 (bs, 1H), 7.06 (bs, 1H), 7.48 (bs, 1H); 13C NMR (CDCl3 

+ CD3OD, 50 MHz): δ 12.3, 17.1, 22.7, 22.7, 23.4, 25.9, 26.9, 27.3, 27.4, 28.4, 29.6, 32.4, 

33.3, 33.9, 35.0, 35.0, 35.8, 41.9, 46.7, 47.4, 47.7, 48.6, 71.1, 72.6, 118.8, 128.1, 136.5; 

Anal. Calcd for C27H44N2O2: C, 75.65; H, 10.35; N, 6.54; Found: C, 75.77; H, 10.21; N, 

6.43; MS (LCMS) m/z: 429.30 (M + 1), 451.26 (M + 23 for Na). 

 

3α,12α-Dihydroxy-24-(1H-benzo[d]imidazol-1-yl)-5β-cholane (67b): White solid, yield 

91%; mp 118 ºC; [α]D
27 (CHCl3, c 1.0) = + 42.77; IR (cm-1): 3346, 1643, 1616; 1H NMR 

(CDCl3, 300 MHz): δ 0.65 (s, 3H), 0.90 (s, 3H), 0.95 (d, J = 6.6 Hz, 3H), 3.60 (m, 1H), 

3.96 (bs, 1H), 4.13 (t, J = 6.6 Hz, 2H), 7.26-7.32 (m, 2H), 7.38-7.41(m, 1H), 7.79-7.82 

(m, 1H), 7.90 (s, 1H); 13C NMR (CDCl3, 50 MHz): δ 12.5, 17.4, 23.0, 23.5, 26.0, 26.4, 

27.0, 27.4, 28.7, 30.4, 32.9, 33.5, 34.0, 35.1, 35.2, 35.9, 36.3, 42.0, 45.4, 46.3, 47.0, 48.1, 

71.4, 72.8, 109.5, 120.1, 121.9, 122.7, 133.7, 142.7, 143.5; Anal. Calcd for C31H46N2O2: 
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C, 77.78; H, 9.69; N, 5.85; Found: C, 77.64; H, 9.54; N, 5.77; MS (LCMS) m/z: 479.26 

(M + 1), 501.20 (M + 23 for Na). 

 

3α,12α-Dihydroxy-24-(1H-1,2,4-triazol-1-yl)-5β-cholane (67c): White solid, yield 95%; 

mp 196-197 ºC; [α]D
26 (CHCl3, c 0.7) = + 45.33; IR (cm-1): 3421; 1H NMR (CDCl3, 200 

MHz): δ 0.66 (s, 3H), 0.90 (s, 3H), 0.98  (d, J = 6.3 Hz, 3H), 3.61 (m, 1H), 3.97 (bs, 1H), 

4.13 (t, J = 6.7 Hz, 2H), 7.94 (s, 1H), 8.05 (s, 1H); 13C NMR (CDCl3, 50 MHz): δ 12.4, 

17.1, 22.8, 23.4, 25.9, 26.2, 26.9, 27.4, 28.3, 26.6, 32.2, 33.3, 33.8, 35.0, 35.0, 35.7, 35.7, 

41.8, 46.1, 46.8, 47.8, 50.1, 71.2, 72.7, 142.6, 151.0; Anal. Calcd for C26H43N3O2: C, 

72.68; H, 10.09; N, 9.78; Found: C, 72.49; H, 10.00; N, 9.67; MS (LCMS) m/z: 430.49 

(M + 1), 452.44 (M + 23 for Na). 

 

3α,12α-Dihydroxy-24-(1H-benzo[d][1,2,3]triazol-1-yl)-5β-cholane (67d): White solid, 

yield 92%; mp 98-101 ºC; [α]D
26 (CHCl3, c 0.5) = + 47.82; IR (cm-1): 3417; 1H NMR 

(CDCl3, 300 MHz): δ 0.65 (s, 3H), 0.90 (s, 3H), 0.95 (d J = 6.6 Hz, 3H), 3.61 (m, 1H), 

3.95 (bs, 1H), 4.61 (t, J = 7.3 Hz, 2H), 7.34-7.40 (m, 1H), 7.46-7.55 (m, 2H), 8.06 (d, J = 

8.06 Hz, 1H); 13C NMR (CDCl3, 50 MHz): δ 12.6, 17.5, 23.0, 23.6, 26.1, 26.4, 27.1, 27.4, 

28.6, 30.4, 32.8, 33.6, 34.0, 35.0, 35.2, 36.0, 36.4, 42.1, 46.4, 47.2, 48.1, 48.6, 71.6, 73.0, 

109.2, 119.9, 126.0, 127.0, 132.9, 144.2; Anal. Calcd for C30H45N3O2: C, 75.11; H, 9.46; 

N, 8.76; Found: C, 75.26; H, 9.39; N, 8.71; MS (LCMS) m/z: 480.53 (M + 1), 502.49 (M 

+ 23 for Na). 

 

Synthesis of fluconazole analogues 68-72: 

Compound 68 was synthesized from acetylenic compound 51 and azidotrimethylsilane 

using similar procedure as described for the synthesis of compound 56-59. Similarly 

compound 69 was synthesized from 51 and 1-azidooctane while compound 72 was 

synthesized from azido compound 61 and 1-octyne. Similar reaction of compound 61 

with trimethylsilyl acetylene at 175 W for 10 min gave a mixture of compounds 70 and 

71 which was separated by column chromatography on silica gel. 

 

2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazole-1-yl)-3-(1H-1,2,3-triazol-4yl)propan-2-ol 

(68): yield 87% mp 92-94 ºC; IR (CHCl3, cm-1): 3400, 1616, 1596;  1H NMR (CDCl3 + 

CD3OD, 200 MHz): δ 3.16 (d, J = 14.9 Hz, 1H), 3.44 (d, J = 14.9 Hz, 1H), 4.53 and 4.70 
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(Two d, J = 14.2 and 14.3 Hz, 2H),  6.58-6.79 (m, 2H), 7.13-7.21 (m, 1H), 7.22 (s, 1H), 

7.75 (s, 1H), 8.22 (s, 1H); 13C NMR (CDCl3 + CD3OD, 100 MHz): δ 33.3 (d, 4JCF = 4.4 

Hz), 57.0 (d, 4JCF = 5.1 Hz), 74.1 (d, 3JCF = 4.4 Hz), 77.2, 103.7 (dd, 2JCF = 26.4 Hz, 27.1 

Hz), 110.9 (dd, 2JCF = 20.5 Hz, 4JCF = 2.9 Hz), 124.0 (dd, 2JCF  = 12.5 Hz, 4JCF = 3.7 Hz), 

129.0, 129.4 (dd, 3JCF = 5.9 Hz, 8.8 Hz), 139.6, 144.2, 150.0, 158.4 (dd, 1JCF = 249.4 Hz, 
3JCF = 12.5 Hz), 162.4 (dd, 1JCF = 246.5 Hz, 3JCF = 11.7 Hz); Anal. Calcd for 

C13H12F2N6O: C, 50.98; H, 3.95; N, 27.44. Found: C, 50.79; H, 3.81; N, 27.05; MS 

(LCMS) m/z: 307.3486 (M + 1). 

 

2-(2,4-difluorophenyl)-1-(1-octyl-1H-1,2,3-triazol-4yl)-3-(1H-1,2,4-triazole-1-yl) 

propan-2-ol (69): yield 94% mp 119-120 ºC; IR (CHCl3, cm-1): 3176, 1618, 1596; 1H 

NMR (CDCl3, 200 MHz): δ 0.87 (t, J = 6.8 Hz, 3H), 1.22 (bs, 10H), 1.77 (m, 2H), 3.13 

(d, J = 14.9 Hz, 1H), 3.48 (dd, J = 14.9, 1.32 Hz, 1H ABX pattern), 4.22 (t, J = 7.1 Hz, 

2H), 4.57 and 4.71 (Two d, J = 14.2 Hz, 2H AB pattern), 5.49  (bs, 1H, OH), 6.65-6.79 

(m, 2H), 7.18 (s, 1H), 7.32-7.45 (m, 1H), 7.81 (s, 1H), 8.15 (s, 1H); 13C NMR (CDCl3, 50 

MHz): δ 13.8, 22.3, 26.0, 28.6, 28.8, 29.9, 31.5, 33.6 (d, 4JCF = 5.8 Hz), 50.1, 57.0 (d, 4JCF 

= 3.8 Hz), 74.0 (d, 3JCF = 3.8 Hz), 103.7 (dd, 2JCF = 26.9 Hz, 27.9 Hz), 111.1 (dd, 2JCF = 

20.7 Hz, 4JCF = 3.8 Hz), 122.2, 123.8 (dd, 2JCF = 13.4 Hz, 4JCF = 3.8 Hz), 130.0 (dd, 3JCF 

= 5.8 Hz, 7.7 Hz), 142.4, 144.5, 151.0, 158.4 (dd, 1JCF = 245.7 Hz, 3JCF = 11.5 Hz), 162.4 

(dd, 1JCF = 249.5 Hz, 3JCF = 13.4 Hz); Anal. Calcd for C21H28F2N6O: C, 60.27; H, 6.74; N, 

20.08. Found: C, 59.95; H, 6.89; N, 19.78; MS (LCMS) m/z: 419.5365 (M + 1). 

 

2-(2,4-difluorophenyl)-1-(1H-1,2,3-triazol-1-yl)-3-(1H-1,2,4-triazole-1-yl)propan-2-ol 

(70): yield 74% mp 131-132 ºC; IR (CHCl3, cm-1): 3224, 1618, 1596; 1H NMR (CDCl3, 

200 MHz): δ 4.31 (d, J = 14.3 Hz, 1H), 4.77 and 4.88 (Two d, J = 14.4 and 14.3 Hz, 2H), 

4.89 (d, J = 14.4 Hz, 1H),  6.73-6.87 (m, 2H), 7.35-7.48 (m, 1H), 7.65 (bs, 1H), 7.66 (bs, 

1H), 7.85 (bs, 1H), 8.06 (bs, 1H); 13C NMR (CDCl3 + CD3OD, 100 MHz): δ 54.9 (d, 4JCF 

= 5.9  Hz), 55.5 (d, 4JCF = 4.4 Hz), 74.3 (d, 3JCF = 4.4 Hz), 104.0  (dd, 2JCF = 26.7 Hz, 

27.2 Hz), 111.4 (dd, 2JCF = 21.3 Hz, 4JCF = 2.2 Hz), 121.6 (dd, 2JCF  = 13.2 Hz, 4JCF = 3.7 

Hz), 125.6, 129.4 (dd, 3JCF = 5.9 Hz, 9.5 Hz), 133.0, 144.5, 150.5, 158.6 (dd, 1JCF = 247.2 

Hz, 3JCF = 11.7 Hz), 162.8 (dd, 1JCF = 250.9 Hz, 3JCF = 11.7 Hz); Anal. Calcd for 

C13H12F2N6O: C, 50.98; H, 3.95; N, 27.44. Found: C, 50.68; H, 3.74; N, 27.71; MS 

(LCMS) m/z: 307.3445 (M + 1). 
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2-(2,4-difluorophenyl)-1-(1H-1,2,3-triazol-1-yl)-3-(4-(trimethylsilyl)-1H-1,2,4-triazole-

1-yl) propan-2-ol (71): yield 21% mp 183-184 ºC; IR (CHCl3, cm-1): 3124, 1616, 1595; 
1H NMR (CDCl3, 200 MHz): δ 0.30 (s, 9H), 4.44 (d, J = 14.3 Hz, 1H), 4.80 and 4.93 

(Two d, J = 14.3 and 14.2 Hz, 2H), 4.90 (d, J = 14.3 Hz, 1H),  6.72-6.87 (m, 2H), 7.33-

7.46 (m, 1H), 7.64 (s, 1H),  7.86 (s, 1H), 8.21 (s, 1H); 13C NMR (CDCl3, 100 MHz): δ -

1.33, 54.7 (d, 4JCF = 5.9  Hz), 55.4 (d, 4JCF = 4.4 Hz), 75.14 (d, 3JCF = 4.4 Hz), 104.2 (dd, 
2JCF = 26.4 Hz, 27.2 Hz), 111.9 (dd, 2JCF = 21.3 Hz, 4JCF = 2.9 Hz), 122.0 (dd, 2JCF = 12.5 

Hz, 4JCF = 3.7 Hz), 130.0 (dd, 3JCF = 5.1 Hz, 9.5 Hz), 131.2, 144.6, 146.3, 151.6, 158.5 

(dd, 1JCF = 245.8 Hz, 3JCF = 11.7 Hz), 163.1 (dd, 1JCF = 250.9 Hz, 3JCF = 11.7 Hz); Anal. 

Calcd for C16H20F2N6OSi: C, 50.78; H, 5.33; N, 22.21. Found: C, 50.93; H, 5.20; N, 

22.10; MS (LCMS) m/z: 379.3853 (M + 1). 

 

2-(2,4-difluorophenyl)-1-(4-hexyl-1H-1,2,3-triazole-1-yl)-3-(1H-1,2,4-triazol-1yl) 

propan-2-ol (72): yield  78% mp 112-113 ºC; IR (CHCl3, cm-1): 3272, 1616, 1596; 1H 

NMR (CDCl3, 200 MHz): δ 0.87 (t, J = 6.7 Hz, 3H), 1.26 (bs, 6H), 1.58 (m, 2H), 2.64 (t, 

J = 7.7 Hz, 2H), 4.33 (d, J = 14.3 Hz, 1H), 4.72 (bs, 2H), 4.84 (d, J = 14.4 Hz, 1H), 5.40  

(bs, 1H, OH), 6.72-6.85 (m, 2H), 7.32  (s, 1H), 7.36-7.49 (m, 1H),  7.84 (s, 1H), 8.03 (s, 

1H); 13C NMR (CDCl3, 100 MHz): δ 13.9, 22.4, 25.2, 28.5, 29.1, 31.3, 54.6 (d, 4JCF = 5.1  

Hz), 55.6 (d, 4JCF = 4.8 Hz), 75.0 (d, 3JCF = 4.8 Hz), 104.1 (dd, 2JCF = 26.0 Hz, 27.4 Hz), 

111.8 (dd, 2JCF = 20.9 Hz, 4JCF = 3.3 Hz), 121.9 (dd, 2JCF = 12.8 Hz, 4JCF = 3.7 Hz), 

122.7, 129.9 (dd, 3JCF = 5.5 Hz, 9.5 Hz), 148.1, 151.5, 158.5 (dd, 1JCF = 247.0 Hz, 3JCF = 

12.4 Hz), 162.9 (dd, 1JCF = 251.8 Hz, 3JCF = 12.8 Hz); Anal. Calcd for C19H24F2N6O: C, 

58.45; H, 6.20; N, 21.53. Found: C, 58.81; H, 5.97; N, 21.19; MS (LCMS) m/z: 391.2770 

(M + 1). 

 

The in vitro antifungal activity: materials and methods 

Minimum inhibitory concentration (MIC) of compounds was tested according to 

standard microbroth dilution technique as per NCCLS guidelines.52 Briefly, testing was 

performed in flat bottom 96 well tissue culture plates (CELLSTAR Greiner bio-one 

GmbH, Germany) in RPMI 1640 medium buffered with MOPS (3-[N-morpholino] 

propanesulfonic acid) (Sigma Chem. Co., MO, USA). The concentration range of tested 

compounds was 50–0.001 and 32–0.0018 µg/mL for standard compounds. The plates 
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were incubated in a moist chamber at 35 °C and absorbance at 492 nm was recorded on 

VersaMax microplate reader (Molecular Devices, Sunnyvale, USA) after 48 h for C. 

albicans and C. parapsilosis, 72 h for Aspergillus fumigatus, S. schenckii, and 

Cryptococcus neoformans, and 96 h for Trichophyton mentagrophytes. MIC was 

determined as 80% inhibition of growth with respect to the growth control and IC50 was 

the concentration at which 50% growth inhibition was observed by using SOFTmax Pro 

4.3 Software (Molecular Devices, Sunnyvale, USA). 

 

The in vivo antifugal activity: Materials and Methods 

Three of the active compounds 64, 69 and 72 were evaluated in vivo against C. 

albicans intravenous challenge in Swiss mice. The animals were inoculated with 4x105 

cells intravenously and randomly grouped (6 mice per group). The compounds dissolved 

in PEG 200 were given once a day through oral route. The treatment was given from zero 

hour to 7 days. Amphotericin B (5mg/kg/p.o.) was taken as positive drug control. On day 

9 the mice were sacrificed and both the kidneys taken out and homogenized in 

physiological saline. The colony forming units (CFU) per gram kidney tissue were 

determined by 10 fold serial dilution and plating technique. Prior clearance from local 

animal ethics committee was obtained. 

 

Antiproliferative Activity. Materials and methods: 

Human hepatocellular carcinoma Hep3B and human epithelial carcinoma A431 

cell lines were obtained from American Type Culture Collection (Manassas, VA, USA), 

and maintained in the in-house National Cell repository at National Centre for Cell 

Science. Cells were maintained as a monolayer in culture medium consisting of nutrient 

media DMEM supplemented with heat inactivated fetal bovine serum (10%), penicillin 

(100 U/mL) and streptomycin (100 µg/mL) (Invitrogen Life Technologies, MD, USA).  

The cells were grown at 37 °C in 5% CO2 and humidified air atmosphere. Stock solutions 

of the compounds were prepared in DMSO at a concentration of 2 mg/ml and 1mg/ml 

depending on the solubility of the compound in the solvent and afterwards diluted to the 

required concentration. The 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 

bromide (MTT) was dissolved (1 mg/mL) in DMEM (without phenol red). Hep3B and 

A431 cells were plated at a density of 7500 cells per well in 96 well tissue culture plates.  

Cells were allowed to adhere for 24 h at 37 °C and then treated with various 
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concentrations (0, 0.001, 0.01, 0.1, 1.0 mg/mL) of compounds diluted in culture medium, 

for additional 48 h. In the cells in control wells culture medium consisting of 

corresponding concentration of DMSO only was added. After 48 h of drug treatment 

growth medium was removed from each well containing cells and fresh culture medium 

was added to each well. Cells were allowed to grow for another 24 h. Thereafter, cell 

proliferation was assessed by replacing culture medium with 50 µL DMEM media 

containing 1 mg/mL MTT and subsequently incubated for additional 4 h at 37 °C.  

Medium was then aspirated off and formazan crystals were solubilized in 100 µL of iso-

propanol.  The optical density was read on a microplate reader at 570 nm using 630 nm as 

a reference filter against a blank prepared from cell free wells.  Absorbance given by cells 

treated with the carrier DMSO alone was taken as 100% cell growth. 
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2.1.7 Selected Spectra

49: 1H NMR, 200 MHz, CDCl3

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

2.142.111.00

Chloroform-d

4
.7
0
4
.7
1

6
.8
7
6
.8
8

6
.9
1
6
.9
2

6
.9
8

7
.0
3

7
.0
4
7
.2
7

7
.9
8

8
.0
18
.0
2

8
.0
5

8
.0
6

8
.1
0

49: 13C NMR, 50 MHz, CDCl3

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chloroform-d 4
9
.6
2

4
9
.8
5

7
6
.3
6
7
7
.0
0

7
7
.6
3

1
0
4
.2
3

1
0
4
.7
8

1
1
2
.5
1

1
1
2
.5
8

1
1
3
.0
1

1
1
9
.1
8

1
1
9
.5
3

1
3
3
.0
7

1
3
3
.2
8

1
3
3
.3
7

1
5
9
.9
1

1
6
0
.1
7

1
6
3
.6
6

1
6
3
.9
2

1
6
5
.0
2

1
6
5
.2
7

1
6
8
.8
1

1
6
9
.0
6

1
8
7
.6
6

1
8
7
.7
5

119

F

F

Cl O



Chapter 2, Section I 

50: 1H NMR, 200 MHz, CDCl3
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50: 13C NMR, 50MHz, CDCl3
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51: 1H NMR, 200 MHz, CDCl3

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

2.13 2.132.00 1.651.051.05 1.02 0.95
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51: 13C NMR, 50 MHz, CDCl3 + CD3OD
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56: 1H NMR, 200 MHz, CDCl3

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.612.282.011.97 1.841.21 0.960.900.87 0.86
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57: 1H NMR, 400 MHz, CDCl3

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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Chapter 2, Section I 

58: 1H NMR, 400 MHz, CDCl3

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.193.012.952.32 1.99 1.96 1.00 0.910.870.85
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59: 1H NMR, 400 MHz, CDCl3

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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60: 1H NMR, 200 MHz, CDCl3

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

2.24 2.031.201.181.001.00 0.93
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60: 13C NMR, 50 MHz, CDCl3
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61: 1H NMR, 200 MHz, CDCl3

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

2.002.001.870.950.86 0.82
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61: 13C NMR, 50 MHz, CDCl3
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64: 1H NMR, 400 MHz, CDCl3

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

7.033.142.00 1.931.000.99 0.99 0.980.940.65
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65: 1H NMR, 400 MHz, CDCl3

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.483.38 3.362.99 2.302.012.00 1.140.910.870.36
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68: 1H NMR, 200 MHz, CDCl3 + CD3OD

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

2.132.001.800.98 0.970.960.91
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68: 13C NMR, 100 MHz, CDCl3 + CD3OD

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
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69: 1H NMR, 200 MHz, CDCl3

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

10.373.41 3.102.03 2.022.001.02 1.011.010.99 0.98 0.96
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69: 13C NMR, 50 MHz, CDCl3
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70: 1H NMR, 200 MHz, CDCl3

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

2.951.931.85 1.000.96
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70: 13C NMR, 100 MHz, CDCl3 + CD3OD

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
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71: 1H NMR, 200 MHz, CDCl3

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

9.003.112.051.011.00 0.990.95
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71: 13C NMR, 100 MHz, CDCl3

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
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72: 1H NMR, 200 MHz, CDCl3

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.80 3.002.032.00 1.931.860.990.97 0.940.77
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72: 13C NMR, 100 MHz, CDCl3
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2.2.1 Abstract   

 

New bile acid-methylamine and bile acid-ethylenediamine conjugates were synthesized 

from C-3 oxirane. In the course of this synthesis, stereochemistry of the C-3 oxirane was 

confirmed by 1H NMR as well as single crystal X-ray. The newly synthesized molecules 

are under bioevaluation for their antimicrobial activity.   
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2.2.2 Introduction 

The medicinal chemistry of steroids covers a large and interesting series of 

structures and biological activities.1 Though the number of steroidal natural products is 

limited, millions of hybrids can be prepared. This new approach seems to be very 

promising in the development of lead molecules. The sterol-polyamine conjugates as a 

new class of antibiotics have attracted much interest in recent years due to emergence of 

penicillin-resistant Staphylococi, Streptococcus pneumoniae in hospitalised patients.2 

Polyamines are polycationic at physiological pH and play key roles in biological 

systems.3 Polyamines are of considerable interest due to their advantages of low toxicity, 

low immunogenicity, controllable synthesis and defined molecular structure for 

pharmaceutical characterization.4 

 

2.2.3 Review of literature 

Squalamine 1 is the first sterol-polyamine conjugate that has been isolated from 

tissues of the dogfish shark, Squalus acanthias.5 This unusual natural product has 

attracted considerable attention because of its potent antimicrobial activity against a broad 

spectrum of microorganisms.6  
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1  
 

A minireview has appeared recently which summarizes and highlights the 

different advances in the understanding of the antimicrobial and antiangiogenic activity of 

squalamine.7  Attempts to obtain large amounts of squalamine from the dogfish shark 

resulted in the discovery, isolation and characterization of family of novel aminosterols.8 

The fact that insufficient amounts of squalamine were available from natural 

recourses for mechanistic studies, coupled with clear need for the preparation of 

analogues prompted several groups to undertake the synthesis of squalamine 9 and its 

analogues. A short review on synthesis of spermine and spermidine analogues of 
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squalamine has been reported.10 Formal synthesis of squalamine has been achieved in 

twelve steps from desmosterol with 7.4 % overall yield by Takeuchi and co-workers.11 

Recently Zhou et al. have accomplished a concise and stereoselective synthesis of 

squalamine from easily available chenodeoxy cholanate.12 

Before the discovery of squalamine, cholic acid derivatives 2 and 3 with amine 

groups incorporated at the C-24 position were described to display only weak 

antimicrobial activity.13  
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Soon after the isolation of squalamine, Regen and co-workers reported14 the rapid 

construction of squalamine mimic 4. In this molecule they have exchanged the positions 

of pendant spermidine and sulfate groups on the A and D rings of a closely related sterol. 

Compound 4 not only mimics the structure of squalamine but also its extraordinary 

antimicrobial properties. Furthermore, Gilbert et al. have investigated15 the role of sulfate 

groups of squalamine by preparing various simplified analogues of compound 5. 
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Bradly et al. have achieved synthesis of same analogue 4 of squalamine by using 

solid phase synthesis.16 Armstrong and co-workers investigated the antimicrobial 

properties of several bile acid based squalamine mimics.17 The mimics like 6 and 7 were 

prepared by linking putrescine, triethylenetetraamine and spermine in the side chain of 

different bile acids such as cholic acid, deoxycholic acid, lithocholic acid, ursocholanic 

acid, chenodeoxycholic acid and hyodeoxycholic acid. 
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Jones et al. described the synthesis and antimicrobial activities of new squalamine 

analogues, such as 6β-hydroxy-3-aminosterol 8 with trans A/B ring junction, from 

hyodeoxycholic acid.18 Synthesis of squalamine analogue 9 having short side chain has 

been reported by Kim and co-workers.19 Selinsky et al. synthesized several new 

analogues e.g. 10 and 11 of squalamine and studied their antimicrobial activity.20  
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Stereoselective synthesis of squalamine dessulfates analogues 12 and 13 in which 

polyamine chain is attached to B ring of steroid skeleton were reported by Kihel and co-

workers.21 Some of these analogues showed similar anti-bacterial activity to the parent 

compound squalamine. 
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Savage et al.22 have designed a class of cationic steroid antibiotics (CSA) as 

steroid polyamine conjugates, with the intention of mimicking the antibacterial activities 

of polymyxin B (PMB) 14. These antibiotics display antibacterial activity comparable or 

superior to that of PMB against Gram-negative bacteria. PMB 14 contains a lipophilic 

acyl chain and a heptapeptide ring that is responsible for lipopolysaccharide (LPS) 

binding. Resistance to PMB involves modification of LPS in the outer membranes of 

Gram-negative bacteria.23 Since PMB is difficult to prepare and purify, simple molecules 

capable of associating with LPS and alter the permeability of Gram- negative bacteria 

were designed.24 In their approaches in designing PMB mimics modification of steroids 

with polyamines have been carried out. 
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In PMB the amine groups on the macro ring are oriented on one face of the 

molecule but are segregated from the hydrophobic groups. Based on these observations 

PMB mimics 15 to 17 have been synthesized from cholic acid. In these molecules amino 

groups have been separated from the hydrophobic steroid moiety by ether linkage with 

stereochemically oriented oxygen atoms, which force the amine groups to occupy one 

face of the steroid. This allows the cholic acid derivatives 15, 16 and 17 to exhibit facial 

amphiphilicity common to cationic peptide antibiotics. Compound 16 shows potent 

bactericidal activity against Gram-negative and Gram-positive bacteria while compound 
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15, that has no hydrophobic chain at C-24, does not show bactericidal activity against 

Gram-negative bacteria. This parallels to that of PMB and its derivatives.25   

Regen and co-workers have described the utilization of bile acid-polyamine 

conjugates as synthetic ionophores and extremely useful leads in the process of drug 

discovery26 which is already discussed in introduction of chapter 1. 

Recently there is report27 from our group on synthesis of amino functionalized 

novel cholic acid derivatives such as 18 containing 1, 2 aminoalcohol in C ring of 

steroidal backbone. These compounds induced HIV-1 replication and syncytia formation 

in T cells.  
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2.2.4 Present Work 

2.2.4.1 Objective 

Literature search revealed that a number of steroidal polyamine conjugates have been 

synthesized to improve activity spectrum and availability. Variations in the structure of 

the analogues led to changes in the spectrum of activity against variety of bacteria and 

yeasts. From the literature studies it is observed that three common elements are required 

for their characteristic activity  

 Long and rigid hydrophobic unit.  

 A flexible hydrophilic chain which is linked to hydrophobic unit. 

 A pendant polar head group.  

 The precise structure of the polyamine is not important. The sulfate groups can be 

replaced by a carboxylate or hydroxyl or even removed altogether. The structure of the 

rigid hydrophobic unit i.e. steroid can also be varied.  

 From this literature survey, we have synthesized bile acid-methylamine and bile 

acid-ethylenediamine conjugates from the common intermediate oxirane. During the 

course of synthesis of these conjugates stereochemistry of oxirane at C-3 position of bile 

acid was assigned by spectroscopic data and confirmed by single crystal X-ray. 

 

2.2.4.2 Results and Discussion 

Accordingly, we synthesized oxirane 23 starting from methyl deoxycholate 19. Oxidation 

of 19 was carried out using CrO3/H2SO4 (Jones reagent) to obtain diketo compound 21 

(Scheme 1). In 13C NMR C-3 and C-12 keto carbonyl showed chemical shift at δ 211.8 

and 213.8 respectively, while C-24 ester carbonyl was observed at δ 174.3. Diketo 

compound 21 when reacted with trimethylsulfoxonium iodide in DMSO/THF as a mixed 

solvent using NaH as a base gave regeoselectivly C-3 oxirane 23 as a single isomer in 91 

% yield. The formation of oxirane 23 was confirmed by its spectroscopic data. In 1H-

NMR spectrum 23 showed a chemical shift for oxirane protons (OCH2) as broad singlet 

at δ 2.62. Its 13C NMR showed characteristic signals at δ 174.1, and 213.6 corresponding 

to the ester and C-12 keto carbonyls respectively. Two distinguishing signals at  δ 53.4 

(OCH2) and 57.5 (C-3 quaternary carbon) were observed.  
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Scheme 1: Reagents and conditions: (a) CrO3, H2SO4, Acetone, acetone, 0-10 °C,10 min.; (b) 

Trimethyl sulphoxoniumiodide, NaH, DMSO-THF, rt. 2 h; (c) Ac2O, DMAP, Et3N, 
DCM, 25-28 °C, 24 h; (d) K2CO3, MeOH 3 h;  

 

It is reported that the less reactive oxosulfonium ylide react with the carbonyl to form 

oxiranes. The stereochemistry of carbonyl addition to cyclohexanones varies depending 

on the ylide; the oxosulfonium ylide reacts by equatorial addition (i.e., of methylene) and 

the sulfonium ylide shows a preference for axial addition.28 Formation of C-3 oxirane 

from C-3 keto steroids in which A/B ring junction is trans (Figure 1) is known in the 

literature.29 There is no report on synthesis of C-3 oxirane of bile acid derivatives. In bile 

acids A/B ring junction is cis, hence α-face becomes more crowded as compared to A/B 

trans junction. Hence we became interested in confirming the stereochemistry of oxirane 

23. 

 

OH
OH

OCH3

O

O

O
A B A B

α-face α-face

β-faceβ-face

A/B tr ans A/B cis  
Figure 1:  

 

We synthesized oxirane 24 using similar reaction sequence as that for oxirane 23, 

starting from methyl cholate 20 in good yield (Scheme 1). Our efforts to crystallize 
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compounds 23 and 24 remained unsuccessful. To confirm the stereochemistry we 

introduced acetate group at C-12 (and C-7) and synthesized oxiranes 29 and 30 from 19 

and 20 respectively. Compound 19 was reacted with acetic anhydride in pyridine to 

obtain 3,12-diacetate compound which undergoes selective deprotection of C-3 acetate 

using  K2CO3 in methanol to obtain 25 in good yield. Oxidation of 25 was carried out 

using Jones reagent, followed by oxirane formation using sulfur ylide 

(trimethyloxosulfoxonium iodide/NaH in DMSO/THF) to obtain compound 29. Using 

similar reaction sequence oxirane 30 was obtained from 20 in good yield. Again, the 

compounds 29 and 30 could not be crystallized. Structures of both these compounds were 

confirmed by spectroscopic data. 1H-NMR spectrum of 29 showed a chemical shift at δ 

3.29, broad singlet for oxirane (OCH2). Downfield shift of oxirane CH2 in compound 29 

by ~ δ 0.7 compared with oxirane 23 (Figure 2) may be due to field effect of acetate 

group on oxirane CH2 (Figure 3). This clearly indicated that acetate groups in compounds 

29 and 30 and oxirane CH2 are in one plane (on α-face). From this observation we 

concluded that oxosulfonium ylide attacks on C-3 keto from equatorial side.  

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.553.00 1.99

TMS

Chloroform-d

0.
00

0.
84

0.
87

1.
04

1.
09

1.
251

.3
4

1.
581.

60

1.
85

1.
94

2.
02

2.
33

2.
492.

55

2.
63

3.
67

7.
27

 
Figure 2: 

OCH3

O
O

CH2O
23



Chapter 2, Section II 

 146

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.00 2.97 2.881.860.97

TMS

Chloroform-d

0.
00

0.
73

0.
82

0.
95

1.
21

1.
25

1.
381.
43

1.
49

1.
61

1.
64

1.
80

1.
82

2.
08

2.
27

2.
35

3.
29

3.
66

5.
08

7.
27

 
Figure 3:  

 

Our next step was to attach amino functionality to steroid ring by opening of 

oxiranes with ethylene diamine or azide anion followed by reduction of azide to amine. 

To achieve the synthesis of our target molecules, we need to reduce keto functionality of 

oxirane 23, 24 or deprotect acetyl protection at C-7, C-12 of oxiranes 29 and 30. To avoid 

the reduction or protection-deprotection steps we synthesized oxirane 33 and 34  in two 

steps starting from methyl esters 19 and 20 (Scheme 2).  

Selective oxidation of C-3 hydroxy group of compound 19 was carried out using 

Ag2CO3 on celite (prepared from AgNO3 and Na2CO3 by literature procedure30). In IR 

spectrum, absorbance due to keto carbonyl appeared at 1712 cm-1 while ester carbonyl at 

appeared 1735 cm-1. In 13C NMR compound 31 showed signal at δ 213 ppm, due to C-3 

keto corbonyl. Reaction of 31 with sulfur ylide (trimethylsulfoxonium iodide/NaH in 

DMSO-THF) resulted into oxirane 33 in good yield (96%). In 1H NMR compound 33 

showed broad singlet at δ 2.64 due to oxirane CH2. In 13C NMR signal at δ 213 ppm 

disappeared and one additional methylene signal was observed at δ 53.8.  

O
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Scheme 2: Reagents and conditions: (a) Ag2CO3, toluene, Reflux, 5 h; (b) Trimethyl 

sulphoxoniumiodide, NaH, DMSO-THF, rt. 2 h. 
 

Oxirane 33 could be nicely crystallized from ethylacetate-hexane and the C-3 oxirane 

stereochemistry was confirmed by single crystal X-ray (Figure 4). 

 

 
Figure 4: ORTEP view of Methyl (3β-oxirane)-12α-hydroxy-5β-cholan-24-oate 33. 

 

Using similar reaction sequence oxirane 34 was synthesized from methyl cholate 

20 in good yield. Nucleophilic opening of oxirane 33 with azide anion (NaN3 in DMF) 

gave azido alcohol 35 (Scheme 3). IR spectrum of 35 showed characteristic bands at 

1731, 2104 cm-1 corresponding to the ester carbonyl and azido group respectively. Its 1H-

NMR spectrum showed a characteristic signal at δ 3.26 ppm due to the C-3α methylene 

protons (CH2N3). Hydrogenation of azido alcohol 35 was carried out using H2-Pd/C to 

obtain deoxycholic based aminoalcohol 37 in good yield. Its 1H-NMR spectrum showed a 

characteristic signal at δ 2.59 ppm due to the C-3α methylene proton (CH2NH2). Using 

similar reaction sequence cholic acid based aminoalcohol 38 was obtained from oxirane 

34 in good yield (Scheme 3). We also synthesized two bile acid-ethylenediamine 

conjugates 41 and 42. Nucleophilic opening of oxiranes 33 and 34 with N1-(Boc)-1,2-
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diaminoethane gave compounds 39 and 40, followed by deprotection of amine 

functionality and  purification by column chromatography afforded pure bile acid-

ethylenediamine conjugates 41 and 42 respectively. In 1H-NMR spectrum of 41 and 42 

showed a characteristic signal at δ 2.52, 2.72 and 2.81 each for two protons corresponding 

to newly formed ethylene protons of ethylenediamine chain. 
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Scheme 3: Reagents and conditions: (a) NaN3, DMF, 60-65 οC, 12 h; (b) H2 / Pd-C, MeOH; (c) 

N1-(Boc)-1,2- diaminoethane, MeOH reflux 2h; (d) 50% TFA/DCM. 
 

Bioevaluation  

The synthesized bile acid-amine conjugates 37, 38, 41 and 42 are under preliminary 

biological evaluation to study their in vitro antimicrobial activity.  

 

2.2.5 Conclusion  

In conclusion, we have synthesized novel bile acid-amine conjugates from common 

intermediate 33 with good yield. During the course of synthesis we confirmed the C-3 

oxirane stereochemistry by spectroscopic data as well as single crystal X-ray. The 

synthesized molecules and intermediates are under biological screening for their 

antimicrobial activity. 
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2.2.6 Experimental Section 

 

Methyl 3, 12- diketo-5β-cholan-24-oate (21)  and Methyl 3,7, 12- triketo-5β-cholan-24-

oate (22): 

To a solution of methyl 3α,12α-dihydroxy-5β- cholan-24-oate 19 (0.812 g, 2 mmol) in 

acetone (20 mL) Jones Reagent (5 mL) was added at 5-10 °C. The reaction mixture was 

stirred at the same temperature for 10 min. Methanol (5 mL) was added, the solvent was 

evaporated and the crude solid material was dissolved in EtOAc/H2O (5:1) mixture (100 

mL). The organic layer was washed with cold H2O (2x10 mL), 10% NaHCO3 (2x10 mL), 

brine (2x10 mL) and dried over Na2SO4. Solvent was evaporated under reduced pressure 

to afford crude product. Purification by column chromatography on silica gel (2% 

MeOH/DCM) afforded pure compound 21 (0.772 g, 95%) as a white solid. Using similar 

procedure compound 22 was synthesized starting from methyl cholate 20. 

 

Methyl 3, 12- diketo-5β-cholan-24-oate (21): mp 230 οC; IR (cm-1): 1706, 1730; 1H 

NMR (200 MHz, CDCl3): δ 0.86 (d, J = 6.4  Hz, 3H, CH3-21), 1.06 (s, 3H, CH3-18), 1.11 

(s, 3H, CH3-19),  3.67 (s, 3H ); 13C NMR (50 MHz, CDCl3): δ 11.5, 18.4, 21.9, 24.1, 

25.2, 26.3, 27.3, 30.2, 31.0, 35.2, 35.3, 35.3, 36.5, 36.7, 38.1, 41.9, 43.5, 43.9, 46.3, 51.2, 

57.3, 58.2, 174.3, 211.8, 213.8.; Anal. Calcd for C25H38O4: C, 74.59; H, 9.51; Found: C, 

74.32; H, 9.41; MS (LCMS) m/z: 425.64 (M + 23 for Na). 

 

Methyl 3,7, 12- triketo-5β-cholan-24-oate (22): White solid, Yield: 96%; mp 246-247 
οC; IR (cm-1): 1697, 1704, 1737; 1H NMR (300 MHz, CDCl3): δ 0.85 (d, J = 6.3  Hz, 3H, 

CH3-21), 1.07 (s, 3H, CH3-18), 1.41 (s, 3H, CH3-19),  3.66 (s, 3H ); 13C NMR (75 MHz, 

CDCl3): δ 11.7, 18.5, 21.8, 25.0, 27.5, 30.4, 31.9, 35.2, 35.4, 35.9, 36.3, 38.5, 42.7, 44.8, 

45.5, 45.6, 46.7, 48.9, 51.3, 51.7, 56.8, 174.2, 208.3, 208.6, 211.6; Anal. Calcd for 

C25H36O5: C, 72.08; H, 8.71; Found: C, 71.83; H, 8.53; MS (LCMS) m/z: 439.62 (M + 23 

for Na). 

 

Methyl (3β-oxirane)-12- keto-5β-cholan-24-oate (23) and Methyl (3β-oxirane)-7, 12-

diketo-5β-cholan-24-oate (24): 

To a solution of trimethylsulfoxonium iodide (0.330gm, 1.5 mmol) in dry DMSO (5 mL) 

was added NaH (0.048 g, 2 mmol). After 1h, compound 21 (0.402 g, 1 mmol) dissolved 
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in 5 mL THF was added at 25 οC. After stirring for 5 h ice was added to the reaction 

mixture and the product was extracted with ethyl acetate (2×50 mL).The organic layer 

was washed with water (4×10 mL) and then with brine solution. Extract was dried over 

sodium sulfate. Solvent was removed under reduced pressure and the crude product was 

purified by column chromatography (2% Methanol/DCM) to get pure compound 23 

(0.457 g, 91% yield). Using similar procedure compound 24 was synthesized starting 

from methyl cholate 22. 

 

Methyl (3β-oxirane)-12- keto-5β-cholan-24-oate (23): White solid, Yield: 91%; mp 220 
οC; [α]D

25 (CHCl3, c 0.38) = + 43.8; IR (cm-1): 1703, 1731; 1H NMR (200 MHz, CDCl3): 

δ 0.84 (d, J = 6.5 Hz, 3H, CH3-21), 1.03 (s, 3H, CH3-18), 1.08 (s, 3H, CH3-19), 2.62 (bs, 

3H, oxirane CH2) 3.66 (s, 3H ); 13C NMR (50 MHz, CDCl3): δ 11.6, 18.5, 22.7, 24.2, 

25.8, 26.3, 27.4, 27.8, 30.5, 31.2, 33.4, 34.0, 35.3, 35.4, 35.5, 38.3, 40.2, 43.7,  46.5, 51.2, 

53.4, 57.5, 58.6, 58.7, 174.4, 214.5; Anal. Calcd for C26H40O4: C, 74.96; H, 9.68; Found: 

C, 74.68; H, 9.53; MS (LCMS) m/z: 439.05 (M + 23 for Na). 

 

Methyl (3β-oxirane)-7, 12-diketo-5β-cholan-24-oate (24): White solid, Yield: 89%; mp 

174-175 οC; [α]D
27 (CHCl3, c 0.41) = + 49.8; IR (cm-1): 1699, 1712, 1733; 1H NMR (300 

MHz, CDCl3): δ 0.84 (d, J = 6.5 Hz, 3H, CH3-21), 1.05 (s, 3H, CH3-18), 1.37 (s, 3H, 

CH3-19), 2.62 (bs, 3H, oxirane CH2) 3.66 (s, 3H ); 13C NMR (75 MHz, CDCl3): δ 

11.7,18.5, 22.5, 25.1, 27.3, 27.6, 30.4, 31.2, 32.9, 34.5, 35.4, 35.8, 38.6, 43.9, 44.9, 45.2, 

45.5, 48.9, 51.4, 51.8, 53.2, 56.8, 57.7, 174.5, 209.7, 212.6; Anal. Calcd for C26H38O5: C, 

72.53; H, 8.90; Found: C, 72.33; H, 8.63; MS (LCMS) m/z: 453.42 (M + 23 for Na). 

 

Procedure for acetylation of compounds 19 and 20: 

To a solution of methyl ester 19 (0.406 g, 1 mmol) in dry dichloromethane (10 mL), 4-

dimethylaminopyridine (0.042 g, 10 mole%), triethylamine (0.694 mL, 5 mmol), acetic 

anhydride (0.47 ml, 5 mmol)  were added and the reaction mixture was stirred at 30° C 

for 16 h. Reaction was quenched with cold water, and extracted with dichloromethane 

(2x25 mL). Organic extract was washed it with water, 5% NaHCO3 (2x25 mL) and brine 

and dried on anhydrous Na2SO4. Solvent was removed under reduced pressure and the 

product was purified by column chromatography (20% ethylacetate/pet-ether) to give 

pure methyl 3α, 12α- diacetate-5β-cholan-24-oate (0.456 g, 93% yield). Similarly methyl 
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3α,7α,12α-triacetate-5β-cholan-24-oate was synthesized from methyl ester 20 in 94% 

yield. 

 

Methyl 3α, 12α- diacetoxy-5β-cholan-24-oate: IR (cm-1): 1724, 1733; 1H NMR (200 

MHz, CDCl3): δ 0.72 (s, 3H, CH3-18), 0.80 (d, J = 6.1 Hz, 3H, CH3-21), 0.90 (s, 3H, 

CH3-19), 2.03 (s, 3H ), 2.10 (s, 3H ) 3.66 (s, 3H ), 4.70 (m, 1H), 5.08 (bs, 1H); 13C NMR 

(125 MHz, CDCl3): δ 12.9, 18.1, 21.9, 22.0, 23.6, 24.0, 26.2, 26.4, 27.2, 27.5, 27.9, 31.4, 

31.5, 32.8, 34.6, 35.0, 35.3, 35.3, 36.2, 42.4, 45.6, 48.1, 50.0, 52.0, 74.8, 76.5, 171.0, 

171.1, 175.1; MS (LCMS) m/z: 491.47 (M + 1), 513.68 (M + 23 for Na). 

 

Methyl 3α,7α, 12α- triacetoxy-5β-cholan-24-oate: White solid, Yield: 94%; mp  IR (cm 
-1): 1724, 1733; 1H NMR (200 MHz, CDCl3): δ 0.73 (s, 3H, CH3-18), 0.81 (d, J = 6.1  

Hz, 3H, CH3-21), 0.92 (s, 3H, CH3-19), 2.05 (s, 3H ), 2.09 (s, 3H ), 2.14 (s, 3H ) 3.66 (s, 

3H ), 4.60 (m, 1H), 4.90 (bs, 1H), 5.08 (bs, 1H); 13C NMR (50 MHz, CDCl3): δ 11.9, 

11.2, 21.1, 21.2, 21.3, 22.2, 22.5, 25.3, 26.6, 26.9, 28.6, 30.4, 30.5, 30.9, 34.0, 34.3, 34.3, 

34.4, 37.4, 40.6, 43.1, 44.7, 47.0, 51.2, 70.4, 73.7, 75.0, 170.0, 170.1, 170.1, 174.1; MS 

(LCMS) m/z: 549.78 (M + 1), 571.75 (M + 23 for Na). 

 

Methyl 3α-hydroxy- 12α-acetoxy-5β-cholan-24-oate (25) and Methyl 3α-hydroxy- 7α, 

12α-diacetoxy-5β-cholan-24-oate (26): 

To solution of 3, 7, diacetoxy methyl cholate (0.245 g, 0.5 mmol) in methanol (10 mL) 

anhydrous K2CO3 (0.089 g, 0.6 mmol) was added. The reaction mixture was stirred at 30° 

C for 3h. Methanol was removed under reduced pressure, on rotavapour at low 

temperature. The residue was extracted with ethyl acetate (3x25 mL). Organic extract was 

washed with water and brine. It was dried over anhydrous Na2SO4 and concentrated to 

gave 3α-hydroxy,12α-acetoxy methyl cholate 25 (0.208 g) in 97% yield. Similarly 

methyl 3α-hydroxy,7α,12α-diacetoxy-methyl cholate 26 was synthesized from methyl 

3α,7α, 12α- triacetoxy-5β-cholan-24-oate in 95 % yield.  

Methyl 3α-hydroxy-12α-acetoxy-5β-cholan-24-oate (25): White solid, Yield: 97%; IR 

(cm-1): 1724, 1733, 3300; 1H NMR (200 MHz, CDCl3): δ 0.72 (s, 3H, CH3-18), 0.79 (d, J 

= 6.2  Hz, 3H, CH3-21), 0.89 (s, 3H, CH3-19), 2.08 (s, 3H ), 3.62 (m, 1H), 3.66 (s, 3H), 

5.07 (bs, 1H); 13C NMR (50 MHz, CDCl3): δ 12.1, 17.2, 21.1, 22.9, 23.2, 25.3, 25.7, 26.8, 
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27.1, 30.1, 30.6, 30.7, 33.8, 34.1, 34.4, 34.8, 35.5, 35.9, 41.7, 44.7, 47.3, 49.2, 51.3, 71.2, 

75.7, 170.4, 174.4; Anal. Calcd for C27H44O5: C, 72.28; H, 9.89; Found: C, 71.91; H, 

9.53; MS (LCMS) m/z: 449.47 (M + 1), 471.43 (M + 23 for Na). 

 

Methyl 3α-hydroxy-7α,12α-diacetoxy-5β-cholan-24-oate (26): White solid, Yield: 95%; 

IR (cm-1): 1724, 1733, 3301; 1H NMR (200 MHz, CDCl3): δ 0.73 (s, 3H, CH3-18), 0.80 

(d, J = 6.1  Hz, 3H, CH3-21), 0.91 (s, 3H, CH3-19), 2.09 (s, 3H ), 2.13 (s, 3H ), 3.50 (m, 

1H), 3.66 (s, 3H ), 4.89 (bs, 1H), 5.08 (bs, 1H); 13C NMR (50 MHz, CDCl3): δ 12.2, 17.4, 

21.4, 21.6, 22.5, 22.7, 25.5, 27.1, 28.9, 30.4, 30.7, 30.8, 31.3, 34.2, 34.5, 34.8, 37.7, 38.5, 

40.9, 43.3, 45.0, 47.2, 51.5, 70.8, 71.6, 74.4, 170.6, 170.6, 174.5; Anal. Calcd for 

C29H46O7: C, 68.74; H, 9.15; Found: C, 68.39; H, 9.10; MS (LCMS) m/z: 507.59 (M + 1), 

529.62 (M + 23 for Na). 

 

Methyl 3-keto-12α-acetoxy-5β-cholan-24-oate (27) and Methyl 3-keto-7α,12α-

diacetoxy-5β-cholan-24-oate (28): 

Compounds 27 and 28 were prepared by Jones oxidation from compounds 25 and 26 

respectively by using similar procedure as used for the preparation of compound 21. 

 

Methyl 3-keto-12α-acetoxy-5β-cholan-24-oate (27): White solid, Yield: 93%; mp 183-

184 οC; IR (cm-1): 1703, 1724, 1733; 1H NMR (200 MHz, CDCl3): δ 0.75 (s, 3H, CH3-

18), 0.80 (d, J = 6.1  Hz, 3H, CH3-21), 0.99 (s, 3H, CH3-19), 2.06 (s, 3H ), 2.68 (dd, J = 

13.14 and 15.03 Hz, 1H), 3.65 (s, 3H ), 5.11 (bs, 1H); 13C NMR (50 MHz, CDCl3): δ 

12.3, 17.3, 21.1, 22.2, 23.2, 25.2, 25.7, 26.3, 27.1, 30.6, 30.7, 34.1, 34.5, 34.5, 35.2, 36.4, 

36.7, 42.0, 43.8, 44.9, 47.4, 49.2, 51.3, 75.5, 170.2, 174.3, 212.6; Anal. Calcd for 

C27H42O5: C, 72.61; H, 9.48; Found: C, 72.40; H, 9.23; MS (LCMS) m/z: 447.57 (M + 1), 

469.51 (M + 23 for Na). 

 

Methyl 3-keto-7α,12α-diacetoxy-5β-cholan-24-oate (28): White solid, Yield: 91%; mp 

203-205 οC; IR (cm-1): 1701, 1724, 1733; 1H NMR (200 MHz, CDCl3): δ 0.77 (s, 3H, 

CH3-18), 0.82 (d, J = 6.1  Hz, 3H, CH3-21), 1.02 (s, 3H, CH3-19), 2.07 (s, 3H ), 2.11 (s, 

3H ), 2.98 (dd, J = 13.4 and 15.3 Hz, 1H), 3.66 (s, 3H ), 4.99 (bs, 1H), 5.13 (bs, 1H); 13C 

NMR (50 MHz, CDCl3): δ 12.1, 17.4, 21.2, 21.3, 21.5, 22.6, 25.7, 27.0, 29.7, 30.6, 30.7, 

30.8, 34.3, 34.4, 36.0, 36.5, 37.6, 42.0, 43.1, 44.4, 45.0, 47.2, 51.3, 70.4, 75.1, 170.0, 
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170.2, 174.3, 211.9; Anal. Calcd for C29H44O7: C, 69.02; H, 8.79; Found: C, 68.82; H, 

8.53; MS (LCMS) m/z: 505.61 (M + 1), 527.68 (M + 23 for Na). 

 

Methyl 3-oxirane-12α-acetoxy-5β-cholan-24-oate (29) and Methyl 3-oxirane-7α,12α-

diacetoxy-5β-cholan-24-oate (30): 

Oxiranes 29 and 30 were synthesised by using sulfur ylide from compound 27 and 28 

respectively by using similar procedure as used for the preparation of oxirane 23. 

 

Methyl 3-oxirane-12α-acetoxy-5β-cholan-24-oate (29): White solid, Yield: 89%; mp 

153-154 οC; IR (cm-1): 1724, 1733; 1H NMR (200 MHz, CDCl3): δ 0.72 (s, 3H, CH3-18), 

0.80 (d, J = 6.1  Hz, 3H, CH3-21), 0.95 (s, 3H, CH3-19), 2.08 (s, 3H ), 3.29 (bs, 2H, 

oxirane CH2), 3.66 (s, 3H ), 5.08 (bs, 1H); 13C NMR (50 MHz, CDCl3): δ 12.2, 17.3, 

21.0, 22.1, 23.3, 25.2, 25.8, 26.1, 27.2, 27.4, 30.6, 30.7, 31.3, 33.7, 34.2, 34.3, 34.4, 34.5, 

43.4, 45.0, 47.6, 49.1, 51.3, 53.3, 68.0, 75.4, 170.0, 174.1; Anal. Calcd for C28H44O6: C, 

73.01; H, 9.63; Found: C, 72.83; H, 9.44; MS (LCMS) m/z: 461.63 (M + 1), 583.42 (M + 

23 for Na). 

 

Methyl 3-oxirane-7α,12α-diacetoxy-5β-cholan-24-oate (30): White solid, Yield: 86%; 

mp 196-198 οC; IR (cm-1): 1724, 1733; 1H NMR (200 MHz, CDCl3): δ 0.73 (s, 3H, CH3-

18), 0.81 (d, J = 6.1  Hz, 3H, CH3-21), 0.95 (s, 3H, CH3-19), 2.11 (s, 3H ), 2.12 (s, 3H ), 

3.27 (bs, 2H, oxirane CH2), 3.66 (s, 3H ), 4.90 (bs, 1H), 5.08 (bs, 1H); 13C NMR (50 

MHz, CDCl3): δ 12.1, 17.4, 21.4, 21.7, 22.3, 22.6, 23.3, 25.5, 27.1, 27.8, 30.7, 30.8, 30.9, 

31.5, 34.1, 34.5, 37.5,  37.6, 38.7, 42.0, 43.3, 44.9, 47.3, 51.5, 53.3, 70.0, 70.9, 75.4, 

170.4, 170.4, 174.5; Anal. Calcd for C30H46O7: C, 69.47; H, 8.94; Found: C, 69.23; H, 

8.53; MS (LCMS) m/z: 519.47 (M + 1), 541.54 (M + 23 for Na). 

 

Methyl 3-keto-12α-hydroxy-5β-cholan-24-oate (31) and Methyl 3-keto-7α,12α-

dihydroxy-5β-cholan-24-oate (32): 

 

Reaction was carried out in Dean Stark apparatus. To a solution of 19 (2 g, 4.926 mmol) 

in toluene (20 mL), well dried freshly prepared Ag2CO3 on celite (5.96 g, 21 mmol) was 

added. Reaction mixture was refluxed for 5-6 h. Reaction mixture was filtered through 

sintered funnel and the residue was washed with ethyl acetate. Filtrate was evaporated 
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under reduced pressure to obtain crude product 31 which on further purification by 

column chromatography (1.5% Methanol/DCM) afforded pure product 31 (1.850 g) in 

92% yield. Using similar procedure compound 32 was synthesized from 20 in 90% yield. 

[Preparation of the Ag2CO3 on celite: AgNO3 (34 g) was dissolved in 200 mL distilled 

water, the purified celite, 30 g (Celite was washed with 10% methanolic  HCl, then with 

distilled water to neutrality and dried  in oven at 120 oC for 24 h) was added. The mixture 

was stirred for 10 to 15 min and Na2CO3.10H2O, (30 g) dissolved in 300 mL distilled 

water was added. Stirring was continued for 10 min, yellow green precipitate was filtered 

and washed to neutrality with distilled water and dried for longer time. This reagent can 

be stored but preferably should be prepared prior to use30]. 

  

Methyl 3-keto-12α-hydroxy-5β-cholan-24-oate (31): White solid, Yield: 92%; mp 145 
οC (lit31,32 143-145 οC); IR (cm-1): 1712, 1728; 1H NMR (200 MHz, CDCl3): δ 0.70 (s, 

3H, CH3-18), 0.95 (d, J = 6.1  Hz, 3H, CH3-21), 0.99 (s, 3H, CH3-19), 2.71 (dd, J = 14.4 

Hz, 1H), 3.65 (s, 3H ), 4.02 (bs, 1H); 13C NMR (50 MHz, CDCl3): δ 12.7, 17.3, 22.3, 

23.5, 25.4, 26.4, 27.4, 28.9, 30.8, 30.9, 33.7, 34.3, 35.0, 35.6, 36.8, 37.0, 42.2, 44.2, 46.5, 

47.3, 48.0, 51.5, 72.8, 174.6, 213.4; Anal. Calcd for C25H40O4: C, 74.22; H, 9.97; Found: 

C, 73.91; H, 9.59; MS (LCMS) m/z: 405.57 (M + 1).  

 

Methyl 3-keto-7α, 12α-dihydroxy-5β-cholan-24-oate (32): White solid, Yield: 90%; mp 

170 οC (lit31,32 173-175 οC); IR (cm-1):  1708, 1728; 1H NMR (200 MHz, CDCl3): δ 0.72 

(s, 3H, CH3-18), 0.97 (d, J = 6.1  Hz, 3H, CH3-21), 0.99 (s, 3H, CH3-19), 3.40 (dd, J = 

13.5 Hz, 1H), 3.67 (s, 3H ), 3.92 (bs, 1H), 4.03 (bs, 1H); 13C NMR (50 MHz, CDCl3): δ 

12.4, 17.2, 21.5, 23.1, 26.9, 27.3, 28.4, 30.7, 31.0, 33.9, 34.8, 35.2, 36.5, 36.7, 39.3, 41.6, 

42.9, 45.4, 46.5, 47.1, 51.5, 68.2, 72.8, 174.8, 213.5; Anal. Calcd for C25H40O5: C, 71.39; 

H, 9.59; Found: C, 69.99; H, 9.43; MS (LCMS) m/z: 421.47 (M + 1). 

 

Methyl (3β-oxirane),12α-hydroxy-5β-cholan-24-oate (33) and Methyl (3β-oxirane)-7α, 

12α-dihydroxy-5β-cholan-24-oate (34): 

Oxiranes 33 and 34 were synthesized by using sulfur ylide to give compounds 31 and 32 

respectively by using similar procedure as used for the preparation of oxirane 23. 

Methyl (3β-oxirane)-12α-hydroxy-5β-cholan-24-oate (33): White solid, Yield: 89%; mp 

162 οC; IR (cm-1):  1730; 1H NMR (200 MHz, CDCl3): δ 0.70 (s, 3H, CH3-18), 0.96 (d, J 
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= 6.1  Hz, 3H, CH3-21), 0.99 (s, 3H, CH3-19), 2.62 (bs, 2H, oxirane CH2), 3.67 (s, 3H ), 

4.01 (bs, 1H); 13C NMR (50 MHz, CDCl3): δ 12.6, 17.2, 23.1, 23.5, 25.7, 26.3, 27.4, 27.9, 

28.8, 30.8, 30.9, 33.0, 33.3, 33.9, 34.0, 35.0, 35.7, 40.6, 46.4, 47.2, 48.2, 51.4, 53.5, 59.1, 

73.0, 174.6; Anal. Calcd for C26H42O4: C, 74.60; H, 10.11; Found: C, 74.33; H, 9.87; MS 

(LCMS) m/z: 419.30 (M + 1), 441.27 (M + 23 for Na). 

 

Crystallographic data for compound 33: Empirical formula : C26H42O4, Formula 

weight: 418.60; Temperature, 297(2) K, Wavelength, 0.71073 A, Crystal system, space 

group, Orthorhombic,  P212121, Unit cell dimensions, a = 7.2336(15) A   alpha = 90 deg. 

b = 10.202(2) A    beta = 90 deg. c = 32.269(7) A   gamma = 90 deg., Volume 2381.4(9) 

A^3, Z, Calculated density, 4,  1.168 Mg/m^3, Absorption coefficient 0.076 mm^-1, 

F(000) 920, Crystal size 0.47 x 0.13 x 0.09 mm, Theta range for data collection 1.26 to 

26.00 deg., Limiting indices -8<=h<=8, -12<=k<=9, -39<=l<=39, Reflections collected / 

unique 13045 / 4672 [R(int) = 0.0199], Completeness to theta = 26.00  100.0%, 

Absorption correction Semi-empirical from equivalents, Max. and min. transmission 

0.9932 and 0.9649, Refinement method Full-matrix least-squares on F^2, Data / restraints 

/ parameters 4672 / 1 / 279, Goodness-of-fit on F^2 1.119, Final R indices [I>2sigma(I)] 

R1 = 0.0541, wR2 = 0.1277, R indices (all data), R1 = 0.0604, wR2 = 0.1319, Largest 

diff. peak and hole, 0.253 and -0.166 e.A^-3. 

 

Methyl (3β-oxirane)-7α, 12α-dihydroxy-5β-cholan-24-oate (34): White solid, Yield: 

84%; mp 180 οC; IR (cm-1): 1730; 1H NMR (200 MHz, CDCl3): δ 0.71 (s, 3H, CH3-18), 

0.97 (s, 3H, CH3-19), 0.99 (d, J = 6.1  Hz, 3H, CH3-21), 2.63 (bs, 2H, oxirane CH2), 3.67 

(s, 3H ), 3.88 (bs, 1H), 4.01 (bs, 1H); 13C NMR (50 MHz, CDCl3): δ 12.5, 17.3, 22.5, 

23.2, 26.0, 27.4, 27.9, 28.5, 30.8, 31.0, 33.9, 34.0, 34.7, 35.1, 36.3, 39.4, 40.0, 41.8, 46.5, 

47.2, 51.5, 53.8, 59.4, 68.5, 72.9, 174.7; Anal. Calcd for C26H42O5: C, 71.85; H, 9.74; 

Found: C, 71.61; H, 9.53; MS (LCMS) m/z: 435.37 (M + 1), 467.41 (M + 23 for Na). 

 

Methyl (3α-azidomethyl)-3β,12α-dihydroxy-5β-cholan-24-oate (35) and Methyl (3α-

azidomethyl)-3β,7α, 12α-trihydroxy-5β-cholan-24-oate (36): 

To a solution of 33 (0.207 g, 0.5 mmol) in dry DMF (10 mL), sodium azide (0.100 g, 1.5 

mmol) was added and stirring was continued at 60-65 ºC for 3h. The reaction mixture was 

allowed to cool to room temperature. It was then poured into ice-cold water (30 mL) and 
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extracted with EtOAc. The organic extract was washed with cold water and brine. Solvent 

was evaporated under reduced pressure to afford crude product 35 which was purified by 

column chromatography on silica gel (2% MeOH/DCM) to produce pure compound 35 as 

white solid (0.203 g) in 91% yield. Using similar procedure compound 36 was 

synthesized from 34 in 90% yield. 

 

Methyl (3α-azidomethyl)-3β,12α-dihydroxy-5β-cholan-24-oate (35): White solid, Yield: 

91%; mp 139-141 οC; IR (cm-1): 1731, 2104, 3460; 1H NMR (200 MHz, CDCl3): δ 0.69 

(s, 3H, CH3-18), 0.97 (s, 3H, CH3-19), 0.98 (d, J = 6.1  Hz, 3H, CH3-21), 3.26 (bs, 2H,  

CH2), 3.67 (s, 3H ), 4.00 (bs, 1H); 13C NMR (50 MHz, CDCl3): δ 12.6, 17.2, 23.2, 23.5, 

25.8, 26.4, 27.3, 28.8, 29.4, 30.8, 30.9, 30.9, 32.7, 34.3, 34.9, 35.1, 35.6, 37.6, 46.4, 47.2, 

51.4, 48.2, 62.8, 72.2, 73.0, 174.6; Anal. Calcd for C26H43N3O4: C, 67.65; H, 9.39; N, 

9.10; Found: C, 67.32; H, 9.17; N, 8.93; MS (LCMS) m/z: 478.47 (M + 1). 

 

Methyl (3α-azidomethyl)-3β,,7α, 12α-trihydroxy-5β-cholan-24-oate (36): White solid, 

Yield: 90%; mp 178-179 οC; IR (cm-1): 1728, 2106, 3477; 1H NMR (200 MHz, CDCl3): δ 

0.71 (s, 3H, CH3-18), 0.96 (s, 3H, CH3-19), 0.98 (d, J = 6.1  Hz, 3H, CH3-21), 3.25 (bs, 

2H,  CH2), 3.67 (s, 3H ), 3.86 (bs, 1H), 4.00 (bs, 1H); 13C NMR (50 MHz, CDCl3): δ 

12.4, 17.2, 22.5, 23.1, 25.6, 27.5, 28.4, 29.4, 30.7, 30.9, 31.0, 34.1, 34.9, 35.3, 37.1, 38.0, 

39.2, 41.9, 46.5, 47.2, 51.5, 62.9, 68.4, 72.1, 73.2, 174.8; Anal. Calcd for C26H43N3O5: C, 

65.38; H, 9.07; N, 8.80; Found: C, 65.12; H, 9.17; N, 8.73; MS (LCMS) m/z: 478.47 (M + 

1). 

 

Methyl (3α-aminomethyl)-3β,12α-dihydroxy-5β-cholan-24-oate (37) and Methyl (3α-

aminomethyl)-3β,,7α, 12α-trihydroxy-5β-cholan-24-oate (38): 

To a solution of 35 or 36 in methanol (20mL) was added (5 mol%) Pd/C catalyst. The 

hydrogenation was carried out using Parr apparatus at 40-45 psi at 30°C temperature for 

3h. The reaction mixture was filtered and the filtrate was concentrated and dried under 

vacuum to obtain the compounds 37 (98%) and 38 (97%) respectively.  

 

Methyl (3α-aminomethyl)-3β,12α-dihydroxy-5β-cholan-24-oate (37): White solid, 

Yield: 98%; mp 158-159 οC; IR (cm-1): 1729, 3410; 1H NMR (400 MHz, CDCl3): δ 0.69 

(s, 3H, CH3-18), 0.97 (s, 3H, CH3-19), 0.98 (d, J = 6.1  Hz, 3H, CH3-21), 2.58 (bs, 2H,), 
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3.67 (s, 3H ), 3.99 (bs, 1H); 13C NMR (100 MHz, CDCl3): δ 12.7, 17.3, 23.3, 23.5, 25.9, 

26.6, 27.4, 28.9, 29.6, 30.8, 30.9, 31.3, 32.8, 34.5, 35.0, 35.6, 35.8, 37.9, 46.4, 47.3, 48.3, 

51.5, 52.8, 70.9, 73.1, 174.7; Anal. Calcd for C26H45N3O4: C, 71.68; H, 10.41; N, 3.22; 

Found: C, 71.39; H, 10.27; N, 3.05; MS (LCMS) m/z: 436.30 (M + 1). 

 

Methyl (3α-aminomethyl)-3β,7α, 12α-trihydroxy-5β-cholan-24-oate (38): White solid, 

Yield: 97%; mp 181-184 οC; IR (cm-1): 1731, 3418; 1H NMR (400 MHz, CDCl3): δ 0.69 

(s, 3H, CH3-18), 0.94 (s, 3H, CH3-19), 0.97 (d, J = 6.1  Hz, 3H, CH3-21), 2.59 (bs, 2H,), 

3.66 (s, 3H ), 3.84 (bs, 1H), 3.96 (bs, 1H); 13C NMR (100 MHz, CDCl3): δ12.4, 17.3, 

22.6, 23.1, 25.7, 27.5, 28.5, 29.6, 30.8, 31.0, 31.1, 34.3, 34.7, 35.3, 37.3, 38.5, 39.3, 41.8, 

46.5, 47.2, 51.4, 57.6, 68.5, 70.9, 73.1, 174.7; Anal. Calcd for C26H45NO5: C, 69.14; H, 

10.04; N, 3.10; Found: C, 68.77; H, 9.80; N, 3.01; MS (LCMS) m/z: 452.32 (M + 1). 

 

N1-(Boc)-1,2- diaminoethane: 

To a solution of 1,2 diaminoethane (10 g. 0.17 mol) in dioxane:water (1:1, 200mL) 1N 

NaOH (10 mL) was added. The reaction mixture stirred and cooled in an ice bath. Di-tert-

butyl dicarbonate (Boc anhydride) (2.4 g, 11 mmol) was added at 0-10 °C during 30 min. 

and stirring was continued for 8h at 0-10°C. The resulting solution was concentrated to 

100 mL the N1,N2-di-Boc derivative not being soluble in water, precipitated and it was 

removed by filtration. The N1-mono-Boc derivative was obtained by repeated extraction 

of the filtrate in ethyl acetate. Removal of solvent yielded the mono-Boc-diaminoethane 

(60%) 
1H NMR (200 MHz, CDCl3): δ 5.21 (bs, 1H, NH), 3.32 (t, J = 8 Hz, 2H), 2.54 (t, J = 8 

Hz, 2H), 1.42 (s, 9H). 

 

Synthesis of bile acid-ethylenediamine conjugates 41 and 42: 

To a solution of compound 37 (0.1 g, 0.23 mmol) in dry methanol (10 mL) was added 

N1-(Boc)-1,2- diaminoethane (0.2 mL, 3 mmol). Reaction mixture was refluxed for 2 h. 

Then it was cooled to room temperature, methanol was evaporated under reduced 

pressure to obtaine crude product 39. BOC deprotection was carried out without 

purification using 15% trifluroacetic acid (TFA) in dichloromethane and neutralization of 

salt with 50% DIPEA in dichloromethane to obtaine crude product. Purification by 

column chromatography using neutral alumina and (MeOH:DCM:Liquor ammonia; 
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10:85:0.5) to gave pure compound 41 in 74% yield after two step. Using similar reaction 

conditions we synthesized compound 42 from 38 through intermediate 40 in 71% yield.  

 

Bile acid-ethylenediamine conjugates (41): White solid, mp 121-123 οC; [α]D
25 = + 49.8 

(CHCl3, c 0.44); IR (cm-1): 1724, 1733; 1H NMR (400 MHz, CDCl3): δ 0.68 (s, 3H, CH3-

18), 0.95 (s, 3H, CH3-19), 0.97 (d, J = 6.1  Hz, 3H, CH3-21), 2.52 (bs, 2H,), 2.72 (t, J = 

5.77 Hz, 2H), 2.81 (t, J = 5.8 Hz, 2H), 3.66 (s, 3H ), 3.98 (bs, 1H); 13C NMR (100 MHz, 

CDCl3): δ 12.6, 17.2, 23.3, 23.5, 25.9, 26.6, 27.4, 28.9, 30.3, 30.8, 31.0, 31.3, 32.7, 34.4, 

35.0, 35.7, 36.2, 37.8, 41.1, 46.4, 47.1, 48.2, 51.4, 52.2, 60.7, 70.8, 72.9, 174.7; MS 

(LCMS) m/z: 479.37 (M + 1), 501.34 (M + 23 for Na). 

 
Bile acid-ethylenediamine conjugates (42): White solid, Yield: 71%; mp 161-163 οC; 

[α]D
25 = + 43.3 (CHCl3, c 0.40); IR (cm-1): 1724, 1733; 1H NMR (400 MHz, CDCl3): δ 

0.70 (s, 3H, CH3-18), 0.95 (s, 3H, CH3-19), 0.98 (d, J = 6.1  Hz, 3H, CH3-21), 2.52 (bs, 

2H,), 2.72 (t, J = 5.3 Hz, 2H), 2.81 (t, J = 5.3 Hz, 2H), 3.66 (s, 3H ), 3.86 (bs, 1H), 3.98 

(bs, 1H); 13C NMR (100 MHz, CDCl3): δ 12.5, 17.3, 23.6, 23.2, 25.8, 27.5, 28.6, 29.3, 

30.4, 30.9, 31.1, 31.4, 34.3, 35.0, 35.3, 37.4, 39.1, 39.4, 41.1, 41.9, 46.6, 47.2, 51.5, 60.7, 

68.5, 70.7, 73.1, 174.7; MS (LCMS) m/z: 495.67 (M + 1), 517.63 (M + 23 for Na). 
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2.2.7 Selected Spectra

21: 1H NMR, 200 MHz, CDCl3
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23: 1H NMR, 200 MHz, CDCl3

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.553.00 1.99

Chloroform-d

0
.0
0

0
.8
3

0
.8
6

1
.0
3

1
.0
8

1
.2
51
.3
3

1
.5
8

1
.6
0

1
.8
5

1
.9
3

2
.0
1

2
.3
3

2
.5
4

2
.6
2

2
.6
3

3
.6
6

7
.2
7

23: 13C NMR, 50 MHz, CDCl3
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25: 1H NMR, 200 MHz, CDCl3
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27: 1H NMR, 200 MHz, CDCl3

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.424.083.28 1.081.00

Chloroform-d

-0
.0
1

0
.7
5

0
.8
2

0
.9
9

2
.0
6

2
.6
1

2
.6
8

2
.7
53
.1
1

3
.1
9

3
.6
5

5
.1
17
.2
7

27: 13C NMR, 50 MHz, CDCl3
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30: 1H NMR, 200 MHz, CDCl3

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.443.19 3.111.811.00
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30: 13C NMR, 50 MHz, CDCl3
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31: 1H NMR, 200 MHz, CDCl3

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.012.982.941.00
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31: 13C NMR, 50 MHz, CDCl3
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32: 1H NMR, 200 MHz, CDCl3

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.053.261.101.00
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32: 13C NMR, 50MHz, CDCl3

200 150 100 50 0

Chloroform-d

1
2
.4
1

1
7
.2
1

2
1
.4
8

2
3
.1
0

2
7
.3
8
3
0
.7
1

3
1
.0
0

3
4
.8
2

3
5
.2
0

3
9
.2
8
4
2
.9
1

4
6
.4
8

4
7
.1
4

5
1
.4
5

6
8
.1
9

7
2
.8
5

7
6
.3
6

7
7
.0
0

7
7
.6
3

1
7
4
.7
8

2
1
3
.5
4

165

OH
OH

OCH3

O

O



Chapter 2, Section II

33: 1H NMR, 200 MHz, CDCl3

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.86 2.962.94 1.931.00
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33: 13C NMR, 50MHz, CDCl3
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34: 1H NMR, 200 MHz, CDCl3 

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

7.43 3.102.84 1.821.031.00
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34: 13C NMR, 50 MHz, CDCl3 
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35: 1H NMR, 200 MHz, CDCl3

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.37 3.282.99 1.901.00
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35: 13C NMR, 50 MHz, CDCl3
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36: 1H NMR, 200 MHz, CDCl3

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.79 3.033.00 1.720.92
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36: 13C NMR, 50 MHz, CDCl3 
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37: 1H NMR, 400 MHz, CDCl3

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.33 3.123.09 1.501.00
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37: 13C NMR, 100 MHz, CDCl3
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38: 1H NMR, 400 MHz, CDCl3

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.993.00 2.970.91
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38: 13C NMR, 100 MHz, CDCl3
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41: 1H NMR, 400 MHz, CDCl3

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.32 3.283.00 1.751.02
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41: 13C NMR, 100 MHz, CDCl3
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42: 13C NMR, 400 MHz, CDCl3

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.133.00 1.751.560.95
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42: 13C NMR, 100 MHz, CDCl3
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3.1 Abstract 

The isolation and synthesis of many biologically important steroids with modified side 

chains have stimulated much interest for the development of efficient methods to 

introduce such modified side chains into readily available steroids. In this chapter we 

have devoted our efforts towards stereoselective construction of steroidal side chain at C-

20 having ‘natural’ configuration. 16-dehydropregnalone (16-DPA) 110 has been used as 

a starting material. Palladium catalyzed carbon-carbon bond forming Heck reaction 

between C-20 vinyl iodide 120 with methyl acrylate to form unsaturated compound 121 

and transfer hydrogenation with triethylsilane and Pd/C are the key steps for 

stereoselective side chain synthesis. 
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3.2 Introduction 

Steroids are a large class of natural products, widely distributed in animals and plants. In 

the past four-five decades large number of new steroids have been isolated which possess 

functionalized side chains attached to the tetracyclic unit at C-17 with both natural C-

20(R) and unnatural C-20(S) stereochemistry. The biological significance of both the C-

20 epimers of naturally occurring and synthetic analogues has provided an opportunity to 

pursue new synthesis of steroids or compounds with similar side chain structures.1 

Naturally occurring steroids having C-20(R) configuration show various biological 

activities. A few representative examples are shown in Figure1.   

The most abundant steroid found in animals is the highly lipophilic cholesterol 1, 

which is metabolized to bile acids in liver and serves as a starting material for the 

synthesis of steroid hormones such as estradiol, testosterone etc. Ergosterol 2, lanosterol 3 

and stigmasterol 4 are widely distributed in fungi and plants. 

 

H3C
C-20(R)

H

1

2

3

4
5

6
7

8

9

10

11
12

13

14 15

16

18

19

21

HO

22
24

23 26
25

27

1

HO
2

HO
3H

17
H

HO
4

HO

5

HO

O
O

OH

OH

OH

HN

OSO3H

NH

OH

NH2
6

HO OH

OH

O

OH

H
7

HO OH

NH

O

OH

H
8

SO3H

HO
9

HO

OH

O

O O

O
AcO

OOH

O
HO
HO

O

OCH3

10
 

Figure 1: Steroids with C-20(R) natural stereochemistry 
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Brassinolide 5 and its analogues are important plant growth promoting steroids, a 

few of which are commercially available.2 Squalamine 6, the first naturally occurring 

sterol-polyamine conjugate3 is now in phase II clinical trials as an anticancer drug. Bile 

acids e.g. cholic acid 7, taurocholic acid 8 are found in human intestinal bile. Vitamin D 

anlogues4 e.g. Vitamin D3 9 and saponin5 OSW-1 10 show various biological activities. 

Steroids with unnatural C-20(S)-configuration have attracted attention because of 

the interesting biological activities of these epimers.  A few representative examples are 

shown in Figure 2. Koreeda et al. reported6 that the C-20-isocholesterol 11 shows 

inhibitory activity for the conversion of cholesterol to pregnenolone. Idler et al. 

described7 the presence of 20-isocholest-5,22-dien-3β-ol 12 in the scallop Placopeeten 

magellanious. Djerassi and coworkers isolated four sterols 13-16 from a sea pen 

Ptilosarcus gurneyi and reported8 their chemical syntheses. 
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Figure 2: Steroids with C-20 (S) unnatural stereochemistry. 

 

Unnatural C-20(S)-vitamin D3 17, is more potent in regulating cell growth and 

cell differentiation than C20(R)-compound9 and 1α-fluoro-16, 23-diene-20-epi hybrid 

deltanoid (Ro 26-9228) 18 is used in the treatment of osteoporosis.10 
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3.3 Review of literature 

The stereospecific introduction of steroid side chains on to the basic steroid 

nucleus has attracted a good deal of interest and hence intensive research on side chain 

syntheses yielded many imaginative syntheses of general interest and has contributed 

much to the development of stereospecific chiral carbon formation during the last two 

decades. Representative examples of some methods for stereoselective steroidal side 

chain construction are as follows: 

Michael addition 

A stereospecific construction of steroidal side chain based upon Michael addition 

of nitroalkanes to 17(20)-en-16-one has been devised by Kessar et al.11 mainly for 

synthesis of sapogenins and steroidal alkaloids. It is also applied to the synthesis of 

cholesterol. Micheal addition of nitroalkane 20 to 17(20)-en-16-one 19 produced 

compound 21 having natural stereochemistry at C-20 (Scheme 1).  

 

HO
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Djerassi et al. conducted copper catalyzed Grignard addition of compound 23 to 

similar steroid enones such as 22 and observed that epimeric mixture at C-20 compounds 

24 was produced starting from the pure E or Z isomer (Scheme 2).12 
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Scheme 2 

 

Trost and coworkers isolated the C-20(R) isomer 26 by reaction of lithium 

diisohexylcuprate 25 with enolate 19 (Scheme 3).13 The reactions of either the E-17(20)-
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en-16α-pivaloyloxy 27 or the corresponding 16β-pivaloyloxy steroid 28 with lithium 

isohexylcyanocuprate 29 each proceeded in a regio- and stereo controlled manner. The 

16α compound 27 gave exclusively the “unnatural” 20(S) chirality (compound 30) which 

was converted to 20-epicholesterol, while 16β compound 28 gave exclusively the 

“natural” 20(R) chirality (compound 31) and was converted to cholesterol. 
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Marino et al. have reported14 the regiospecific and stereospecific 1,4 addition of 

alkyl cyanocuprates 32 and 33 to alkylideneoxiranes 34 and 35 to give compounds 36 and 

37 respectively, which is the only stereospecific methodology for the concomitant 

introduction of the C-20 asymmetric center and the 15β-hydroxyl group (Scheme 4). 
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Recently Jin et al. reported15 the TMSCl-activated stereoselective 1,4-addition of 

the α-alkoxy vinyl cuprate 38 to steroid 17(20)-en-16-one 39 to afford the silyl enol ether 

40 generating C-20(S)-configuration (Scheme 5). This intermediate 40 has been 

converted into highly potent antitumor natural product OSW-1. 
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Palladium catalyzed reactions 

The palladium catalyzed method for side chain construction developed16 by Trost 

et al. might have wide spread applications. The method involves initial formation of 

allylpalladium complex 42 with unsaturated compound 41 from α-face (Scheme 6). The 

nucleophile can then add only from β-face yielding the “unnatural” configuration at C-20 

(compound 43). In the case of C-20-acetoxy compound 44, palladium complex 45 is 

formed on the β-face owing to steric hindrance by the acetate moiety on α-face. 

Nucleophilic attack takes place from the acetate side yielding natural configuration at C-

20 (compound 46). This method is applied for the synthesis of ecdysone side chain. 
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Tsuji and coworkers reported17 the stereoselective introduction of side chain by 

activation of the palladium complex formed with E-15,16-epoxy–17(20)-en-alkylidene 

steroids 47 and 50 with various nucleophiles (Scheme 7).  
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Both the epimers at C-20 have been generated stereospecifically by the palladium-

catalyzed hydrogenolysis of C-20 (Z) or (E) allylic carbonates 52 and 54 respectively 

with triethylammonium formate (Scheme 8).18 
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Alkylation 

Wicha and coworkers reported19 alkylation of the lithium derivative of the methyl 

esters of 3β-tetrahydropyran-2-yloxypregn-5-en-21–oic acid with methyl iodide to give 

methyl 20-R-3β-hydroxy-24,25-bisnorchol-5-en-22-oate. Ibuka and co workers reported20 

that reaction of (E)-ethyl 3β-t-butyldimethylsiloxypregna-5(6),17(20)-dien-21-oate 56 

with lithium di-isopropylamide followed by alkyl halides results in the predominant 

formation of 20(S)-alkylation products in >88% isolated yields (Scheme 9). Synthetic 

applications to both C-20(R) and C-20(S) steroidal side chains are recently described by 

Wicha et al.21 
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Scheme 9 

 

Claisen rearrangement 

Tanabe and coworkers reported22 the [3,3] Claisen sigmatropic rearrangement for 

the stereoselective construction of C-20(R) and C-20(S) isomers. A highly ordered six-

member transition state in the concerted cyclic process accounts for the high 

stereoselectivity. E allylic β-ketoacetate 59 afforded compound 61 with natural C-20(R) 

configuration and Z isomers 60 resulted in compound 62 having unnatural C-20(S) 

configuration (Scheme 10).  
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Nakai and coworkers reported23 an efficient approach to either (22S)- or (22R)-

hydroxy-23-carboxylic acid side chain which relies on the stereochemical transmission 

via [3,3] Claisen sigmatropic rearrangement. 

 

Ene Reaction  

Uskokovic and coworkers24 carried out Lewis acid catalyzed ene reaction of an 

appropriately substituted (Z)-3β-acetoxy-5α-pregn-17(20)-ene 63 with methyl propionate 

using ethyl aluminium dichloride as Lewis acid catalyst as well as proton scavenger. This 

reaction stereospecifically generated C-20(R) compound 64 (Scheme 11). 
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Scheme 11 

 

The stereochemical control is attributed to the virtually exclusive attack of the 

enophile from the less hindered α-face of the olefin. Dauben et al. reported25 

diethylaluminium chloride catalyzed ene reaction between E-3β-acetoxy-5(6),17(20)-

pregnadiene and methyl propionate to yield methyl C-20(S)-3β-acetoxychola-5,16,22-

trienoate, at a slower rate than the C-20(R) formation from the Z isomer. Ene reaction of 

17(Z) ethylidene steroid 65 with paraformaldehyde as an enophile in the presence of 

acetic anhydride using various cation exchange resins,26 and also titanium triisopropoxy 

chloride, trimethylsilyl chloride and tert-butyldimethylsilyl chloride27 as a Lewis acid 

catalyst has been reported from our laboratory (Scheme 12).  
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Scheme 12 
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This reaction afforded stereospecifically the C-22 acetate having C-20(R)-configuration 

(compound 66) in excellent yields. Recently, Riccardis and coworkers28 have used boron 

trifluoride catalyzed ene reaction for the synthesis of the C-2-symmetric bis-20(S)-5α-

23,24-bisnorchol-16-en-3β,6α,7α-triol-22-terephthaloate, active as Na+-transporting 

transmembrane channel and diethylaluminium chloride catalyzed ene reaction for the 

synthesis of IPL576,092-contignasterol and IPL576,092-manoalide hybrids. Nakagawa et 

al. utilized this reaction for the synthesis of 6-deoxoteasterone, a brassinolide biosynthetic 

intermediate and 26,27-bisnorcastasterone.29 Covey and coworkers used  

dimethylaluminium chloride and methyl aluminium dichloride mediated ene reactions for 

the synthesis of ent-cholesterol, ent-desmosterol, ent-deuterocholesterol, ent-bile acids.30  

 

Wittig rearrangement 

Wittig rearrangement has been used for specifically transmitting an epimerically 

defined chirality at C-16 of the steroidal nucleus to the new chiral center(s) at C-20 and 

C-22 of the side chain as illustrated in Scheme 13. Its significant feature is that it allows 

the concurrent control of absolute and relative configurations at C-20 and C-22 through 

the proper combination of geometry of the exo-olefin, the configuration at C-16 (α and 

β), and the key G group.31 

 

O
G

16 [2,3] wittig
G

OH

and/or

20 22
G

OH

67 68 69
 

Scheme 13 

 

Mikami et al. 32 have successfully demonstrated the utility of this approach in the fully 

stereocontrolled synthesis of either 22(S)- or 22(R)-hydroxy-23-acetylenic side chains 

from the single precursor (Scheme 14). The most significant feature in this example is 

that the dianion rearrangement of 70a affords the 20(S),22(S)-threo product 71a as a 

single stereoisomer, whereas the introduction of the silyl group (70b) induced the reversal 

of diastereoselection to give the 20(S), 22(R)-erythro product 71b as a single 

stereoisomer. 
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The products can serve as key intermediates for the synthesis of many important 

side-chain modified steroids such as the insect hormone ecdysone and the plant growth 

regulators brassinosteroides. A similar rearrangement has been shown to proceed even on 

the sterically crowded β-face (Scheme 15), where the rearrangement exhibits the usual Z 

erythro selection to afford 20(S), 22(R) 73 as a single stereisomer.33 A Spanish group34 

has synthesized compounds 75a and 75b from E and Z isomers 74a and 74b respectively 

for transmitting the l6α-chirality to the chiral center at C-20. 
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Organoborane 

A stereoselective synthesis of C-22 alcohols in the steroid series through 

hydroboration-oxidation of olefinic side-chains has been reported by Fetizon and 

coworkers.35 The tetrahydropyranyl (THP) derivative 76 when treated with an excess of 

disiamylborane followed by oxidation with 30% hydrogen peroxide and 10% sodium 
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hydroxide gave 20(S)-alcohol 77 in 45% yield (Scheme 16). The use of the equivalent 

amount of diborane leads to a 4:6 mixture of the C-20(R) and C-20(S) isomers. 
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Scheme 16 

 

Trivedi and coworkers reported36 hydroboration of the same compound 76 using 

9-borabicyclononane (9-BBN) followed by oxidation with H2O2/NaOH giving single C-

20(S)-isomer in good yield. The hydroboration of 17(20)-(Z)-ethylidene steroid 78 with 

9-BBN proceed in a highly selective manner from the α-face of the steroid. Treatment of 

the resulting 9-BBN derivative with chloroacetonitrile in the presence of base produces 

21-cyano steroid 80 possessing the natural configuration at C-17 and C-20 (Scheme 17).37 

Rychnovsky et al. reported38 hydroboration of E-17(20) ethylidene steroid 78 for the 

synthesis of ent-cholesterol. 

 

AcO

B
H B H

ClCH2CN

OKH3C

H CN

78 79 80

 
Scheme 17 

 

Aldol Condensation 

Aldol condensation of 16α-hydroxy-17-one steroid 81 with propionate enolates 

has been reported by Yu et al.39 The lithium E enolate of ethyl propionate on treatment 

with steroid 81 using conditions A (Scheme 18) gave only the 17α-hydroxy-21α-methyl 

product 82a (63%). By using conditions B (without HMPA), the condensation reaction 

predominantly led to the desired 21α methyl product 82a (75% yield) with minor amount 

of 21β-methyl isomer 82b (12%). Bulky esters such as isobutyl and dodecyl propionate 

under conditions B gave predominantly the E enolates which on condensation with keto 
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compound 81 gave the desired 17α-hydroxy-21α-methyl compounds 83  (78%) and 84 

(81%) as single isomers. 
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Scheme 18 Reagents and Conditions:  (A) (1) i-Pr2, n-BuLi, -78 °C, 15 min.; (2) -78 °C, 

HMPA, THF, Propionate, 0.5 h; (3) Ketone, -78 °C; (B) (1) i-Pr2, n-BuLi, -78 °C, 
15 min.; (2) -78°C, THF, Propionate, 0.5 h; (3) Ketone, -78°C. 

 

Organozirconium40, 41 and organoruthenium42 also have been used for stereoselective side 

chain construction of steroids.  

 

Catalytic Hydrogenation of 20(21)/20(22) double bonds 

Several reports concerning hydrogenation of double bonds formed between C-20 

and one of the adjacent carbons at C-17 and C-21 or C-22 have appeared. Gut’s group43 

has reported that 17(20)-dehydrocholesterol (E isomer) 85 yields 20-isocholestanol 86 on 

catalytic reduction (10% Pd-C) in 25% yield (Scheme 19).  
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During hydrogenation of diene 87 Sondheimer and Mechoulam44 obtained 

different products under various conditions. With PtO2 in HOAc, saturation of both 5(6) 

and 20(21) double bonds resulted and C-20(R)-cholestanol 88 was crystallized in 25% 

yield from the crude reaction mixture (Scheme 20). Hydrogenation of 87 over Pd-CaCO3 

in ethanol did not affect the 5(6) double bond, and C-20(S)-cholesterol was isolated in 25 

% yield. Nair and Mosettig45 however, reported that catalytic reduction of 5α-cholest-

20(21)-ene 87 leads to a mixture of cholestanes, inseparable by column or gas 
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chromatography. Similarly, Schneider during his study46 of the catalytic reduction of 

20(21)-ene 89 with 5% H2/Pd-C in EtOAc found that this reduction gave a mixture of C-

20(R) 90 and C-20(S) 91 in 4:5 ratio. No increase of the C-20(R) isomer was noted when 

the reduction was performed in HOAc. 
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Kametani et al.47 reported the stereoselective hydrogenation on Pd/C of an olefinic 

furan derivative 92 to give the C-20(S) compound 93 which was used for the synthesis of 

ecdysone side chain (Scheme 21). 
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Uskokovic and coworkers reported 48 the catalytic hydrogenation of the mixture of 

E and Z olefins 94 over platinum oxide catalyst in 95% ethanol to furnish approximately 

1.5:1 mixture of C-20(R) 95 and C-20(S) 96 (Scheme 22). Similar reaction on epimeric 

mixture 97 led to mixture of C-20(R)-ketone 98 and C-20(S) isomer 99 from which 

compound 98 was readily separated by crystallization in 95% ethanol.  
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Fukumoto and co-workers reported49 catalytic hydrogenation of compound 100 

with 20(22) double bond and 102 with 5(6),20(22)-diene using PtO2 resulted into the 

corresponding saturated compounds 101 and 103 with C-20(R) natural configuration 

(Scheme 23). Kametani et al. reported50 similar hydrogenation of the 20(22)-dehydro 

compound 104 having A/B cis junction that resulted into compound 105 with C-20(R) 

natural configuration.  
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Scheme 23 

 

Catalytic hydrogenation of the 20(21)/20(22) olefin over 5% Rh-Al2O3 afforded 

the C-20 epimeric mixture in 92% yield and 1:1 ratio.51 Recently, there is a report52 on the 
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catalytic hydrogenation of  compound having 16(17), 20(21) and 24(25) double bonds. 

All the three olefinic bonds were hydrogenated to give saturated compound in 

quantitative yield as a mixture of C-20 epimers.     

 

Ionic Hydrogenation  

Recently, our group developed a highly stereoselective method for the 

construction of unnatural C-20(R) aldehydes starting from 16-dehydropregnenolone 

acetate. The salient feature of this synthesis is ionic hydrogenation of C-20-22-ketene 

dithioacetal 107 using Et3SiH/CF3COOH, to obtain the compound 108 having C-20 

unnatural stereochemistry with 100% selectivity which was converted into C-20(R) 

aldehyde 109.53 The same compound was synthesized by ionic hydrogenation54 of 

steroidal tertiary alcohols 106 using Et3SiH and BF3.OEt2 (Scheme 24). This unnatural C-

20(R) aldehyde 109 was elaborated further to 20-epi cholanic acid derivatives.55 
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3.4 Present Work: 

3.4.1 Objective 

In continuation of our work on stereoselecive construction of steroidal side chain, 

we became interested in the stereoselective construction of the side chain at C-20 having 

‘natural’ configuration from readily available56 20-oxo steroid 16-dehydropregnalone 

acetate (16-DPA). Heck coupling and palladium catalyzed transfer hydrogenation have 

been used as key steps for this synthesis. 

In literature there are reports on the coupling of alkyl halide with electron 

deficient alkenes for carbon-carbon bond formation by using tributyl tin hydride,57 

polymer supported organo tin compounds,58 and by using Ni2B (cat)/BER (borohydrate 

exchange resin) in methanol.59 However, there is no report on construction of steroidal 

side chain from C-20 halogenated compounds. Hence, we were interested to synthesizing 

the C-20 iodo compound 113 which could be utilized for the stereoselective synthesis of 

the steroidal side chain.  

 

3.4.2 Results and Discussion 

Chemoselective hydrogenation of the 16-DPA 110 using 10% Pd/C in ethyl 

acetate at 45 psi afforded saturated ketone 111 without affecting the 5(6) double bond in 

97% yield (Scheme 25). IR spectrum of 111 showed bands at 1701 and 1724 cm-1 for C-

20 keto and ester carbonyl respectively. 1H-NMR spectrum showed upfield chemical 

shifts for C-18 methyl at δ 0.63 as compared to compound 110 (C-18 methyl at δ 0.92). 

Reduction of C-20-keto compound 111 with NaBH4 in the presence of CeCl3 gave C-

20(R) alcohol 112 as the major product which was purified by crystallization (5% 

CH2Cl2/ MeOH). IR spectrum of 112 showed a band at 1724 cm-1 for ester carbonyl. The 
1H-NMR spectrum showed characteristic signal at δ 1.14 (d, J = 6.06 Hz, 3H) for 21-CH3, 

and chemical shifts for C-18 methyl at δ 0.77. Iodination of compound 112 was carried 

out using Corey’s iodination procedure60 which involves the transformation of primary 

and secondary alcohols into the corresponding iodides by treatment with a mixture of 

PPh3-I2-imidazole in dichloromethane. However, instead of C-20-iodo compound 113, a 

complex mixture of products was obtained. From this mixture 17(20)-ene product 114 

was identified as the major product along with minor amount of C-20 deoxygenated 

product 115. Both these products were characterized by 1H NMR and 13C NMR. 

Compound 114 showed chemical shift of C-21 methyl at δ 1.14 (d, J = 6.06 Hz, 3H) and 
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C-20 proton at δ 5.14 (m, 1H) while in 13C NMR, quaternary C-17 carbon was observed 

at δ 150.0 and C-20 carbon at δ 113.5. There is a report61 in which PPh3-I2 reagent has 

been used for the dehydration of tertiary alcohols. In case of compound 112 dehydration 

reaction was observed for secondary alcohol to give C-17(20)-ene product 114. To avoid 

the C-17(20)-ene product, iodination reaction was done on C-20(R)-alcohol 116a and C-

20(S)-alcohol 116b in which 16(17) double bond was kept intact. 
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Scheme 25 Reagents and conditions: (a) 10% Pd/C, H2, EtOAc, 45 psi, 25-30 ºC, 12 h 98%; 

(b) CeCl3, NaBH4, MeOH; (c) Path A: PPh3, imidazole, I2, Triethylamine, 
CH2Cl2 or Path B: NaI, BF3-Et2O, acetonitrile; (d) Zn, HOAc. 

 

C-20 (R)-alcohol 116a was synthesized by reduction of 16-DPA 110 with NaBH4 in the 

presence of CeCl3 to give 116a as a major product, which was purified by crystallization. 
1H-NMR spectrum of 116a showed characteristic signal at δ 1.35 (d, J = 6.44 Hz) for 21-
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CH3, chemical shifts for C-18 methyl at δ 0.91 and C-20-(CHOH) was observed at δ 4.35 

(q, J = 6.44 Hz, 1H). When the reduction of 110 was carried out using excess of zinc in 

acetic acid, C-20(S)-alcohol 116b was obtained as a single product.62 1H-NMR spectrum 

of 116b showed characteristic signal at δ 1.36 (d, J = 6.44 Hz) for 21-CH3, chemical 

shifts for C-18 methyl at δ 0.87 and C-20-(CHOH) was observed at δ 4.38 (q, J = 6.44 Hz 

1H). Iodination was carried out on both the alcohols 116a and 116b using PPh3-I2-

imidazole. In these reactions, instead of C-20-iodo compound 117a or 117b, 5(6),16(17) 

and 20(21) triene compound 118 was obtained as a major product. This compound 

showed characteristic chemical shift of δ 4.96 and 5.33 (Two d, J = 18.0 and 11.25 Hz, 

2H) due to C-21-CH2 and 6.28 and 6.30 (dd, J = 18 and 11.25 Hz, 1H) due to C-20-proton 

while in 13C NMR methylene at C-21 was observed at δ 112.8. There is a report in which 

NaI/BF3-Et2O is used as mild reagent for the conversion of allylic or benzylic alcohols 

into corresponding iodides.63 However, when iodination was tried using this reagent for 

alcohols 116a and 116b, same triene 118 was obtained as sole product.  

 Since the synthesis of C-20-iodo compound was not realized using the above 

iodination methods, we thought of utilizing C-20-vinyliodide 120 for our projected 

synthesis (Scheme 26). Chemoselective hydrogenation of 16-DPA 110 with 10% Pd-C in 

ethyl acetate followed by reaction with hydrazine hydrate in methanol/dichloromethane 

afforded C-20-hydrazone product 119 in 98% yield. This compound 119 showed 

characteristic up field chemical shift of δ 0.59 (s, 3H) due to 18-CH3 and 1.76 (s, 3H) due 

to 21-CH3. In 13C NMR quaternary carbon (C-20 hydrazone) was observed at δ 151.5. 

Oxidation of hydrazone 119 by iodine in the presence of triethylamine in THF gave vinyl 

iodide 120 in good yield.64 In 1H NMR compound 120 showed different chemical shift of 

both geminal C-21 methylene protons. One proton showed chemical shift of δ 5.98 (d, J = 

1.51 Hz, 1H), while another at δ 6.15 (bs, 1H). In 13C NMR methylene at C-21 was 

observed at δ 126.1. 

   There are few reports on palladium catalyzed carbon-carbon bond forming 

reactions of steroidal vinyl iodide or vinyl triflate with alkenes and terminal alkynes.65 

Skoda-Foldes and coworkers reported Heck reaction of C-17-iodo-androst-16-ene with 

allyl acetates or methyl acrylate in the presence of catalytic amount of Pd(OAc)2 and 

triethyl amine or K2CO3 as base.66  

In the present investigation, we carried out Heck coupling reaction of C-20-vinyl 

iodide 120 with methyl acrylate, using catalytic amount of Pd(OAc)2 and K2CO3 in DMF 
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at 60-100 oC. Instead of expected coupling product 121, complex mixture of products was 

obtained. 
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Scheme 26 Reagents and conditions: (a)10% Pd/C, H2, EtOAc, 45 psi, 25-30 ºC, 12 h, 98%; 

(b) Hydazine hydrate, Triethylamine, MeOH, 25-30 ºC (c) I2, Triethylamine, 
THF,  25-30 ºC; (d) Pd(OAc)2 (0.04%) K2CO3, DMF, 25-30 ºC, 12h; (e) 
triethylsilane (excess), 15-20 min.; (f) 10-20% Pd-C (by weight), MeOH, 

 

The same reaction was carried out using catalytic amount of Pd(OAc)2 and PPh3 

at 60-100 oC or by changing Pd(PPh3)4 instead of Pd(OAc)2. Under these reaction 

conditions, instead of expected coupling product 121, complex mixture of products was 

obtained. To optimize the reaction conditions, the reaction was carried out using catalytic 

amount of Pd(OAc)2 and K2CO3 in DMF at 25-30 ºC (room temperature) 80% conversion 

of starting material was observed (on the basis of recovered starting material)  and 

expected product 121 was obtained in 77% yield. Increase in catalyst amount or extended 

reaction time did not improve the yield.  

IR spectrum of 121 showed a band at 1724 and 1668 cm-1 for C-3-acetate carbonyl 

and C-24 methyl ester carbonyl respectively. 1H-NMR spectrum showed characteristic 
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signals at δ 5.34 and 5.55 (s, 2H) for C-21-CH2 and δ 6.02 (d, J = 15.95 Hz, 1H), 7.36 (d, 

J = 15.95 Hz, 1H) for and C-23 and C-22 CH respectively. C-24 Methyl ester showed 

chemical shift at δ 3.76. In 13C NMR C-24 carbonyl was observed at δ 167.6 and C-21 

CH2 at δ 122. 

Our next goal was stereoselective hydrogenation of C-20(21) double bond to 

obtain single C-20(R) isomer. There are reports (as discussed in introduction) for the 

hydrogenation of C20(21) or C20(22) double bond by using different catalysts such as H2, 

Pd/C, PtO2 or  Rhodium which give epimeric mixture at C-20. Platinum oxide catalyzed 

hydrogenation of C-20(21) double bond gives better selectivity when there is bulky group 

adjacent to C-20 (Scheme 20-23). Recently there is a report67 in which Pd-C induced 

catalytic transfer hydrogenation using triethylsilane gives efficient reduction of multiple 

bonds, azides, imines, and nitro groups as well as benzyl group and allyl group 

deprotection, under mild neutral conditions. We carried out hydrogenation of compound 

121 using triethylsilane and 15% Pd/C in methanol to afford compounds 122 and 123 as 

an epimeric mixture at C-20 within 10 min. In 1H NMR (Figure 3) of this mixture, 

C20(21) double bond was observed to be completely hydrogenated (disappearance of 

chemical shift at δ 5.34 (s, 1H, 21-CH2), and 5.55 (s, 1H, 21-CH2) while  C-22 and C-23 

α,β olefinic protons shifted at δ 6.90 (dd, 1H, J = 16 and 10 Hz, C-22-H) and 5.73 (d, 1H, 

J = 16Hz, C-22-H). 
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We tried complete hydrogenation of both C-20(21) and C-22(23) double bonds by 

increasing the reaction time up to 12 h and by increasing the percentage of catalyst as 

well as triethylsilane. However, under all these conditions we obtained the same mixture 

of products. In 1H NMR of this mixture, chemical shifts due to major product were 

observed at δ 5.73 (d, J = 16Hz, C-22-H) and 1.09 (d, J = 6.57 Hz, C-21-CH3) (Figure 3). 

These chemical shifts match with the literature chemical shift of compound 122a as 

depicted in Figure 4. This clearly indicate that during the Pd-C induced catalytic transfer 

hydrogenation using triethylsilane gives C-20(R)- natural isomer as a major product. 

  

 

 

Further hydrogenation of this mixture using H2/Pd-C in ethyl acetate gave a mixture of 

compound 123a and 123b in 8:2 ratio [calculated by 1H NMR chemical shift of methyl 

ester of the compound as shown in Figure 5]. From this mixture, cholanic acid derivative 

123a having C-20(R)-natural isomer, was purified as a major compound by crystallization 

from DCM-Methanol (1:9). In 1H NMR of 123a signal at δ 0.67 (s, 3H, 18-CH3), 0.92 (d, 

CH3

CH3

H3C
OCH3

O

AcO

23

22
21

19
18

20

CH3

CH3

H3C
OCH3

O

AcO

23

22
21

19
18

20

CH3

CH3

H3C
OCH3

O

AcO

23

22
21

19
18

20

CH3

CH3

H3C
OCH3

O

AcO

23

22
21

19
18

20

122a 122b

123a 123b  
 

Chemical shift in δ Compound 
COOCH3 C23 

(CH) 
C22 
(CH) 

C21 
(CH3) 

C19 
(CH3) 

C18 
(CH3) 

122a 3.72 5.74 
(d) 

6.87 
(dd) 

1.10 
(d) 

1.03 0.74 

122b 3.73 5.81 
(d) 

6.90 
(dd) 

0.99 
(d) 

0.97 0.64 

123a 3.68   0.92 
(d) 

1.03 0.69 

123b 3.67   0.85 
(d) 

1.02 0.69 

Figure 4 



Chapter 3 

 199

J = 6.33 Hz, 3H, 21-CH3), 1.01 (s, 3H, 19-CH3) match with the literature values for this 

compound. 
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The stereochemistry of compound 123a at C-20 was confirmed by single crystal x-ray. 

(Figure 6). 

 

 
Figure 6 ORTEP view of Methyl (20R)-3β-acetoxychol-5-enoate 123a. 

 

Cholanic acid is a key intermediate for the synthesis of number of biologically active 

steroids having natural C-20(R)-configuration such as squalamine, brassinosteroids, 

OSW-1 etc. on modification as shown in Figure 7 
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Figure 7 

 

3.5 Conclusion  

Stereoselective construction of steroidal side chain at C-20 position having 

‘natural’ C-20(R)-configuration from 20 oxo steroid 16 dehydropregnalone (16 DPA) 110 

has been archived. Palladium catalyzed carbon-carbon bond forming Heck reaction has 

been used for coupling between C-20-vinyl iodide 120 and methyl acrylate to from 

unsaturated compound 121. Transfer hydrogenation using triethylsilane and Pd/C is the 

key step for stereoselective side chain synthesis. 

 

Experimental section 

16-dehydropregnenolone acetate (16 DPA) (110): 

IR (cm-1): 1662, 1724 cm-1; 1H NMR (CDCl3, 200 MHz): δ 0.92 (s, 3H, 18-CH3), 1.06 (s, 

3H, 19-CH3), 2.03 (s, 3H, OCOCH3), 2.26 (s, 3H, 21-CH3), 4.60 (m, 1H, 3-CH), 5.38 (d, 

J = 4.7 Hz, 1H, 6-CH), 6.71 (dd, J = 3.3 and 1.8 Hz, 1H, 16-CH); 13C NMR (CDCl3, 50 

MHz): δ 15.3, 18.8, 20.2, 21.0, 26.7, 27.3, 29.7, 31.1, 31.8, 34.2, 36.3, 36.5, 37.7, 45.6, 

50.0, 55.9, 73.4, 121.6, 139.8, 144.1, 154.8, 170.0, 196.2.  

 

3β-Acetoxy-pregna-5-ene-20-one (111): 

To a solution of 16-dehydropregnenolone acetate 110, (2 g, 5.61 mmol) in ethyl acetate 

(100mL) was added 0.2g (10 mol %) 10% Pd-C catalyst. The hydrogenation was carried 

out using Parr apparatus at 45 psi at 30°C temperature for 16h. The reaction mixture was 

filtered through celite and the filtrate was concentrated and dried under vacuum to obtain 
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the saturated keto compound 111 (1.971 g, 98%), which was crystallized from ethyl 

acetate and hexane. 

White solid; mp 144 ºC (lit.27 143 ºC); [α]D
26 (CHCl3, c 0.2) = + 93.04; IR (cm-1): 1701, 

1724 cm-1; 1H NMR (CDCl3, 200 MHz): δ 0.63 (s, 3H, 18-CH3), 1.02 (s, 3H, 19-CH3), 

2.03 (s, 3H, OCOCH3), 2.13 (s, 3H, 21-CH3), 4.60 (m, 1H, 3-CH), 5.37 (d, J = 4.8 Hz, 

1H, 6-CH); 13C NMR (CDCl3, 50 MHz): δ 12.8, 18.9, 20.6, 21.0, 22.4, 24.1, 27.3, 31.1, 

31.4, 31.4, 36.2, 36.6, 37.7, 38.4, 43.5, 49.5, 56.4, 63.2, 73.3, 121.9, 139.2, 169.9, 208.6; 

MS (LCMS) m/z: 359.51 (M + 1).  

 

Reduction of compound 111 using NaBH4 and CeCl3.7H2O: 

To a solution of 111 (0.716 g, 2 mmol) in CH2Cl2 (10 mL) was added CeCl3.7H2O (0.744 

g, 2 mmol) in methanol (20 mL). NaBH4 (0.114 mg, 3 mmol) was added to the reaction 

mixture in one portion. The reaction mixture was stirred at 25 ºC for 30 min, methanol 

was evaporated and the product was extracted with ethyl acetate (3x25 mL). The extract 

was washed with water and brine and it was dried over anhydrous Na2SO4. Solvent was 

removed under vacuum followed by crystallization from acetone-pet ether gave pure 

20(S)-ol 112 (0.583 g, 80%). 

 

3β-Acetoxy(20S)-hydroxy-pregna-5-ene (112): White solid; mp 123 ºC; IR (cm-1): 1724 

cm-1; 1H NMR (CDCl3, 200 MHz): δ 0.77 (s, 3H, 18-CH3), 1.03 (s, 3H, 19-CH3), 1.14 (d, 

J = 6.1 Hz 3H, 21-CH3), 2.1 (s, 3H, OCOCH3), 3.74 (m, 1H, 20-CH), 4.60 (m, 1H, 3-

CH), 5.38 (d, J = 4.17 Hz, 1H, 6-CH); 13C NMR (CDCl3, 50 MHz): δ 12.3, 19.3, 20.8, 

21.4, 23.6, 24.5, 25.6, 27.7, 31.6, 31.8, 36.5, 37.0, 38.0, 35.7, 42.2, 50.0, 56.1, 58.4, 70.4, 

73.9, 122.4, 139.7, 170.4; Anal. Calcd for C23H36O3: C, 76.62; H, 10.06; Found: C, 76.50; 

H, 9.80; MS (LCMS) m/z: 361.53 (M + 1). 

 

Iodination of compound 112: 

Path A: To a suspension of PPh3 (0.340 g, 1.3 mmol) in anhydrous dichloromethane (15 

mL) at room temperature was added imidazole (0.088 g, 1.3 mmol) and iodine (0.328 g, 

1.3 mmol) and it was stirred for 5 min. The alcohol 112 (0.360 g, 1 mmol) was then 

added to the reaction mixture and it was stirred at the same temperature for 3h. NaHSO3 

(15%) was added and the mixture was stirred for 10 min. Dichloromethane (100 mL) was 

added and the organic phase was washed with H2O and brine solution, after which it was 
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dried over Na2SO4. Solvent was evaporated to give crude product. After purification by 

flash column chromatography (2% ethylacetate/pet-ether) gave pure compounds 114 

(0.147 g) and 115 (0.035 g).  

 

3β-Acetoxy-(Z)-pregna-5,17(20)-diene (114): White solid; mp 159 ºC; IR (cm-1): 1724 

cm-1; 1H NMR (CDCl3, 200 MHz): δ 0.90 (s, 3H, 18-CH3), 1.04 (s, 3H, 19-CH3), 2.04 (s, 

3H, OCOCH3), 1.14 (d, J = 6.1 Hz 3H, 21-CH3), 4.60 (m, 1H, 3-CH), 5.14 (m, 1H, 20-

CH),  5.39 (d, J = 5.2 Hz, 1H, 6-CH); 13C NMR (CDCl3, 50 MHz): δ 13.1, 16.5, 19.2, 

21.1, 21.3, 24.4, 27.7, 31.3, 31.4, 31.6, 36.6, 36.9, 36.9, 38.1, 43.9, 50.0, 56.4, 73.8, 

113.5, 122.4, 139.6, 150.0, 170.4; Anal. Calcd for C23H34O2: C, 80.65; H, 10.01; Found: 

C, 80.51; H, 9.87; MS (LCMS) m/z: 343.51 (M + 1),  

 

3β-Acetoxy -pregna-5-ene (115): White solid; IR (cm-1): 1724 cm-1; 1H NMR (CDCl3, 

200 MHz): δ 0.58 (s, 3H, 18-CH3), 0.88 (t, J = 6.6 Hz, 3H 21-CH3)1.03 (s, 3H, 19-CH3), 

2.04 (s, 3H, OCOCH3), 4.60 (m, 1H, 3-CH), 5.38 (d, J = 4.6 Hz, 1H, 6-CH). MS (LCMS) 

m/z: 345.53 (M + 1). 

 

Path B: A: To a stirred mixture of the alcohol 112 (0.360 g, 1 mmol) and sodium iodide 

(0.30 g, 2 mmol) in dry acetonitrile (10 mL), was added a solution of freshly distilled 

BF3.Et2O (0.26 mL, 2 mmol) in acetonitrile (2 mL) during 15 min at 0 oC. The stirring 

was continued at 25 oC for 1 h. The reaction mixture was poured into ice cold water (20 

mL), treated with aq. solution (15%) of NaHSO3 and then extracted with diethylether 

(3x15 mL). The combined ether extracts were washed with water (2x50 mL), brine (10 

mL) and then dried over anhydrous Na2SO4. Evaporation of the solvent gave crude 

product which was purified by flash column chromatography over silica gel with 1% 

ethyl acetate/petroleum ether to obtain same compound 114 (0.135 g) as major product. 

 

Reduction of compound 110 using NaBH4 and CeCl3.7H2O: 

Reduction of compound 110 was carried out using similar procedure used for synthesis of 

compound 112. Recrystallization from acetone-pet.ether gave pure major product C-

20(R)-ol, 116a.  

3β-Acetoxy(20R)-hydroxy-pregna-5,16(17)-diene (116a): White solid; mp 144-145 ºC; 

[α]D
26 (CHCl3, c 0.12) = + 68.04; IR (cm-1): 1724 cm-1; 1H NMR (CDCl3, 200 MHz): δ 
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0.91 (s, 3H, 18-CH3), 1.06 (s, 3H, 19-CH3), 1.35 (d, J = 6.4 Hz 3H, 21-CH3), 2.03 (s, 3H, 

OCOCH3), 4.35 (q, J = 6.4 Hz 1H, 20-CH), 4.60 (m, 1H, 3-CH), 5.39 (d, J = 4.7 Hz, 1H, 

6-CH), 5.66 (t, J = 1.5 Hz, 1H, 16-CH); 13C NMR (CDCl3, 50 MHz): δ 16.7, 19.2, 20.6, 

21.3, 23.4, 27.7, 30.3, 30.9, 31.5, 35.0, 36.7, 36.9, 38.1, 46.0, 50.5, 57.3, 65.6, 73.8, 

122.3, 122.9, 139.9, 159.5, 170.5; Anal. Calcd for C23H34O3: C, 77.05; H, 9.56; Found: C, 

76.91; H, 9.39; MS (LCMS) m/z: 359.51 (M + 1).  

 

Reduction of compound 110 using Zn in glacial HOAc: 

16-DPA (1 g, 2.8 mmol) and zinc dust (5 g), in glacial acetic acid (50 mL), was stirred 

vigorously at 25 ºC for 16h. The whole mixture was filtered and the Zn precipitate 

washed with CH2Cl2 (200 mL). The filtrate was washed with water, 5% aqueous NaHCO3 

and then water. Evaporation of the solvent gave a solid residue. Recrystallization from 

acetone-pet-ether gave pure C-20(S)-ol  116b (0.607 g, 60%). 

 

3β-Acetoxy(20S)-hydroxy-pregna-5,16(17)-diene (116b): White solid; mp 126-129 ºC; 

[�]D
26 (CHCl3, c 0.17) = + 65.04; IR (cm-1): 1724 cm-1; 1H NMR (CDCl3, 200 MHz): � 

0.87 (s, 3H, 18-CH3), 1.06 (s, 3H, 19-CH3), 1.36 (d, J = 6.4 Hz 3H, 21-CH3), 2.03 (s, 3H, 

OCOCH3), 4.38 (q, J = 6.4 Hz 1H, 20-CH), 4.60 (m, 1H, 3-CH), 5.40 (d, J = 4.4 Hz, 1H, 

6-CH), 5.63 (t, J = 1.5 Hz, 1H, 16-CH); 13C NMR (CDCl3, 50 MHz): � 16.7, 19.2, 20.6, 

21.3, 23.4, 27.7, 30.3, 30.9, 31.5, 35.0, 36.7, 36.9, 38.1, 46.0, 50.5, 57.3, 65.6, 73.8, 

122.3, 122.9, 139.9, 159.5, 170.5; Anal. Calcd for C23H34O3: C, 77.05; H, 9.56; Found: C, 

76.81; H, 9.33; MS (LCMS) m/z: 359.51 (M + 1). 

 

Iodination of 116a and 116b: 

Iodination of compound 116a and 116b was carried out using similar procedure used for 

compound 112. Instead of 117a or 117b we obtained 118 as a major product. 

 

3β-Acetoxy-pregna-5,16,20-triene (118): White solid; mp 131-134 ºC; IR (cm-1):  1724 

cm-1; 1H NMR (CDCl3, 200 MHz): δ 0.93 (s, 3H, 18-CH3), 1.07 (s, 3H, 19-CH3), 2.03 (s, 

3H, OCOCH3), 4.60 (m, 1H, 3-CH), 4.96 and 5.33 (Two d, J = 18.0 and 11.3 Hz, 2H, 21-

CH2), 5.40 (d, J = 6.7 Hz, 1H, 6-CH), 5.71 (bs, 1H, 16-CH), 6.28 and 6.30 (dd, J = 18 and 

11.3 Hz, 1H, 20-CH); 13C NMR (CDCl3, 50 MHz): δ 15.8, 19.2, 19.3, 20.8, 21.4, 22.6, 

27.7, 30.2, 31.2, 31.5, 35.2, 36.7, 36.8, 38.1, 46.0, 50.4, 57.2, 73.9, 112.8, 122.4, 129.4, 
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132.3, 139.9, 153.1, 170.6; Anal. Calcd for C23H32O2: C, 81.13; H, 9.47; Found: C, 80.94; 

H, 9.31; MS (LCMS) m/z: 341.50 (M + 1). 

 

3β-Acetoxy -pregna-5-ene-20 hydrazone (119): 

To the solution of ketone 111 (0.356g, 1mmol) in methanol (20 mL) triethylamine (1.4 

mL, 10 mmol) and hydrazine hydrate (99%) (0.18 mL, 3.5 mmol) were added. Reaction 

was stirred for 4 h at 25 ºC. Solvent was evaporated and the product was extracted with 

ethyl acetate (3x25 mL). The extract was washed with water and brine and it was dried 

over anhydrous Na2SO4. Solvent was removed under vacuum to give pure 119 (0.364 g) 

in 98% yield. 

White solid; mp 168 ºC; [α]D
26 (CHCl3, c 0.21) = + 71.04; IR (cm-1): 1724, 3389 cm-1; 1H 

NMR (CDCl3, 200 MHz): δ 0.59 (s, 3H, 18-CH3), 1.02 (s, 3H, 19-CH3), 1.76 (s, 3H, 21-

CH3), 2.04 (s, 3H, OCOCH3), 4.61 (m, 1H, 3-CH), 4.92 (bs, 2H, NH2) 5.38 (d, J = 4.67 

Hz, 1H, 6-CH); 13C NMR (CDCl3, 50 MHz): δ 13.0, 15.4, 19.2, 20.8, 21.2, 22.9, 24.1, 

27.6, 31.6, 31.8, 36.4, 36.8, 37.9, 38.7, 43.7, 49.9, 56.0, 58.8, 73.7, 122.3, 139.4, 151.5, 

170.3; Anal. Calcd for C23H36N2O2: C, 74.15; H, 9.74; N, 7.52: Found: C, 73.86; H, 9.57; 

N, 7.35; MS (LCMS) m/z: 373.54 (M + 1). 

 

3β-Acetoxy-20-iodopregna-5,20-diene (120): 

To the stirred solution Iodine (0.762 g, 3 mmol) in dry THF (20 mL) triethylamine (8.4 

mL, 60 mmol) was added. Hydrazone 119 (0.372 g, 1 mmol) dissolved in THF (10 mL) 

was added dropwise to the reaction mixture. Stirring was continued for 3h. Solvent was 

evaporated and the residue was purified by column chromatography over silica gel (10% 

Ethylacetate/Pet-ether) gave vinyl iodide 120 (0.355 g) in 74% yield.  

White solid; mp 142-144 ºC; [α]D
26 (CHCl3, c 0.22) = + 89.04; IR (cm-1): 1724 cm-1; 1H 

NMR (CDCl3, 200 MHz): δ 0.71 (s, 3H, 18-CH3), 1.03 (s, 3H, 19-CH3), 2.04 (s, 3H, 

OCOCH3), 4.61 (m, 1H, 3-CH), 5.38 (d, J = 4.6 Hz, 1H, 6-CH), 5.98 (d, J = 1.5 Hz, 1H, 

21-CH2),  6.15 (bs, 1H, 21-CH2); 13C NMR (CDCl3, 50 MHz): δ 12.8, 19.3, 20.8, 21.4, 

23.9, 27.6, 28.7, 31.6, 32.0, 36.5, 36.9, 38.0, 38.3, 43.9, 50.0, 56.2, 62.3, 73.7, 111.3, 

122.2, 126.1, 139.6, 170.4; Anal. Calcd for C23H33IO2: C, 58.98; H, 7.10; Found: C, 

58.81; H, 6.91; MS (LCMS) m/z: 469.41 (M + 1). 
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Methyl (20(21),22)-3β-acetoxychol-5-trienoate (121): 

To a solution of vinyl iodide 120 (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 K2CO3 (0.414 g, 1.5 

mmol) were added and the reaction mixture was stirred under argon at 25-28 ºC for 12 h. 

Ice was added to the reaction mixure and it was extracted with ethylacetate (3x25 mL), 

washed 5% HCI (2x25 mL), saturated aqueous NaHCO3 (20 mL), and brine and dried 

over Na2SO4. The product was purified by chromatography on silica gel (2% ethyl 

acetate/pet ether) to give pure product 121 (0.163 g) in 77% yield and starting material 

120 (0.047 g). 

White solid; mp 153 ºC; [α]D
26 (CHCl3, c 0.2) = + 81.04; IR (cm-1): 1691, 1724 cm-1; 1H 

NMR (CDCl3, 200 MHz): δ 0.56 (s, 3H, 18-CH3), 1.02 (s, 3H, 19-CH3), 2.04 (s, 3H, 

OCOCH3), 3.76 (s, 3H, COOCH3), 4.61 (m, 1H, 3-CH), 5.34 (s, 1H, 21-CH2), 5.38 (d, J = 

5.0 Hz, 1H, 6-CH), 5.55 (s, 1H, 21-CH2), 6.02 (d, J = 16.0 Hz, 1H, 23-CH), 7.36 (d, J = 

16.0 Hz, 1H, 22-CH); 13C NMR (CDCl3, 50 MHz): δ 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 C27H38IO4: C, 76.02; H, 8.98; 

Found: C, 75.79; H, 8.78; MS (LCMS) m/z: 427.58 (M + 1). 

 

Hydrogenation of compound 121: 

To a stirred solution of compound 121 (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 Et3SiH (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 filtereded through celite and the solvent 

was removed under vacuum. The product was purified on column to furnish mixture of 

compounds 122 and 123. Catalytic hydrogenation of this mixture was carried out using 

10% Pd–C catalyst at 45 psi, at 30 ºC for 10 h. The reaction mixture was filtered through 

celite and the filtrate was evaporated under reduced pressure. Crystallization of the crude 

product from 10 mL methanol:dichloromethane (9:1) gave major product C-20(R)-ol, 

123a (0.063 g) and small amount of minor product C-20(R)-ol  123b was isolated after 

repeated crystallizations. 

Methyl (20R)-3β-acetoxychol-5-en-24-oate (123a): White solid; mp 160-162 ºC; [α]D
26 

(CHCl3, c 0.5) = + 45.2; IR (cm-1): 1724 cm-1; 1H NMR (CDCl3, 200 MHz): δ 0.67 (s, 

3H, 18-CH3), 0.92 (d, J = 6.3 Hz, 3H, 21-CH3), 1.01 (s, 3H, 19-CH3), 2.03 (s, 3H, 
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OCOCH3), 3.66 (s, 3H, COOCH3), 4.60 (m, 1H, 3-CH), 5.36 (d, J = 5.0 Hz, 1H, 6-CH); 
13C NMR (CDCl3, 50 MHz): δ 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 C27H42O4: C, 75.31; H, 9.83; Found: C, 75.27; H, 9.71; MS 

(LCMS) m/z: 431.62 (M + 1). 

 

Crystallographic data for compound 123a: Empirical formula : C27H42O4, Formula 

weight : 430.61, Temperature, 297(2) K, Wavelength, 0.71073 A, Crystal system, space 

group, Monoclinic, P21, Unit cell dimensions, a = 11.0178(18) A   alpha = 90 deg. b = 

7.4633(13) A    beta = 92.080(3) deg. c = 14.950(3) A   gamma = 90 deg., Volume 

1228.5(4) A^3, Z, Calculated density, 2, 1.164 Mg/m^3, Absorption coefficient, 0.076 

mm^-1, F(000) 472, Crystal size, 0.40 x 0.29 x 0.03 mm, Theta range for data collection 

1.36 to 25.99 deg, Limiting indices, -13<=h<=13, -9<=k<=9, -18<=l<=17, Reflections 

collected / unique    9650 / 4755 [R(int) = 0.0275], Completeness to theta = 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^2, Data / 

restraints / parameters,  4755 / 1 / 285, Goodness-of-fit on F^2, 1.182, Final R indices 

[I>2sigma(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^-3. 

 

Methyl (20S)-3β-acetoxychol-5-en-24-oate (123b): 

White solid mp: 120–121 ºC; 1H NMR (CDCl3, 200 MHz): δ 0.69 (s, 3H, 18-CH3), 0.85 

(d, J = 4 Hz, 3H, 21-CH3), 1.02 (s, 3H, 19-CH3), 2.03 (s, 3H, OCOCH3), 3.67 (s, 3H, 

COOCH3), 4.63 (m, 1H, 3-CH), 5.38 (d, J = 5.0 Hz, 1H, 6-CH). 
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3.7 Selected Spectra

110: 1H NMR, 200 MHz, CDCl3
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111: 1H NMR, 200 MHz, CDCl3
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112: 1H NMR, 200 MHz, CDCl3
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114: 1H NMR, 200 MHz, CDCl3
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114: DEPT, 50 MHz, CDCl3
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116a: 1H NMR, 200 MHz, CDCl3
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116b: 1H NMR, 200 MHz, CDCl3
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118: 13C NMR, 50 MHz, CDCl3
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119: 1H NMR, 200 MHz, CDCl3
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119: 13C NMR, 50 MHz, CDCl3
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120: 1H NMR, 200 MHz, CDCl3
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120: 13C NMR, 50 MHz, CDCl3
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120: DEPT, 50 MHz, CDCl3
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121: 13C NMR, 50 MHz, CDCl3
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121: DEPT, 50 MHz, CDCl3
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123a: 1H NMR, 200 MHz, CDCl3
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123a: 13C NMR, 50 MHz, CDCl3
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123a: DEPT, 50 MHz, CDCl3
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123b: 1H NMR, 200 MHz, CDCl3
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